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Abstract
There is conflicting evidence in the literature on the utilization of cysteine and methionine as precursors to the
urinary sulfur-containing amino acid felinine in cats. Three entire domestic short-haired male cats, housed individually
in metabolism cages, were injected intraperitoneally with either w 35 Sx-sulfate, w 35 Sx-cysteine, or w 35 Sx-methionine. Daily
urine samples were collected quantitatively for up to 9 days after injection. Each cat was injected once with each
compound after observing an appropriate interval for w 35Sx to be depleted between injections. All the urine samples
were analysed for felinine content and total radioactivity. Felinine was isolated from each urine sample and analysed for
radioactivity. No radioactivity was found in felinine from cats injected with w 35 Sx-sulfate. The mean Ž"S.E.M..
cumulative recovery of radioactivity in the urine of the w 35Sx-sulfate injected cats was 90.6" 6.1% after 4 days. The mean
Ž"S.E.M.. cumulative incorporation rate of radioactivity into felinine by the cats receiving the w 35 Sx-cysteine and
w 35 Sx-methionine were 11.6" 1.6 and 8.6" 0.6%, respectively, after 9 days. The mean Ž"S.E.M.. cumulative recoveries
of radioactivity in the urine were 58.1" 3.7 and 36.0" 8.0%, respectively. Cysteine and methionine, but not sulfate, are
precursors to felinine, with cysteine being a more quantitatively important precursor compared to methionine. 䊚 2001
Elsevier Science Inc. All rights reserved.
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1. Introduction
Felinine is a little known amino acid found in
the urine of certain members of the Felidae
family. First discovered by Datta and Harris Ž1951.
and characterized by Westall Ž1953., this sulfurcontaining branched chain amino acid can be
U
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detected in the urine of domestic cats as young as
2 months of age. During development to adulthood, the urinary felinine concentration of male
kittens steadily increases, while female cats show
little or no increase ŽTarttelin et al., 1998.. Felinine concentrations in adult male cats are extraordinarily high Ž0.4᎐3.6 grl., while female cats have
concentrations that are 0.2᎐0.25 that of entire
male cats ŽHendriks et al., 1995a.. Although several hypotheses have been put forward for the
biological role of felinine, its function as a precur-
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sor to a pheromone seems likely, but remains to
be confirmed.
Studies into the biosynthesis of felinine have
shown that the radioactivity of DL-w2- 14 Cx-leucine,
14
14
DL-w2- Cx-mevalonic acid and w2- Cx-acetate can
be incorporated into felinine ŽAvizonis and Wriston, 1959; Shapiro, 1962; Wang, 1964.. Contradictory evidence, however, exists on the use of cysteine and methionine as precursors of felinine.
Avizonis and Wriston Ž1959. were able to increase urinary felinine concentrations by supplementation of the diet with cystine. Shapiro Ž1962.
incorporated 4% of administered w 35 Sx-cystine into
felinine within 24 h after injection. Roberts Ž1963.,
however, was unable to detect any radioactively
labeled felinine after intravenously injecting
w 35 Sx-cystine into a male cat. Even after supplementing the diet of a cat with w 35 Sx-yeast, Roberts
Ž1963. was unable to detect any radioactivity in
felinine, and subsequently concluded that cystine
and methionine are not immediate precursors to
felinine. Wang Ž1964. found some support for the
latter conclusion by isolating radioactive felinine
from the urine of cats after administration of
w2- 14 Cx-leucine. The radioactivity was found to be
present in the alanine moiety of the felinine
molecule.
The present study aimed to determine the relative importance of sulfate, cysteine and methionine as precursors to felinine synthesis by adult
domestic cats.

2. Materials and methods
The study reported here was approved, and
followed the procedures set out by the Massey
University Animal Ethics Committee ŽAnonymous, 1992..
2.1. Animals and diet
Three entire male domestic short-haired cats
Ž Felis catus., 4᎐7 years old from the Feline Unit
at Massey University ŽPalmerston North, New
Zealand. were used as experimental animals. The
body weights of the cats at the start of the experiment ranged from 3.52 to 4.11 kg. Throughout the
study, the cats were fed a moist canned cat food
that passed a minimum feeding protocol for prov-

ing an adult maintenance claim for a cat food
ŽAAFCO, 2000.. The diet provided the following
nutrients Žgr100 g dry matter.: crude protein 52;
crude fat 29; methionine 1.2; cysteine 1.8; taurine
0.2; and calculated metabolisable energy 461
kcalsr100 g dry matter. All cats had been vaccinated against feline rhinotracheitis, calicivirus and
panleukopenia using a modified live vaccine
ŽFelocell CVR, Norden Laboratories, Munchen,
¨
Germany.. Feline leukemia and feline immunodeficiency virus have not been detected in the
colony since its establishment in 1976.
2.2. Experimental procedures
The study was conducted in three parts. In the
first part Žperiod 1., the three cats were injected
with w 35 Sx-sulfate. On completion of part 1 and
after a further 2-week ‘cooling down’ period Žto
allow radioactivity to be eliminated from the body
of each cat., one cat was randomly selected and
injected with w 35 Sx-cysteine while the other two
cats were injected with w 35 Sx-methionine Žperiod
2.. The latter two treatments were reversed following a 5-month ‘cooling down’ period Žperiod
3.. Overall the experiment was completed over a
6-month period. The levels of radioactivity in the
body of the cats at the start of each experimental
period were confirmed by measurement of the
radioactivity in the urine of the cats. At the start
of each experimental period, each cat was weighed
and given an accurately weighed amount Žapprox.
2 ml. of sterile isotonic Ž9 grl. saline containing
250 Ci Ž9.25 MBq. of either w 35 Sx-sulfate, w 35 Sxcysteine or w 35 Sx-methionine ŽAmersham Corporation, Arlington Heights, IL, USA. by intraperitoneal injection. The cats were then housed
individually in metabolism cages, which had been
previously validated to allow total collection of
uncontaminated urine from cats ŽHendriks et al.,
1999., where they had free access to food and
fresh water. During experimental period 1, urine
was collected daily for 4 days, while during experimental periods 2 and 3 urine was collected daily
for 9 days. Urine collection was as described by
Hendriks et al. Ž1999. with urine volumes calculated as 1.025= urine weight. Daily urine samples
were analysed within 6 h after collection each
morning. Food intake was measured daily during
each experimental period and body weights were
recorded at the end of each experimental period.
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2.3. Measurement of felinine and radioacti¨ ity
Felinine and w 35 Sx-felinine from the urine were
quantified as described below. The urine was filtered through a 0.22-m filter before being loaded
onto a cation-exchange column ŽWaters Amino
Acid Analysis Column PrN 80002. using a Waters HPLC system ŽWaters Corporation, Milford,
MA, USA.. Buffer A contained 67 mM sodium
citrate, pH 3.4 and 0.1% Žwrv. phenol. Buffer B
contained 40 mM borate, pH 9.6 and 250 mM
sodium nitrate. Compounds were eluted using a
pH gradient of 100% buffer A to 80% buffer
Br20% buffer A in 40 min. Following this, the
column was washed with buffer B for 30 min
before being re-equilibrated in buffer A for 20
min. The flow rate was 0.4 mlrmin. Baseline
separation was achieved between the main
sulfur-containing compounds: felinine, cysteine,
methionine, taurine, and sulfate. Felinine and
other primary amino group-containing compounds were detected using post-column derivatisation with o-phthalaldehyde. Felinine levels were
quantified by comparison of the peak area of
felinine in the urine with the peak area of felinine
in a standard synthetic felinine solution ŽHendriks
et al., 1995b..
All the major peaks present in the chromatogram of each urine sample, and the baseline
regions between peaks, were collected manually
into preweighed tubes, after which the tubes were
re-weighed for determination of the quantity of
fluid collected. The specific gravity of the
bufferro-phthalaldehyde solution was used to
convert collected weights to volumes. Radioactiv-
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Table 1
Mean Ž"S.E.M.. a daily felinine concentration and excretion
and the cumulative incorporation of w 35 Sx into felinine by
entire male cats b
Injected
compound

Felinine
Concentration Excretion
Žgrl.
Žgrday.

w35 Sx-cysteine
1.71" 0.39
w35 Sx-methionine 1.73" 0.14
w35 Sx-sulfate
1.70" 0.28

Cumulative
incorporation
Ž%.

0.34" 0.03 11.6" 1.5
0.30" 0.03 8.6" 0.6
0.38" 0.01 0

a

Mean of 9 individual days for cysteine and methionine,
and 4 individual days for SO4 .
b
n s 3.

ity present in the original urine, and in the collected fractions from the HPLC, was determined
following the addition of a 0.5-ml sample to 0.5
ml glacial acetic acid and 4 ml PBS II TM
ŽAmersham Corporation, Arlington Heights, IL,
USA.. The radioactivity present in the scintillation cocktail was counted using a Wallac 1414
liquid scintillation spectrometer ŽWallac OY,
Turku, Finland.. Radioactivity present in the
w 35 Sx-sulfate, w 35 Sx-cysteine and w 35 Sx-methionine
injection solutions was determined as described
above except that the solutions were diluted 1:800
with demineralised water. The mean counting
efficiency of the w 35 Sx was 84%.

3. Results
The cats all remained healthy and maintained
their body weight throughout the study period.

Fig. 1. Cumulative recovery of w 35 Sx from the urine of entire male cats injected with w 35 Sx-cysteine Ž䢇., w 35 Sx-methionine Ž=. and
w 35 Sx-sulfate Ž`..
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There was no significant difference between the
average daily urinary feline concentrations of cats
injected with labeled sulfate, methionine, or cysteine, and values ranged from 1.70 to 1.73 grl
ŽTable 1.. The average daily felinine excretion
rate ranged from 0.30 g when w 35 Sx-methionine
was injected, to 0.38 when w 35 Sx-sulfate was injected ŽTable 1..
A graph showing the cumulative recovery of
radioactivity from w 35 Sx-sulfate, w 35 Sx-cysteine and
w 35 Sx-methionine in the urine of the entire male
cats is shown in Fig. 1. Twenty-four hours after
the intraperitoneal injection of the w 35 Sx-sulfate,
w 35 Sx-cysteine and w 35 Sx-methionine, 83.9, 33.8 and
17.2% of the total injected radioactivity, respectively, had been recovered from the urine of the
entire male cats. Within 4 days of injection 90.6%
of the injected w 35 Sx-sulfate had been recovered
from the urine, after which time urine collection
was ceased. In contrast only 58.1% of the injected
w 35 Sx-cysteine and 36.0% of the injected w 35 Sxmethionine had been recovered in the urine within
the 9 days after injection.
The cumulative incorporation of radioactivity
from w 35 Sx-sulfate, w 35 Sx-cysteine and w 35 Sxmethionine into felinine from the urine of the
entire male cats is shown in Fig. 2. Injection of
w 35 Sx-sulfate did not result in any incorporation of
the w 35 Sx into felinine over the 4-day urine collection period. The intraperitoneal injection of
w 35 Sx-cysteine resulted in an incorporation of 5.2%
of the w 35 Sx into felinine in the urine after 24 h.
Within 9 days of injection a total of 11.6% of the

injected w 35 Sx had been incorporated into felinine
ŽTable 1.. Injection of w 35 Sx-methionine resulted
in a lower level of w 35 Sx incorporation into felinine
in the urine with 3.1% of the injected w 35 Sx being
incorporated into felinine within the first 24 h
after injection and a total of 8.6% incorporated
into felinine within the first 9 days after injection
ŽTable 1.. The cumulative urinary excretion of
w 35 Sx-cysteine and w 35 Sx-methionine in cats injected with these compounds, respectively, was
less than 0.8% over the 9-day experimental period.

4. Discussion
In order to determine the importance of sulfate, cysteine and methionine as precursors to
felinine synthesis, entire male cats were administered intraperitoneal injections of w 35 Sx-sulfate,
w 35 Sx-cysteine or w 35 Sx-methionine. The level of
incorporation of the w 35 Sx into felinine in the
urine, as well as the recovery of w 35 Sx in the urine
was determined over a period of 4 days for w 35 Sxsulfate and 9 days for w 35 Sx-cysteine and w 35 Sxmethionine.
Urinary felinine concentration was relatively
constant regardless of the sulfur compound being
injected ŽTable 1.. Furthermore, felinine concentrations were similar to previously reported felinine excretion levels in entire male cats of 0.4᎐3.6
grl ŽHendriks et al., 1995a.. The cumulative incorporation rates of w 35 Sx-cysteine and w 35 Sx-

Fig. 2. Cumulative incorporation rates of w 35 Sx into felinine by entire male cats injected with w 35 Sx-cysteine Ž䢇., w 35 Sx-methionine Ž=.
and w 35 Sx-sulfate Ž`..
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methinine over the 9-day study were 11.6 and
8.6%, respectively, with no radioactivity being incorporated into felinine from w 35 Sx-sulfate.
Shapiro Ž1962. injected a male cat with L-w 35 Sxcystine and found 4% of the injected radioactivity
present in felinine within the first 24 h. In the
present study, similar values of 5.2 and 3.1% were
found for the incorporation of w 35 Sx-cysteine and
w 35 Sx-methionine into felinine, respectively.
Roberts Ž1963., injecting a 2.6-kg male cat with
316 Ci Ž11.7 MBq. of w 35 Sx-cystine, and using
paper chromatography to isolate felinine from
urine, found no incorporation of the radioactivity
into felinine. Roberts Ž1963. was also unable to
detect radioactivity in felinine from a cat fed milk
containing 2.5 mCi of w 35 Sx-labeled yeast. In both
experiments, Roberts Ž1963. was able to detect
radioactivity in other sulfur-containing amino
acids such as cystine, cysteic acid and cysteine but
not in felinine. The reason Roberts Ž1963. failed
to incorporate w 35 Sx-cystine and w 35 Sx-methionine
Žfrom yeast. into felinine is not clear. However,
Roberts Ž1963. was also unable to detect the
incorporation of w2- 14 Cx-mevalonic acid into felinine while Avizonis and Wriston Ž1959. and Shapiro
Ž1962. demonstrated that mevalonic acid is a precursor to felinine. Like Avizonis and Wriston
Ž1959. and Shapiro Ž1962., who incorporated DLw2- 14 Cx-leucine into felinine, Roberts Ž1963. was
able to detected radioactivity in felinine after
administration of DL-w4,5- 3 Hx-leucine to a cat.
The present study shows clearly that cysteine and
methionine but not sulfate, are precursors to felinine and that cysteine is quantitatively more important as a precursor compared to methionine.
In the present study, the cumulative recovery of
radioactivity in the urine of the cats when w 35 Sxsulfate was injected was 90% after 4 days while
the cumulative recovery of the radioactivity from
cysteine and methionine were 58 and 36%, respectively, after 9 days. Sulfate is not metabolized
in the body of cats, and as a result most radioactivity was excreted in the urine of the cats within
the first 4 days. Cats mainly use methionine to
synthesise proteinsrpeptides, as a source of cysteine and as a methyl donor, while cysteine is
mainly used to synthesise proteinsrpeptides,
gluthathionine and felinine. It appears that only
very small amounts of absorbed dietary cysteine
and methionine passed through the cats
unmetabolised as the cumulative urinary excretion of w 35 Sx-cysteine and w 35 Sx-methionine in-
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jected was less than 0.8% over the 9-day experimental period. The cumulative recovery of radioactivity from methionine and cysteine over the
9-day collection periods was, as expected, well
below 100%, since both compounds would have
been incorporated into body proteins, which exhibit variable biological half-lives ranging from a
few minutes to several months ŽMathews et al.,
1999.. The level of w 35 Sx recovery from methionine was lower compared to that of cysteine. The
latter is understandable, as some methionine
would have been incorporated into body protein,
and not all the methionine would have been used
to synthesize cysteine via metabolism to homocysteine and cystathionine. Due to the low activity of
the enzyme cysteine dioxygenase in the liver of
cats ŽKnopf et al., 1978., and the efficient
transamination of any formed cysteinesulfinic acid
to ␤-sulfinylpyruvate ŽEdgar et al., 1998., taurine
synthesis from cysteine in cats is limited. Cysteine, however, seems to be efficiently used to
synthesize felinine in cats.
The site of felinine synthesis in vivo remains
unknown. There is convincing evidence that felinine is synthesized from the same isoprenoid pool
as cholesterol ŽHendriks et al., 1995c. and from
the present study it is apparent that the sulfur
atom originates from cysteine and methionine.
The formation of felinine can occur through a
condensation reaction of an allylic carbonium ion
and cysteine. Free felinine, however, can only be
found in the kidney, urine and bladder of cats,
and cannot be found in the free form in the: liver;
skin; blood; intestines; pancreas; or spleen of cats
ŽHendriks, unpublished.. This indicates that felinine is either synthesized in the kidney and excreted directly, or synthesized in other tissues and
transported in the blood as part of a larger
molecule. Studies are currently underway to determine the site of felinine synthesis in domestic
cats.
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