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hibition in growth of nasopharyngeal carcinoma cells
in culture by cardenolides is due to inhibition of amino
acid accumulation.

In any event, the fact that similar structural features
are important for inhibition of transport ATPase, KB
eytotoxic activity, and atrial musecle inotropic activity
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lends support to the view that the receptors for the
cardenolides in the three systems may be structurally
very similar.
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A route to the synthesis of a number of nicotine metabolites bearing a 14C label adjacent to the pyridine ring
iy described. This synthesis, which starts with the condensation of ethyl nicotinate-7-14C and diethyl succinate,
provides y-(3-pyridyl)-v-oxobutyric acid, ~+-(3-pyridyl)hydroxybutyric acid, -(3-pyridyl)-y-methylamino-
butyric acid, cotinine, and demethylcotinine, as well as the two alkaloids nicotine and nornicotine. After ad-
ministration of (= )-cotinine-2-14C to the rat, the urine was examined chromatographically for radioactive and
Koenig-positive (pyridine) substances. The general pattern of excretion of the radioactive Koenig-positive
sibstances resembled those previously encountered in some other species and paralleled that found earlier with
nonisotopic material. The radioactivity of administered (== )-cotinine was eliminated with a high degree of ef-
ficlency (90-97%, of the administered dose), predominantly by way of the urine. Virtually no radioactivity was
encountered in expired air, syggesting little or no conversion to nicotinic acid. Demethylcotinine and ~-(3-

pyridyl)-y-oxo-N-methylbutyramide were identified in the urine by isotopic dilution.

Similar experiments

where carrier nicotine was employed failed to provide evidence for the reversibility of the metabolic reaction

nicotine — cotinine.

In the metabolism of (—)-nicotine in many mam-
malian species,® (—)-cotinine is one of the early metab-
olites that appears during the course of a long series of
progressive oxidations leading eventually to the urinary
excretion of 3-pyridylacetic acid. The experimental
administration of large quantities of (—)-cotinine to
the dog gives rise to (—)-demethyleotinine, one of the
later intermediates in the series, Chromatographic
studies on human urine after administration of (—)-
nicotine suggest?d the presence of demethyleotinine,
while administration of cotinine gives rise* to no, or
insignificant, urinary excretion of the demethyl com-
pound.

In view of the possible mammalian conversion of
nicotine to nornicotine, a reaction® that was later to
receive positive experimental support®® with rabbit
liver and dog liver preparations, Wada, et al.;” ad-
ministered nornicotine to dogs and studied the urinary
metabolites. Among these, demethylcotinine was pres-
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ent. Irom these findings and additional data, there
thus arose the possible alternate routes (Scheme I) to
the formation of demethylcotinine in the dog.

Administration of (—)-nicotine-methyl-*C to the rat
gives® rise to significant quantities of *C activity in the
respiratory CO.. This exeretion could presumably
reflect several alternate routes of degradation, includ-
ing (a) conversion of nicotine to nornicotine, (b) con-
version of cotinine to demethylcotinine, and (¢) oxida-
tive attacks proceeding initially by way of the pyridine
ring of nicotine,

Conversion of (—)-cotinine to (—)-demethyleotinine
in the rat has already been established® on a semiquan-
titative basis using nonisotopic material.

We were thus led to consider and develop methods for
the synthesis of pyrrolidone-ring-labeled cotinine-14C
and to determine some aspects of its metabolism and
intermediary role as a nicotine metabolite in the rat.

Experimental Section

General Procedures—Paper chromatograms were prepared
on Whatman No. 1 paper and developed in solvent B, 0.5
N NH,0H-95% EtOH-n-BuOH (1:1:4 by volume), and solvent
C,10 909 formic acid-sec-BuOH-H.O (14:75:11 by volume).
Thin-layer chromatograms were prepared on silica gel (Eastman
Chromogram Sheet, Type K 301R) and developed in solvent
K,11.12 MeOH-CHCI; (15:85 by volume). Koenig-positive zones
were disclosed as previously described.” Melting points were
determined on the hot stage.
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lndionctive determinations were made in a Nuclear-Chicago
720 Series liquid scintillation system. Isolated compounds, with
the exception of higlily colored picrates, were counted in seintil-
Lator solution I (butyl-PBD, 2-(4-t-butylphenyl)-3-(4-biphenylyl)-
1,3,4-oxidiazole (7 g) in 1 1 of solution of toluene-ethylene
glycol monomethyl ether (2:1 by volume)). Respiratory COz in
the animal experiments was collected in sohition I11% (ethanol-
amine—ethylene glycol monomethyl ether (1:2 by volume)).
Alignots (3 ml) were added to 13 wnl of solution I for counting.
Dried feces and picrates were burned by the Schoniger method
it n modified Thomas-Ogg flask)t The resultaut CO; was
collected in solution IIT (15 ml of solution I and 8 ml of solution
IT).  Counfirmation of the radioactivity of the picrates (0.4-0.7
mg) was achieved by direct counting in schitillator solution IV
(BBOT, 2,5-bis[2-(5-t-butylbenzoxazolyDthiophene (4 g), in 1

(13) 1. letfay and J. Alvarez, Anal. Chem., 33, 612 (1961).
{14) J. P. Bederka, Ir., E. Hansson, 13, R. Bowman, and H. McKennis,
dr., Biockem. Pharmacol., 16, 1 (1967).

3-PYR(DYLACETIC ACID
X1

L. of toluene-ethylenc glveol monomethylether (201 by vobime s
Counts were corrected by the chapnel-rtio procedure and hy
internal standards.

Ethyl Nicotinate-7-1*C. - Nicotinic deld-7-"'C was esteribed
in EtOH-H.S0, during 24 hr. The cooled =olution wns tvented
with an excess of CIICL, ice, and concentrated NH.OIT 1o pH @
Evaporation of the CHClL layver and two subsequent CHCL
extractions provided the ester, 1.46 g (H 0.73, solveni K,
TOC.

Ethyl v-(3-Pyridyl )+ -0x0-3-carbethoxybutyrate-y-14(.. - A sohl-
tion of ethyl nicotinate (above) in 25 nil of benzene was con-
centrated to 2 ml, treated with 200 mg of NaH (554 in wineral
oil) under Ns, and then 2 drops of absolute EtOH.  Freshly dis-
tilled ethyl succinate (870 mg) was added to the stimed mixture
under reflux during 15 min. At the end of 1 additional hr, the
stirred mixture was cooled to 0° and treated witlh 10 ml of 1 .V
HCL After removul of an upper organic lnyer (1), the cooled nque-
ous phase was adjusted to pH 8 with Na,COj for extraction with
three portions of ether (1I). The organic layer (1) was extracted
with 10 ml of eold 1 N HCl. The acidic solution was alkalinized
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TapLE 1

LExcrETION OF RADIOACTIVITY IN 24 HR FOLLOWING INTRAPERITONEAL INJECTION
oF (=% )-CoTiNINE-1C 70 FEMALE A1BINO RaTs

Ral Wi, Dose

no. g mg/kg dpm X 108 Feces
1 245 10.4 6.9} 11
2 250 10.2 6.9 '
3 130 10.1 3.61 L3
4 125 10.4 3.6} ‘
3 174 15.7 7.4 0.3
6 170 9.6 4.4 1.9

and extracted with ether (IIT) as above. The residue from evapo-
ration of the combined extracts (II and III) was fractionated
at bath temperature, 110° (3 mm), to yield 500 mg of ethyl nico-
tinate as a distillate and 855 mg (339, based on ethyl nico-
tinate) of ethyl v-(3-pyridyl)-y-oxo-8-carbethoxybutyrate as resi-
due.

v~(3 Pyridyl)-y-oxobutyric Acid-v-1%C.—The residual carb-
ethoxybutyrate (above) was processed!? to yield 347 mg (63%) of
the oxo acid, mp 160-163°.

(== )-y-(3-Pyridyl)-y-methylaminobutyric Acid-v-14C.—The oxo-
acid (above) in 3.0 g of methylamine and 30 ml of absolute
EtOH was allowed to staud overnight. The mixture was hy-
drogenated? at 60° aud atmospheric pressure in the preseuce of
39 Pt-BaS0s (150 mg) until cessation of H, uptake (6
hr). The residue from evaporation of the solvent at room tem-
perature was dissolved i1 1 ml of absolute EtOH. The cooled
solution was treated with acetoue to a persistent turbidity and
scratched to yleld 200 mg (33%) of product, mp 120-123°,
after recrvstallization from alcohol-acetone (R 0.13, solvent B;
R 0.54, solvent A).

(=% )-Cotinine-2-14C.—The residue from evaporation of the com-
bined mother liquors from the methylamino acid (above) was
heated to 120° under N, for 1 hr to give cotinine (R: 0.62,
solvent K), which was recrystallized from 2-propauol-hexane,
mp 52-54°.

Metabolism of (= )-Cotinine-2-14C.—Female albino Wistar-
strain rats (Albino Farnis, Red Bauk, N. J.) that were previously
maintaihled on a diet of water and Purina Rat Chow received
(Table 1) intraperitoneal injections of aqueous (==)-cotinine-
2-14C. The animals were theu housed in glass metabolism cages
with water, but 1o food. Respiratory CO, was eutrained in a
stream of air which passed through a coucentrated Ha804 trap
and finally into a tower of ethanolamine-ethylene glycol mono-
methyl ether (1:2 by volume).?* Trine was separated from feces
by a wire screen which permitted some cross coutamination,
Terminal bladder urine was obtahied by aspiration after anes-
thetization of the animals with ether.

Nicotine.—An aliquot from the CHCL, extraet (rats 1 and 2)
coutaining 2.4 X 10° dpm was treated with 53 mg of finely pow-
dered (—)-nicotiue dipicrate. The mixture was brought slowly
to dryness in a rotating evaporator and the residue was dissolved
in acetone-alcohol for reevaporation of the solvent. The residie
was dissolved i1 a small quantity of alecohol. Upon addition of
water aud cooling, uicotine dipicrate deposited from the mixtire.
The product, nip 219-220° (nudepressed by admixture with an
authentic sample), contained no radioactivity above background
and all of the iuitially present radioactivity was accounted for in
the mother liquors. In a sinilar experimeut (rats 3 and 4) an
aliquot (1.0 X 105 dpm) from the CHCl; extraet was similarly
treated with (— )-nicotine dipierate (40 mg). No radioactivity
above background was recovered in the carrier. Fxamination
of an additional urine (rat 3) produced the same results.

Nornicotine.—A =olution of (—)-normicotine dipicrate (31 nig
in ethanol-acetone) wus added to a CHCl aliquot (2.34 X 108
dpm from rats 1 and 2). The solution was processed essentially
as described above and the (—)-nornicotine picrate, nip 189-191°
(undepressed by adniixture with an authentic sample), showed
no radioactivity above background. Iu a similar experiment

(15) (a) R. N. Castle and A. Burger, J. Am. Pharm. Assoc., Sci. Ed., 48,
163 (1954): (b) H. McKennis, Jr., L. B. Turnbull, H. N. Wingfield, Jr., and
L. J. Dewey, J. Am. Chem. Soc., 80, 1634 (1958); (c) H. McKennis, Jr., S,
L. Schwartz, L. B. Turnbull, E, Tamaki, and E. R. Bowman, J. Biol. Chem.,
289, 3981 (1964).

Dose recovered, ¥

Recovery from
processed urine, %

Respiratory CHCl Aq
air Urine Total extract nhase
0.0 97 08.1 79 15
0.0 97 98.3 74 16
0.0 98 98.3 It 16
0.0 90 91.9 2 14

(rats 3 and 4) with 72 mg of carrier and a CHC]; aliquot (8.5 X
104 dpm), the carrier after four recrystallizations showed 1o
radioactivity above background. Examination of an additional
urine (rat 5) provided the same results.

Demethyleotinine.—A CHCJ; aliquot (2.02 X 10° dpm from
rats 3 and 4) was concentrated to dryness uuder diminished
pressure. The residue was dissolved in acetone aud an aliquot
(1.57 X 10° dpm) was chromatographed on Whatman No. 1
paper (solvent B) to give four radioactive zones: Ry 0.50 (11.99;
of the activity of the CHC; fraction), R;0.62 (2.5¢ and Koenig
positive), I2; 0.69 (16.87; aud Koenig positive), B¢ 0.75 (42.89
and Koenig positive). The remaiuing radioactivity was more or
less randomly distributed throughout the chromatogram and
the zones at Rt 0.62 and R 0.69 correspouding i ¢ value to hy-
droxycotinine and demethylcotinine, respectively, failed to
show complete separation.1®

A 48hr continuous extraction of the paper in the vicinity of
the R: 0.69 zone with ethanol removed 839 of the radioactivity
there present. After removal of EtOH by evaporation, the residue
was dissolved in 5 ml of acetone and warmed to dissolve 52 mg
of added carrier (=)-demethylcotinine.’® The solution was
cooled and a few drops of hexane were added to hasten the pre-
cipitation of demethylcotinine. The resultant demethylcotinine,
mp 110-113°, showed a constant specific activity, 328 dpm/mg,
after six recrystallizations (Ry 0.47 i solvent X, corresponding
in f2¢ value to authentic material), The recovered radioactivity
corresponded to 64 of the administered dose, or 8¢ of the radio-
activity in the CHCl; fraction.

The combined mother liquors from the recrystallization of
demethylcotinine were treated with 27 mg of pierie acid in
ethanol. The mixture was cooled and concentrated to obtain
crystalline (=)-demethyleotinine picrate. After five recrystal-
lizations (IStOIN), the product, mp 161-164° (uudepressed by
admixture with an authentic sample®), showed a constant spe-
cific activity 142 dpm/nig, again corresponding to 65 of the ad-
ministered dose.

v-(3-Pyridyl)-y-0x0-N-methylbutyramide.—An aliquot of the
CHCl; solution from ratg 1 and 2 (3.23 X 107 dpm) was treated
with 85 mg of y-(3-pyridyl)-y-oxo-N-methvlbutyramide in 5
ml of acetone. The solution was evaporated to dryvuess under
diminished pressure. The residue was dissolved in a minimal
qualtity of acetone aund cooled. TUpon addition of a few
drops of hexane, crystals of y-(3-pyridyl)-y-oxo-N-methyl-
butyramide formed. The product, mp 118-120° (undepressed
by admixture with an authentic sample), was recrystallized
five times to a constant specific activity, 97 dpm/mg, R
0.60 in solvent K, representing 2.59% of the radioactivity of the
administered dose. Iu another experinient from the same group
of rats, the recovery was 2.59, of the administered radioactivity.
The activity recovered in the form of the oxoamide from rats
3 and 4 was 139, of the admiuistered dose. The recovery froni
rat 5 was 9.00; of the administered dose, while the carrier
experinient with rat 6 accounted for 9.57 of the administered
dose.

v-(3-Pyridyl)-v-oxobutyric Acid.—The nqueous phuse (rats 3
and 4) reniaining from the CHCl; extraction was coucentrated
to dryness under diminished pressure. A solution of 50 mg of
v-(3-pyridyl)-y-oxobutyric acid in 10 ml of alcohol was added
aid the mixture was heated to reflux. After renioval of the sol-
vent uuder diminished pressure, the residue was treated with
EtOH (15 ml). After filtration, the solution was concentrated

(16) H. McKennis, Jr., L. B. Turnbull, E. R. Bowman, and E. Wada,
J. Am. Chem. Soc., 81, 3951 (1959).
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to 2.3 nl nud cooled.  Crystalline material, mp 125-150° and
exsentinlly devoid of radioactivity, was removed and disearded.
Furtber cobeentrtion aod  cooling provided  ~-5-pyridybi-- -
oxobutyrie acid, mp 1680-162° (undepressed by patheniie mn-
terinl).  After forr recervstallizations, (he prodiact sImwed
constant specific nevvity of 210 dpw/mg (R 025 1y solvent K
which was equivalent to 1.4C0 of 1the sdiministered mdionetivity.,
[ w sinilar experiment with rat 15, the rodionetivity vecovered
amoubted tn 1,200 of (he admmistered rodioactiviny.

Results and Discussion

In previous experiments,” administrtion of (—)-
cotinine to the rat led to the urinary execretion of de-
methyleotiiine, hydroxyeotinine, and y-(3-pyridyl)-
v-oxo-N-methvlbutyramide and provided paper chro-
matographic evidence for the preserice of other metab-
olites. In the present series of experiments, in which
{(=£)-cotinine-1C was adminigtered to the same species,
general confirmation and extension of some carlier
findings wns achieved and data were obtained which
indicated (Tables [ and II) a very cffective elimination
of cotinine, as itsclf and in the form of numerous
metabolites, consistent in By vidue with previons studies
and predominantly by way of the urine.

TasLe 11
Parer CHROMATOGRAPHY OF ProcksseDd UnINE oF RaTs AFTER
INTRAPERITONEAL ADMINISTRATION OF (£ -CoTININE-2-14("

R valne of zones developed in solvent B3
CLIC extract, Temaining ayq phose

0,44« 0.14"
0.66¢ 1), 224
0.75° 0,311
(.83

« Radioactive and Koenig negative. " Radioactive nud Koenig
poxitive: corresponding in K¢ valiue to y-(i-pyridyl)-y-methyl-
aminobutyric acid. © Radioactive and Koenig positive; corre-
sponding i /7 value to deniethyleotinine and hydroxyeotinine.
4 Radioactive and Koenig positive: correspouding in f7¢ value to
+-(3-pyridyl)-v-oxobntyrie  acid. ¢ Radionctive and  Koenig
positive: corresponding in ¢ valile 1o cotinine and ~-(3-pyridyli-
+oxo-N-methvlbutyramide. 4 A Koenig-positive and  non-
radioactive zone which appenred only v chronmntography of the
processed wrive of rat 4. ¢ Koenig positive md nonradioactive,

For the vadionctive studies, (£ )-cotinine-2-1C was
prepared synthetieally for the first time, The pu-
ticular loention of the kibel wis selected it view of the
commerical availability of nieotinie acid-7-14C ns start-
Ing material for the synthesis® of y-(3-pyridyt)-y-oxo-
butyric ncid-y-1C. The fatter substance, in addition
to being n nrunmalinn metabolite of nicotine, provides
chemical necess™ et 1o 0 wide variety of metabolites
of nicotine, ineluding™™17"3 the atkaloid itself.?

[n the prescut report details ave given for the small-
seile synthesis of ethyl v-(3-pyridyl)-y-oxo-g-carbeth-
oxybutyrate-y-14C from ethyl nicotinate-7-4C and the
conversion of the earbethoxy compound to  y-(3-

(7)) S Sngasawa, T Tatsono, awl T Kamive, Dhaeo. Bl (Tokyo), 2,
B QRLEIN

18y 1° Zywmalkowski aml . Trenkiron, Areb, Dhaorm.. 292, ¢ (1059).

(19) A synthesis of (4)-nicoline has heen descrihed hy K. Decker in
I'roceedings of Yhe Symposiva on the Preparation and Bio-Mediceal Applica-
tion of Labeled Moleenles, Furopean Atomic Foevgy Commission, Brussels,
1964, p 34, This synthesis has greal eonvenience, hnt does not provide easy

acceess to 1he large nnmber of metabolites warle available by Lhe ronte we
Linvo echosen,
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pyridyl)-y-oxobntayrie neid-y-#C. The subsequent re-
ductive Nancthyhbunination of the oxo neid to obtain
U J=y-Ud=pyrtdy h-y-ntethviaminobntyric acid-y -0
and (£ Leotinine-2-Y0 was aecomplisbied by o madii-
eation of previonsly deseribed procedipes?® ¢ and af-
Torded the two desired nieotine metabolites essentiakly
devord of the side product y-G-pyridyh-y-hydroxy-
butyrie acid, which accompanied the prodiets obtained
by the originad methods,

I view ol the fong-=tanding dizscnssion®™ on the pos-
sible metabohie conversion of meotine to nicotinie ncid
e nummals, it was of interest 1o =eck cvidence for
radionetivity in the respiratory CO. inorats that hed
received (= j-cotinine-2-4C. From the 24-hr periol
of coltection. Httle or no mdioactivity was found in the
expired nir. These results, in the Hght of the demon-
steated magnitude of the metabolism?! of the carboxyl
carbon of nicotinie neid to respirntory C'O., suggest thet,
the oxidation ol i = j-cotinine to nicotinie neid plavs o
rale of iy great magnitude in the metabolie degradi-
tion of { = j-cotinine.

I adl of the animals studied the nqueous phase re-
maming after CHCL extrnetion of the sdkalimzed urine
contained  y-(A-pyridyl)-y-oxobutyrie ueid, indiented
by the chromatograms, aud amounting to 1.2 1.4 of
the ndministered radionetivity by the isotopie ditntion
studied i two enses. Fvidence was obtadned m all
of the experiments, by chromntograms and by isotopic
dilution. for the presence af  y-(3-pyridv)-y-oxo-N-
methyibnevemide and  demethyleotinine.  The oxo
aeld ny have artsen as o resudt of the metabolic hy-
droly=is of the oxonmide, us previously noted,®? or
atermtively from the metabotism af demet hyleotinine
ax previonshy tdeseribed,

Althongh the metabolism of micotine (I1) to de-
methyvlecotimine (V) by two alternate voutes (Scheme 1),
anc ria the demethylation of the intermediate cotinine
(IT1) and the other »ia the demethylation of nicotine to
nornicotine (1) which is subsequently oxidized to de-
methyleotinine, is apparent from numerons ninmaling
studies O ednd i eiteo, little attention hus been given
to the possible reconversion of cotinine to nicotine, u
restetion which can be nccomplished readity by chemi-
ent reductions™  Sinee a1 metabolic reaction of this
tape and a subsequent demethylation to pive normico-
tine, aprectrsor of demethyvlcotinine, would provide an
additional ronte to y-(3-pyridyh-v-oxobutyrie neid,
evidenee was sought for the presence of nicatine and
nornicotine in the urine of the cotinine-treated aninuals,
Nather the chromatograms nor the ixotopic dilution
experinients afforded any evidence for the presence of
the twa alkaloids.  Sinee nnmerous restrictions apply
to the interpretation of the enrrent dita which were ob-
tained with (= )-cotinine-2-1*C, w detailed study of the
metiabolism ol the approprintely labeled, waturally oe-
enrring L-(--) fora appears to he warranted.
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