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SUMMARY

It has been well established that nornicotine is formed
in Nicotiana species by the demethylation of nicotine.
However, the reverse reaction has not been unequivo-
cally substantiated. This problem has been examined by
feeding (RS)-[2'-“Clnornicotine to Nicotiana tabacum
plants. Most of the administered nornicotine was re-
covered unchanged, but a small amount of activity was
detected in the nicotine. Activity was also found in my-
osmine. The nicotine was degraded and found to have
essentially all its radioactivity located at the C-2’ posi-
tion, indicative of a direct synthesis from nornicotine,
It has thus been established that the methylation of
nornicotine to nicotine does occur in the tobaceo plant,
but it is not considered to be a major pathway for the
biosynthesis of nicotine.

ZUSAMMENFASSUNG

Obwohl Nornicotin in der Spezies Nicotiana erwiese-
nermaflen auf dem Wege der Demethylierung aus Ni-
cotin entsteht, ist der Nachweis fiir die umgekehrte
Reaktion bisher nicht eindeutig erbracht worden. Diese
Frage wurde untersucht, indem Pflanzen der Spezies
Nicotiana tabacum (R8)-[2"-"C]Nornicotin zugefihrt

* Contribution No. 187 from this laborztory and Part4gin the series: Tobacco
Alkaloids and Related Compounds. This i 1 was supported by a re-
search grant (GM- 13246} from the National I.ustmnes of Health, U. 8. Pub].lc
Health Service.

Received: 7th September 1982 — accepted: Mth April 1983,

a-

wurde. Wenn das markierte Nornicotin auch zum
grofiten Teil unverindert wiederaufgefunden wurde,
Lief sich doch cine kleine Menge der Radioaktivitit im
Nicotin feststellen. Auch im Myosmin wurde Radioak-
tivitit gefunden. Beim Abbau des Nicotin wurde prak-
tisch die gesamte Radioaktvitit an dem C-Atom der
Position 2’ gefunden, was auf eine Synthese direkt aus
dem Nornicotin schliefen 1ifit. Wenngleich auf diese
Weise nachgewiesen wurde, dafl eine Methylierung des
Nornicotin zu Nicotin in der Tabakpflanze stattfindet,
wird doch nicht angenommen, daf das Nicotin
hauptsichlich auf diesem Syntheseweg in der Pflanze
entsteht,

RESUME

Bien qu’il soit connu que la nornicotine est formée dans
les espéces de Nicotiana par la déméthylation de la ni-
cotine, la réaction inverse n’a cependant pas été prouvée
de fagon incontestable, Ce probldme a été étudié en ali-
mentant des plantes de tabac avec de la (RS)-[2°-"C]-
nornicotine, au moyen d’une meche, La majeure partie
de la nornicotine marquée au “C fut récupérée sans
avoir subi de changement, cependant une certaine
radioactivité était discernée dans la nicotine. La radio-
activité est aussi apparue dans la myosmine, Par dégra-
dation de la nicotine on a déterminé que la radioactivité
se situe au niveau C—2’, ce qui indique une synthése di-
recte A partir de la nornicotine. On a donc prouvé que
la méthylation de la nornicotine en nicotine se produit
dans la plante de tabac, mais- cela n’est pas considéré
comme la voie prépondérante de la biosynthese de la
nicotine.
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INTRODUCTION

It has been shown that the main route for the forma-
tion of nornicotine (compound 2) in Nicotiana species
is by the demethylation of nicotine (compound 1). This
reaction, illustrated in Figure 1, occurs in both the
healthy growing plant (1 —3) and as a post-harvest
transformation during the curing of tobacco (4 — 7).

However, the mechanism of this demethylation is still

obscure (8). Demethylation of nicotine also occurred in
a cell-suspension culture of N. tabacum (9). The ques-
tion as to whether nicotine can be formed in tobacco
by the methylation of nornicotine has not been un-
equivocally answered. The levels of radioactivity found
in nicotine and nornicotine after a short-term exposure
to “CO, are not consistent with any significant nor-
nicotine — nicotine conversion (10). Some experiments
have indicated that this conversion may occur to a lim-
ited extent (11 — 15), but the results are ambiguous.
For example when a mixture of [*N]nornicotine and
L-[methyl-*C]methionine was fed to N. tabacum, the
enrichment of the resultant nicotine with N was very
low (~ 0.02 % excess) compared with the specific in-
corporation of the “C (13). In none of these previous
experiments was the direct conversion of nornicotine to
nicotine confirmed by degradations to establish the
_specific labeling of the resultant nicotine.

We have now investigated this hypothetical conversion
by feeding [2’-“C]nornicotine to intact N. tabacum
plants and excised leaves of this species.

Figure 1. Blological and chemical transformations of
nicotine and nornicotine.
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EXPERIMENTAL
General Methods

A Nuclear Chicago Mark II liquid scintillation counter
was used for assay of the radioactive compounds, using
dioxane-ethanol as the solvent with the usual scintilla-
tors (16). Assays were carried out in duplicate and were
-reproducible to 5 %.
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(RS)-[2'-*C[Nornicotine

This compound was prepared from [carboxyl-“C]-
nicotinic acid (Radiochemical Centre, Amersham) as
previously described (17), via myosmine. The nornico-
tine was finally purified by thin-layer chromatography
(TLC) on silica gel PF-254 (Merck) developing with a
mixture of chloroform, ethanol and concentrated am-
monia (90:10:1). In this system, nornicotine, nicotine,
and myosmine have R; values of 0.15, 0.60, and 0.75, re-
spectively. No radioactivity was detected in the purified
nornicotine at positions coincident with nicotine or
myosmine. The method of synthesis also precludes any
contamination with radioactive nicotine.

Feeding of (RS)-[{2'-*C]nornicotine to N. tabacum and
Isolation of the Alkaloids

Details of the three feeding experiments are given in
Table 1. In experiments 1 and 2 the (RS)-[2’-*C]-nor-
nicotine (148 mg, 1 mmol, 6.18 X 107 d.p.m.) was dis-
solved in water (25 ml) containing acetic acid (0.12 ml).
This solution was divided equally between 10 N. ta-
bacum plants (2 months old, containing 6—8 leaves)
growing in soil in a greenhouse. The feeding was car-
ried out by the wick method, the cotton wicks being
inserted into the stems of the plants about 10 cm above
the ground level. There was no evidence of injury to the
plants at the site of insertion of the cotton wicks. The
small beakers into which the cotton wicks were placed
were replenished daily with water. After 2 or 8 days the
plants were harvested and were macerated in a Waring
Blendor with a mixture of chloroform and concentrated
ammonia as previously described (18). The residual ac-
tivity in the beakers was negligible (0.004 % in experi-
ment 2). The alkaloids were separated by TLC as previ-
ously described (18). The nicotine was purified as its di- -
perchlorate, crystallizing (from ethanol) until material
of constant specific activity was obtained. The amount
of myosmine was estimated by UV spectroscopy, di-
luted with inactive alkaloid and purified by sublima-
tion, and conversion to its dipicrate. The nornicotine
obtained from the mixture of alkaloids was purified by
distillation, and converted to its dipicrate. In experi-
ment 3, excised leaves from mature N. tabacum plants
(4 'months old) were spread out on a bench in a green-
house and painted with a solution of the (RS)-[2’-*C]-
nornicotine dissolved in dilute acetic acid. The leaves
were allowed to dry at room temperature under natural
light and then extracted with chloroform and aqueous
ammonia as previously described.

Degradation of the Labeled Nicotine

The following degradation is the one carried out on the
nicotine obtained from experiment 2. Nicotine diper-
chlorate (330 mg), 9.1 X 10° d.p.m./mmol, was heated



Table 1. Feeding of (RS)-[2'-"C]nornicotine to N. tabacum and activities of the resultant alkaloids.

Experiment 1
(wick feeding
to intact plant)

Experiment 2

(wick feeding
to intact plant)

Experiment 3

(painting on
excised leaves)

(RS)-[2’-*C]Nornicotine fed:

weight (mg) 148

total activity (d.p.m.) 6.18 X 107

specific activity (d.p.m./mmol) 6.18 X 107
Duration of feeding (days) 2

Weight of plants (g)

1200 (fresh weight)

Activity of crude alkaloids 5.21 X 107
Recovery of activity fed 84 %
Activity in aqueous NH, layer 1.95 X 108
Recovery of activity fed 31 %
Nicotine: weight (mg) 373
Diperchiorate (d.p.m./mmol) 48 X 10°
Dipicrate (d.p.m./mmol) 4.7 X 10°
Absolute incorporation * 0.018 %
Specific incorporation ** 0.008 %
Nomnicotine: weight (mg) 104
Dipicrate (d.p.m./mmol) 5.73 X 107
Absolute incorporation 65 %
Specific incorporation 92.7 %
Myosmine: weight (mg) not isolated

148 288.6
6.18 X 107 1.205 X 10°
6.18 X 107 6.18 X 107

8 28

1600 (fresh weight)

56 (dry weight)

Dipicrate (d.p.m./mmol)
Specific incorporation

4.20 X 107 3.76 X 107
68 % 31 %
4.43 X 108 8.1 X 10°
7.2 % 6.7 %
520 245

91 X 10°?
9.0 X 108 3.62 X 10°
0.047 % 0.045 %
0.015 % 0.59 %
<} 102
5.54 X 107 172 X 107
551 % 9.84 %
89.6 % 278 %
0.25 not isolated
1.57 X 107 .
25.4 %

* Specific incorporation = specific activity of the isolated alkaloid / speclfic activity of the administered nornicotine.
** Absolute incorporation == total activity in the isolated alkaloid / total activity administered to the plant.

on a steam bath with concentrated nitric acid (10 ml)
and sodium nitrite (0.2 g) for 18 h. The reaction mix-
ture was worked up as previously described (19) afford-
ing 3-nitro-5-(3'-pyridyl)pyrazole (11 mg), 8.9 X 10°
d.p.m./ mmol, and nicotinic acid (41 mg), 8.9 X 10°
d.p.m./ mmol. The nicotinic acid was heated with cal-
cium oxide yielding pyridine which was collected and
assayed as its picrate (0.3 X 10° d.p.m. / mmol). A simi-
lar degradation was carried out on the nicotine ob-
tained from experiment 2. Nicotine dipicrate (3.62 X
10° d.p.m./mmol) afforded on oxidation 3-nitro-5-(3'-
_pyridyl)pyrazole (3.65 X 10° d.p.m./mmol) and nico-
tinic acid (3.50 X 10° d.p.m. / mmol).

RESULTS AND DISCUSSION

A small but significant amount of radioactivity was de-
tected in the nicotine isolated from N. tabacwm plants
which had been fed (RS)- [2-“C]nornicotine for 8
days (experiment 2). In view of this low activity the
nicotine was purified by repeated crystallization of its
diperchlorate from ethanol. Confirmation of its radio-
chemical purity was obtained by preparation of its di-

picrate, having the same specific activity. More convinc-
ing evidence in favor of the radiochemical integrity of
the nicotine was obtained by carrying out an oxidation
with nitric acid to yield 3-nitro-5-(3’-pyridyl)pyrazole
(compound 4) havmg essentially the same specific ac-
tivity as the nicotine. It has been shown (19) that this
pyrazole derivative is not formed from nornicotine,
which was a possible contaminant of the labeled nico-
tine. Furthermore, the other product from this oxida-
tion, nicotinic acid (compound 3), was found to have
> 96 % of its activity on its carboxyl group. This re-
sult indicates that the labeled nicotine, isolated from
the plant, was labeled specifically at the C-2’ position
showing that there had been a direct methylation of the
nornicotine to afford nicotine. The amount of methyla-
tion after 8 days of feeding was quite low (0.047 % ab-
solute incorporation). A similar degree of conversion
(0.045 %) was obtained in experiment 3 in which the
excised leaves were allowed to metabolize nornicotine
for 4 weeks. In this experiment the total recovery of ac-
tivity was much lower, possibly due to volatilization of
the alkaloids from the leaves during the drying process.
In the other experiments the recovery of the activity -
was quite good, indicating that the nornicotine is meta-

bolically fairly stable in the intact healthy plant. '
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These results probably indicate that the enzyme re-
sponsible for the methylation of putrescine to N-meth-
ylputrescine (putrescine N-methyltransferase) which
has been isolated from tobacco roots (20) is not com-
pletely specific, and is able 10 catalyze, to a small ex-
tent, the transfer of a methyl group from S-adenosyl-L-
methionine to nornicotine to afford nicotine, It was
previously found (20) that this enzyme is highly spe-
cific for putrescine. N-Methylputrescine was methyl-
ated to a limited extent, but no radiocactivity was trans-
ferred from S-adenosyl-L-[methyl-"*C]methionine to
1,3-diaminopropane, cadaverine, nornicotine, Al-pyrro-
line, or ornithine in a 30-minute incubation with the
purified enzyme. The methylation of nornicotine to
nicotine in the tobacco plant is apparently a very slow
process. In experiment 1 in which the feeding was car-
ried out for only 2 days there was only 2 0.018 % con-
version of the nornicotine to nicotine, with a 65 % re-
covery of the activity in the nornicotine. Slight discrep-
ancies between the activity on the crude alkaloids and
that ultimately recovered on the purified alkaloids sim-
ply are a function of losses which occur during the iso-
lation and purification of the individual alkaloids.

The dehydrogenation of the administered nornicotine
to myosmine (compound 5} (isolated in experiment 2)
is in accord with previous work (3, 15). The labeled
myosmine was degraded as previously described (3) and
found to have essentially all its activity at the C-2' po-
sition.,
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