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Abstract—The alkaloid content (nicotine, nornicotine, anabasine, and anatabine) in leaves and roots of 60 Nicotiana
species were analyzed by GC. All species contained alkaloids, the amounts varying with the species. There was no
clearcut correlation between alkaloid amounts and subgeneric or sectional classification. The alkaloid content in the
floral parts and immature and mature fruits of Nicotiana tabacum were also analyzed.

INTRODUCTION

Although alkaloids have been studied in 52 of 66
Nicotiana species, the data available are qualitative or at
best semiquantitative [1-5]. In 1959, Jeffery analyzed
alkaloids 1n 25 Nicotiana species by paper chromato-
graphy and determined their contents by a colorimetric
method [6]. Since then, no quantitative analysis of
alkaloids has been conducted except for total alkaloid or
nicotine content, which was determined by steam distil-
lation and spectrophotometry [7, 8].

Here, we report quantitative data based on capillary
GC on the four alkaloids (nicotine, nornicotine, ana-
basine and anatabine) 1n leaves and roots of 60 species of
Nicotiana. Alkaloids of floral parts and fruits of Nicotiana
tabacum were analyzed also.

RESULTS AND DISCUSSION

The nicotine, nornicotine, anabasine and anatabine
content in leaves and in roots of 60 out of 66 Nicotiana
species are listed in Table 1. In addition to these four
alkaloids, unidentified basic components were observed in
both leaves and roots. Generally roots contain more such
unknown compounds than leaves; identification and
quantitation were not attempted 1n this study.

Total alkaloid content of each species (the sums of the
contents of four alkaloids) varied from 20 ug/g dry wt.
(0.0029%,; N. alata) to 29600 ug/g dry wt. (2969, N.
sylvestris) in leaves, and from 272 ug/dry wt. (0.027 9;; N.
langsdorfii) to 24 817 ug/g dry. wt. (2.48 9; N. velutina) in
roots. With a few exceptions (Table 1) nicotine, nor-
nicotine, anabasine and anatabine were detected in both
leaves and roots of all species. The amounts of these four
alkaloids as pg/g dry wt varied from species to species;
nicotine, from 12 (N. kawakamii) to 23 688 (N. sylvestris)
in leaves, from 178 (N. langsdorfii) to 13115 (N. velutina)
in roots; nornicotine from trace amounts (N. alata) to
8445 (N. glutinosa) in leaves, from trace amounts (N.
forgetiana) to 5526 (N. trigonophylla) in roots; anabasine,
from trace amounts (13 species) to 7546 (N. glauca) in
leaves, from trace amounts (10 species) to 8655 (N.
cordifolia) in roots; anatabine, from trace amounts (3
species) to 1229 (N. fragrance), in leaves from 34 (N.

PHYTO 24 3-G

velutina and N. hesperis) to 2480 (N. spegazzinii) in roots.

Nicotine was the dominant alkaloid in leaves of 33
species, nornicotine of 24 species, anabasine of 2 species
(N. glauca and N. debneyi) and anatabine of N. otophora
only, whereas in roots nicotine predominated in 51
species, nornicotine in 2 species (N. alata and N. africana),
anabasine in 7 species (N. glauca, N. solanifolia, N.
benavidesii, N. cordifolia, N. debneyi, N. maritima and N.
hesperis), and anatabine in no species. The concentrations
of anatabine and anabasine were higher in roots than in
leaves in most species except for anabasine in N. glauca, N.
tabacum, N. repanda and N. hesperis, and anatabine in N.
alata, N. corymbosa and N. hesperis. No such tendency
was noted with regard to nicotine and nornicotine.

Alkaloid content in the generative organs of N. tabacum
are shown in Tables 2 and 3. Both calyces and upper leaf
contained considerable amounts of nicotine, stigma and
style, ovaries, and stamina a lesser amount and immature
and mature seeds trace amounts only. Other alkaloids did
not occur in detectable amounts (except in calyces) in our
experiments [9, 10].

Our data show that all Nicotiana species contain
alkaloids: The amount and ratio of total and individual
alkaloids present in a plant depend on the species. No
clearcut correlation between alkaloid pattern and classifi-
cation of the genus Nicotiana seems to exist. There are
some discrepancies between our data and those reported
previously [1-5], but these may be due to inaccurate
methods previously used for analyses of these alkaloids,
or to variations in the timing of harvest [1].

EXPERIMENTAL

Plants. The 60 species of Nicotiana used for this study were
identified morphologically [11-13] in the Iwata tobacco exper-
imental station of the Japan Tobacco & Salt Public Corporation.
The seeds of the species collected there by self-pollination were
used. All plants were grown 1n a greenhouse. All leaves except
withered ones from five plants of each species were collected
when several flowers had opened. Roots of less than 1 mm
diameter were also collected As some species (see Table 1) did not
bloom, the leaves and the roots were harvested 5 months after
germunation, The harvested tissues were lyophilized, powdered
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Table 2. Thealkaloid content in the fioral organs of Nicotiana tabacum
(ug/g dry wy)

Organ Nicotine Nornicotine Anabasine Anatabine
Stigma + style 14 — — —
Stamen 14 — — —
Ovary 80 — — —
Ovary base* 156 — — —
Petal 86 — — —
Calyx 1435 — — —
Flower axis 254 — — —
Upper leaf t 1895 — — —

—, Not detected.

* An ovary was disected into upper and lower parts, where most ovules
attached to the former and the latter were colored reddish brown, the
lower part is tentativey designated as the ovary base.

tThe leaf just below the floral branches.

Table 3. The alkaloid content in immature and mature capsules of Nicotiana
tabacum (ug/g dry wt)

Plant part Nicotine Nornicotine Anabasine Anatabine Total
Immature
Wall of ovary 15 — — — 15
Seed tr. — — — tr.
Placenta 16 — — — 16
Calyx 6078 24 15 — 6117
Flower axis 109 — — — 109
Mature
Wall of ovary 43 — — — 43
Seed 10 — — — 10
Placenta 36 — — — 36
Calyx 2607 — — — 2607
Flower axis 317 — — — 317

and kept in a desiccator until use. Samples were stirred with 2 ml
1 N HCI (containing ca 200 mg of isoquinoline as an internal
standard) in a glass homogemizer, 2mi CH,Cl, added,
thoroughly mixed and centrifuged (4500 rpm, 15 min). The acid
aqueous layer separated was adjusted to pH 11 with 6 N NaOH,
2ml CH,Cl; added, thoroughly shaken and centrifuged
(4500 rpm, 30 min). This procedure was performed three times
for each sample. The CH,Cl, layer was separated and dried
under N,. The residue was dissolved in 100 ul MeOH A 1 ul
aliquot of the sample was then subjected to GC.

Preparation of the standard nmuxture solution. Picrates of
isoquinoline, nicotine, nornicotine, anabasine and anatabine
(10 mmol each) were dissolved in alkaline solution and extracted
with CH,Cl,. The extract was dried under N, The residue was
dissolved in 1ml MeOH. A 02yl aliquot was used for
calibration.

Gas chromatography. GC was accomplished with a Shimadzu
GC-4CM with an integrator (Hewlett Packard 3390A) using a
50 m x 0.32 mm i.d. flexible fused silica capillary column coated
with methylsilicone gum, a He carrier gas flow rate of 50 mi/min,
split ratio of 1:40. Column temperature was raised from 140° to
240° at 2°/mun. Retention times of isoquinoline, nicotine, nor-

micotine, anabasine and anatabine were 3.8, 4.6, 5.3, 6.3 and
6.7 min, respectively

REFERENCES

Jeffery, R. N. (1959) Tobacco Sci. 3, 89.
2. Imai, S (1959) Bull. Hatano Tobacco Expt. Sta. 44, 129.
3. Smith, H. H. and Abashian, O. V. (1963) Am. J. Botany 50,
435,
4. Weybrew, J. A. and Mann, T. J. (1963) Tobacco Scu. 7, 28.
5. Fujita, S and Aoki, N. (1965) Bull. Hatano Tobacco Expt. Sta.
55, 91.
6. Jeffery, R N and Eoff, W. H. (1955) Analyt. Chem. 27, 1903.
7. Griffth, R. B. and Jeffery, R. N. (1948) Analyt. Chem. 20, 307.
8. Willits, C. O., Swain, M. L., Connelly, J. A. and Brice, B. A.
(1950) Analyt. Chem. 22, 430.
9. Abdoh, Y. and Pirelahi, H. (1964) Nature 204, 791.
10. Weeks, W. W. and Bush, L. P. (1974) Plant Physiol. 53, 73.
11. Merxmiiller, H. and Buttler, K. P. (1975) Mitt. Bot Mtinch.
12, 91.
12. Ohashi, Y. (1976) Hatabako Kenkyu 72, 86.
13. Smith, H H. (1968) Adv. Genet. 14, 1.

—



