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SUMMARY 

Plants from 64 Nicotiana species were sampled in the 
greenhouse in 1983 and 1984 and from the field in 1985 
and 1986 for the purpose of developing a chemical pro
file of each species. Mature green leaves were harvested 
at flowering, freeze-dried and ground to pass a 1 mm 
screen prior to chemical analysis. In this study we re
port the type and amounts of nicotinoid alkaloids. Al
kaloid values were determined by glass-capillary gas 
chromatography and were averaged over the two years 
for each environment. Both total alkaloids (mg g- 1 dry 
weight) and the distribution (percentage composition) 
of nicotine, nornicotine, anabasine, and anatabine were 
highly correlated between years for greenhouse and 
field samples. Greenhouse and field data were highly 
correlated, although total-alkaloid levels were signifi
cantly higher from field-grown plants. All of the Nico
tiana species tested contained a measurable alkaloid 
fraction (at least 10 !lg g- 1) . There was a wide range in 
total-alkaloid levels with nearly a 200-fold difference 
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among greenhouse-grown samples and a 400-fold dif
ference among field-grown species. In general, total-al
kaloid levels among the species were found to be rela
tively low. Eleven species were found to have a different 
alkaloid composition when green leaf and air-dried 
samples were compared. Evidence is presented for the 
association between alkaloid characteristics and the 
phylogenetic classification of the species in the genus. 

ZUSAMMENFASSUNG 

Anhand von Pflanzenmaterial, das in den J ahren 1983 
und 1984 im Gewachshaus und in den J ahren 1985 und 
1986 im Feldanbau gezogen worden war, wurden 
64 Nicotiana-Arten einzeln auf ihre chemische Zusam
mensetzung hin untersucht. Zum Zwecke der qualita
tiven und quantitativen Bestimmung der Nicotinalka
loide wurde das reife grune Blattgut im Stadium der 
Blute geerntet, gefriergetrocknet, gemahlen und gesiebt 
( < 1 mm). Die Analyse erfolgte gaschromatographisch 
unter Einsatz von Glaskapillarsaulen, und die Ergeb

. nisse werden fur beide Anbauarten als Durchschnitts
werte der zwei jeweiligen Jahre dargelegt. Die Werte 
fur Gesamtalkaloide (mg g- 1 Trockenmasse) wie auch 
jene fur die Verteilung, d. h. den prozentualen Anteil 
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der einzelnen Verbindungen (Nicotin, Nornicotin, 
Anabasin und Anatabin) waren im Vergleich zwischen 
den einzelnen Anbauperioden bzw. Anbauarten in ho
hem MaBe miteinander korreliert. Es bestand eine gute 
Korrelation zwischen den W erten der Gewachshaus
und jenen der Feldanbauproben, obwohl der Gesamtal
kaloidgehalt bei den im Feldanbau gezogenen Pflanzen 
signifikant hoher war. Alle untersuchten Nicotiana
Arten wiesen eine meBbare Alkaloidfraktion auf (we
nigstens 10 f.Lg g- 1

). Der Gehalt an Gesamtalkaloiden 
war sehr unterschiedlich; die Werte differierten vonein
ander nahezu urn das Zweihundertfache bei den im 
Gewachshaus gezogenen Proben und ungefahr urn das 
Vierhundertfache bei den im Feld angebauten Proben, 
wobei die Gesamtalkaloidmengen durchweg verhaltnis
maBig gering waren. Bei elf Arten war die Alkaloidzu
sammensetzung unterschiedlich, wenn griines Blattgut 
und luftgetrocknete Proben miteinander verglichen 
wurden. Zwischen der charakteristischen Alkaloidzu
sammensetzung und der phylogenetischen Klassifizie
rung der Art innerhalb der Gattung lieB sich ein Zu
sammenhang nachweisen. 

RESUME 

La composition chimique de chacune de 64 especes de 
Nicotiana a ete etudiee a l'aide d'echantillons preleves 
sur des plantes ayant ete cultivees en serre en 1983 et 
1984 et en plein champ en 1985 et 1986. En vue de !'ana
lyse qualitative et quantitative des alcaloi'des nicoti
niques, les feuilles vertes a maturation ont ete recoltees 
au moment de la floraison, lyophilisees, moulues et 
tamisees (< 1 mm). L'analyse a ete effectuee par chro
matographie en phase gazeuse en utilisant des colonnes 
capillaires en verre. Les n~sultats indiques sont les va
leurs moyennes correspondant aux deux annees pour 
chaque type de culture. Les teneurs en alcaloi'des totaux 
(mg I g de matiere seche) de meme que les pourcentages 
respectifs des differents composes (nicotine, nornico
tine, anabasine et anatabine) apparaissent fortement 
correles avec les periodes et les types de culture. Les 
valeurs obtenues pour les echantillons provenant des 
serres sont bien correlees avec celles correspondant aux 
echantillons des plantes cultivees en plein champ bien 
que la teneur en alcaloi'des totaux de ces dernieres soit 
nettement plus elevee. T outes les especes de Nicotiana 
examinees contenaient une fraction d'alcaloi'des mesu
rable (au moins 10 f.Lg I g). Les teneurs en alcaloi'des 
totaux se sont averees tres variables : les resultats 
-rrouves varient clans un rapport de 1 a 200 pour les 
echantillons provenant des serres et de 1 a 400 pour 
ceux provenant des plantes cultivees en plein champ, les 
quantites d'alcaloi'des totaux etant en general relative
ment faibles. Dans le cas de onze especes, on a observe 
que la composition en alcaloi'des differait selon qu'il 
s'agissait d'une feuille verte ou d'un echantillon seche a 
l'air. Il a ete possible de mettre en evidence un rapport 
entre la teneur caracteristique en alcaloi'des et la classi
fication phylogenetique de l'espece au sein du genre. 
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INTRODUCTION 

The nicotine alkaloids are characteristic compounds in 
the chemistry of the Nicotiana genus. Although alka
loids are apparently active metabolites in tobacco (17), 
their usefulness to most plants remains uncertain (8) . 
However, the presence of alkaloids in all Nicotiana 
species is an indication that they may have had some 
adaptive value to the genus as a whole (14). 
The alkaloid composition of the Nicotiana species has 
been the subject of several investigations (4, 9, 10, 11, 
15, 16). The principal interest in these works was the 
kind and amount of alkaloids found in each species. 
The findings of these independent investigations were 
in good agreement: [ 1] all observed wild species con
tained one or more alkaloids, [2] generally, a single al
kaloid was found to predominate in a given species, 

· [3] nicotine or nornicotine occurred as the main alka
loid in most species, but a few species produce anaba
sine as the principal alkaloid, [ 4] total-alkaloid levels 
were found to be highly variable, and [5] no clearly 
defined associations between phylogenetic position 
and the kinds or amounts of alkaloids was evident. 
Various techniques for isolation and analysis of alka
loids were used in these investigations. The methods 
provided accurate measures of total alkaloids, but with 
the exception of the work by SAITOH et al. (9) and SAR
YCHEV (10) quantitative estimates of individual alkaloids 
were much less precise. Quantitative determinations 
can be important in determining the genetic and evolu
tionary association among species, as well as under
standing the biochemical processes involved in alkaloid 
production. 
This investigation represents the most comprehensive 
characterization of the alkaloid content of the Nico
tiana species to date. All of the currently available Ni
cotiana species were evaluated using modern analytical 
techniques to provide quantitative and qualitative mea
sures of the individual alkaloids present in each species. 
Furthermore, the analyses are unique in that they cover 
multiple years and environments and that all species 
were evaluated for alkaloid composition in each year 
the investigations were conducted. 
This paper deals mainly with the alkaloid chemistry of 
the Nicotiana species and, therefore, the taxonomy of 
the genus will not be discussed in detail. Readers are re
ferred to GooDSPEED (2) and SMITH (14) for a taxo
nomic classification of the genus, as well as author 
citations for each species. 

MATERIALS AND METHODS 

Cultural Methods 

Seeds of the Nicotiana species came from the National 
Plant Germplasm System's Nicotiana Species Germ
plasm Collection maintained at the Crops Research Lab
oratory of the U.S. Department of Agriculture Agricul-



tural Research Service, Oxford, North Carolina. A 
total of 66 species, including several of tentative species 
status, were grown for sampling each year from 1983 
through 1986. The first two years plants were grown in 
a greenhouse environment. Forty to fifty seeds of each 
species were sown on a sterile medium of coarse vermic
ulite in 10 cm clay pots in early March. When individ
ual seedlings of each species attained a size of 2 cm to 
4 cm, they were transplanted into separate 15 cm pots 
containing a soil/peat/sand (1/1/1 (v/v/v)) mixture. 
Plants were grown in the greenhouse without supple
mental lighting. Temperatures during the growing pe
riod were maintained at about 27 oc during the daytime 
and 18 OC at night. A standard fertilizer mix was ap
plied weekly to promote vigorous, healthy plant devel
opment. When a species flowered, the inflorescence and 
all suckers and side branches were removed. Days to 
flower varied among the species from 68 to 207 days 
after seeding. Seven days after plants were topped and 
suckered all mature green leaves were harvested, the 
midveins were excised, and the laminar sample was im
mediately frozen. Several short-day species had not 
flowered after 207 days but were sampled at that time. 
The number of plants sampled per species varied from 
as many as 30 for the smaller-statured species to a min
imum of five plants for the largest species. The green 
weight for samples varied between 150 g to 300 g. The 
frozen-laminae samples were later lyophilized and 
ground in a Wiley mill to pass a 1 mm mesh screen. 
Samples were stored in polyethylene bags at 10 OC prior 
to chemical analysis. 
In 1985 and 1986 plants were grown in the field. Seeds 
were germinated in the greenhouse as previously de
scribed. Small seedlings were transplanted into 5 X 

5 cm cells in styrofoam flats containing a 50:50 mix
ture of Redi-Earth® and fine-textured vermiculite. In 
May, the seedlings were handtransplanted to two rep
licated field plots. The field was fumigated with methyl 
bromide prior to transplanting and a broadcast applica
tion of 45.5 kg of 16-0-0 NPK fertilizer was made. 
Mature green leaves were harvested from each plot at 
the time of flowering. Plants were not topped and 
suckered as had been done in the greenhouse. The 
green-leaf samples from the field were processed for 
chemical analysis in the same manner as the greenhouse 
samples. 
In 1984 and 1986 duplicate green-leaf samples were 
taken from 25 species which were identified as produc-

. ing predominantly nicotine. Leaves making up this du
plicate sample were threaded on strings, hung on 
sticks, and allowed to dry naturally under ambient con
ditions (air cure). Normal drying time was from three 
to four weeks for the different species. Midveins were 
stripped from the dried leaves and the laminae ground 
in a manner identical to the freeze-dried sample. 

Analytical Procedures 

A rapid glass-capillary gas-chromatographic (GC) 

method (13) was used for the analysis of nicotine, nor
nicotine, anabasine, anatabine, and myosmine (and in 
1984, 85 and 86 samples, N-acetylnornicotine) present 
in the Nicotiana species. About 25 mg to 50 mg of the 
ground laminar sample and 1 m! of 0.05 M methanolic 
potassium hydroxide containing the internal standard, 
2,4' -dipyridyl, were combined in a standard 2 m! auto
sampler vial, and the vial was capped and placed in an 
ultrasonic bath for 15 min. The samples were analyzed 
with a GC equipped with an automatic sampler and a 
nitrogen-phosphorus detector (NPD). The alkaloids 
were analyzed by using 60:1 split injection on a 
0.32 mm inside diameter X 15 m Superox@l-4 fused
silica column (temperature program: 120 octo 190 oc at 
4o/min, 190 oc to 240 OC at 8o/min; linear flow veloc
ity: 35 cm/ s of He). The injection-port temperature 
was 200 oc, the detector temperature was 280 oC, and 
2 11! samples were injected. The NPD-response curves 
were obtained by analysis of a series of standard solu
tions containing nicotine, nornicotine, anabasine, 2,4'
dipyridyl and N-acetylnornicotine. Anatabine was as
sumed to respond like anabasine. The N-acetylnornico
tine was prepared and isolated as described by SEVER
SON et al. (12). The alkaloid components in N. tabacum, 
N. repanda and N. glauca were characterized by GC/ 
MS. The alkaloid components for all other samples 
were identified by GC retention data only. 

RESULTS 

Using a modern gas-chromatographic method for the 
analysis of the nicotine alkaloids, a quantitative deter
mination of the major alkaloid components of all but 
two of the currently recognized Nicotiana species was 
made. The species N. ameghinoi and N. longibracteata 
are known only from herbarium specimens and seeds 
are not available. Total-alkaloid levels (mg g- 1 dry 
weight) and individual alkaloid-component distribution 
(percentage composition) from 64 species and 2 entries 
of tentative species rank are presented in Table 1 
(1983-1984 greenhouse), and Table 2 (1985-1986 
field). These results include the analysis of N. acaulis 
and N. linearis, two species for which alkaloid content 
have never been reported. 
Both total alkaloids (mg g- 1 dry weight) and the dis
tribution (percentage composition) of nicotine, nornic
otine, anabasine, and anatabine were highly correlated 
between years for greenhouse and field samples. Fur
thermore, greenhouse and field data were highly corre
lated, although total-alkaloid levels were significantly 
higher in field-grown plants . 
All of the Nicotiana species tested contained a measur
able alkaloid fraction (at least 10 !lg g- 1

). There was a 
wide range in total-alkaloid levels with nearly a 200-
fold difference among greenhouse-grown samples and a 
400-fold difference among field-grown species. In gen
eral, total-alkaloid levels among the species were found 
to be relatively low. 
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Table 1. 
Alkaloid levels and composition of the Nicotiana species, from greenhouse-grown plants. 

Subgenus Total Percentage composition N-acetyl-

Section alkaloids* 

I I 
nornicotine* 

Nico- I Nornico- I Anab- Anat- My os-
Species (mg / g) tine tme asine abine mine (mg/ g) 

Rustica 

Paniculatae 

glauca 4.2 1.8 0.3 97.6 0.3 n.d+ n.d. 

paniculata 3.8 90.6 9.2 0.1 0.1 trace trace++ 

knightiana 4.0 92.6 4.1 3.0 0.3 n.d. n.d . 
so/ani folia 3.8 0.7 53.8 45.3 0.2 n.d . 0.03 
benavidesii 6.4 90.0 1.3 8.0 0.7 n.d . n.d. 
cordifolia 1.8 75.7 0.1 23.3 0.9 n.d. n.d. 
raimondii 7.6 74.5 10.2 14.4 0.9 n.d. 0.05 

Thyrsiflorae 

thyrsiflora 5.1 2.9 94.3 0.8 2.0 n.d. 0.04 

Rusticae 

rustic a 5.4 98.2 0.5 0.8 0.5 n.d. n.d . 

Tabacum 

Tomentosae 

tomentosa 1 .1 4.4 79.0 2.8 13.8 n.d . 0.01 
tomentosiformis 0.5 6.0 65.0 4.7 24.3 n.d . 0.01 
otophora 0.4 7.3 74.8 4.1 13.8 n.d. n.d. 
setchellii 4.2 2.6 92.4 2.8 2.2 n.d. 0.33 
glutinosa 7.4 18.9 77.4 1.4 2.3 n.d. 0.31 
kawakamii 0.3 14.0 73.2 2.2 10.6 n.d. n.d. 

Genuinae 

tabacum (cv. NC 2326) 6.1 95.1 1.1 0.4 3.4 n.d . n.d . 

Petunioides 

Undulatae 

undulata 6.8 97.4 2.4 0.2 n.d. n.d. n.d. 
arentsii 7.5 93.2 1.5 4.3 1.0 n.d. n.d. 
wigandioides 4.7 92.3 0.5 6.0 1.2 n.d. n.d. 

Trigonophyllae 

trigonophylla 1.2 2.8 92.4 1.9 2.9 n.d. 0.10 
palmeri '' 2.1 3.9 92.2 2.7 1.2 n.d . 0.24 

Alatae 

sylvestris 4.8 82.2 16.9 0.4 0.5 n.d. 0.08 
langsdorffii 3.1 98.4 0.7 0.4 0.5 n.d. n.d. 
alata 0.2 68.8 9.5 21.3 n.d . 0.4 n.d. 
forgetiana 0.1 90.8 6.7 2.5 n.d. n.d . n.d . 
bonariensis 0.3 88.1 7.8 4.1 n.d. n.d. n.d . 
longiflora 0.6 8.7 90.6 n.d. 0.7 n.d . n.d . 
plumbaginifolia 0.9 17.3 77.6 3.6 1.5 n.d. 0.07 
sanderae'* 0.1 88.7 4.6 6.7 n.d. n.d. n.d. 

Repandae 

re panda 1.8 6.8 73.1 14.3 5.8 n.d. 1.03 
stocktonii 12.4 91 .3 6.5 0.4 1.8 n.d . 0.69 
nesophila 7.5 9.5 86 .7 1.0 2.8 n.d. 2.75 

Noctiflorae 

noctiflora 10.7 0.6 16.8 76.6 6.0 n.d. 0.02 
petunioides 5.4 0.9 13.0 83.3 2.8 n.d. trace 
acau/is 1.1 10.0 39.5 41.5 9.0 n.d. n.d . 
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Table 1. (cont'd.) 
Alkaloid levels and composition of the Nicotiana species, from greenhouse-grown plants . 

Subgenus Total Percentage composition N-acetyl-

Section alkaloids* 

I I I 
nornicotine* 

Species 
Nico- Nornico- I An ab- An at- Myos-

(mg/g) tine tine asine abine mine (mg/g) 

Petunioides (cont'd.) 

Acuminatae 

acuminata 0.2 47.1 
pauciflora 0.4 84.6 
attenuata 9.0 96.2 
miersii 1.4 44.2 
corymbosa 4.8 98 .7 
linearis 0.3 89.5 
spegazzinii 0.1 91.0 

Bigelovianae 

bigelovii 12.4 98.0 
cleve/andii 15.7 99.1 

Nudicau/es 

nudicaulis 1.0 2.4 

Suaveo/entes 

suaveo/ens 5.2 60.1 
exigua 5.7 55.8 
maritima 1.1 3.8 
velutina 6.2 1.0 
amplexicau/is 16.6 99.2 
gossei 6.4 97.4 
benthamiana 15.8 90.4 

excelsior 19.1 96.7 
goodspeedii 3.1 3.7 

ingulba 10.2 94.2 
mega/osiphon 7.0 1.7 
rosulata 1.2 33.7 

simulans 0.4 25.6 
hesperis 3.4 80.8 

accidental is 0.2 25.8 
rotundifolia 1.5 93.7 

africana 4.5 27.4 

cavico/a 1.3 10.4 
umbratica 0.2 36.8 

debneyi 5.6 40.8 

fragrans 3.2 97 .6 

Average of 1983 and 1984 (one replication per year) . .. Tentative species status. 
+ n.d.: none detected. 

++ Detected but below 0.01 mg I g. 

All of the species produced nicotine and nornicotine 
when grown either in the greenhouse or field. All spe
cies except N. spegazzinii contained anabasine when 
grown in the greenhouse, although under field condi
tions several species failed to produce detectable levels 
of anabasine. Measurable amounts of anatabine were 
also found in most species; however, several species 
failed to produce this alkaloid under either field or 
greenhouse environments. Myosmine was detected in 
only a few species. 
A single alkaloid type made up the greatest portion of 

19.1 
9.2 
1.6 

54.4 
0.7 

10.5 
9.0 

0.5 
0.2 

51.0 

31.8 
35.5 
67.6 
83.8 

0.2 
0.7 
0.2 
0.2 

49.5 
4.7 

71.9 
60.6 

63.8 
10.4 
43.8 

0.3 
65.2 

69.6 
48.6 

5.2 
0.1 

33.8 n.d. n.d. n.d. 

6.2 n.d. n.d. n.d. 

0.7 0.9 0.6 0.01 

1.4 n.d. n.d. n.d. 

trace 0.6 trace n.d. 

n.d. n.d. n.d. n.d . 

n.d . n.d. n.d. 0.07 

0.1 1.4 trace n.d. 

0.1 0.6 trace n.d. 

38.8 7.8 n.d. 0.04 

6.6 1.5 n.d. 0.07 
5.6 3.1 n.d. 0.06 

25.2 3.4 n.d. 0.02 

13.2 2.0 n.d. 0.13 

0.1 0.5 n.d. n.d . 
1.2 0.7 n.d. n.d. 

8.4 1.0 n.d. 1.1 6 

1.9 1.2 n.d. trace 
45.2 1.6 n.d. 0.10 

1.0 0.1 n.d. trace 

25.6 0.8 n.d. 0.02 
5.2 0.5 n.d. 0.04 

9.2 1.4 n.d. n.d. 

7.3 1.5 • n.d. n.d . 

29.4 1.0 n.d. trace 
5.2 0.8 n.d. n.d. 

0.8 6.6 n.d. 0.07 

17.7 2.3 n.d. n.d. 
13.6 1.0 n.d. n.d. 

48.6 5.4 n.d. n.d. 

0.1 2.2 n.d. n.d. 

the total-alkaloid fraction in a majority of the species. 
The distribution between predominantly nicotine pro
ducers and predominantly nornicotine producers is 
about equal. Four species produce mainly anabasine, N. 
glauca, N. noctiflora, N. petunioides and N. debneyi. 
Anatabine and myosmine were never found to be the 
predominant alkaloids. 
While one alkaloid was found to predominate for a 
given species, often a second alkaloid accounted for a 
significant portion of the remainder. The most frequent 
combinations of primary and secondary alkaloids was 
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Table 2. 
Alkaloid levels and composition of the Nicotiana species, from field-grown plants. 

Subgenus Total Percentage composition N-acetyl-

Section alkaloids* 

I 

nornicotine* 
Nico- I Nornico- I An ab- An at-

Species (mg/g) tine tme asine abine (mg/ g) 

Rustica 

Paniculatae 

glauca 0.86 12.1 1.2 86 .7 n.d+ 0.04 
paniculata 3.32 90.3 8.3 0.3 1.1 n.d. 
knightiana 3.01 92.7 4.9 1.7 0.7 n.d. 
solanifolia 6.72 1.3 57 .3 41.2 0.2 0.10 
benavidesii 8.03 81 .9 1.7 15.5 0.9 n.d. 
cordifolia 4.83 74.2 0.2 20.9 4 .7 n.d. 
raimondii 27.36 80.6 5.8 12.6 1.0 0.03 

Thyrsiflorae 

thyrsiflora 13.98 5.2 92.7 0.8 1.3 0.37 

Rusticae 

rustic a 25.60 97.1 0.7 0.5 1.7 trace++ 

Tabacum 

Tomentosae 

tomentosa 6.80 4.9 84.2 2.9 8.0 0.10 
tomentosiformis 0.63 7.1 69.9 5.3 17.7 0.01 
otophora 0.95 8.1 81 .8 4.3 5.8 0.02 
setchellii 6.29 2.7 87.8 4.9 4.6 0.07 
glutinosa 7.35 85.4 11 .3 0.3 3.0 n.d . 
kawakamii 1.14 15.8 78.5 1.4 4.3 0.02 

Genuinae 

tabacum (cv. NC 2326) 13.00 95.0 1.6 0.4 3.0 n.d. 

Petunioides 

Undulatae 

undu/ata 12.87 91 .6 7.0 1.0 0.4 0.03 
arentsii 28 .70 90.1 2.9 6.4 0.6 n.d. 
wigandioides 8.30 93.3 0.4 4.8 1.5 trace 

Trigonophyllae 

trigonophylla 1.20 11 .9 83.3 0.8 4.0 n.d. 
palmeri* * 4.68 6.0 89.8 1.1 3.1 0.05 

Alatae 

sy/vestris 14.23 94.5 3.6 0.3 1.6 0.01 
langsdorffii 1.65 97.2 0.7 n.d. 2.1 n.d . 
alata 0.09 100.0 n.d. n.d. n.d. 0.01 
forgetiana 0.07 87.5 n.d. 12.5 n.d. n.d. 
bonariensis 0.28 36.3 50 .7 13.0 n.d. n.d. 
longiflora 0.19 54.5 40.1 n.d . 5.4 0.04 
p/umbaginifolia 1.82 9.8 87 .9 0.8 1.5 0.04 
sanderae** 

Repandae 

re panda 5.58 18.9 64.5 8.2 8.4 1.28 
stocktonii 14.32 88.3 8.6 0.3 2.8 0.90 
nesophila 18.13 14.2 81 .9 1.4 2.5 2.24 

Noctiflorae 

noctiflora 17.00 1.0 18.6 71 .6 8.8 n.d. 
petunioides 3.15 1.4 10.9 83.1 4.6 n.d . 
acau/is 1.08 6.9 49.9 24.4 18.8 0.02 
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Table 2. (cont'd.) 
Alkaloid levels and composition of the Nicotiana species, from field-grown plants. 

Subgenus Total 
Section alkaloids* 

Nico-
Species (mg/g) tine 

Petunioides (cont'd.) 

Acuminatae 

acuminata 0.14 61.9 
pauciflora 0.13 100.0 
attenuata 3.67 95.8 
miersii 2.00 89.3 
corymbosa 2.01 98.5 
linearis 0.13 92.3 
spegazzinii 0.41 39.0 

Bige/ovianae 

bigelovii 7.76 94.1 
c/evelandii 6.40 97.6 

Nudicaules 

nudicaulis 2.47 7.4 

Suaveo/entes 

suaveo/ens 3.09 59.8 
exigua 0.35 37.1 
maritima 1.73 5.6 
velutina 1.54 9.0 
amplexicaulis 5.62 98.1 
gossei 17.55 96.0 

benthamiana 7.69 82.5 
excelsior 12.80 94.9 
goodspeedii 4.33 5.0 
ingulba 13.28 96.4 

megalosiphon 5.12 4.1 
rosulata 2.71 17.9 
simulans 0.30 19.2 
hesperis 3.55 78.3 
accidental is 0.35 17.4 
rotundifolia 4.44 90.6 

africana 16.06 24.8 

cavicola 0.42 20.9 

umbratica 0.11 39.3 
debneyi 2.22 34.9 
fragrans 7.81 95.0 

* Average of 1985 and 1986 (two replications per year) . .. Tentative species status. 
+ n.d.: none detected. 

++ Detected but below 0.01 mg I g. 

nicotine-nornicotine followed closely by nornicotine
nicotine. Nicotine-anabasine was the only other combi
nation which occurred in any frequency. Anabasine and 
anatabine did not occur together in a predominant 
combination in any of the species. 

Among the species with the highest total-alkaloid lev
els, nicotine frequently accounted for nearly the entire 
alkaloid fraction. Only in N. noctiflora, where anaba
sine accounts for 75 percent of the total-alkaloid com
position, did an alkaloid other than nicotine comprise 

I 

Percentage composition N-acetyl-

I I 

nornicotine * 
Nornico- An ab- An at-

tine asine abine (mg/g) 

38.1 n.d. n.d . 0.02 
n.d. n.d. n.d. n.d. 
0.3 0.8 3.1 0.02 

10.7 n.d. n.d. n.d. 
0.9 n.d. 0.6 0.01 
7.7 n.d. n.d. n.d . 

48 .8 4.9 7.3 0.01 

1.0 n.d . 4.9 n.d. 
0.2 n.d. 2.2 n.d. 

65.5 18.3 8.8 n.d. 

32.8 5.2 2.2 0.01 

52.9 10.0 n.d. n.d. 
73.7 14.6 6.1 0.06 
78.3 10.5 2.2 0.05 

0.1 0.1 1.7 n.d. 
0.5 1.2 2.3 n.d. 
1.0 12.5 4.0 n.d. 

n.d . 1.0 4.1 n.d. 
65.3 24.6 5.1 0.04 

1.6 1.3 0.7 n.d. 
70.6 22.8 2.5 0.12 
75.3 4.4 2.4 0.01 

70.8 6.9 3.1 0.01 

14.2 5.0 2.5 n.d . 
58.0 20.0 4.6 0.01 

0.2 6.4 2.8 0.01 

69.2 n.d. 6.0 0.18 

60.5 16.3 2.3 n.d. 
50.9 9.8 n.d. n.d. 
12.5 45.9 6.7 n.d. 
0.5 1.2 3.3 0.01 

the major fraction of a high alkaloid-producing species. 

Results comparing the alkaloid composition of green, 
freeze-dried samples with air-dried samples are pre
sented in Table 3. Eleven of the 25 species from which 
air-dried samples were produced were found to have a 
different alkaloid composition from that of the green
leaf sample. In most cases, curing resulted in an in
creased proportion of nornicotine at the apparent ex
pense of nicotine which decreased, indicating these spe
cies have the so-called converter trait ( 6 ). 
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V> 
V> 
-!>-

Nicotiana species 

forgetiana 

glutinosa 

gossei 

hesperis 

ingu/ba 

knightiana 

paniculata 

stocktonii 

suaveolens 

sylvestris 

undulata 

n.d. : none detected. 

** Detected but below 0.01 mg /g. 

Table 3. 
Alkaloid composition in green and cured lamina of Nicotiana species 

with the ability to convert nicotine to nornicotine. 

Percentage composition 

Sample type Greenhouse (1984) 

Nico-
I 

Nornico-
I 

An ab-
I 

An at- Nico-
tine tine asine abine tine 

green (freeze-dried} 82.4 12.8 4.7 n.d . * 100.0 
air-cured 58.6 37.5 2.9 1.0 50.0 

green (freeze-dried) 19.5 75.9 1.4 3.2 84.0 
air-cured - - - 1.0 

green (freeze-dried) 97.4 1.0 1.2 0.4 95.4 

air-cured 27.2 69.4 2.9 0.6 67.8 

green (freeze-dried) 82.0 10.0 6.6 1.4 77.4 
air-cured 1.8 79.9 16.6 1.7 35.6 

green (freeze-dried) 95.4 3.6 0.9 <0.1 96.8 
air-cured 12.8 80.2 7.0 n.d. 26.5 

green (freeze-dried} 93.7 3.7 2.5 0.2 90.7 
air-cured 49.1 31 .3 18.7 0.9 53.4 

green (freeze-dried} 84.9 11 .3 trace ** 0.3 90.1 
air-cured - - 3.6 

green (freeze-dried) 90.1 7.6 0.3 1.9 84.2 
air-cured 80.0 15.8 1.1 3.2 39.6 

green (freeze-dried) 55.9 35.0 7.9 2.2 65.9 

air-cured - - - - 9.8 

green (freeze-dried} 68.4 30.7 0.5 0.4 92.2 
air-cured 31 .1 61 .3 6.2 1.3 2.7 

green (freeze-dried) 96.7 3.3 n.d. n.d. 93.3 

air-cured 74.9 23.0 2.1 n.d . 78.9 

Field (1986) 

I 
Nornico-

I 
An ab-

I 
An at-

tine asine abine 

n.d. n.d. n.d. 
n.d . 50.0 n.d . 

12.9 0.3 2.8 
88 .1 7.0 3.9 

0.5 1.5 2.6 
24.8 3.7 3.7 

14.9 5.1 2.7 
49.6 11.3 3.6 

1.5 1.0 0.7 
67.2 6.2 0.1 

6.3 2.3 0.7 
26.0 15.1 5.5 

8.3 1.1 2.8 
89.9 1.8 4.7 

6.6 0.3 1.2 
53.8 3.8 2.8 

26.9 4.6 2.6 
69.4 17.6 3.2 

5.2 0.5 2.2 
91.9 2.8 2.2 

5.3 1.0 0.3 
13.6 5.7 1.8 



DISCUSSION 

This study represents the most recent effort to charac
terize the alkaloid content of the species in the Nico
tiana genus. The results are unique in that the alkaloid 
content of all available Nicotiana species is reported. 
Moreover, these analyses were conducted on multiple 
samples produced over a four-year period and provide a 
cumulative comparison of greenhouse and field envi
ronments. These results provide one of the most thor
ough quantitative measures of individual nicotine alka
loids occurring in each species to date. 
As in other reports (4, 9, 10, 11, 15, 16), alkaloid levels 
and composition were highly variable among the Nico
tiana species. For the genus as a whole, there were no 
immediately obvious associations between alkaloid 
characteristics and geographic origin, morphology, or 
chromosome number. There do, however, appear to be 
similarities in alkaloid composition, and, to a lesser ex
tent, in total-alkaloid levels within the various taxo
nomic sections of the genus. For example, in the sec
tion Paniculatae, total-alkaloid levels are in the medium 
range relative to the other 13 taxonomic sections. Five 
of the seven species in this section produce mainly 
nicotine. Of the two exceptions, N. glauca produces 
anabasine in the greatest quantity, while N. solanifolia 
produces equal amounts of anabasine and nornicotine. 
GooDSPEED (2) indicates that the morphological and 
cytological distinctions of N. glauca within this section 
point to a separate evolution, which could easily ac
count for the differences in alkaloid make-up. This is 
not the case for N. solanifolia. This species shows a 
close morphological and cytological association with 
other members of the section and an explanation of its 
rather unique alkaloid profile is not readily apparent. 
Low and medium total-alkaloid levels characterize the 
species in section Tomentosae. A member of this sec
tion is believed to be one of the progenitors of culti
vated tobacco, N. tabacum. Nornicotine is the predom
inant alkaloid in all six species, which includes N. kawa
kamii, the most recently described species in the genus 
(7). Analyses of N. glutinosa from the greenhouse and 
field were somewhat contradictory. While this species 
produced the highest level of alkaloids in this section in 
both environments, the predominant alkaloid was nor
nicotine in the greenhouse and nicotine in the field 
(Tables 1 and 2). An analysis of a cured-leaf sample 
from the greenhouse was not made; however, a cured
leaf sample from the field was found to contain mainly 
nornicotine (Table 3). N. glutinosa has a number of 
morphological characteristics in common with members 
of the section Paniculatae (2). It is feasible that this 
association is also reflected in its plant chemistry and 
accounts for some of the differences in alkaloid 
production by this species. The need for further in
depth evaluation is suggested. 
In the section Alatae, total-alkaloid levels are low, ex
cept for N. sylvestris and possibly N. langsdorffii, 
which have levels more in the medium to high range. 
Six of the eight species in this section produce predom-

inantly nicotine. The main alkaloid in N. longiflora and 
N. plumbaginifolia is nornicotine, although it should 
be noted that total-alkaloid levels are very low in these 
species. The species in this section can be grouped into 
9, 10, and 12-paired chromosome members. N. longi
flora and N. plumbaginifolia are the only two species in 
this section with 10-chromosome pairs. This suggests 
that while the chromosome number may not be directly 
associated with the alkaloid content over the entire ge
nus, relationships within phylogenetic groups probably 
exist. 
Another example of phylogenetic associations was ob
served in the section Noctiflorae. This section consists 
of four species; however, one of these species, N. 
ameghinoi, is known only from previous herbarium 
specimens and was not available for testing. The three 
species which were tested are characterized by the pre
dominance of anabasine despite the fact that their total
alkaloid levels are highly variable. 
The section Suaveolentes is the largest section in the 
genus with 21 species. With the exception of N. fra
grans, which is found on several small South Pacific is
lands, and N. africana, recently discovered in South 
Africa, the remaining 19 species are endemic to the 
Australian continent. This section exhibits a wide range 
in alkaloid levels, which encompass the extremes of the 
genus. Similarly, alkaloid composition is quite hetero
geneous among the members of this section. Despite 
the variation exhibited in the Suaveolentes section, cer
tain tendencies in alkaloid levels and distribution are 
apparent. The section can be subdivided into three ba
sic groups (Figure 1 ). The first group includes the spe
cies N. gossei (2n = 36), N. amplexicaulis (2n = 36), N. 
benthamiana (2n = 38), N. excelsior(2n = 38), and N. in
gulba (2n = 40). This group is found in the arid central 
and northern regions of the continent. Total-alkaloid 
levels are high for all five species and among the highest 
in the genus. Nicotine accounts for over 90 percent of 
the total alkaloids in all of these species. 
A second grouping of the Australian species contains 
N. suaveolens (2n = 32), N. maritima (2n = 32), N. velu
tina (2n = 32), N. exigua (2n = 32), N. megalosiphon 
(2n = 40), N. goodspeedii (2n = 40), and N. debneyi 
(2n = 48). These species grow primarily in the south
central and eastern regions of the continent. Total-alka
loid levels are in the medium range. Nornicotine is the 
predominant alkaloid in this group; however, nicotine 
and anabasine occur in significant or major proportions 
in some of the species. 
The third group includes N. simulans (2n = 40), N. ro-. 
sulata (2n = 40), N. occidentalis (2n = 42), N. hesperis 
(2n = 42), N. rotundifolia (2n = 44), N. umbratica 
(2n = 46), and N. cavicola (2n = 46). The seven species 
are found primarily in western Australia, typically near 
the coast. Alkaloid levels for this group are in the low 
range. The alkaloid distribution in these species is 
somewhat variable, but nicotine and nornicotine make 
up the greatest proportion of alkaloids found. 
When grouped in this manner it appears that the differ
ent kinds and relative amounts of alkaloids of the spe-
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Nicotiana 
species 

panicu/ata 

so/anifolia 

cordifolia 

raimondii 

undulata 

sylvestris 

bonariensis 

long if/ora 

sanderae 

stocktonii 

pauciflora 

corymbosa 

spegazzinii 

c/eve/andii 

nudicau/is 

suaveolens 

benthamiana 

goodspeedii 

rotundifolia 
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Table 4. 
Nicotiana species for which differences in the identification of the major alkaloid 

have been reported in independent investigations. 

Reference 

No. 10 No. 9 No. 15 No.4 No. 16 

S I SS ON & SARYCHEV SAITOH S MITH & JEFFREY SMITH & 
SEVERSON et al. et al. ABASHIAN S MITH 

(1989) (1985) (1985) (1963) (1959) (1942) 

nicotine nicotine nicotine nicotine, nicotine, nornicotine 
nornicotine nornicotine 

nornicotine, anabasine, nornicotine nornicotine 
anabasine nornicotine anabasine 

nicotine nicotine nicotine anabasine 

nicotine nicotine nicotine nornicotine 

nicotine nornicotine nicotine nicotine nicotine nornicotine 

nicotine nornicotine nicotine nornicotine nicotine nornicotine 

nicotine nicotine nornicotine 

nornicotine nicotine nicotine nornicotine nicotine 

nicotine nicotine 

nicotine anabasine nicotine nornicotine nornicotine 

nicotine nicotine nicotine nornicotine 

nicotine nicotine nornicotine 

nicotine nornicotine 

nicotine nicotine nicotine anabasine nicotine 

nornicotine , nornicotine nornicotine anabasine nornicotine nornicotine 
anabasine 

nicotine nicotine nicotine nicotine, nornicotine 
anabasine 

nicotine nicotine nicotine anabasine nicotine 

nornicotine, nornicotine nornicotine, nornicotine 
anabasine anabasine 

nicotine nicotine nicotine nicotine 

No . 11 

SHMUCK & 
B OROZDINA 

(1941) 

nicotine 

nicotine, 
nornicotine 

nicotine 

nicotine 

nornicotine 

nicotine 

nornicotine 

nornicotine 

nornicotine 

nicotine 

nornicotine 

nornicotine 

anabasine 



Figure 1. 
Geographic distribution, chromosome number (2n) and total-alkaloid level (mg per g dry weight) 

of the Australian Nicotiana species (section Suaveolentes). 

benthamiana (38) 
7.69 

excelsior (38) 
12.80 

umbratica (46) 
0.11 

ingulba ( 40) 
13.28 gossei (36) 

17.55 amplexicaulis (36) 
5.62 

occidenta/is (42) 
0.35 

simulans (40) 
0.30 

hesperis (42) 
3.64 rosulata (40) 

2.72 

megalosiphon 
5.12 

velutina (32) r ------/"-" 
cavico/a (46) 

0.42 

goodspeedii (40) 1.85 

rotundilolia 
4.45 

Australia 

cies in the section Suaveolentes have an association with 
their geographic distribution. Geographic distribution 
is frequently confounded with evolutionary devel
opment. GoonsPEED (2) hypothesized that the likely 
progenitors of this section, N. suaveolens and N. deb
neyi, became established in the southeastern portion of 
Australia and that hybridization and aneuploidy played 
major roles in the evolution and spread of this section 
westward. The section Suaveolentes contains a nearly 
complete aneuploid series from 16 to 24-paired chro
mosome species. GoonSPEED (2) suggested that the pres
ent distribution of chromosome numbers in Australia 
reflects the survival value of certain genomic combina
tions. The high alkaloid-producing species which con
tain primarily nicotine are found only in the arid cli
mate of the interior of the continent. Whether or not al
kaloid content is related to the adaptation of these spe
cies to a specific environment poses an interesting ques
tion which is beyond the scope of this study. 
The comparison of alkaloid composition between 
green, freeze-dried and air-cured samples (Table 3) 
proved informative. Our main interest was in detecting 
conversion of nicotine to nornicotine as previously re
ported (1 ). Eight species which produced mainly nico
tine in the green-leaf sample were found to contain 
mostly nornicotine after air curing. These eight species 
were scattered in four of the 14 sections but four spe
cies belong to the Suaveolentes section. }EFFREY (4), 

4.33 

maritima (32) suaveolens (32) 

~ 

who made a similar type comparison, also reported 
eight species which converted nicotine to nornicotine 
upon curing; however, only three of these, N. gossei, 
N . sylvestris, and N. undulata, were in common with 
our findings. No explanation for these inconsistencies is 
readily available, although growing and curing condi
tions and analytical procedures were different. 
The synthesis and accumulation of nicotine, time and 
site of conversion, and the inheritance of conversion of 
nicotine to nornicotine in tobacco and related amphi
ploids has been reported (1, 3, 5, 6, 18) and will not be 
reviewed. It is clear, however, that there are two sys
tems or routes for conversion of nicotine to nornicotine 
among the Nicotiana species. Both systems are under 
genetic control. Nicotine, which is produced in the 
roots, is translocated to the leaf where it is rapidly con
verted to nornicotine by demethylation (1, 18). Alter
natively, nicotine can be translocated to the leaf where 
it accumulates and conversion does not take place until 
the late stages of senescence or curing (6). Most of the 
species which are found to contain mainly nornicotine 
follow the first system of conversion. 
As indicated, the alkaloid content of the Nicotiana spe
cies has been the subject of several previous investiga
tions ( 4, 9, 10, 11, 15, 16). Duplicate analyses now exist 
for most species. Because of the diversity of growing 
conditions, sampling, and analytic methods, the com
parison of absolute values would not be practical. 
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However, general agreement is found in the identifica
tion of the predominant alkaloid in 43 of the 62 species 
for which more than one analysis is available. This con
sistency suggests that comparisons of alkaloid composi
tion among previous reports should generally be com
patible. 
The discrepancies in the identification of the major al
kaloids reported by various independent investigators is 
summarized in Table 4. The most frequent disparity in 
reporting was between nicotine and nornicotine. More 
than half (11 out of 19) of the differences involved these 
two alkaloids. As discussed by previous investigators, 
these differences may be due to the action of genetic 
factors for converting nicotine to nornicotine under 
certain cultural and curing conditions (4, 14). Other 
differences involved the identification between nicotine 
and anabasine and nornicotine versus anabasine. There 
is no evidence to suggest that these discrepancies are 
genetic in nature, although this element cannot be ruled 
out. There are, however, a number of other factors 
which may have influenced the results . Different analyt
ical techniques were employed in each investigation. 
Cultural conditions varied from one experiment to an
other. Methods of sampling differed. Seed sources were 
different. The single or combined effects that each of 
these variables can have on the kind and amount of 
each alkaloid produced is not evident. However, com
parison of these results does suggest that closely-con
trolled testing is needed in evaluating the alkaloid con
tent of certain Nicotiana species. 
The current study has not dramatically changed the 
conclusions of previous investigators concerning the al
kaloid content of the Nicotiana species. Either nicotine 
or nornicotine is produced most frequently as the 
principal alkaloid, anabasine only rarely. In contrast to 
the report by SMITH and ABASHIAN (15), who found nic
otine and nornicotine to be completely absent in some 
species, our results showed these two alkaloids present 
in all species. This likely reflects the greater sensitivity 
of our analytical methods. In the same study, they re
ported anabasine occurred as the principal alkaloid in 
14 species. Although we found anabasine to be present 
in most species, it is doubtful it occurs as the major al
kaloid with such regularity. SMITH and ABASHIAN's (15) 
results were based on visual estimates from paper chro
matograms. These estimates are much more difficult to 
interpret quantitatively than those from GC analysis. 
We found anabasine as the principal alkaloid in only 
four species, N. glauca, N. noctiflora, N. petunioides, 
and N. debneyi, but anabasine is produced by most 
species. 
These results substantiate many of the findings of ear-

. lier reports dealing with the alkaloid content of the Ni
cotiana species. Environmental and cultural influences 
still pose the greatest sources of error in comparing our 
results with other studies. The precision of the analyt
ical technique used in identifying individual alkaloid 
components and replicated sampling over years and en
vironments makes this investigation unique. These re
sults do provide more detailed and accurate information 
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of the Nicotiana genus on an individual-species basis. 
These data establish a precedent for further studies of 
the genetics and evolution of alkaloid production 
among the Nicotiana species. They should also be of 
practical value to researchers in utilizing the wild spe
cies for improving tobacco germplasm. 
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