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Studies on the Tobacco Alkaloids

Influence of K, Ca and Mg on Nicotine Contents

See Ryun Cyuune and Kyung Hee Jzune

College of Pharmacy, Yeungnam University, Taegu, Korea

Tobacco, which has nicotine for its main component, has been in medical use for a long time and
“in great demand for smoking throughout the world.

The purpose of this study is to control nicotine amount and to increase yield more efficiently by
‘the method of systematic variations. Nutrient solutions for tobacco culture were designed and prepared
in 10 kinds with mineral ions: NO;~, SO,~~, PO,?K*, Ca,** Mg,** Mn, B, Cu, Zn, Mo, and Fe.

Nicotiana tabacum L. Yellow Special A, grown for 50 days from sowing, was replanted in plastic
pot and cultured for 65 days supplying with prepared nutrient solutions. After harvest, their nicotine
.amount was determined by means of acid-base titrimetry and gas chromatography.

The tobacco plants in KCa 4 and KMg 9 groups demonstrated the highest yield in total leaves
‘weight and KMg 7 group in average nicotine amount. They have shown the increase of nicotine
amount from lower leaf to 16th leaf, and thereafter decreased gradually.

The author also pursued the optimum ionic proportions for the absolute nicotine amount in tobacco

by means of systematic variations method.
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Table I. Composition of major elements in percentage.

Treatments ] NOs~ SO PO, K* Ca* Mg*
KCa 1 69.2 15.4 15.4 0 80 20
KCa 2 69.2 15.4 15.4 20 60 20
KCa 3 69.2 15.4 15.4 T40 40 20
KCa 4 69.2 15.4 15.4 60 20 20
KCa 5 69.2 15.4 15.4 80 0 20
KMg 6 69.2 15.4 15.4 0 20 80
KMg 7 69.2 15.4 - 15.4 20 - 20 60
KMg 8 69.2 15.4 15.4 40 20 40
KMg 9 69.2 15.4 15.4 60 20 20
KMg 10 69.2 15.4 15.4 80 20 0
control 0 0 0 0 1] 0

Table II. Concentration of total ions in 1,000 meq. (3,000 meq. in 10 liter of distilled water)

in each treatment, A/C=1.083.

Treatments NO;- S04 PO, | K* Ca*t* Mg**
KCa 1 359.8 80.1 80.1 0 384.1 96.0
, KCa 2 359.8 80.1 80.1 96.0 288.0 96.0
- KCa 3 359.8 80.1 80.1 192.0 192.0 96.0
KCa 4 359.8 80.1 80.1 288.0 96.0 96.0
KCa 5 359.8 80.1 80.1 384.1 0 96.0
KMg 6 359.8 80.1 80.1 0 96.0 384.1
KMg 7 359. 8 80.1 80.1 9.0 96.0 288.0
KMg 8 359.8 . 80.1 80.1 192.0 96.0 192.0
KMg 9 359.8 80.1 80.1 288.0 96.0 96.0
KMg 10 359.8 . 80.1 80.1 384.1 96.0 0
Control 0 0 0 0 0 0
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Table III. The composition of minor element
(Oligo) solution. mg in 1,000 ml of double
deionized water. pH: 1.35

Oligo(minor) elements mg per 1,000ml

ZnCly 4,700
MnCl, + 4H,0 10, 000
H3BOs 15, 000
CuCl; -« 2H,0 1,300
(NH¢)sMo70y4 + 4H,0 20
FeCly « 4H,0 46, 000

2. H H

BB A tobacco FifE-& Nicotiana tobacum L. Yellow
Special A 24 19734 5 8 9 H A=A I FId 249
Zel A 50 B el FEE Fokbubol MR # ke
< AL AE 81(23.5%x20cm)e] plastic pot o] & 1#k
A Aol mzlE 65HH AR A A F2sigl o

Zﬂ Wl St F o ATk B2 (major elements solution)
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3. Nicotine 2| =X

L # o)

Bigol A& ks WA A G 2ol Aaldd @

& tobacco 9 total leaves ¥ % group 9 12th, 16 th,
20th leaf o] Fo = W¥oy Agd oz 9.

2) nicotine o =&

a) Acid-base titrimetry

Az A5 %5z & A

RS ] soxhlet

apparatus o] 4 ether 2 3% 253 3 = ether
extract 9] 0.1 N HCl-& 50 ml 7}3}o] acidic solution &
< Fg84 0.1N NaOH 24 A4 3st9d.

1ml 0.1 N HCl=16.29 mg n1cot1ne(CHUNG4’)

b) Gas chromatography

Varian Aerograph Model 204 FID o] ksl 434
. % sample 0.3~0.5g -2 ¥Fsto] 0.5¢ Ba(OH),-
8H,0 23t lomlE M3 A FES Zdstz o &
benzene: chloroform(9:1) B#% H0ml® 204 F<
% ¥ B2l 8 & benzene: chloroform %% G.C. o] inject
A5 ‘
ol :

Column: 5ftx1/4 inch, pyrex glass column, 3%
SE-30,
Injection temp.: 230°C
Detector temp.: 250°C
initial 75°C, final 225°C,

Carrier gas: N3, 30 ml/min.

Air: 350 ml/min.

H,: 30 m!/min.

Bkt 22 2703 detect ® peak & ol
Kanto chemicals 9 nicotine sol’'n ¢] peak ¢} ¥z A
stk

Column temp.:

Norr cotinge Aﬁdlyds/‘/;b

Fig. 1. Gas chromatographic behavior of tobacco
alkaloids.

QR Ed F ol we WREKEAD KF A tobacco
37 94

2. A ¥} L-nicotine, nicotyrine,

species &°] nicotine ¥ 7] & alkaloid &
Ag Aol

L-nornicotine,

=Hded,

D-nornicotine, nicotelline, anabasine,
anatabine, n-methylanabasine, n-methylanatabine, nico-

t6ine, piperidine, pyrrolidine, n-methylpyrrolidine, 3/, 2-
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Table IV. Main alkalc ds in tobacco

T ............................................. - - -l e o

Physical 1

Alkaloids properties Natural Occurrence !

________________ e — e ———e——— - — - ——— 3

............................. =}

®

T

Nicotine b.p. 2k6.1°C Nicotiana species, Asclepias syriaca,}

[

ClOthNZ decomp. 275°C Atropa belladonna, Datura species, :

2 Duboisia hopwoodii, Eclipta alba, !

- \

base{d}d -169.3 Equisetum species, Lycopersicum es- |

20 - [}

Ejjg—(;) HCl{J] d +102.2 culentum, Lycopodium species, :

ucuna pruriens, Sedum acre, Semp- t

| 220 1 00925 M i Sed Sei :

Ciy 4 ervivum arachnoideum, Withania som- |

. ' '

0il nifera, Zimia elegans. H

i

........................................... !

]

Nornicotine b.p. 120°C Nicotiana species, Duboisia hopwoo- E
20

CgHiZN2 &ﬂd -88.8 dii, Salpiglossis sinuata. s

(f]’ii} 0il !

\ '

N H E
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t

‘ [}

Anabasine bijp. 104°C Nicotiana species, Anabasis aphylia, H

A

3 . ° ‘

C10H14N2 frépze at 9°C Dubocisia myoporoides, !

{4)a -81.7 !

et Erythroxylum coca. ‘

: HC1{2]d +9.28 3

/7 H 0il i
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Methylanabasine Nicotiana tabacum. !

. i

ClOH16N2 0il E

_______________________________________________________________________ !

]

Anatabine b.p. 145-146°C Nicotiana glutinosa, !

. o T i

Ciot12%, dld -177.8 Nicotiana tabacum, :

0il i
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Methylanatabine b.p. 120°C Hicotiana tabacum. '

§
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Myosmine \\ : H

CoHy aN Nicotiana tabacum. i
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dipyridyl,” myosmine3!
At

o]/ nicotine, nornicotine, anabasine -2 @il 4 &
A4 B HHE YRz, 44 £2 29 nicotine
€ 18095 VauqueLin® ©] tobacco species ol 4 3 &4
A7l 24 R I LK = Posseur?® Sol £
& 22)dtd ol F nicotine ol AgPow o9 AR
2 Prcrecr® 7t B2 RV =Y, #hdl 994
nicotine & ARE el 2AGA dojuirt.® FEY
nicotiana & dwtA o2 FHEAR Y} %L alkaloid &
BES 223 Qon, =% 247 o nicotiana Y 92
total alkaloid &} 114 #Aohat Wilg vl &,
o] &= alkaloid 7} tobacco 2] E_‘: Bo]| veuAa o
ZF YA 7t £ 8BS e S Zol

ey DlkdA & %5( 2 4235 tobacco} 4
£Pe tobacco & Al A2z E& #EIL ohE species
9] alkaloid &4 o] #3& WY Lo, £ 7] ion
9 R BERAMKS T4 $9 RHywsd 3@
WREe Zol B = 9l Fdoz2 o AAEL Hp
2] metabolic bulldmg nutrients 8t & 4 9= N, S,
P, K, Ca, Mg % major elements 2} Zn, Mn, B, Cu,
Mo, Fe % oligo elements & &%6% HBRS 24, &
Agtq Add F, FIAF & AHG o] 5L K,Ca
group % K, Mg group & & 3ol % group 9 total
leaves 8| F&aF 9 &4 AL dA THEE,
129, 164, 20 9o YFm Rl wer pe

59 974 E4E8] £

acid-base titrimetry & gas chromatography o]
TR

%K

nicotine & &%

1. Yield of total leaves.

2
20

201

/ 2 3 4 5 é 7 8 3 fo
Fig. 2. Comparison ot total leaves’ ary weight.

Fig. 2914 »iE ukeh el KCad g K Mg 9 group
(K*60%, Ca*20%, Mg*20%)°] AL & +8 A
5 vediz .

2. Nicotine &g¢

acid-base titrimetry &} gas chromatography o {&3} ]
FEEY nicotine ) FHE-L Table Vo BE ulel 7
o], AXNH 2R & W& minimum o] 1.80%(KCa 1o}
9, maximum o] 2.83%(KCa 3 ¢j16th leaf) 9 & & &
, BEgake] 9ol A KCa group o] A & KCa3(K+

40/ Ca*40%, Mgt20%)°] 2.60%24 AL & ¥

Table V. Comparison of nicotine levels in various groups’ different part(%)

KCa group KMg group Control*

1] 2 ] 3| 4 | s |6 | 7] 8| o |10 a/]s
average 1.80 | 1.83) 2.60) 2.45| 1.31] 1.67] 2.73] 2.47| 2.45] 157 ] 2.02 -
12th L. — | 2.22| 2.51| 2.31] 2.03| 2.19| 2.27| 2.11) 2.31| 2.29! 2.24 —
16th L. — | 2.71 ] 2.83| 2.81 — — | 2.09| 2.26| 2.81 — | 2.76 —
20th L. — — ! 2.05} 2.22 — — ! .97 2.07 2.22 it — -

* Control A: field grown
Contrel B: sand culture

gk held = KMg group ol A& KMg 7(K*20%, Ca*
20%, Mg*60%)°] 2.73% 24 AY £ T2 e
Wz Aot = 4o JFrpz Yo 4o YA T
frol A F-5 Feld 4% nicotine H o] WolHAE 12
W dE AR 169 LA BAMEE dez 2 o) &
2E A4 Fdze @HEE £ 4 A9

3. Absolute nicotine amount

Bk & group 9 total leaves & nicotine ¥eko =z B

¥] absolute nicotine amount & absolute nicotine(g)=
total leaves(g) X nicotine amount(%)9} 7ol AlZ &«
o] absolute nicotine amount S Cuune Z¥o] FHY
systematic variations method of A =5 K
—_az’+brt+d
1—cx

X, = —2at V4a®+dac(b+ed)
—2ac

olg ERES

o BRAA X eE RELE dt&d
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Fig. 3. Comparison of experimental and thebretically
calculated values of absolute nicotine(g.) -in
K*-Ca* binary interaction

gr.
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Fig. 4. Comparison of experimental and theoretically
calculated values of absolute nicotine(g.) in
7 K*-Mg*binary interaction.

a4 e HERAN KA RAA BEIHE = B
E2 ERfEIT Fig. 3 A& K'62%, Ca*38%¢9l ion
$#HEKS A4 maximum yield(0.7630g)% 9L
93, Fig. 49 9oiA &= K'58%, Mg¥42%9] ion

< 7R EEEwe] EH Tl 4 maximum yield(0. 7850
g)% 4% A d+h

2 =
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