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Abstract-Leaves of varying maturity from 84-day-old tobacco plants were harvested and analyzed for total 
sterol and their individual sterol components. The mature leaves had a significant higher sterol content than 
the immature leaves. Separation into free sterols. steryl esters. steryl glycosides. and acylatcd stcryl glycosides 
showed that the free stcrols accounted for most of the sterol increase. and stimgasterol was princlpall) responsible 
for this increase. 

As plants mature the total sterol content in leaves 
increases [i--5]. It has been suggested that the in- 
crease in sterol content is due to senescence and 
the disorganization of intracellular organelles 
[ 1,6]. This hypothesis is supported by a study 
in which tobacco leaves from upper (immature), 
middle (intermediate maturity) and lower (mature) 
stalk positions were sampled. and it was found 
that the mature leaves had significantly higher 
sterol levels than the immature leaves[7]. How- 
ever. in one study the leaves of intermediate age 
had the highest stcrol level, but in this study air- 
dried leaves were used 181. In only a few exper- 
iments on plant ageing have the free sterols, steryl 
esters. steryl glycosides and acylated steryl glyco- 
sides been investigated and in none has all four 
sterol forms been studied at the same time. In 
Solar~ur~? untliyww the free sterols increased as the 
plants matured [Z], while in Solunurn tuhrrosur~? 
the steryl glycosidcs and acylated steryl glycosides 
accounted for most of the increase [I]. 

The work reported here was undertaken to 
determine whether, with physiological age, quanti- 
tative and qualitative changes occur in the free 
sterols, steryl esters, steryl glycosides and acylated 
steryl glycosides. Field-grown Nicotiuna tuhm~m 
plants were used since plants grown under artifi- 
cial conditions may not show a change in ster- 
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01s [5,9]. To minimize changes due to environmen- 
tal factors over the grow:ing season, leaves from 
different stalk positions of the same plants were 
analyzed. The assumption was made that leaves 
from the upper stalk position were leaves of youn- 
gest physiological age (immature), while leaves 
from the lowest stalk position were of oldest phy- 
siological age (mature). 

RESI’LTS AND DISCL’SSIOS 
The total sterol content of mature leaves of field- 

grown tobacco had a significant higher stcrol con- 
tent than immature leaves (Table I). Leaies of in- 
termediate maturity had intermediate sterol 
values. These data agree with previous 
reports[3,4] which showed that in field-grown 
tobacco the total sterol content increased as the 
leaves matured. An increase in stcrol content with 
leaf age has also been observed in other spe- 
cies [1.3]. If the absolute sterol values are com- 
pared to previous reportsL3.41 a somewhat 
smaller increase in sterol content was found in the 
present experiment (Table I). A possible reason for 
the differences in sterol content may be cnviron- 
mental variations. 

The four major sterols in tobacco are sitosterol. 
stigmasterol. campesterol and cholesterol [3,7.X]. 
Stigmasterol was the only sterol which increased in 
absolute value with leaf maturity (Table 1). The 
content of sitosterol. campestcrol and cholesterol 
did not change and, therefore, decreased in relative 
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Immature 0.75 -14-4 0.50 .wo 
Intermediate 0.77 -KbX 0+2 34.0 
Mature 0.72 .37,x 0.71 i9.l 
LSD 0~05 0.t )-I 

_______ _..____- 

terms if expressed as a perccntagc of total stcrols. 
It has been reported that in field-grown 3:. talur- 
W/N the relative concentration of srigmasterol in- 
creased while that of sitosterol decrcascd over an 
84-day growing season [3]. Analysis of upper and 
lower leaves of field groivn 3’. r~htrctlr~t plants 
showed that the immature. upper leaves had less 
stigmasterol than the mature leaves 141. Howcvcr. 
under greenhouse conditions the incrcasc in stig- 
tnasterol with Icaf age was not observed [S]. In 
developing seedlings an incrcasc in stigmasterol 
occurred with age [ 10 131 and the incrcasc was 
greatest in the older stem lissuc [ 121. In S. trruli- 
qr’rtrr leaves. Lvhich contain only small quantities of 
stigmasterol. no increase in the content of this 
sterol was observed. but instead an increase in sit- 
ostorol was found [ZJ. 

The higher sterol content in mature tobacco 
leaves is tnainly due to an increase in free stcrols 
(Table 2). Physiologically young tobacco lcavcs 
contained 143 mg of free sterol per g dry leaf tissue 
while old leaves had I.23 tng!g. Similarly in Icaves 
of S. m1tfi~qllo7u the increase in free stcrol accounted 
for most of the incrcasc in total stet-ols [3]. The free 
sterols at-c structural components of mcm- 
branes [14], and since older tissue contains less 
mcmbronc [ 151 it is surprising to iind the higher 
free sterol level in this tissue. A possihlc explana- 
tion is that in mature leaf tissue the free sterols arc 
not only structural cotnponents of membranes but 
arc also part of a pool tvhich is non-tnctabolic in 

nature. In a prc\:iouh stud> it was obsucd that 
dark grown plants had mot-t‘ fret stcrol than lighr 
grown plants [Ii]. In tii~’ pi-csctit cxpc‘rinic‘tit the 
lower (mature) Icaves rccei\cd icu light and this 
may have influenced the stcrol Ic\cl. Ho\+c\,cr. 
tobacco gro\zn o\‘cr the gro\\ ing scasoii also 
showed an increase itt stcrol 10cl \Iith plaint 
age [_3]. Ill tobacco the 3C~~I:itcd stq I gl>cosidc\ 

and sterq.1 gl~cosides acco~~tltcd for onI\ ;I tiiitiot- 
part of the total stcrols and thcsu two stA1 cotiju- 
gates incrcascd slightI\ I\ ith leaf maturit! (Tahlc 
3). Simiiar results have bceti rcportcd for S. trutii- 
qc’r70 [2]. Hon;e~~ct-. in potato. \\ hich has rClati\cl> 
large quantities of ster) I glhcosidc :itld ac>Iated 

ster11 glycosidc. a significant inctuse in thchc 
stcrol forms occurred [I 1. Tlic stcr>l cstcrs OCRi‘ 
highest in itnmature leaf tih>uc of tobacco and lo\~- 
csl in lissuc of intcrmcdiatc age (Talk II. The 
tnaturc lca\cs had ati intermcdiatc stcr\ 1 c’tcr coti- 
tent. in S. ~rrftlicqc,r~tr. there was an incrc,tsc it: stcr!l 
esters with age hut this \vab nc)l consislc‘nt [ 21. 

The individual stcrol ccjtnpohition\ of the frco 
stct-ols. stcr\l cstcrs. stcrhl gl\cosidcs atid ac~latcd 
steryl glycosidcs \\,crc similar (Table 3 J. Silostcrol 
was the major stcrol in the cstcr. glj~cosidc anti 
acylated glycosidc fraction at all ph! siological ages 
and it decreased lvith maturit\. 111 imtm;tturc 
leaves. and Icavcs of intcrmcdia;c maturit! free 
stigtnasterol was of ccl~~nl coti~i‘titt;ttioti \\ ith that 
of sitostcrol but in tnaturc lea\c\ stigmastcrol \$a4 
the m;t.jot- stcrol. The dccrcasc in silostcrol and in- 
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Table 3. Sterol composition of the free sterols, steryl esters, steryl glycosides and acylated steryl glycosides from Nicotiana rahuctdnr 
leaves of different maturity 

Sterol form 

Free 

Ester 

Glycoside 

Acylated 
glycoside 

Leaf 
maturity 

Immature 
Intermediate 
Mature 

Immature 
Intermediate 
Mature 

Immature 
Intermediate 
Mature 

Immature 
Intermediate 
Mature 

Sitosterol 

36.9 
36.9 
33.7 

49.0 
46.6 
46.7 

52.3 
49. I 
46.7 

44.9 
42.0 
39.5 

‘I<, Composition by weight 
Stigmasterol Campesterol 

366 15.7 
37.0 14.2 
44.1 12.3 
16.6 20.3 
21.0 18.X 
23.6 15.8 

27.5 14.0 
33.0 12.7 
36.0 12.2 

22.9 15.6 
24.4 IX.2 
28.4 15.7 

Cholesterol 

10.X 
1 I.9 
IO.0 

14.1 
I36 
13.9 

6.2 
5.2 
5.1 

I66 
15.4 
16.4 

crease in stigmasterol with leaf maturity was minor 
but consistent. In ageing S. andigena a general in- 
crease was found [2] in free sitosterol and sitos- 
teryl esters but essentially no change was observed 
in sitosteryl glycoside. Stigmasterol in tobacco 
(Table 3) was the second most important sterol in 
the ester, glycoside. and acylated glycoside frac- 
tions and it was the only sterol which increased 
with physiological leaf age in all sterol forms. No 
comparable increase in stigmasterol with age was 
observed in S. andigc~na [2]. In the various sterol 
fractions campesterol accounted for 12220’):) 
(Table 3). The campesterol component decreased 
with leaf maturity in all sterol forms except in the 
acylated steryl glycosides. Cholesterol occurred at 
different levels in the free sterols, steryl esters. 
steryl glycosides and acylated steryl glycosides, 
and no quantitative change with maturity was 
observed (Table 3). The above changes in sterol 
composition with leaf maturity are not very large. 
Possibly only minor modifications are required to 
influence the biochemistry and physiology of the 
leaf, since it has been shown that slight changes in 
sterol concentration influence membrane permea- 
bility [ 141. 

EXPERIMENTAL 

Pluttt nzateriul. Nicotia~w tuhacunl L. variety Burley 21 was 
grown in the field under conventional methods as described 
previously 131. Selected 84-day-old plants were harvested and 
the leaves taken from the upper one-third, middle one-third and 
lower one-third of the plant. Each batch of leaves was freeze- 
dried, the midvein removed, and the remainder ground to pass 
through a 40-mesh screen. The samples were stored in plastic 

bags in the dark at room temp. Dry weights of samples were 
determined at the time of analysis. 

Srrrolariulysis. Total sterols were extracted from tobacco (3 g) 
with acetone (150 ml) in a Soxhlet for 24 hr. The extract was 
taken to dryness. redissolved in 95?;, EtOH (50 ml) containing 
H,SO, (0.3 ml) and relluxed for 12 hr. lo?,, (w/v) KOH in 95% 
(v/v) EtOH (30 ml) was added and refluxed for 30 min. The mix- 
ture was neutralized and extracted 4 x with hexane (75 ml) and 
enough H,O to obtain two layers. The hexane fractions were 
pooled, taken to dryness, and the residue redissolved in EtOH. 
The sterols were precipitated with digitonin as described else- 
where [16]. The quantitative sterol analysis was by GLC. The 
total sterol values arc based on the analysis of six plants. 

Two composite samples of the above six plants were pro- 
duced for the separation of free sterols. steryl esters, stcryl gly- 
cosidcs and acylated stcryl glycosides. Tobacco (5g) was 
extracted with acetone (I 50 ml) in a Soxhlet apparatus for 24 hr. 
The dried acetone extract was taken up in hexane and applied 
onto a 100 300 mesh silica gel column (30 g) packed in hex- 
ane 1131. Serial elution was as follows: steryl esters-IOYb (v/v) 
benzene in hcxane (I 50 ml) followed by 40”,,, (v/v) benzene in 
hexane (700 ml); free sterols--benzene ( I50 ml) followed by 
CHCI, (800 ml); acylated steryl glycosides-m 2”;, (v:v) MeOH in 
CHCI, (700 ml); steryl glycosides--5’2, (v/v) MeOH in CHCI, 
(600 ml). The stcryl esters were saponified with 5”f0 (w/v) KOH 
in 95:‘:, EtOH for 30 min and the stcryl glycosides and acylated 
steryl glycosidcs were hydrolyzed with 0.5’:,, (v/v) H,SO, in 
95?:, (viv) EtOH for 12 hr. The sterols were extracted from the 
neutralized alcholic mixture with hexane and precipitated with 
digitonin. 

For quantitative and qualitative analysis the sterol digitonide 
precipitates were cleaved with pyridine containing the internal 
standard cholestane 1171. The GLC was equipped with a FID, 
citlucnt splitter and electronic integrator. A U-shaped glass col- 
umn (1.X0 m x 6 mm) packed with 5”,, OV-101 on 80/90 mesh 
Anakrom ABS wits used. The column temp. was 262’. flash 
heater and detector temperatures were 310’ and helium was the 
carrier gas at 95 mUmin. For quantitation corrections were 
made for differences in detector response. 
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