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INTRODUCTION |

The phytosterols of tobacco have been the subject of
a number of investigations (1--12) which, for the most
part, have been concemmed with techniques of isolation
and identification; thus cholesterol, campesterol, stig-
masterol, and P-sitosterol have been shown to be the
characteristic sterols of tobacco. Earlier reports alluded
to the presence of y-sitosterol in tobacco (1, 13);
however, subsequent studies showed this material to
be a mixture of B-sitosterol and campesterol rather
than a single compound (14—26). One Teport (13) cited
the presence of ergosterol in tobacco,

The phytosterols can influence the chemical nature of
tobacco smoke in two ways: by direct transfer into
the smoke or by pyrolytic conversion to other products
which also enter the smoke stream. To determine the
extent to which the first of these processes occurs, a
relatively simple procedure was needed for the analysis
of the sterols. Methods utilized previously can best be
described as semi-quantitative. Grunwald (g) and
Cheng (10), for example, made use of the technique
of precipitating the sterols with digitonin prior to
analysis. A similar method was described earlier by
Stedman (4). The obvious disadvantages of this tech-
nigue, which- we encountered, are losses due to deri-

vatization and subsequent decomposition of the digi- -

tonides. Although previous workers (9, 10) also studied
the transfer of phytosterols from leaf to smoke, they
failed to consider the sidestream portion of the
smoke — which actually consumes more tobacco in its
formation than does the mainstream (17},

In the procedure described herein,. preparation of
sterol-digitonides is unnecessary, the sterols being
isolated and analyzed as such. MC-labelled cholesterol
is used as inteérnal standard to calculate recoveries,
and to determine absolute amounts of sterols. Gel
permeation chromatography of tobacco or smoke ex-
tracts, containing tracer, results in sterol-rich eluates

* Chemical Studies on Tobacce Smoke, XXXI. Received for publication:
26th February, 1975,
Parts of this study were presented ar the 28th Tobacco Chemises’
Research Conference in Raleigh, N. C., 1974, It was supported in part
by National Cancer Insticute Contract No. [-CP-3305 and by an
Institutional Grant. .

suitable for glc* analysis. Identities of gle peaks are
made by combined glc/mass spectrometry.

With regard to the influence of the phytosterols on
the biological activity of the smoke, pyrolysis studies
have shown that sterols give rise to products that are
carcinogenic (18, 19) and contain polynuclear aromatic
hydrocarbons (19, 20), including alkylchrysenes (21).
However, pyrolysis is merely one of the processes
occurring in a burning cigarette (22, 23}, and may-not
be an accurate reflection of the total picture. In the
present study, therefore, in- addition- to .developing a
new analytical method -for the phytosterols of tobacco,
we explore their fate in a burning cigarette.”

EXPERIMENTAL

Apparatus )

Cigarettes and little cigars were smoked on a 20- port
automated Phipps and Bird smoking madhine for the
collection of mainstream smoke, .and on a single-port
Borgwaldt piston-type machine - (24) in- conjunction
with a specially designed smoke .chamber (25) for the
collection . of - sidestream smoke. The apparatus for
impregnating cigarettes with cholesterol-4-14C, a
syringe-type applicator, was developed and made
available by W. L. Maddox and M. R, Guerin of the
Qak. Ridge National Laboratories, Oak Ridge, - Tenn.
A Hewlett-Padard gas chromatograph Model 7620A
with flame-ionization detector was used: for the qualita-
tive and quantitative analysis. The p-radiation of the
HC-labelled internal standard was counted. in a Nuclear

. Chicago Isocap 300 Scintillation System. Infrared

spectra .were recorded on a Perkin-Elmer Model 21.
The mass spectra were obtained on an AEI-MS-30
combined gc-ms** instrument by the Shrader Analytical
and Consulting Laboratories, Inc. (Detroit, Mich.).

Reagents

All organic solvents were spectrograde; the other
chemicals were reagent grade. The -reference phyto-
sterols and cholestane were obtained from Applied
Science Laboratories, State College, Pa. Sephadex

** gas chromatography — mass spectrometry.

+ gas-liquid chromatography.
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LH-20 was purchased from Pharmacia Fine Chemicals,
Piscataway, N. J., and cholesterol-4-14C (specific acti-
vity: 19.4 mci/mM) from Amersham/Searle, Arlington
Heights, Ill. PPO (2,5-diphenyloxazole, 8.0 g) and
POPOP (p-bis[2-(5-phenyloxazole)]benzene, 0.1 g) in
2000 ml toluene (Fisher Chemicals) was used as scintil-
lation solution for measuring the P-activity of chole-
sterol-4-14C; efficiency for the unquenched sample was
74.0%0. '

Smoking Products

Commercial U. S. nonfilter cigarettes (85 mm) and
experimental little cigars (without filters, 85 mm, Con-
solidated Cigar Corp.) were used to obtain the analy-
tical data. The cigarettes and cigars were weight-
selected (average weight of 200 cigarettes or cigars,
+20 mg) and were stored in a constant humidity and
temperature chamber (relative humidity 60%, 22° C)
for at least 24 hours prior to smoking.

Procedure: Isolation of Free Sterols

From Tobacco: The tobacco from 20 cigarettes or little
cigars was ground in a Waring blender and extracted
with refluxing methanol (600 ml) in a Soxhlet extractor
for 24 hours. As internal standard, 1.0 ml of a solution
of cholesterol-4-14C (1.0 pug, &2 10% dpm*) in benzene
was added to the methanol solution. The solution was
cooled to room temperature; the precipitated material,
primarily paraffins, was filtered, and the filtrate was
concentrated on a rotary evaporator. Water was added
to the methanolic concentrate to achieve a methanol
to water ratio of 4 to 1 (in zoo ml). The methanol-
water solution was then extracted with n-hexane (3X
150 ml). The combined hexane layers were back-
extracted with 9o% methanol (2 X50 ml) and evapor-
ated to dryness under reduced pressure. The residue
was redissolved in a small amount of chloroform (ca.
5 ml) for application to a column of Sephadex LH-zo0.

From Cigarette or Cigar Smoke: For analysis of main-
stream smoke, twenty cigarettes or little cigars, weight-
selected and pre-humidified, were smoked through a
Cambridge filter (CM-113) (5 cigarettes or little cigars
per filter) under standard conditions (one 35 ml puff
of 2 seconds duration every minute to a butt length
of 23 mm). For analysis of sidestream smoke, air was
continually passed through the smoking chamber (25)
at a rate of 25 ml/s, and the smoke particulates were
collected on a Cambridge filter. In either case, the
filters loaded with particulate matter were broken up
and soaked in acetone overnight, together with the
acetone washings of the filter holders. The suspension
of smoke particulates, to which 1.0 pg of cholesterol-
4-14C had been added, was filtered, and the filtrate was
evaporated to dryness. The resulting residue was dis-
solved in chloroform, and an appropriate aliquot (25 %)
was taken for chromatography on Sephadex LH-20.

# disintegrations per minute.
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Isolation and Analysis of Total Sterols

The methanolic extract of tobacco or the acetone ex-
tract of tobacco smoke particulates (both containing
l4C.labelled internal standard) was evaporated to dry-
ness. The residue was then refluxed, for 20 hours, in
a solution of g95%b0 ethanol containing 0.65 ml of con-
centrated sulfuric acid. Hydrolysis of the steryl esters
was completed by adding 75 ml of a solution of 95%b
ethanol containing 10% KOH and refluxing for an
additional 30 minutes. The resulting mixture was neu-
tralized, concentrated, and worked up as for free sterols.

Gel Permeation Chromatography

Sephadex LH-20 was swollen in chloroform overnight
(75 8); the resulting thick slurry was poured into a

Figure 1.
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Table 1. Gas-liquld chromatography (gic) of phytosterols:
Relative retention timesa,

Stan- Cigar Cigarette
dard
mixture| |eaf |Smoke | Leaf | Smoke

Cholestaneb 1.00 1.00 1.00 1.00 1.00
Cholesterol 164 1.67 1.67 1.67 1.65
Campesterol 2.06 2.08 2.08 2.09 2.07
Stigmasterol 2.21 2.23 2.22 2.23 222
B-Sitosterol 252 2.53 252 253 2.50

a: Relative to cholestane (retention time: 14.58 min).

Conditions: Column temperature: 2650 C.

Injector temperature: 2800 C. .

Detector temperature: 2809 C (FID).

Flow rate: 43 mi/min.

Column packing: 5% SE-30 on 60/80 mesh Chro-
mosorb W; all glass
(11 ft. X 0.125 in.).

b: Internal standard.

2X10%5 cm glass column with a void volume of 8o ml.
After application of the chloroform solution of tobacco
or smoke isolate, the column was eluted with chloro-
form at a flow rate of 0.5 ml/min, and fractions (3 ml)
were collected. Fractions 28—60 contained mainly
paraffins (Cps~Css), a-tocopherol, and amyrins. The
major portion of the radioactivity (due to the internal
standard) was found in fractions 61—70 (22 65—75%
recovery) containing the phytosterols.

Shorter columns (2X33 cm) of Sephadex were also
used and found to be satisfactory. In these cases, the
void volume was 12 ml; the flow rate was 0.3 ml/min,

and 2 ml fractions were collected. Fractions 16—26
contained the major radioactivity (8o—go%b of total)
and the phytosterols. ,

With either modification, the radioactive fractions were
pooled, and the pooled fractions were concentrated for
gle analysis. Recoveries were determined by counting
appropriate aliquots.

Gas Chromatography

Phytosterol concentrates from tobacco and tobacco
smoke and standard mixtures were resolved at 265° C
on an 11 ft.Xo0.125 in. glass column (with glass-lined
injector port) packed with 5% SE-30 on Chromosorb W
(mesh 60/80). Helium was used as a carrier gas with
a flow rate of 43 ml/min. Other conditions were:
column temperature, 265° C; injector temperature,
280° C; detector temperature, 280° C. Retention data
for the phytosterols are given in Table 1, and represen-
tative gas chromatograms are shown in Figure 1.

Qualitative and Quantitative Analysis

Peak identities were established by the use of com-
bined glc/ms in addition to retention times. For quan-
titative analysis, a known amount of cholestane was
added, as a second internal standard, to the phytosterol
fractions in ethyl acetate, and aliquots were subjected
to glc under the conditions described above. Peak areas
of the resulting chromatograms were measured, and
corresponding weights were obtained by use of
appropriate calibration curves (26).

Figure 2. Phylosterols from cigar tobacco (gas chromatograms of Sephadex eluate).
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RESULTS AND DISCUSSION

Phytosterols in Tobacco

Sephadex chromatography of the “terpenoid fraction”
of tobacco yielded an eluate, which on gle analysis
showed four major peaks (Fig. 2). Further analysis by
combined glc-mass spectrometry showed these peaks
to be cholesterol, campesterol, stigmasterol, and B-
sitosterol*. Retention times were consistent with peak
assignments (Table 1); smaller peaks eluting between
cholesterol and campesterol ‘and . after p-sitosterol were
shown by mass spectra and retention times to be
a-tocopherol and B-amyrin, respectively.

The mass spectra obtained for the major peaks were
unexceptional and compared well to spectra of refer-
ence sterols. Characteristic ions were produced in each
case, including the molecular ion (M), M-15, M-18,
M-(15+18), M-(side chain), in addition to the other
expected jons in the intermediate and lower mass
regions of the spectra. Inasmuch as the four sterols
differ only in the nature of the side chain, they all
give essentially identical fragmentation patterns once
the side chain is removed on electron-impact, that is,
ions with masses of 273, 255, 231, 213, and so on.
Detailed spectra have been published (27, 28).
These initial studies led us to develop a quantitative
method for the analysis of the free sterols of tobacco
(Fig. 3) based on Sephadex chromatography of a to-

Table 2. Unbound phytosterols In tobaccos (Lg/g).

a:l:l'yg:s Cholesterol C;r:r%?- Sst;g:rc\:- p-Sitosterol
1 143 207 536 309
2 161 233 591 309
3 157 220 582 336
4 167 244 626 361
Average 155 226 584 329
Standard
deviation 8 16 37 25
Deviation
coefficient (°/0) 5.1 7.1 6.4 7.8

a: Cigar tobacco, Manila variety.
Moisture content: 117 %.
Values were cafculated by the Isotope-dilution method; reco-
veries: 65—75 %o,

bacco isolate (to which 14C-cholesterol is added as
internal standard) followed by glc of the radioactive
portion of the eluate. The gas chromatogram obtained
and used for quantitative analysis is identical to that
shown (Fig. 2). . . ’

The method was applied to cigar tobacco, and repeated
analyses gave the data, summarized in Table 2, for
free sterols. In addition, by incorporating acid and
alkaline hydrolysis steps into the procedure, we were
able to determine total sterols (Table 3). Bound sterols
were then determined by difference. Table 4 gives

Figure 3. Scheme for determination of leaf phytosterols.

Tobacco ~ 20 g
+ cholesterol-4-4C

Hot MeOH, 24 h

MeOH extract
~ 13 %

1. H20—~MeOH
2. n-Hexane

Hexane extract
2.6—3.4%

1. Redlssolve in CHCls
2. Sephadex LH-20 (105X2 cm)
3. Elute with CHCIs (0.5 mi/min)

Fractions
1-27 28-60 61-70 71-End
Sterols
(B-Activity)
* Detailed mass-spectral analysis did not reveal any phytosterol other than GLC

ﬂ-sitosterol under the last major peak (Fig. 2).
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Table 3.  Total phytosterols in tobacco¢ (n.g/g).

andiyols |Chotesterol | Gampe- | Stama- | siiosterol
1 251 477 066 681
2 305 47 . 977 601
3 271 377 1133 627
4 316 486 914 646
Average 286 439 998 639
Standard
deviation 30 52 94 34
Deviation
coefficient (%) 10.5 11.8 - 95 5.3

a: Cigar tobacco, Manila variety.
Moisture content: 11.7 %.
Values were calculated by the isotope-dilution method, recove-
ries; 65—75 %.
Total phytosterols = unbound sterols + steryl esters + steryl
glycosides.

concentration levels of free, bound, and total sterols
obtained by application of the method to tobacco from
commercial cigarettes and little cigars.

To put the foregoing results into perspective, total
phytosterols constitute about 10%e of the weight of
the “terpencid fraction of tobacco”, and about 0.2%
of the tobacco itself. As reported 'previously (9),
stigmasterol is the major phytosterol, comprising
0.06%0 (bound plus unbound) of tobacco. Cholesterol
accounts for more than 10%0 of the total phytosterol
content, and for about 0.02% of the tobacco.

Gel permeation chromatography of tobacco fractions
has previously been reported by Wall and co-workers
(7). By using this method in conjunction with counter
current distribution, they isolated the sterols of to-
bacco. However, their procedure was not quantitative
and was, moreover, rather involved. It appears un-
necessary, on the basis of the present studies, to
conduct extensive preliminary fractionation of tobacco
isolates to obtain quantitative amounts of sterols:and
possibly amyrins and tocopherols.

As for ergosterol, our studies indicate that this com-
pound is. highly unstable, and not amenable to glc,
even on glass columns. Trimethylsilylation of the
authentic material, however, enables it to be gas-
chromatographed satisfactorily, and when added to a
standard mixture of silylated sterols is found to elute
between cholesterol and campesterol.  Silylated sterol
fractions from tobacco and tobacco smoke fail to
exhibit a corresponding peak.

Phytosterols in Tobacco Smoke

The same method as that used for leaf sterols was -

essentially applied to tobacco smoke (Fig. 4). Recoveries
were somewhat higher for the smoke sterols (8o—go %/v).
Pertinent data (Tables 5 and 6) are presented for the
mainstream and sidestream smoke of the commercial
cigarette and little cigar used throughout this study.
This is the first report of levels of sterols in the side-
stream smoke of a cigarette and a cigar.

Table 4. Phytosterols In cigarette and cigar tobaccoz
(ng/g).
Free Bound Free & bound
sterols sterols sterols
Cigarette blend?
Cholesterol 129 - 45 174
Campesterol 197 131 328
Stigmasterol 480 94 574
B-Sitosterol 288 181 469
Totals 1004 451 1545
Clgar fillerc

Cholesterol 155 131 286
Campesterol 226 213 439
Stigmasterol 584 414 998
f-Sitosterol 329 310 639
Totals 1294 1068 : 2362

a: By isotope-dilution method.
b: Commercial blend (U.S.); moisture: 10.4 %.
c: Manlla variety; moisture: 11.7 %.

Table 5. Major phytosterols In cigarette smokez (.g/
cigarette).
Free Bound {Free &bound
Mainstream
Cholesterol 142 (£ 9 %)) 7.8 22.0
Campesterol 245 (+ 7.5%0) 18.2 427
Stigmasterol 53.0(% 9 %) 25.0 78.0
B-Sitosterol 37.0 (10 %) 22.3 59.3
Totals 129.0 733 202.0
Sidestream
Cholesterol 11 7.8 18.8
Campesterol 22 3.8 25.8
Stigmasterol 43 ) 10.6 53.6
[B-Sitosterol 28 0 28.0
Totals 104 22.2 126.2

a: Calculated by isotope-dilution; recoveries: 80—80 °%. U.S. com-
merclal, nonfilter cigarette, 85 mm, 1.1 g. Figures in parentheses
represent deviation coefficients.

Table 6. Phytosterols In cigar smokes (pg/clgar).

Mainstream
Sidestream
Un-
boundb Bounde Totalb Totalb
Cholesterol 25.0 124 374 217
Campesterol 45.0 11.4 56.4 43.8
Stigmasterol  100.0 15.8 1156.8 94.2
B-Sitosterol 57.0 6.0 63.0 49.6
Total sterois  227.0 456 2726 209.3

a: Experimental little cigar, Manila filier, RTS (reconstituted tobacco
sheet) wrapper. Weight: 1.045 g/cigar.

b: Determined experimentally.

¢: By difference.
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Figure 4.

Scheme for determination of smoke phytosterols.

20 Cigarettes

Smoke condensate
0.6489 g

1. Acetone and cholesterol-4-14C
2. Evaporate to dryness

Residue

1. Redissolve in CHCIs

2. Sephadex LH-20 column
(33X2 cm)

3. Elute with CHCI: (0.5 ml/min)

Fractions

1-§ 5-~9
Paraffins and other
high molecular weight
components

Transfer rates of sterols (Table 7) from leaf into
smoke (mainstream and sidestream) can be calculated
from the foregoing data. It is evident that much of
the sterol content in leaf cannot be accounted for,
since only about 20%b is transferred, as sterols, into
the smoke. Free sterols in smoke can ostensibly arise

Table 7.
smoke (/o).

Transfer rates of free and bound sterols Into

Mainstream | Sidestream | Total smoke

Clgarette
Cholesterol 139 120 25.9
Campesterol 144 8.7 23.1
Stigmasterol 149 103 252
B-Sitosterol 139 6.6 20.5
All sterols 143 9.0 233
) Cigar
Cholesterol 13.1 7.6 20.7
Campesterol 12.8 10.0 228
Stigmasterol 11.6 94 21.0
B-Sitosterol 9.9 7.8 17.7
All -sterols 119 8.9 20.4

10-17 “18-End
Sterols
(B-activity)

GLC

from either free or bound sterols in the leaf, as a
result of pyrolytic or hydrolytic degradation. Actually,
free sterols comprise 71%b, 64%, und 82% of the
total sterols present in tobacco, mainstream smoke,
and sidestream smoke, respectively.

The fate of the leaf sterols unaccounted for, those not
transferred intact into the smoke, is not yet fully
resolved. Obviously, they are converted to other com-
pounds (vide infra). A major portion of these may be
gaseous hydrocarbons, and appropriate tracer experi-
ments are needed to establish this. Previous specula-
tion (10) that the sidestream smoke contains a signi-
ficant quantity of sterols (via transfer from leaf) is
not borne out by the present study (Table 8).

Table 8. Total phytosterols: Ratios of sidestream (SS)
to mainstream (MS) concentration levels (SS/MS).

Cigarette smoke Cigar smoke
Cholesterol 09 0.6
Campesterol 0.6 0.8
Stigmasterol 0.7 0.8
B-Sitosterol 0.5 08
All sterols 0.6 0.8
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Pyrolysis and Tracer Studies

Pyrolysis studies have demonstrated that at relatively
high temperatures (> 700° C) sterols are converted to
small amounts ‘of polynuclear aromatic hydrocarbons

[PAH (19—21, 29, 30)]. This is to be. expected because

of the structural features of sterols, and in pyrolyzates
of sterols phenanthrene is found as a major con-
stituent of the PAH (20). Although not yet established,
a significant portion of the high temperature pyrolysis
products of sterols would seem to be gaseous in
nature, '
In a recent study (31), we pyrolyzed the “terpenoid
fraction of tobacco” and found, not surprisingly, that
PAH are the characteristic high temperature ‘products
here, too. Of course, sterols make up a substantial
portion of the terpenoids, but other constituents of
this fraction also give rise to PAH -upon high-tem-
‘perature pyrolysis (20). On the other hand, pyrolysis
of the terpenoid fraction at lower temperatures {400
to 600° C) yielded pyrolyzates characterized by the
presence of alkylnaphthalenes and tetramethylbenzo-
quinone. The latter compound may arise from a-toco-
_pherol in_the terpencid fraction; alkylnaphthalenes
may have a variety of PpIecursors, mcludmg sterols.
Pyrolysis of stigmasterol at go0—600° C yielded a
“naphthalene” fraction consisting predominantly of
naphthalene and 1- and 2-methylnaphthalene, and

much smaller amounts of other alkylnaphthalenes.-

Mass spectral studies indicated the presence of aryl
acetylenes and other simple benzene derivatives as
well,

Although it is clear from pyrolysis studies that sterols
are converted to PAH at high temperatures, the de-
monstration of this phenomenon in a burning cigarette
is more difficult. We.therefore impregnated: cigarettes
with cholesterol-4-14C, machine-smoked the cigarettes,
and fractionated the cigarette “tar” (32). In the frac-
tionation procedure used, the PAH are preferentially
taken up by nitromethane and other hydrocarbons by
cyclohexane. We found that after the fractionation,
the former solvent contained 2% of the initial radio-
actvity, indicating that as much as 2% of the MC-
cholesterol may have been converted to PAH during
the smoking process. Although this represents a rather
small amount of conversion product, it could be rather
significant in terms of the PAH levels one finds in
cigarette “tar” (31). Nine percent of the initially
labelled cholesterol represented conversion products
other than PAH, that is, compounds of different
polarity that were found to be present in the cyclo-
hexane layer. Further studies are planned, in .which
the nature of these and other products will be more

fully elucidated.

SUMMARY

The influence of tobacco phytosterols (cholesterol,
campesterol, stigmastercl, pP-sitosterol) on the chemical

composition and biological activity of tobacco smoke
has been of concern to tobacco chemists, Therefore,
a relatively simple method, utilizing a MC-internal
standard, chromatography on Sephadex and gas-liquid
chromatography, was developed for the quantitative
analysis of the phytosterols; this method was applied
to the tobacco and smoke (mainstream and sidestream)
of cigarettes and cigars to determine the fate of the
phytosterols in burning tobacco. About 20% of the
total phytosterol content of tobacco was shown to be
transferred intact into the smoke; about 2% was pos-
sibly converted into pelynuclear aromatic hydrocarbons.
Radioactive tracer and -pyrolysis studies were used to

- determine the nature of the phytosterol degradation

products found in the smoke.

ZUSAMMENFASSUNG

Der Einfluf der Phytosterole des Tabaks (Cholesterol,
Campesterol, Stigmasterol, B-Sitosterol) auf die chemi-
sche Zusammiensetzung und ‘die. biclogische Wirksam-
keit des Rauches ist ein wichtiges Anliegen der Tabak-
chemiker. Es wurde deshalb eine relativ einfache Me-
thode entwidkelt, durch die die Phytosterole unter Ein-
satz von Sephadex- und Gas-Fliissig-Chromatographie
und Verwendung - eines C-markiertén - inneren Stan-
dards quantitativ bestimmt werden kénnen. Um zu un-
tersuchen, was aus den Phytosterolen im* brennenden
Tabak wird, wurde das Verfahren auf den Tabak und
den Rauch (Haopt- und Nebenstrom) von Cigaretten
und Zigarren angewandt, Es zeigte sich, daf vom Ge-
samtgehalt an Phytosterolen des Tabaks etwa 20%
intakt in den Rauch iibergehen und ungefihr 2 %o még-
licherweise in polycyclische aromatische Kohlenwasser-
stoffe umgewandelt werden. Mittels radioaktiver Indika-
toren und Pyrolysestudien wurde untersucht, wie die im
Rauch befindlichen Abbauprodukte der Phytosterole be-
schaffen sind.

RESUME

Les chimistes se-sont préoccupés de I'influence des phy-
tostérols du tabac (cholestérol, campestérol, stigmastérol,
et B-sitostérol) sur la composition chimique et I'activité
biologique de la fumée. Pour analyser guantitativement
les phytostérols, on a développé une méthode relative-
ment simple, basée sur la chromatographie sur Sephadex
et la chromatographie en phase gazeuse/liquide, avec un
étalon interne de #¥C. On a appliqué cette méthode au
tabac et la fumée de cigarette et de cigare (flux principal
et secondaire) pour déterminer le sort des phytostérols
durant la combustion da tabac. Environ 20% des
phytostérols totaux sont transmis intacts dans la fumée;
2% environ sont convertis probablement en hydro-
carbures aromatiques polynucléaires. On a utilisé le
marquage radicactif et la pyrolyse pour déterminer la
nature des produits de dégradation des phytostérols
dans la fumée. '
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