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The occurrence of biologically active compounds identified for the first time in the lipophilic extracts
of yellow birch (Betula alleghaniensis Britt.) foliage led to the quantification of the seasonal variation
of their concentrations. Yellow birch foliage was collected from late June until late September 2003
in two different regions of Quebec. The extraction yields using hexane as a solvent were determined,
and the extracts were analyzed by GC-MS to identify their molecular composition. In terms of both
extraction yields and the concentration of the targeted molecules present in the extracts, mid-
September has been determined as the best time to collect foliage samples. A total of 14 constituents
were identified in these extracts. This is the first report of the presence of all of these constituents in
yellow birch foliage and of some of them in the genus Betula. The most important compounds identified
in yellow birch foliage extracts are triterpene squalene and aliphatic hydrocarbon tetracosan, aliphatic
alcohol phytol, fatty acids hexadecanoic and octadecanoic, pentacyclic triterpenes a- and S-amyrin,
and phytosterol stigmast-5-en-3-ol.

KEYWORDS: Betula alleghaniensis ; foliage; lipophilic extracts; seasonal variation; geographical variation;
bioactive triterpenes and phytosterols

INTRODUCTION gency) capacity of the extracts from yellow birch (B. alleh-

The announced upcoming global oil crisis will deeply affect 9aniensis) and sugar mapléder saccharum). They did not
the living habits of industrialized countries. The problems find any S|gn|f|car_1t variation in the composition qf these extracts
generated by the future lack of oil will affect not only the motor due to geographical location of the sampling site, but they did
but also the plastics, cosmetics, and pharmaceuticals industriesfind significant seasonal changes in the chemical composition
One of the possibilities to provide bioactive molecules for the ©f the extracts. Comparable studies have been done on phenolic
latter two industries would be a complete utilization of forest concentrations in the foliage of the European birctigstula
resources. Yellow birch is a common tree in North America, Pubesceng6—8) andBetula pendula(7). Many tetracyclic
growing from the northern United States to southern Canada. dammarane-type triterpenes have been identified in birch foliage
It is the emblem tree of Quebec and the second most importantas in a study oBetula mandschuricéoliage (9). Research on
hardwood species for its wood industry, which processes nearlyother birch speciesB. pendulaand Betula ermanii(10, 12),
1200 000 m of yellow birch wood annually (data for 2003).  Betula kelleriana(11), andBetula nana(12), also confirmed
Its forest exploitation generates huge quantities of different typesthe presence of dammarane-type triterpenoids in the foliage.
of residues: bark, small branches, and foliage. Many biologically ~ The influence of the time of sampling has been studied
active compounds have been identified in the bark of different previously for the triterpenoid betulinol in the bark®fpendula
birch species X). Previous work Z—4) has confirmed the  andB. pubescen$13), and no significant variation with the
presence of pentacyclic triterpenes with lupane skeletons inseason was found. The seasonal variation of the extractive
yellow birch Betula alleghaniensiBritt.) bark. Here we report  composition of foliage has been studied for the hydrolyzable
the results of a study of the chemical constituents of the tannins in the foliage oB. pubescen$14). The results of that
lipophilic extracts of yellow birch foliage as well as their work showed that the concentration of galloylglucose dropped
variation during the growing season and the influence of the with the advancement of the season but that the ellagitannins
site of sampling. There has been little work done on this subject. seemed to stay constant until the end of July, when they
A partial evaluation of the phenOIiC content of birch fOliage Sudden|y increased before dropping again. Nurmi et &) (
has been conducted by Baldwin et &).(They studied the  stydied the low molar mass phenolic compounds in the foliage
condensed tannins, total phenolics, and protein binding (astrin-qf the same species. The results of their study showed that the

* Author to whom correspondence should be addressed [fax Variation of IO-W molecular Weight polyphenols was h_ardly
(418) 656-3177; telephone  (418) 656-2131, ext. 7337, e-mail Noficeable during the green period of the leaves. Salminen et
tatjana.stevanovic@sbf.ulaval.ca]. al. examined the seasonal variation of hydrolyzable tannins in
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the foliage of other Finnish species of bir@,nana B. pendula Table 1. Net Hexane Extraction Yields, Temperature, and Amount of
and another variety d. pubescengl5). Their results confirmed  Precipitations for Three Foliage Samples Harvested in St-Félix d'Otis
the significant seasonal variation of some hydrolyzable tannin on September 17, 20012

concentrations within these species, and they were able to relate
these to the biosynthetic pathways of the targeted compounds. hexane

The seasonal variation of carotene, chlorophyll, and ascorbic 2% (yfahrs)/d'ameter (cm) cYorec e’_‘trlzcﬂon
acid in the foliage ofBetula alba Betula fruticosa and ofthe Specimen temp (*C)lprecip (mm) yield (%)
B. pendulahas been studied in Russia (16). Molecules such as ggﬁ?gg iggg'g 122
ascorbate are present in higher concentrations at the very 47/14.95 16.2/0.8 210

beginning and at the end of summer and are at their lowest in
‘]un.e-.F'na”y- ther? have been two 'nVESt'ga.t'O”S on the seasonal 1ot amount of precipitation for the summer of 2001 at this location was
variation of chemical components as available carbohydrate, 271.8 mm. Maximum temperature was 32.2 °C, and minimum was 0.2 °C.
crude fiber, hemicellulose, holocellulose, lignin, polyphenols,

N, P, ash K, Ca, and Mg in the leaves of yellow bird7(18). Table 2. Net Hexane Extraction Yields, Temperature, and Amount of
The main goal of our research was to investigate the effects of precipitation for Foliage Samples Harvested at St-Cyrille de Lessard
seasonal and geographical variation on the chemical compositionSite during the Summer of 20032

of yellow birch foliage lipophilic extracts. Furthermore, after

the identification of the molecular composition of these lipo- - e (Clforeci ex,”ﬁd;f“
philic extracts, we were able to evaluate the best time to collect sampiing date emp (°C)lprecip (mm) yield (%)
the foliage to get the optimal concentration of the bioactive jure;%b%%m giggg ;g
uly o, .6/0. .
molecules. July 13, 2003 17.9116 166
MATERIALS AND METHODS 333 o o by
Foliage Sampling.Yellow birch leaves were sampled near the town Aug 3, 2003 23.6/0 0.96
of St-Félix d'Otis in the Saguenay Lac-St-Jean region of Quebec during Aug 10, 2003 16.8/41.4 1.20
September 2001. Foliage had been collected from three different trees, ~ Aug 17, 2003 19.8/0 1.76
and the ages were determined after felling to be 28, 35, and 47 years, ~ Aug 24, 2003 12.8/0 101
with corresponding diameters at breast height of 13, 18, and 15 cm, gepi % %ggg ii%g igg
respectively. Foliage was also sampled weekly near the town of St- Szgt 1" 2003 21'1/0 1'75
Cyrille de Lessard in the Chaudiere-Appalache region of Quebec. The Sept 192003 17.1/3.2 251
foliage was collected from late June until late September 2003 from a Sept 27, 2003 16.1/0 1.97

single standing tree. The diameter of the tree was 26 cm at breast height.
All samples were immediately placed on ice and then frozen at
—15 °C until extraction in the laboratory.

Extraction and Solvents.Before extraction, the leaves were dried
in an oven at 60C for 1 week to eliminate volatile compounds. The trees of comparable ages from two different geographic loca-
samples were then ground to a powder with a laboratory grinder tions, St-Félix d’Otis (4816’ 24", —70°37') and St-Cyrille de
(Cyclotec 1093 sample mix Tecator) without sieving. Sanples-of 5 Lessard (473’ 59", —70° 7 29"), at approximately the same

10 g of the ground foliage were extracted for 6 h by Soxhlet, using time of year confirmed that no substantial differences in the
hexane as a solvent for lipophilic substances. The hexane was of reagen

grade HPLC (Aldrich Inc., Whitby, ON, Canada). The solvent was then amounts of e_xtrac_ts were f(_)und (Tablesaﬂlq 2)-
removed under reduced pressure at°@ The crude extracts were The extraction yields obtained from the foliage collected from

then dried in an oven at 6C for at least 24 h to constant mass, for the oldest tree at the St'Fé“X d’_OtiS site in $eptember 2001
extraction yield calculations purposes. The dry extracts were finally seemed to match the extraction yields determined from foliage
dissolved in 5 mL of pure hexane to perform GC-MS analysis. Five collected during the same period in September 2003 at the
microliters of each extract was injected into a GC-MS (Hewlett-Packard St-Cyrille de Lessard site (Tablesdnd?2). Different patterns
Inc.). ) ~of concentration variations were determined for the triterpene
Pure Compounds and GC-MS.The GC-MS used in our experi-  and other lipophilic constituents of extracts of yellow birch
ments is a Hewlett-Packard. The GC was a HP5890 model coupled foliage (Figures 2and3).
with a DB-5 column eluted with helium. The column was 30 m long The concentration ofi-amyrin remained relatively stable

by 0.25 mm wide and was loaded with a 025 methyl (5% phenyl) . . -
silicone packing film (Chromatographic Spec. Inc.). The mass spec- throughout the sampling period and thapeamyrin decreased

trometer was a HP5972 model. The temperature program in the Gc Stéadily to reach zero by the end of the sampling period for the
core started at 100C and then increased at a rate of ZF¥min until St-Cyrille site, whereas the concentration of squalene reached
it reached 28CPC. It then increased at a rate of °&/min until a values of 15 and 25% in August and September, respectively,
temperature of 328C was reached. The temperature of the injector after which it started to decreadeidure 3). The concentration
was 225°C, and the split value was 1:46. The molecular ionization of betulonic aldehyde was very low throughout the sampling
was made by electron impact (El) at 70 eV. The scanning range was period and then increased abruptly in mid-September to 10%
betweerm/z40 and 700, and the temperature source was’tsZhe  of the extract Eigure 3). The concentration of 1,10-undecadiene
chromatographic identifications were performed by comparisons with was~1% in the extracts of foliage collected in the beginning

the mass spectra of the authenticated compounds or by direct 4o sampling and slightly increased with progression of time
comparison to literature mass spectra. Comparison to pure compound drop t in the beainni £ AUQUS 2. Simil

has been made with the previously injected standards at the Laseve'© Orop to _Zero in the beginning of Augustigure _)' 'r_m ar .
laboratory in Chicoutimi, PQ, Canada. The evaluation of the molecular CONCentrations were observed for hexadecanoic acid, which

concentration was based on surfaces in the MS-TIC chromatograms.'epresented nearly 5% of the extracts collected at the beginning
of sampling and then dropped to zero at the beginning of August
RESULTS and increased again to nearly 2% of the extract by mid-
Extraction Yields. Comparison of the results for the extrac- September (Figure 2). The concentration of phytol increased
tion yields obtained from yellow birch leaves collected from from 1% in June to a maximum of 3% at the beginning of

@Total amount of precipitation for the summer of 2003 at this location was
361.2 mm; maximal temperature recorded was 29.2°C and minimal, 4.2°C.
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Figure 1. Structures, formulas, and CAS Registry numbers (provided by the author) of the molecules identified in the yellow hirch foliage extracts.

September and then dropped to zdfm(re 2). The concentra- concentration of squalene at the beginning of the sampling
tion of octadecanoic acid varied between 1 and 4% of the period to be~1% of the extract, to increase to almost 25% of
extracts from leaves collected from early June to mid-August the extract by mid-September, and to decrease again to 10% at
and then disappeared completely from the extracts in the secondhe end of the seasoffrigure 3). Contrary to what we found
week of August Figure 2). The concentration of tetracosan for squalene, the concentration of stigmast-5-en-3-ol decreased
remained relatively stable at1.5% throughout the sampling through the sampling period, from nearly 20% in late June to
season to decrease by mid-August and the second week ofl2—13% at the end of the seasdfigure 3). The concentration
September. of octatricontanoic acid remained steady throughout the sam-
Hexacosanal was constantly present in the foliage extractspling period and then dropped to zero at the end of the sampling
throughout the sampling period, at concentrations varying from period Figure 3). Finally, the concentrations of hexadecanoic
4 to 6.5% Figure 2). The concentration of hexacosanoic acid acid, octacosyl ester, remained high, between 15 and 25% of
remained stable, at 1—2% of the extracts, throughout the the extracts, throughout the sampling period, decreasing slightly
sampling period (Figure 3). The squalene concentration in- by the end of sampling period but remaining still at 15% of the
creased with progression of the season. We determined theextract at the end of the samplingigure 3).
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Figure 2. Variation of the relative concentration of the low molecular mass compounds (compounds I-VI) in yellow birch foliage extracts.
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Figure 3. Variation of the relative concentration of the higher molecular mass compounds (compounds VII-XIV) in yellow hirch foliage extracts.

DISCUSSION beginning of sampling in June (Figure 2). A literature survey

Molecular Composition. The results presented ifable 4 fqund no mention of the m_edicinal properties of 1,10-undeca-
demonstrate that the majority of the compounds (depicted in di€ne. The presence of this compound in our chromatograms
Figure 1 and listed inTable 3) identified in the extracts of ~ WasS confirmed through comparisons from literature data on the
foliage from the St-Félix d’Otis site were confirmed 2 years Mass spectrum.
later in the extracts of foliage from the St-Cyrille de Lessard ~ Compound II (hexadecanoic acid) is a constituent commonly
site. This indicates that it may be a standard molecular associated with plant tissues, often reported in scientific
composition of yellow birch foliage extracts, regardless of the publications. We have determined it to be present in the yellow
geographical location of the sampling site. birch foliage extracts only at the beginning of the summer

Compound | (1,10-undecadiene) is not a compound com- period, its concentration in the extracts constantly decreasing
monly associated with plant tissues in the literature. This throughout the sampling period, to disappear completely at the
constituent has been only once reported from plants, in the beginning of August (Figure 2). The hexadecanoic acid has
essential oils from cantaloupe (19). already been identified in the foliage from native birches of

The concentration of this compound in the extracts of yellow Turkey: Betula browiczianaBetula litwinowii, Betula med-
birch foliage is very low, reaching zero 1 month after the wedewijB. pendulaandBetula recupata (20). It has also been
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Table 3. Molecules Identified in Yellow Birch Foliage Extracts from St-Cyrille de Lessard and St-Félix d'Otis

compd mass spectrum [m/z (intensity)]

tr (min) identification

|
71(36), 70 (15), 69 (61), 68 (91), 67 (50), 57 (7
44 (20), 43 (100), 41 (90)

(17), 67 (10), 57 (33), 56 (16), 55 (31), 43 (4

(16), 79 (17), 73 (86), 71 (33), 70 (13), 69 (4
(68), 57 (62), 56 (19), 55 (77), 54 (10), 45 (1

\Y

vil 4 (4), 113 (5)
(20), 83 (69
), 56 (40), 55 (1
Vil (1), 257 (1),
7 (10), 121 , 81 (50), 69 (
(11), 273 (8
, 159 (18),
,120 (16),
(19), 69
19), 218 (
6 (10), 135 (
21), 95 (30), 94 (
(24), 41 (37)
(100), 204 (10), 203 (50),
,133 (13), 121 (17), 119 (1

398 (1),
163 (
131 (

(13), 123 (10)
21),91(18), 8

— ®

109 (22),

69 (35), 67

426 (2), 257 (3),

137 (9), 136 (

95 (31), 94 (1

57 (26), 55 (44

438 (1), 216 (8), 2

148 (13), 147 (

122 (13), 121

95 (60), 94 (12

67 (45), 57 (28

564 (3), 257 (31),

84 (14), 83 (45
55 (59)

)s

@

@

Xl 18
9),

=

Xil (13), 175 (23), 173 (18), 163 (10),
,135 (27), 134 (16), 133 (31), 131

)
3 133 (31
,109 (35), 108 (12), 107 (48), 105
) ),
6

w N O

—

), 91 (41), 83 (30), 81 (49), 77 (19), 71 (1
100), 43 (62), 41

229 (38), 139 (4), 125 (
), 82 (18), 81 (10), 73 (13), 71 (50), 70 (17), 69 (4
43(92), 42 (12), 41 (38)

1
1
0
7

=

Xl
4),
9),

XIV 592 (2), 2

84 (13), 83 (44), 82 (17), 81 (10), 73 (14), 71 (51), 70 (17), 69 (4

61 (11), 57 (100), 56 (21), 55 (56), 44 (3), 43 (90), 42 (12), 41 (3

4 (14), 123 (31), 111 (12), 109 (17), 97 (25), 96 (21), 95 (59), 83 (38),

(23), 115 (10), 97 (18), 96 (8), 95 (14), 87 (13), 85 (19), 84 (10),

,231(9), 213 (16), 199 (7), 178 (7),
35 (15), 134 (13), 133 (20),
09 (18), 107 (35), 105 (35), 95 (35),

9(18), 1
109 (21
(9),

161
(14
37
(

10), 111 (20), 98 (11), 97 (40), 96 (10), 85 (30),

58 (10), 257 (58), 139 (4), 129 (7), 125 (10), 111 (20), 98 (10), 97 (40), 85 (31),

7.834 1,10-undecadiene

1), 56 (22),

8.381 hexadecanoic acid

9.100 phytol
6), 42 (6), 41 (39)

9.297 octadecanoic acid
0), 68 (12),

1), 44 (20),

11.045 tetracosane

12.340 hexacosanal

112 (11), 111 (30),
), 82 (32), 81 (11),
00), 54 (12),

12.640 hexacosanoic acid

231(2), 217 (2), 13.23

100), 41 (30), 32 (2)

squalene

18.062 stigmast-5-en-3-ol

18.350 f-amyrin
, 121 (15), 119 (19),

1(27), 79 (19),

75
), 107 (

18.700 o-amyrin

(19), 159 (15), 149 (16),
), 123 (24),

), 97 (13), 96 (11),

7), 69 (93), 68 (10),

19.700 betulonic aldehyde

28.490 octatricontanoic acid

6), 57 (100), 56 (22),
34.980 hexadecanoic acid,
), 68 (13), 67 (11), octacosyl ester

5
6)

identified in the leaves of @&. pendulagrowing in Russia
(21—-23) and in the extracts obtained from the inner bark of
Betulaverrucosa(24). Finally, this compound has been previ-
ously reported from yellow birch woo@5, 26). To the best of
our knowledge, this is the first report on its presence in the
foliage of yellow birch. Specific pharmacological properties have
not been attributed to this molecule, despite its frequent
occurrence in biologically active extracts. For instance, palmitic
(hexadecanoic) acid has been identified in the extracts of the
medicinal plantSideritis taurica, which have been proved to
possess analgesic, anti-inflammatory, antiulcerogenic, and anti-
hyperglycemic activities27). It has also been reported in the
extracts fromPlantago albicans(28), Inula montana(29),
Andrographis paniculat§30), Pentanisia prunelloideg31), and
Dalbergia sissod32), some of which are medicinal plants. We
have identified it in yellow birch hexane extracts by comparison
to authentic compound.

Compound Il (phytol) is also widespread in plant tissues.
Its concentration in yellow birch foliage extracts seems to remain
constant at 2% throughout the season, except for a little variation

in September when its concentration reached 3% of the extract.
This increase could be linked to the chlorophyll and the late
seasonal variation of the pigmentation of the leaves. The
breaking of the phytol bond in chlorophyll of the foliage in fall
has already been proposed as an explanation for the larger
amounts of this constituent in foliage extracts in autui®®).(
This molecule has been identified in the foliage of Turkish
birches studied by DemircQ). Even though this compound
has been often found in medicinally potent plant extracts, no
extended clinical studies have been performed on it. The
antiinflammatory and hepatoprotective propertiet afiontana
extracts (29) have been long exploited in traditional medicine.
This molecule is also closely related to the extract€ofeus
parvifolius with HIV-1 integrase inhibitory properties34).
Phytol presence was confirmed in the extractsBafllota
pseudodictamnus, having antimicrobial activiBp), and those

of Morinda citrifolia with antitubercular propertie86), which
inhibit the mutagenesis and tumor cell growtB7). It was
identified in our extracts by comparison with pure phytol.
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Table 4. Comparison of the Chemical Composition of the Foliage our knowledge for the first time reported from a birch tissue.
Extracts of Samples Collected at Comparable Times from St-Cyrille de This constituent has been identified previously in apps,(
Lessard (September 14) and St-Félix d'Otis (September 17) in many species of the genksiphorbiagrowing in Greece48),

in olive oil (49), in Thymug50), and among trees in the foliage

compd St-Cyrille de Lessard (%) St-Félix dOtis (%) of Quercus robui(51) as well as in the foliage of many species

1,10-undecadiene 127 0.86 of aspen $2). This molecule has not been associated with any
h‘;"f‘iecam'c acid 8;2 (1)'2"2" specific medicinal properties in the literature. Its presence in
gctyagecanoic acid 053 <01 our extracts was confirmed by comparison with literature data
tetracosane 1.30 0.83 on the mass spectrum.
hexacosanal 4.16 8.13 Compound VII (hexacosanoic acid) was determined to be
zgzggns:"o'c acid 3:3% 1(2):3‘11 present at a low concentration ©fL% throughout the sampling
stigmast-5-en-3-ol 10.37 955 period (Figure 3). It has been previously reported from the
B-amyrin 2.69 1.92 extracts oRhododendron canescefi) and from five different
a-amyrin 3.32 34.16 species of the genuArachis A. granduliferg A. batizocoj
betulonic aldehyde. 733 157 A. ipaensisA. chacoense, and. paraguariensig54). There
octatricontanoic acid <0.1 2.62 . L h . ..
hexadecanoic acid, 13.89 704 are few studies associating this compound with medicinal

octacosy! ester properties. Ansari et al.5p) identified this molecule in the

extracts of Eupatorium adenophorunthe administration of

) ) ) _ which was associated with an increase of motor activity. Positive
Compound IV (octadecanoic acid) has been determined in gffects of this compound in treating adrenoleukodistrophy were

small concentrations in the extracts of the yellow birch foliage gemonstrated in experiments with rats (56). Its presence in

studied here, throughout the sampling seasdgute 2). This  yejlow birch extracts was confirmed by comparison with
acid, commonly accompanied in plants by hexadecanoic acid |jierature data on the mass spectrum.

(compoundl) has already been reported from buds and leaves
of Betula species 22, 23, 39), in pulp waste ofBetula
platyphylla(39), and in the inner bark d. verrucosa(24) as
well as in wood ofB. alleghaniensig25, 26). To the best of
our knowledge this is the first report of its presence in the leaves
of yellow birch. Given the fact that this acid is commonly
accompanied by palmitic acid in plant tissues, it is normal that
these compounds are related to the same medicinal plants.
The extracts ofs. taurica, which also contain this acid, have
analgesic, anti-inflammatory, antiulcerogenic, and antihyper-

glyc:abmic acztis\;/itieshzn, a?his thte c?s;fwith t.he iletfrqqts of identified in the wood of another birch speci&s,verrucosa
-a |cans( ), W ereas e extracts vlocamium tefiairae (24,59), and also in the wood of the linden tr@élja vulgaris
have antitumor activity40) and finally those fronDalbergia (60)

sissoo have anti-inflammatory, antipyretic, analgesic, and
estrogen-like activities3R). It was identified in our extracts by
comparison to authentic compound.

Compound V (tetracosane) is one of the rare compounds
the concentration of which remained relatively stabld % of
the extracts) throughout the sampling periéeg(re 2). It has
been reported previously only in the barkifplatyphylla(41).
It is a common constituent dkhizophoraspecies (R. mangle, > - .
R. racemosa, anB. harrisonii) @2) and of the planMyrthus .f°_"“”.‘ (62). Its presence in our extracts was confirmed by
communis(43). This compound is commonly found together injection of the purg compound. ) »
with palmitic and stearic acids in the extracts of plant tissues ~Compound IX (stigmast-5-en-3-ol) has also been identified
with medicinal value. Coincidently, its presence was also N the wood of yellow birch by our research teafg]. Itis a
confirmed in theS. tauricaextracts with important biological ~ Very important constituent of the yellow birch foliage extracts
properties already discusset¥y. Its presence is also commonly studied he_re, its concentration varying from 10_ to 20% of the
associated with the antipyretic, antiinflammatory, and hepato- extract. This compom_md has also been reported in wood extracts
protective activity of the aerial part extracts frdmmontana of Dichrostachys cinere&63), Eucalyptus urophylla(64),
(29), for the analgesic, tranquilizing, and progesterone-like Markhamia zanzibaric#65), a.ndStemm.adema anngll-smlth|l
effects ofLagonychium farctund4), for the hypoglycemic and (66). The use of phytosterqls in preventive m_edlcme is nowadgys
hypocholesterolemic activity ofamarindus indica45), and ~ Very popular. Many studies performed with phytosterols in
for the improvement in the blood cholesterol, triglycerides, and "€cent years have proven the medicinal potential of these
creatinine in rats by the extracts from the seed8alanites compounds.
aegyptiaca(46). Its presence in yellow birch foliage extracts A recent patent proposed the use of phytosterols and
was confirmed by comparison with literature data on mass particularly stigmast-5-en-3-ol as anti-inflammatory agents and
spectra. in preventing cardiovascular diseasé3)( Stigmast-5-en-3-ol

Compound VI (hexacosanal) was present in yellow birch was determined in our extracts by comparison with the pure
foliage extracts at concentrations varying between 3 and 7% compound.
for most of the sampling period and dropped to a minimum of ~ Compound X (8-amyrin) was identified in yellow birch
1.5% during the third week of Augugkigure 2). This aliphatic internal bark extracts2) and, furthermore, in specimens of
aldehyde, closely associated with plant waxes, is to the best ofyellow birch foliage collected previously (in 2001) from the

Compound VIII (squalene) is a noncyclic triterpene and is
a precursor in the biosynthetic route to the cyclic triterpenoids
(57). Its concentration is low in the beginning of the sampling
period but gains importance during the season; squalene
becomes one of the major constituents of the extracts by the
end of the season, reaching the concentration of 25% of the
yellow birch foliage extract by mid-Septembéiigure 3). We
have already identified this molecule in the wood of yellow
birch (58); this molecule has never been reported in any other
tissue of yellow birch. This compound has already been

The presence of squalene in olive oil is often related to its
nutraceutical value and to the benefits for the health upon its
consumption (61). As with palmitic and stearic acid, the presence
of squalene ir8. tauricaextracts can be related to the analgesic,
anti-inflammatory, antiulcerogenic, and antihyperglycemic ef-
fects of this herbal tea commonly used in Turk@r) It is
also related to the antibacterial propertiessofanum elaeagni-
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St-Félix d'Otis site. This molecule is present at low concentra- Its presence in yellow birch foliage extracts was confirmed by
tions (between 2 and 7%, dropping to zero at the end of comparison with literature data on the mass spectrum.
sampling period) but still conferring nutraceutical propertiesto  Compound XIV (hexadecanoic acid, octacosyl ester) is a
the leaves&9). This compound has never been reported before Jong-chain aliphatic plant wax. It appears to be a very important
in anotherBetulagenus. It has been identified in the foliage constituent of the lipophilic extracts of yellow birch foliage, its
from many species oRhizophora(42), in the leaves of  concentration varying from 15 to 25% of the extracts throughout
rhododendrond4), and in the foliage of many corn plangj. the sampling season. This ester has previously been identified
As is the case for the majority of the constituents of yellow in the fruit of Rubus idaeu83), in the olive tre®lea europaea
birch foliage extractsfg-amyrin is often found in medicinal  fruit (84), in the foliage of green tobacc8%), and in the foliage
plants. The sedative effect Maytenus forsskaolian&’0), the of Clarkia elegang86). No citation in the literature was found
antispasmodic, antiarrhythmic, and anticholinergic properties of regarding the presence of this particular molecule with any
Salvadora persica(71), the anti-inflammatory, antipyretic,  specific medicinal properties. Its presence in yellow birch foliage
analgesic, and estrogen-like activities Df sissoo(32), the extracts was confirmed by comparison with literature data on
analgesic activity ofAleurites moluccand72), and the anti- the mass spectrum.
inflammatory, analgesic, and moderate antipyretic activity of  Our study on the chemical composition of the yellow birch
Cleome amblyocarpér3) are all associated with the medicinal  foliage lipophilic extracts is the first of its kind on this species.
properties of the amyrin-type triterpenoid&( 75). f-Amyrin We were able to identify in these extracts six constituents that
was determined in our extracts by comparison, following the have never been previously reported in the tissue of any birch
injection of the pure compound. species: octatricontanoic acid, octacosyl ester of hexa-
Compound XI (a-amyrin) is a compound that we are decanoic acide-amyrin, hexacosanoic acid, hexacosanal, and
reporting for the first time from any tissue of any species 1,10-undecadiene (Table 4). The 14 constituents we have
belonging to the genusetula. This molecule is found in identified in the hexane extracts of the yellow birch foliage
relatively stable concentrations, up to 7% of the crude extract collected from two geographically remote locations in Quebec
(Figure 3). The compound has been proven to possess are reported for the first time for yellow birch foliage. The
therapeutically interesting featuregs). It is widely distributed observed variation in concentrations of these compounds in the

in the genusRhizophora42) and was also found in the foliage ~ €xtracts from two sites could be attributed both to the climate
of the corn plant §9). or genotypic differences between the two geographically distant

Its pharmacological value has been observed in many plantlzoggi'onsd gr(‘)%sfo the differences due to time of sampling (in
extracts. The analgesic, anti-inflammatory, antiulcerogenic, and an X ): _ )
anti-hyperglycemic activities o®. taurica(27) are associated We determined the concentrations of 1,10-undecandiene and

with the content ofi-amyrin in this herbal tea. This compound ~hexadecanoic acid in the extracts of foliage samples from
is also closely associated with the anti-inflammatory and StCyrille de Lessard to be half the value of those found for
analgesic activities dfiimatanthus sucuub&é) and to the well the extracts of foliage from St-_Fellx d’'Otis. The same is tr_ue
documented antilipoxygenase and antiarthritic activity of the for the compounds octadecanoic acid, tetracosane, betulonic al-

amyrin triterpenoids4, 75). a-Amyrin was determined in our dehyde, octatricontanoic_acid, and hexacos_anoic acid, octacosyl
extracts by comparison, following the injection of the pure ester. The rest of the foliage extract constituents demonstrated

compound. quite the opposite tendency, being present in much higher

C d XII (betulonic aldehvde) h readv b concentrations in foliage collected from St-Cyrille de Lessard,
__ompoun (betulonic aldehyde) has a ready been except foro-amyrin, which was found in the extracts at rates
identified in bark extracts from the same speci& @l-

S o - . 10 times higher in the St-Félix d'Otis foliage. Despite the
leghaniensis), 3). We found it in low concentrations during  ghserved variation, we were able to confirm the constant

most of the summer season unti_l September, when its concenyresence for all 14 identified constituents of yellow birch foliage
tration almost doubled and remained at the same level until the

- S i extracts studied. The majority of these 14 yellow birch foliage
end of the sampling periodr{gure 3). This molecule has also ngituents are biologically active compounds. A recent work

been found in the bark of other birch species: in the outer bark y, g platyphylla(1) has shown that the genBgtulacould be
of B. nigra(77) and in the bark dB. pendulaandB. pubescens  ¢onsidered as a genus having species with medicinal properties.
(78). It_ has been identified onIy_once in the foliage of forest The fact that squalene, a well-known immunostimuleg)(
trees, in the leaves of the Mediterranean @kercus suber  ando-amyrin ands-amyrin, with well-documented therapeutic
(79). We have not been able to find a citation linking this properties (69), are found together in the foliage extrac®.of
compound to any specific medicinal property. Its presence in gjleghaniensisllows us to anticipate the potential application
yellow birch foliage extracts was determined by comparison to of foliage crude extracts as nutraceutical products or as a
pure compound. chemical source for bioactive compound isolations. It is well-
Compound Xlll (octatricontanoic acid) is a long-chain known that the Potawatomi Indians were using the wintergreen
aliphatic acid, which is possibly related to the waxy appearance taste of the yellow birch foliage to mask the taste of unappetizing
of the yellow birch foliage. Its concentration is found to be medication and also to combine it with maple extracts for a
relatively constant throughout the summer season until the beverage.
beginning of September, when it suddenly drops. This observa-  Three different skeleton types of pentacyclic tritepenes are
tion could be related to the imminent death of the foliage. The present in our extracts: lupane (betulonic aldehyde), oleanane
identification of this molecule in plants has rarely been reported (3-amyrin), and ursaneo¢amyrin). The dammarane-type tri-

in the literature.

It was found in sunflower 0il§0), in theAmaranthus palmeri
(81), and in the foliage oBreynia rhamnoidg82). We have

terpenes determined in the foliage of some European birches
(9—12) do not seem to be present in the yellow birch foliage.

Most of the identified constituents of our extracts are bioactive

not found any citation in the literature associating the presenceand are commonly found in medicinal plants and/or olive ails,

of this particular molecule with any specific medicinal property.

which makes yellow birch foliage an interesting source of
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nutraceutical or pharmacological molecules. As an example, the
biologically active compounds hexadecanoic acid, octadecanoic
acid, tetracosane, squalene, andmyrin were also identified

in the Mediterranean medicinal plar8. taurica (27, 87).
Therefore, we anticipate a potential application of yellow birch
foliage extracts in the food, pharmaceutical, and cosmetic
industries. All of these results lead us to propose that yellow
birch should be considered a medicinal plant which merits
further pharmacological study. The potential use of yellow birch
as a source of biologically active components could add value
to the transformation of this important wood species widely used
by the wood industry of Quebec.
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