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A b strac t

From  the heartwood-free stem wood of Pinus densiflora, 7 compounds inhibitory to the linear growth of 
Fomes annosus were isolated. These were identified as pinosylvin, pinosylvin monomethyl ether, 
p-sitosterol, a cembroi-like diterpene alcohol,'and three isomeric diterpene acids belonging to the 
abietane group, one of which is probably palustric acid. O ther antifungal fractions contained complex 
mixtures and were not characterized.

1 Introduction

Fomes annosus (Fr.) C ke. [Fieterobasidion annosum  (Fr.) Bref.] is one of the m ost im portan t 
pathogens affecting pines in the north  tem perate zone ( B e g a  1963; G ib b s  1972). T he identifi­
cation of species show ing resistance to  F. annosus has im portan t im plications fo r tree 
breeding program s concerned w ith m inim izing damage to  forest p lantations by 
this pathogen.

A num ber of pine species and o ther conifers have displayed a m easure of resistance to  
F! annosus^ a ttribu ted , at least in part, to  the presence of inh ib ito ry  com pounds (see for 
example, references in K u c  and S h a i n  1977; D u m a s  and H u b b e s  1980).

M c G a u l e y  and H u b b e s  (1976) and D u m a s  and H u b b e s  (1979) found  tha t the sapw ood 
of Pinus densiflora (Sieb.) Zucc. was resistant to  F. annosus. This resistance appeared to  be 
due, at least in part, to  the presence o f inhib itory  com pounds extractable from  the sapw ood 
( H u b b e s  and M c G a u l e y  1976; D u m a s  and H u b b e s  1980).

T his paper reports the chemical identification of som e of the fungitoxic com pounds 
extracted from  the sapw ood of P. densiflora.
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2 M aterials and  m ethods

2.1 C o llec tion  of P. densiflo ra  stem s

T he stems of tw o dom inant P. densiflora trees, bo th  19 years o ld , w ere collected from  the 
O n tario  Forest Research C entre , T ree Breeding Research P lantation . T urkey  Pom t, on 
M ay 10, 1978. T he stems w ere cut into 1 m etre sections and stored at - 2 5 ° C  until used.

2.2 E x tra c tio n  an d  d e te rm in a tio n  of e x tra c t c o n cen tra tio n  in  th e  sapw ood of
P. densiflora

T he frozen stem sections, w hich contained only sound sapw ood, w ere debarked and 
reduced to  shavings by m eans of a jointer. A sample w hose fresh w eight was equivalent to 
225 g d ry  w eight, was extracted three times at 4°C  w ith 2 L portions of ethanol contam ing 
10%  acetic acid. T he extracts w ere com bined, and concentrated to  50 m l at25®C on aBvichi 
R otavapor. An equal volum e of 10%  aqueous acetic acid was added, and the p H  of the 
extract was then adjusted to  8.5 by addition of sodium  carbonate solu tion . T he basic extract 
was extracted 3 times w ith an equal volum e o f ch loroform , and the com bined organic phases 
w ere concentrated in vacuo.^ T his extraction procedure was repeated w ith  tw o additional 
225 g batches of stem w ood shavings. T he concentration of extracted material in the sapw ood 
was calculated as a m ean of the three extractions.

2.3 B ioassay o f th e  ch lo ro fo rm  e x tra c t

T he chloroform  extract was tested fo r inhibition of the linear g row th of F. annosus at the 
original concentration  (0.993 % ), 0 .5 % , 0.1 %  and 0 .0 5 % . T he test m edium  was 2 %  Bacto 
D ifco agar, prepared  in 15 ml portions and sterilized at 15 p. s. i. fo r 15 m inutes. A liquots of 
the extracts at their designated concentrations w ere taken to  dryness on a Biichi R otavapor at 
25®C, and redissolved in 0.15 ml chloroform . Fifteen millilitres of the h o t w ater agar was 
added to  each concentration and 5 ml samples of the agar extract m ixture w ere poured  into 
35 X 10 m m  petri dishes. C on tro l plates w ere treated w ith chloroform  only. Each plate was 
inoculated w ith a 4 m m  plug of F. annosus, taken from  the edge of a 10 day old culture, and 
incubated a t2 2 °C  in the dark. T he daily mycelial g row th was m easured. T he inhibition tests 
w ere repeated 10 times.

2.4 S ep a ra tio n  of th e  ch lo ro fo rm  e x tra c t in to  frac tions I to  4 
h y  co lum n  c h ro m a to g ra p h y

Eight hundred  m illigram s of the chloroform  extract was loaded on to  a Pharm acia colum n 
(2 .5 x 5 0  cm) packed w ith 43 g silica gel G F  254 (M erck). U sing acetone-chloroform - 
diethylam ine (7 0 :2 0 :1 0  VA^A^) as eluent, fractions of 10.4 ml w ere collected. Fractions 
observed by  th in-layer chrom atography ( t .I .c .)  to  be similar, w ere com bined and 
evaporated to  dryness on a BUchi R otavapor at 25°C . T he concentrations of the four 
resulting fractions w ere calculated as percentages of the sapw ood dry  w eight.

2 .5  B ioassay o f th e  fo u r  frac tions isolated by  co lu m n  c h ro m a to g ra p h y

T he 4 fractions w ere tested fo r inhibition of the hnear grow th of F. annosus. In addition to 
the assays at the original concentrations, fraction 1 was tested at 0.2  % , fraction 2 at 0.02  % ,

alk adopted on the basis of earlier (misleading) evidence suggesting the presence of



fraction 3 at 0 .005%  and fraction 4 at 0 .0 5 % , 0 .0 2 % , and 0.01 % . T he procedure was the 
same as described above except tha t the samples w ere dissolved in 0.1  m l acetone, 5 mi o f 
w ater agar was used as substrate, and the plates w ere inoculated w ith  3- ^  m m  plugs of 
F. annosus. Each inhibition test had 3 replicates, and the entire p rocedure, from  separation to 
bioassay, was repeated 5 times.

2.6 S epara tion  and  bioassay of th e  c o n stitu en ts  A  to  E o f fra c tio n  1

Fraction 1 was separated on the Pharm acia colum n (1 .0 x 5 0  cm) packed to  a height of 
35 cm w ith L iC hroprep  Si60 (M erck) of mesh 25-40 |Jin. T he colum n was eluted w ith 
acetone-hexane 10:90  W /V  at a pressure o f 1.0 kg cm"^, using a Fluid M etering pum p w ith 
pulse dam per. T he flow rate was 1.5 m l m in“ ‘ and 0.75 ml fractions w ere collected. Each 
fraction was spo tted  on 5 X 20 cm precoated t . l .c .  plates (silica gel G F  254), w hich were 
developed in acetone-hexane 20 :80 VA^ to  a height of 4 cm . Spots w ere visualized under 
ultraviolet light at 254 and 280 nm , then charred w ith sulfuric acid. Similar fractions w ere 
com bined, concentrated in vacuo, then m ade up to  a final volum e of 5 m l in acetone. Five 
fractions, designated A , B, C , D , and E w ere separated. T heir concentrations w ere 
calculated as percentages o f the sapw ood d ry  w eight. Inhibition  tests o f A , B, C , D , and E 
w ere conducted  at their original concentrations in the m anner described in section 2.5.

2.7 P u rifica tion  of co n s titu en ts  B, D , an d  E

Fractions A and C  w ere found  to  be m ixtures, w hile B, D , and E appeared to  be relatively 
hom ogeneous. T he latter com ponents w ere rechrom atographed separately on  a colum n 
(1 . 1 X 24 cm) prepacked w ith Li C hroprep  Si 60. T he eluent was acetone-hexane 2 0 :80  V /W ; 
flow  rate w as 1.0 ml m in“ ' at 0.2 kg cm " . Fractions of 0.5 ml w ere collected, and each was 
m onitored  by t . l .c .  using M erck 1 0 x  10 cm high perform ance t . l .c .  plates, developed in 
acetone-hexane 2 0 :80  VA^. H om ogeneous identical fractions w ere com bined and concen­
trated. T he concentrated fraction in each case was tested fo r pu rity  by  tw o-dim ensional 
developm ent on a high perform ance t . l .c .  plate (Solvent system s: acetone-hexane 20 :80  
V/W  and ethyl acetate-hexane 2 0 :80  VA^).

2.8  S ep ara tio n , p u rifjca tio n , an d  bioassay o f  co m pounds F  a n d  G  isolated  from
frac tio n  2

Fraction 2 was separated into 2 com ponents, designated F  and G , in the same m anner as 
described for B, D , and E (section 2.6, 2.7), except that bo th  colum ns w ere eluted w ith 
acetone-hexane 2 0 :8 0  V /V , and the second solvent fo r the tw o-dim ensional 1. 1, c. was ethyl 
acetate-hexane 2 5 :75  VA^, Bioassays of F  and G  w ere conducted  as in Section 2.5 w ith  the 
same num ber of replicates and repetitions. C om pound  F was tested at its original concentra­
tion  on ly , w hile G  was assayed at its original concentration, 0.025, 0.01, 0.005, and 0.001 % .

2.9 S ep ara tio n , p u rifica tio n , an d  bioassay of co m p o u n d  H  isolated fro m  frac tio n  3

Fraction 3 was found  to  contain only one com pound, designated H . The same general 
procedure was follow ed for its purification as described above for the o ther com pounds, 
except tha t the first colum n was eluted w ith acetone-hexane 3 0 :70  V /V ,  and the second 
colum n w ith the same solvents in the ratio 4 0 :60  VA^. T he solvent system  fo r the 1. 1. c. was 
acetone-hexane 4 0 :60  VA^, and fo r the tw o-dim ensional t . l . c . ,  the same follow ed by ethyl 
acetate-hexane 50 :50  VA^.

T he bioassay of H  was conducted as above, at its original concentration , 0.005, 0.0025, 
and 0 .0 0 1 % .



2.10 S ep a ra tio n , p u rifica tion , an d  b ioassays of com p o n en ts  I , J , an d  K 
isolated fro m  frac tio n  4

Fraction 4 was chrom atographed on a Pharm acia colum n (2.5 x  50 cm) packed w ith 43 g 
silica gel G F  254. U sing ethyl acetate-hexane 2 0 :80  V /V  as eluent, 5 m l fractions w ere 
collected. P ure fractions found to  be identical by t . l .c .  (ethyl acetate-hexane 2 0 :80  VA^) 
w ere pooled , affording com ponents I, J , and K.

Purification of I, J , and K was effected essentially as in Section 2 .7  above, except tha t the 
colum n was eluted w ith ethyl acetate-hexane 2 0 :80  VfW.  T he solvent system s for the tw o- 
dim ensional t . l .c .  w ere ethyl acetate-hexane2 0 :8 0  V /V and  acetone-hexane 2 0 :80  V /V .

C om ponents I, J , and K were bioassayed against F. annosus at their original concen­
trations, as described in Section 2.5.

3 R esults

3.1 In h ib itio n  o f F. an n o su s by  th e  ch lo ro fo rm  e x trac t

T he crude chloroform  extract inhibited linear grow th of F. annosus at all concentrations 
tested (Table 1).

Table 1
Inh ib ition  of the linear g row th  of P. annosus by the chloroform  ex tract from  P. densiflora

Concentration of chloroform extract (% of dry wt sapwood) | % Inhibition relative to Controls

Original (0 .9 9 3 ± 0 .l ') 3 7 .5  ±  1 .0 '
0 .5 2 8 .9  ±  2 .4
0.1 16.7  ±  1.1
0 .05 8.8  ±  2 .8

* Standard deviation

3.2 Bioassays o f F rac tio n s 1-4

T he m inor fractions, 2 and 3, w ere the m ost inhibitory  to  linear g row th of F. annosus (Table 
2). Inocula taken from  plates show ing com plete inhib ition  w ere replaced on 4 %  m alt agar 
and incubated at 22 ®C in the dark. These inocula began to  g row  after they were transferred, 
show ing tha t the action of fractions 2 and 3 is fungistatic.

Table 2
Percent inhibition of the  linear g row th  of F. annosus by fractions 1-4

Fraction ] Concentration (% of dry wt of sapwood) % Inhibition relative to Controls

1 Original (0 .6 0  ±  0 .020) 8 5 .7  ±  1.8
0 .2 0 41.1 ±  1.2

2 Original (0 .070  ±  0 .006) 100 ±  0
0.02 100 ± 0

3 Original (0 .012  ±  0 .002) 100 ±  0
0 .005 100 ±  0

4 Original (0 .2 2 0  ±  0 .016) 84.4  ± 0 . 9 2
0 .05 2 8 .8  ±  2 .0
0 .02 2 0 .3  ± 2 . 0
0.01 15.2 ±  0 .80
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3.3 Identification (or characterization) and bioassay of constituents B and D -K

Since fractions A and C  w ere complex m ixtures and exhibited relatively poo r inhibition of 
F. annosus, they  w ere no t investigated further.

C om pound  B, C 20H 34O , could be identified as a cem brol-type d iterpene alcohol by 
com parison o f its spectroscopic characteristics w ith published data ( L i s i n a , R e z v u k h i n , 
and P e n t e g o v a  1965; K i m l a n d  and N o r i n  1968). A lthough its mass spectrum  show ed 
striking sim ilarities w ith that puW ished fo r thunbergol, an isom er o f cem broi ( K i m l a n d  and 
N o r i n  1968), it could be distinguished from  the form er by its ukraviolet absorption  at 
240 nm (m ethanol), w hich is indicative of a conjugated diene. F urtherm ore , although their 
nuclear m agnetic resonance (n .m .r .)  
spectra w ere sim ilar, they  w ere n o t iden­
tical. In particular, the low  field olefinic 
hydrogen  doublet Q 15 H z) of the disub- 
stitu ted  double bond  occurs at 6  5.56 in 
contrast w ith  that of thunbergo l at 6  5.70.
[The presence in this fraction of a small 
am ount of an isom eric substance, pos­
sibly thunbergo l, was suggested by a low  
intensity  doublet (J 15 H z) at 6  5.72 and 
a partly  concealed signal (dd ?) at about 
6  5.22.] T he o ther hydrogen on  the 
d isubstitu ted  double bond  gives rise to  
a doublet o f doublets at 6  5.28 (f 15 and 
9 H z), and the olefinic p ro tons of the 
tw o trisubstitu ted  double bonds appear 
as m ultiplets a 6  5.21 and 5.02. T he p ro ­
tons of the tw o allylic m ethyl g roups are 
m anifested at 6  1.58 and 6  1.52. O f  tw o 
signals at 6  1.28 and 1.26, the latter is be­
lieved to  represent the m ethyl group at­
tached to  the carbinol carbon, w hile the 
form er is a ttribu ted  to  a contam inant 
(from  parafilm  ?). A pair of doublets at 
0.80 and 0.84 (J 7 H z ) account fo r the m e­
thy l hydrogens of the isopropyl group.

W hile the spectral data fo r B are perhaps no t irreconcilable w ith those reported  for 
cem broi, B-1, Fig. 1 ( L i s i n a , R e z v i j k h i n , and P e n t e g o v a  1965), the small discrepancies 
observed could, on the o th e r hand, readily be rationalized in  term s of an isom eric fo rm u­
lation , fo r example, an epim eric structure , a geometrical isom er o r the isom er B>2, con­
sidered by P rofessor P e n t e g o v a ’s group  to  be a possible, though less likely, structure for 
cem broi. Indeed, the presence o f a group  o f signals in the 360 M H z n .m .r .  spectrum  betw een 
ca. 6  1.8  and 2 .3 , integrating fo r m ore than  7 pro tons, m ay be cited as evidence favoring B-2, 
Fig. 1, (w hich possesses 7 allylic m ethylene o r m ethine hydrogens in con trast w ith the 5 of 
structu re B-1). Because of the presence of the con tam inant how ever, the integration 
evidence cannot be considered conclusive, and rigorous characterization of B beyond 
“a cem brol-like d iterpene alcohol” is n o t possible on the basis of data presently  available.

C om pound  D , C 29H 50O , was identified as p -sitosterol on the basis o f its spectra, and by 
com parison w ith  an authentic sample (Fig. I).

W hile t . l .c .  analysis suggested tha t com ponent E was hom ogeneous, high resolution 
mass spectrom etry  indicated tha t it consisted o f tw o com pounds, C 2 1H 3 0O 2 and Cz 1H 3 2O 2. 
These w ere n o t identified.

Ro

H O ^

R = CH,
COOH

Fig. J



Fraction 2 was resolved into 2 apparently  pure com pounds, F and G . T he form er show ed 
a substantial ion at m /e 330.2187 in the mass spectrum , corresponding to  C 21H 30O 3, 
how ever som e low  intensity  peaks at higher mass raise the possibility that this is no t the 
m olecular ion, and the identity  of F w as not pursued further.

C om pound  G  was readily characterized as pinosylvin m onom ethyl ether by spectros­
copic analysis, and by d irect com parison w ith an authentic sample (Fig. 1).

F raction  3 contained only one m ajor com pound, designated H , w hich was identified as 
pinosylvin (Fig. 1) by its spectra and by com parison w ith an authentic sample.

Fraction 4 was resolved into 3 isomeric diterpene acids. I, J , and K, C 20H 30O 2, w hose 
spectral characteristics are indicative of the abietane group (Z in k e l, Z a n k , and 
W e so lo w sk i 1971). A lthough tw o-dim ensional t. I.e . suggested tha t these com pounds were 
pure, mass and n .m .r .  spectrom etry  show ed that all, especially K, w ere contam inated to  
varying degrees by a dehydroproduct, C 20H 28O 2, possibly dehydroabietic acid. W hile] and 
K could n o t be unam biguously identified, spectroscopic analysis of I allowed it to  be tenta­
tively identified as palustric acid (Fig. I). In particular, u ltraviolet absorption  a t 265 nm  and 
a signal at 6  5.40 in the n. m. r. spectrum  (olefinic hydrogen), appear to  distinguish it from 
related d iterpene acids (Z in k e l, Z an k , and W e so lo w sk i 1971).

Each com pound was assayed fo r its inhibition of the linear grow th of F. annosus. As 
m ight be expected, the 2 stilbenes exhibited the strongest inhibition (Table 3). A fungistatic 
response occurred for pinosylvin m onom ethyl ether and pinosylvin at concentrations of 
0.005 and 0 .0025% , respectively.

Table 3
Percent inhibition of the linear growth of F. annosus by compounds B and D-K

Compound 1 Concentration
(% of dry wt of sapwood)

1
% Inhibition relative to Controls

B (Cembrol-like) Original (0.017 ± 0.001) 34.5 ±2.94
D (P-Sitosterol) Original (0.17 ±  0.007) 40.2 ± 0.460
E Original (0.040 ± 0.006) 40.4 ± 2.38
F Original (0.025 ± 0.006) 62.0 ± 1 .4
G (Pinosylvin monomethyl ether) Original (0.04 ± 0.008) 100 ±  0

0.025 100 ± 0
0.01 100 ± 0
0.005 100 ± 0
0.001 66.2 ± 2.1

H (Pinosylvin) Original (0.012 ± 0.002) 100.0 ± 0
0.005 100.0 ±  0
0.0025 100.0 ± 0
0.001 87.3 ± 1.45

I (Palustric acid, tentatively) Original(0.022 ±  0.001) 24.15 ±  3.14
J (Diterpene acid) Original (0.043 ± 0.003) 26.95 ±  1.43
K (Diterpene acid) Original (0.032 ± 0.001) 61.40 ± 1.54

4 D iscussion

T he sapw ood of P. dem iflora  contains com pounds w hich inhibit the linear grow th of 
F. annosus. Inh ib ito ry  material could be extracted w ith ethanol contain ing 10%  acetic acid, 
and reextracted w ith chloroform  after the initial extract was adjusted to  p H  8.5. F rom  the 
chloroform  extract, 4 fractions inhib itory  to  F. annosus were obtained by a prelim inary 
chrom atographic separation. Fractions 2 and 3 exhibited the strongest inhib ition  (Table 2). 
F raction 2 was com posed of pinosylvin m onom ethyl ether and an unidentified com pound 
designated F. Fraction 3 contained only one m ajor com pound identified as pinosylvin. This 
is the first report of the occurrence of these stilbenes in the sapw ood o f P. densiflora. They



have been  iso la ted  p rev io u sly  fro m  th e  h e a rtw o o d  o f  th is  p in e  species b y  H a ta  and  So g o  
(1954) a n d  E r d tm a n  (1955).

T he literature contains conflicting reports concerning the presence o r  absence of these 
stilbenes in norm al sapw ood. S h a jn  (1967) couJd detect pinosyJvin and its m onom ethyJ 
ether in the reaction zone o{ Pinus taeda  L. bu t n o tin  the sapw ood. J o r g e n s e n  (1961) could 
n o t detect pinosylvin o r pinos)']vin m onom ethyl ether in norm al sapw ood from  stem , 
branches, o r  roo ts of P. resinosa A it. F a l u s i  (1980), on the o ther hand, d id observe the 
presence o f  these stiJbenes in the sapw ood o f som e red p ine trees. L i n d s t e d t  and M is io r n y  
(1951) found  pinosylvin in the sapw ood o f P. sylvestris  L ., P. mngOy and P. hanksiana  Lamb. 
H a r t  (1981) states tha t stiJbenes occur in very small am ounts as glycosides o r  m ethyl esters 
in the healthy tissues of leaves and sapw ood. H e  does n o t how ever identify the stilbenes 
referred to , n o r  the tree species in w hich they  were found.

T he p roduction  of pinosylvin and its m onom ethyl ether as a response to  in ju ry  o r fungal 
invasion has been dem onstrated . J o r g e n s e n  (1961) and A y y a m peru m a l  (1971) found that 
these com pounds accum ulated in the sapw ood of P. resinosa follow ing mechanical o r fungal 
in ju ry , and Sh a in  (1967) and P r io r  (1976) observed an increase in their concentration  in 
P. taeda and P. nigra var. m aritim a  (A it.) Melville, respectively, follow ing fungal invasion. 
F o r these reasons scrupulous care was exercised in collection and extraction o f P. densiflora 
to  ensure tha t no defects w ere present in the sapw ood. T hus it can be concluded from  the 
present study tha t pinosylvin and pinosylvin m onom ethyl ether are products o f norm al 
m etabolic processes in the sapw ood of P. densiflora.

T he concentrations of these stilbenes found  in the sapw ood of P. densiflora  w ere high 
enough to  com pletely inh ib it the linear grow th of F. annosus. A t their original concentra­
tions, 0 .0 1 2 %  pinosylvin and 0 .04%  pinosylvin m onom ethyl ether, bo th  stilbenes were 
fungistatistic to  F. annosHS (Table 3). Pinosylvin was m ore inhib itory  than its m onom ethyl 
e ther: at 0.001 % , the form er inhibited F. annosus  by 8 7 .3 % , w hereas the same concen­
tra tion  of the m onom ethyl ether gave rise to  66.2 % inhibition. R e n n e r f e l t  (1945) reported 
tha t the concentration  of these stilbenes required for fungicidal activity against P. annosus  
was 0 .0 2 % , w hen tested in liquid media. R e n n e r f e l t  and N a c h t  (1955) found  that these 
com pounds w ere fungistatic at 0.005 % . A y y a m p e ru m a l (1971) concluded that the spores of 
F  annosus  could n o t germ inate in 50 ppm  pinosylvin and 500 ppm  pinosylvin m onom ethyl 
ether. G ib b s (1972) observed that pinosylvin m onom ethyl ether was m ore toxic to  F. annosus  
than pinosylv in , w hen tested in m alt extract agar.

I t is apparent tha t the discrepancies reported  in the am ounts of these stilbenes required to  
inh ib it F. annosus m ay be due to  the type of m edium  used for the bioassays. T his aspect of the 
interaction was reviewed thoroughly  by H a r t  and Sh r im p t o n  (1979). D ifferences m ay also 
be a ttribu ted  to  the strain o f F. annosus used in the assays. Sh a in  (1967) observed that w hen 
pinosylvins at 25 ppm  was tested against 2 isolates of F. annosus, one was inhibited  m ore than 
the o ther. In the presen t study , w ater agar was em ployed as the test substrate and the fast- 
grow ing strain  3201 of F. annosus [M c G a uley  and H ubbes (1976)] was used as the test 
organ ism . T he response to  pinosylvin and its m onom ethyl e ther on w ater agar was found  to  be 
fungistatic. T he same response was observed by  D umas and H ubbes (1979) on fresh stem  discs.

In addition to  the stilbenes, o th e r com pounds inh ib ito ry  to the linear g row th o f F. 
annosus, including ^-sitostero l and a cem brol-like diterpene alcohol w ere isolated from  the 
stem w ood o f P. densiflora  (Table 3). Palustric acid also was tentatively identified, and tw o 
isom eric diterpene acids, believed to  belong to  the same abietane group w ere partially 
characterized. (C on tro l experim ents show ed that the resin acids w ere to tally  extracted into 
chloroform  at pH  8.5 so th a t the am ounts isolated reflect the actual concentrations present in 
the sapw ood o f P. densiflora).

p-sitosterol inhibited the g row th of F. annosus by 40 .2%  at a concentration  of 0 .1 7 % . 
T he antifungal properties o f this sterol against C andida lipolytica have been dem onstrated  by 
A r d it t i , F l ic k , E h m a n n , and F is c h  (1975). Some o ther examples of p lan t sterols



possessing antifungal activity are found in papers by St o e s s l , F isc h , and A r d i t t i  (1980) 
and S t e r n e r  (1974). T he form er authors observed that the sterol fraction from  the roo ts of 
C ym bid ium  hybrids show ed antifungal activity. St e r n e r  (1974) indicated th a t one o f the 
fractions involved in the resistance of balsam fir roo t centerw ood to  Coniophora puteana 
(Schum ex F r.) K arst, was a sterol.

T he cem brol-like d iterpene alcohol at 0 .017%  concentration  gave rise to  34 .5%  
inhibition  of F. annosus. C em brol itself was first isolated from  P. sibirica R .  M ayr by L i s i n a , 
R e z v u k h i n , and P e n t a g o v a  (1965), and a related isomeric substance, thunbergol, was 
discovered am ong the constituents of “pocket resin” from  Pseudotsuga m enziesii (M irb.) 
F ranco, by E r d t m a n , K i m l a n d , N o r i n , and D a n i e l s  (1968).

T he (presum ed) palustric acid show ed 2 4 .2 %  inhibition at 0 .022%  concentration , and 
resin acids J  and K at 0.043 and 0.032 % gave rise to  inhibition o f 27.0 and 61.4% , respec­
tively. T his behavior is consistent w ith  results on inhibition of F. annosus by resin acids 
reported  by  o ther researchers. T hus, H e n d r i c k s , E k m a n , and v o n  W e is s e n b e r g  (1979) 
observed an inhibition  of approxim ately 2 0 %  in the g row th of F. annosus by  palustric acid 
w hen tested a t a concentration  of 0.02 % . D ehydroabietic acid and isopim aric acid w ere also 
reported  to  inh ib it the g row th  o f F. annosus ( H a r t m a n n , R e n z , and J u n g  1981). S h a i n  
(1971) observed tha t abietic acid inhibited the linear grow th o f F. annosus by  60%  w hen 
tested in m alt agar at a concentration  of 0 .25% .
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Sum m ary

The uninjured siemwood of R densiflora, devoid of heartwood, was extracted with ethanol containing 
10% acetic acid. The extract was concentrated, and an equal volume of 10% aqueous acetic acid was 
added. The pH was adjusted to 8.5 with sodium carbonate solution, and the mixture was extracted with 
chloroform.

The chloroform extract was separated into 4 fractions by chromatography. Fractions 1 and 4 at their 
original concentrations inhibited the linear growth of F. annosus by 85.7 and 84.4%, respectively. 
Fractions 2 and 3 were fungistatic to F. annosus.

Further chromatography separated some of the components of the fractions. From fraction 1, 
P-sitosterol and a cembrol-like diterpene alcohol were identified. Fraction 2 contained pinosylvin 
monomethyl ether and unidentified material. Fraction 3 was composed of a single compound, identified 
as pinosylvin. Fraction 4 contained three isomeric resin acids believed to belong to the abietane group, 
one of which was tentatively identified as palustric acid.

This is the first report of the occurrence of the stilbenes pinosylvin and pinosylvin monomethyl ether 
in the sound sap wood of P. densiflora.

Resume

Identification de certains composes associes a la resistance du Pinus densiflora au Fames annosus
On a extrait a I’ethanol contenant 10% d ’acide acetique, du bois non-endommage de troncs de 
P. densiflora. Get extrait a ete concentre et melange a un volume egal d’un solute d’acide acetique a 10 % 
puis, on a ajoute une solution de carbonate de sodium pour obcenir un pH de 8.5. O n a ensuite extrait 
cette mixture au chloroforme et I’extraiteete separeen 4 fractions parchromatographie. Les fractions 1 
et 4, lorsqu’appliquees a ieur concentration initiale, ont inhibe la croissance lineaire du F. annosus a 85.7 
et 84.4 % respectivement. Les fractions 2 et 3 se sont relevees fongistatiques envers le F. annosus. On a 
aussi pu separer, par chromatographie, certains des composants de ces fractions. On a identifie, dans la 
tractioii 1, le 3-sitosterol et un aJcool diterpenique ressemblant a un cembrol. Dans la fraction 2, on a 
trouve I ether monomethylique de la pinosylvine et du materiel non-identifie. La pinosylvine est le seui 
compose present d ^ s  la fraction 3, aJors que la fraction 4 contient 3 isomeres d ’un acide resinique 
appartenant probablement au groupe des abietanes. L’un de ces acides sembJe etre I’acide palustrique 
Cet article est le premier a rapponer la presence de stilbenes, la pinosylvine et son ether 
monomethylique, dans le bois d’aubier sam du P. densiflora.



Zusammenfassung

Identifizierung einiger Komponenten, die mit der Resistenz von Pinus densiflora gegeniiher Fomes
annosus in Verbindung stehen

Unverletztes Stammholz von Pinus densiflora, frei von Kernholz, wurde mit Athanol, das 10 % Essig- 
saure enthielt, extrahiert. Danach wurde der Extrakt konzentriert und ein gleiches Volumen von 
10 % -iger wasseriger Essigsaure hinzugefugt. Der pH -W ert wurde anschliefiend mit Natrium carbonat- 
losung auf 8.5 gebracht und die Mischung m it Chloroform  extrahiert.

D er Chloroform extrakt wurde chromatographisch in 4 Fraktionen zerlegt. In ihrer urspriinglichen 
Konzentration hemmten die Fraktionen 1 und 4 das lineare Wachstum von Fomes annosus um 85.7 
bzw. 84.4 % . Die Fraktionen 2 imd 3 wirkten fungistatisch auf F. annosus.

W eitere Komponenten der Fraktionen w arden ebenfails chromatographisch erhalten. Von Fraktion 
1 wurde p-Sitosterol und ein Cembrol ahnlicher diterpenoider Alkohol erhalten. Fraktion 2 enthielt 
Pinosylvinmonomethylather und daneben noch nicht identifiziertes Material. Fraktion 3 bestand aus 
einer einzigen Kom ponente: Pinosylvin. Fraktion 4 enthielt drei isomerische Harzsauren, von denen 
angenommen wird, dafi sie zur Gruppe der Abietane gehoren. Eine der Sauren wurde vorlaufig als 
Palustrinsaure identifiziert.

In der vorliegenden Arbeit wird erstmals iiber das Vorkommen der Stilbene Pinosylvin und Pino­
sylvinmonomethylather im gesunden Splintholz von Pinus densiflora berichtet.
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