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The Antialgal Activity of Obtusastyrene and Related Cinnamylphenols 

T i m b e r s  of va r ious  Dalbergia species are  r e s i s t a n t  to  
a t t a c k  b y  insects,  fungi,  a n d  t h e  l a rvae  of m a r i n e  b o r i n g  
organisms  X, 2. R e c e n t  chemica l  s tudies  h a v e  e s t ab l i shed  
t he  presence  in  these  species of a wide v a r i e t y  of u n u s u a l  
phenol ic  and  qu inono ida l  neo f l avano ids  a n d  c innamyl -  
phenols ,  i nc lud ing  o b t u s a s t y r e n e  I, v io l a s ty rene  V, and  
i sov io las ty rene  V I  a-6. O b t u s a s t y r e n e  a n d  r e l a t ed  c inna-  
my lpheno l s  h a v e  been  shown  to  i n h i b i t  g r o w t h  of bac t e r i a  
and  fungi  ~, to  be  spor0s ta t i c  w i t h  Bacillus megaterium s, 
a n d  to be  h igh ly  tox ic  to  t he  l a rvae  of m a r i n e  bo r ing  
organisms  (BULTMAN, 1972, privy/re communica t ion ) ,  
i nd i ca t i ng  t h a t  these  and  s imi la r  subs t ances  are p r o b a b l y  
the  p r i m a r y  p r o t e c t i v e  c o n s t i t u e n t s  of these  woods. I n  
v iew of these  p r o n o u n c e d  microb ioc ida l  p rope r t i e s  i t  was  
of in t e res t  to  d e t e r m i n e  t he  effects of these  pheno l s  on  t h e  
g r o w t h  of algae. The  obse rva t ions  b r ie f ly  descr ibed  in 
th i s  c o m m u n i c a t i o n  d e m o n s t r a t e  t h a t  a t  low concen t ra -  
t ions  o b t u s a s t y r e n e  and  re l a t ed  s y n t h e t i c  c i n n a m y l p h e -  
nols effect ively i n h i b i t  t h e  g r o w t h  of Chlorella pyrenoidosa 
and  Scenedesmus obliquus. The  ef fec t iveness  of these  
c o m p o u n d s  is d e p e n d e n t  o n  t he  c i n n a m y l  (or d ihyd ro -  
c innamyl )  s u b s t i t u e n t ,  s ince p h e n o l  i tself  does n o t  appre -  
c iab ly  affect  t h e  g r o w t h  of these  organisms,  even  a t  
h igher  concen t ra t ions .  T he  algicidal  ac t iv i t i es  of s imple  
c i n n a m y l p h e n o l s  of types  I - I V  a p p e a r  to  com pa r e  favor-  
ab ly  w i t h  those  r epo r t ed  for a v a r i e t y  of an t ib io t i c s  9-1~ 
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in  a 250 m l  E r l e n m e y e r  f lask  to  give a c o n c e n t r a t i o n  of 
c i n n a m y l p h e n o l  of 0.1-120 [zg/ml. Cul tures  were  k e p t  a t  
r o o m  t e m p e r a t u r e  and  i r r a d i a t e d  b y  f luorescen t  l i gh t  of 
i n t e n s i t y  2.5 m W a t t s  pe r  cm 2. A t  i n t e rva l s  t he  algae were 
col lected as p rev ious ly  descr ibed  a n d  t he  ch lo rophyl l  
con t en t s  d e t e r m i n e d  b y  a b s o r b a n c e  m e a s u r e m e n t s  a t  664 
n m  

Bee t  slices (Beta vulgaris), 2 • 13 mm,  were w a s h e d  in 
f lowing w a t e r  for 30 rain.  30 disc samples  were  t h e n  b a t h e d  
in 50 m l  so lu t ions  of o b t u s a s t y r e n e  and  d i h y d r o o b t u s -  
a s ty r ene  (30-60 [,g/ml). A t  i n t e rva l s  t he  b e t a c y a n i n  
c o n t e n t  of t he  aqueous  so lu t ions  were m e a s u r e d  b y  t h e  
a b s o r b a n c e  a t  535 nm.  

O b t u s a s t y r e n e  I i n h i b i t s  t he  g r o w t h  of Chlorella pyre- 
noidosa, i ts  i n h i b i t o r y  a c t i v i t y  be ing  d e p e n d e n t  on  t h e  
in i t i a l  algaI concen t r a t i on .  Thus ,  t he  c o n c e n t r a t i o n  of 
o b t u s a s t y r e n e  r equ i r ed  for comple te  g r o w t h  i n h i b i t i o n  
progress ive ly  increases  w i t h  inc reas ing  algal  p o p u l a t i o n  
dens i ty .  W i t h  low algal  dens i t i es  t h e  p e r c e n t a g e  of v i ab l e  
a lgal  ceils r ecovered  a f t e r  22 h in t he  presence  of ob tus -  
a s ty r ene  (30 ~xg/ml) was  r educed  to zero ( T a b l e ) .  

Effect of inoculum density of Chlorella pyrenoidosa ATCC 11469 on 
the algicidal activity of obtusastyrene ~ 

Absorbance (664 nm) Absorbance at 664 nm Original inoculum 
of the inocuhm after 22 h (%) 

110 65.4 59.5 
55 18.2 . 33.2 
11 1.4 13.1 

5.5 0.23 b 4.2 
i.I 0.30 b -- 
0.55 0.20 h -- 

Obtusastyrene concentration = 30 [xg/ml. Time = 22 hours. Light 
intensity = 2.5 mwatts/cm ~. b These cultures were colorless. 
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Chlorella pyrenoidosa ATCC 11469 and  Scenedesmus 
obliquus ATCC 11457 were g rown (5 days)  a t  r oom 
t e m p e r a t u r e  in  K n o o p ' s  so lu t ion  w i t h  H u n t e r ' s  micro-  
n u t r i e n t s  a n d  KHCOs (100 rag/l) in  a F e r n b a c k  f lask 
(2800 ml) .3 i r r ad i a t ed  b y  f luorescen t  l igh t  of i n t e n s i t y  
2.5 m-Watts  pe r  cln ~'. The  f i l tered algae were r e c o n s t i t u t e d  
in a sma l l  v o l u m e  of n u t r i e n t  so lu t ion  and  cen t r i fuged  a t  
700 •  for 5 rain.  The  t op  da rk -g reen  layer  was  reconst i -  
t u t e d  in n u t r i e n t  so lu t ion  as inoculum:  Algal  dens i ty  in  
t he  i nocu lum was d e t e r m i n e d  b y  e x t r a c t i o n  of an  a l i quo t  
w i t h  m e t h a n o l - c h l o r o f o r m - w a t e r  (MCW, 6-4-1 v / v  for 1 h 
a n d  spec t ra l  ana lys i s  of t he  ch lo rophy l l  c o n t e n t  1~. 
E x t r a c t i o n  vessels  were  s h e a t h e d  in  a l u m i n u m  foil to  
p r e v e n t  p h o t o c h e m i c a l  loss of chlorophyl ls .  

The  pu re  c i n n a m y l p h e n o l s  ( I -VI )  were syn thes i zed  b y  
phenol  c i n n a m y l  a lcohol  condensa t ions  in  aqueous  acid 
solutions*5, ~6. S tock  so lu t ions  of t he  c i n n a m y l p h e n o l s  
were p r e p a r e d  in 95 % e t h a n o l ;  0.5 mt  of t he  a p p r o p r i a t e  
s tock  so lu t ion  was added  to  100 m l  t e s t  cu l tu re  of algae 
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The approx ima te  min imal  inhibi tory  concentra t ions  
of obtusastyrene,  d ihydroobtusas ty rene  I I ,  2-methyl-4-  
c innamylphenol  I I I ,  and 2-c innamyl-4-ethylphenol  IV, 
were de termined  by  using a low dens i ty  algal inoculum, 
conta in ing 7.6 absorbance units  at  664 n m  in 100 ml  
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Fig. L Chlorophyll absorbance measured in Chlorella pyrenoidosa 
ATCC 11469, after treatments with the cinnamyl-phenols for 44 h. 
The control culture had chlorophyll absorbance of 40 units after 44 h. 
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Fig. 2. The rate of betacyanin leakage from 30 discs (5.9 g) of Beta 
vulgaris root into 50 ml solution after treatment with obtusastyrene. 

cul ture solutions. Af te r  44 h the  chlorophyl l  con ten t  of 
recovered algae was measured.  Control  cul tures  gave 40 
absorbance units.  Compounds  I, I I ,  I I I ,  and IV  s l ight ly  
inhibi ted growth at  concent ra t ions  as low as 0.1 ~g/ml.  
As shown in F igure  1, however,  comple te  inhibi t ion of 
growth occurred wi th  each of these compounds  at  
concentra t ions  of 5-15 ~zg/ml. The inhib i tory  effect of 
these c innamylphenols  was also observed wi th  Scenedes- 
mus obliquus. While  a control  cul ture  of this organism 
(initial densi ty  5.5 absorbance units  in 100 ml) increased 
to give 143 absorbance uni ts  in 110 h, g rowth  in the  
presence of obtusas tyrene  at  20-60 tzg/ml was comple te ly  
inhibi ted,  these cultures becoming colorless wi th  the  loss 
of all v iable  cells. 

The ant ia lgal  proper t ies  of the  6 c innamylphenols  I - I V  
were compared  wi th  t h a t  of phenol  itself as a s t andard  
against  a dense ini t ial  popula t ion  of C. pyrenoidosa (108 
absorbance units in 100 ml  tes t  medium).  Phenol,  viola-  
s tyrene and isoviolas tyrene were no t  inh ib i to ry  a t  con- 
centra t ions  of 100-400 ~g/ml. The -c innamylpheno l  I - I V  
were not  inh ib i tory  at  concent ra t ions  of 5 ~g/ml wi th  this 
algal density.  At  concentra t ions  of 15-30 ~zg/ml, however,  
I - I V  rapid ly  killed the  algal cells. Af te r  20-45 h of expo- 
sure t h e y  prec ip i ta ted  in brown aggregates,  and growth 
did no t  occur when these aggregates  were washed and 
t ransferred to fresh nu t r i t en  solutions. 

Al though  the  mode  of act ion of the  c innamylphenols  
on algal ceils is uncertain,  t hey  do appear  to rup ture  the  
cellular membranes  wi th  subsequent  leakage of the  cellu- 
lar const i tuents .  JuDIs  17 has previous ly  suggested t h a t  
the tox ic i ty  of p-chloro-m-xylenol  to Escherichia colt is 
due to a s imilar  lysis of the  bacter ia l  cell, and observat ions  
on the  effects of obtusas tyrene  on red beet  t issue suppor t  
this in terpreta t ion.  Thus, when discs of red bee t  t issue 
were suspended in aqueous solutions of obtusastyrene,  the  
water-soluble,  red be tacyan in  p igments  were rapid ly  
leached into the  surrounding medium.  As shown in Figure  
2, beet  discs t r ea ted  wi th  aqueous  obtusas tyrene  {60 
~g/ml) lost 38 % of the i r  to ta l  be tacyan in  p igments  to the  
external  solut ion wi th in  100 rain. Signif icant  loss of 
be tacyan in  p igment  did no t  occur when the  beet  t issue 
was suspended in distil led water .  

Zusammen/assung. D e r  phenolische Inhal tss tof f  yon 
Dalbergia Arten,  Obtusas tyrol  nnd verwandte ,  z imt-  
s~Lureartige Phenole  h e m m e n  das W a c h s t u m  der Algen 
Chlorella pyrenoidosa und Scenedesmus obliquus. 
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The Tox ic i ty  6f T w o  Synthet ic  3 -Subs t i tu ted  Furan Carbamates  

Poisoning of l ives tock th rough  consumpt ion  of foliage 
of var ious  species of plants  wi th in  the  fami ly  Myoporaceae  
is well  known in Austra l ia  and New Zealand 1. The  t ox i c  
compounds  invo lved  are furanosesqui terpene essential  
oils, the  best  known of which is ngaione (I) 2, 3. Ngaione is of 
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