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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 

1 M. D. SUTI{ERLAND and R. J. PARK, in Terpenoids in Plants 
(Ed. J. B; PRIDHAM; Academic Press, London 1967), p. 147. 

2 B, F. HEGARTY, J. R. KELLY, R. J. PARK and M. D. S U T H E R L A N ' D ,  

Aust. J. Chem. 23, 107 (1970), 
3 F. A. DENZ and W. G. HANGER, J. Path. Bact. 87, 91 (1961). 
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par t icu lar  in teres t  because i t  causes zonal in jury  in the  
l iver of sheep which m a y  in d i f ferent  animals  be e i ther  
s t r ic t ly  cent ro lobular  or per ipor ta l  in locat ion 4 and  in 
mice is cons is ten t ly  midzona l  in d i s t r ibu t ion  3, 5 (Figure 1). 
In  addi t ion,  t he  t r ans  isomer of ngaione,  epingaione 2 as 
welt as the  e n a n t i o m o r p h  ipomeamarone ,  a phy toa l l ex in  
der ived f rom spoiled sweet  po ta toes  ([pomaea batatas)6-s 
bo th  have  an LD~0 of abou t  200 mg/kg  by  i.p. admin is t ra -  
t ion  and  produce  the  same l iver  l e s ion  in mice  9. The  
furanosesqui terpenes ,  myoporone  10 (II) and  m y o d e s m o n e  
(III) n which are also der ived f rom var ious  s t ra ins  of the  
p l a n t  Myoporum deserti, are toxic  to mice and b o t h  
p roduce  the  unusual  midzonal  necrosis of t he  l iver even 
though  the i r  s t ruc tures  are qui te  d i f ferent  f rom t h a t  of 
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Fig. 1. Midzonal necrosis of the liver (MZ) of the mouse caused by 
dosing with furanosesqniterpene essential oils isolated from Myoporum 
spp. This lesion is also caused by 3-hydroxymethylfuran N, N-diethyl 
carbamate whei1 administered to male mice at 60 mg/kg after 
pretreatment of the animals with sodium phenobarbitone. 

ngaione.  The s t ruc tu ra l  fea ture  c o m m o n  to  all these  
molecules is t he  furan  r ing wi th  a subs t i t uen t  side chain  
a t  t he  3 posit ion.  

The locat ion of the  zone of in jury  in the  l iver  af ter  
ngaione can be cons is ten t ly  var ied f rom the  midzonal  to 
e i ther  t he  per ipor ta l  or cent ro lobular  locat ions depend ing  
on whether the animal is pretreated with either pheno- 
barbitone or fl-diethylaminoethyl phenylpropyl acetate 
(SKF 525A)i~, 13 These compounds enhance and depress 
respectively the activity of the hepatic microsomal mixed 
function oxidases 14. Accordingly it was suggested that 
ngaione may require metabolism by these enzymes 
before it becomes toxic to the liver and that injury to 
par t icu lar  hepa tocy t e s  depended  on the  ac t iv i ty  of the  
microsomal  oxida t ive  enzymes  wi th in  t h e m  12. 

In  p re l iminary  inves t iga t ions  of the  s t ruc tura l  fea tures  
requi red  of t he  s ide chain  a t  t he  3 pos i t ion  of t he  furan  
r ing for t he  molecule to  cause zonal hepa t i c  necrosis  which  
could be var ied in location,  s imple  analogues such as 
3 -hydroxymethy l fu ran ,  3-carboxyfuran  and  the  m e t h y l  
es ter  of the  l a t t e r  were t e s t e d . - T h e s e  compounds  ad- 
min is te red  to  mice by  i.p. in jec t ion  a t  t he  LDs0 level 
(150 to  380 mg/kg) all p roduced  cent ro lobular  necrosis  
of t he  l iver  which  could no t  be a l tered to  pe r ipor ta l  by  
p r e t r e a t m e n t  w i th  phenobarb i tone .  In  an ini t ial  a t t e m p t  
to  enlarge the  subs t i t uen t  side chain,  3 -hydroxymethy l -  
furan  N-e thy l  c a r b a m a t e  (IV) was  prepared .  This  com- 
p o u n d  given i.p. was m u c h  more  tox ic  for mice  and  ra ts  

w i th  LDs0, s of 32 and  15 mg/kg  respect ively.  The ma in  
lesions were p u l m o n a r y  oedema and  renal  t u b u l a r  
necrosis,  l iver  in jury  being sl ight  or ent i re ly  absent .  W h e n  
(IV) was dosed to  mice p re t r ea t ed  w i t h  phenobarb i tone ,  
lung and  renal  in jury  was less severe bu t  cent ro lobular  
l iver necrosis occurred more  consis tent ly ,  par t i cu la r ly  
a t  the  h igher  dose levels of 50 to  60 mg/kg  wh ich  such 
p re t r ea t ed  animals  could t h e n  tolerate .  Co mp o u n d  (IV) is 
s imilar  in its toxic  effect  to  those  of t he  na tu ra l  furano-  
t e rpenes  ipomeanine  s,15 (V) and  ipomeano118,17 (VI) 

4 I. J. CU~NING~AM and C. S. M. HOPKIRK, N. Z. Jl. Sci. Technol. 26, 
333 (1945). 

5 A. A. SEAWRIGHT and R. M. O'DoNA~OO, J. Pathol. 706, 251 (1972). 
6 M. trIIURA, Gifu Norin Sellmon Gakko Gakujutsa Hokuku, 50, 1 

(t943). 
v H. WATA~CABE and I. IWATA, J. agric. Chem. Soc. 26, 180 (1952). 
s T. KIJBOTA and T. ~ATSlJIJRA, J. chem. Soe. 1958, 3667. 
9 ~.  D. S U T H E R L A N D ,  Aust. J. Chem., in press (1973). 

10 j .  D. BLACKBURNE, R. J. PARK and M. D. SUTHI~RLAND, Aust. J. 
Chem. 25, 1787 (1972). 

11 I. D. BLACKBURNE, R. J. PARK and M. D. SIJTHERLAND, Aust. J. 
Chem. 2Z, 995 (1971). 

12 A. A. SEAWRIGHT and J. HRDLICKA, Br. J. exp. Path. 53, 242 (1972). 
13 G. J. ALL~N and A. A. S E A W R I G H T ,  Res. vet. Sci., in press (1973). 
1, A. J. CON~rEY, Pharmac. Rev. 19, 317 (1967). 
15 B. J. WILSON and M. R. BOYD, Proc. Fifth int. Conf. Pharmac. 

San Francisco, USA (1972), p. 253. 
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Fig. 2. Centrolobular necrosis of the liver (C) of a control mouse 
caused by a single i.p. dose of 3-hydroxymethylfuran, N,N-diethyl 
carbamate in arachis oil at 60 mg/kg. 

Fig. 3. Periportal necrosis of the liver (P) of a mouse caused by a 
single i.p. dose of 3-hydroxymethylfuran N, N-diethyl carbamate in 
arachis oil at 60 mg/kg after pretreatment with sodium phenobarbi- 
tone. 

wh ich  t o g e t h e r  w i t h  i p o m e a m a r o n e  are be l ieved  to be  
respons ib le  for disease in  ca t t l e  cha rac t e r i s ed  b y  p u l m o n a r y  
lesions fol lowing c o n s u m p t i o n  of spoiled sweet  p o t a t o  
t u b e r s  is, 1,. 

A n o t h e r  s y n t h e t i c  analogue,  3 - h y d r o x y m e t h y l f u r a n  
N , N - d i e t h y l  c a r b a m a t e  (vii) was  f o u n d  t o  be  acu te ly  
h e p a t o t o x i c  for mice  w i t h  a n  LD~0 of 60 mg/kg ,  caus ing  
c e n t r o l o b u l a r  necrosis  (Figure  2). H i g h e r  doses ( abou t  
100 mg/kg)  ki l led more  r ap id ly  w i t h  acu te  severe  p u l m o -  
n a r y  o e d e m a  as for (IV). P r e t r e a t m e n t  of mice  w i t h  
p h e n o b a r b i t o n e  does no t  reduce  t h e  t o x i c i t y  of (vii), for  
t h e  an ima l s  b u t  as in  t h e  case of t h e  fu ranosesqu i t e rpenes ,  
causes  t h e  zone of i n j u r y  in tt~e l ive r  to  be  t r a n s f e r r e d  to  
t he  p e r i p o r t a l  h e p a t o c y t e s  (Figure  3). 

Carbon  d i su lph ide  (1 m l / k g  oral ly)  i nh ib i t s  mic rosoma l  
mixed  f u n c t i o n  o x i d a t i o n  in t h e  l iver  of t h e  fas ted  n o r m a l  
r a t  for  Up to  3 days  b y  d e s t r u c t i o n  of t h e  t e r m i n a l  ox idase  
of t h e  e n z y m e  sys tem,  c y t o c h r 0 m e  P-450 ~0. W e  h a v e  
s h o w n  t h a t  c a r b o n  d i su lph ide  ha s  a s imi la r  effect  on  t h e  
l iver  of t h e  mouse  21. P r e t r e a t m e n t  of an ima l s  w i t h  
c a r b o n  d i su lph ide  r educes  t h e  h e p a t o t o x i c  ac t ion  of 
c a r b o n  t e t r a c h l o r i d e  g iven  6 h l a t e r  22 p r e s u m a b l y  t h r o u g h  
th i s  i n h i b i t i o n  of t h e  mic rosoma l  ox ida t i ve  m e t a b o l i s m  of 
t h e  l a t t e r  compound23,  2.. W h e n  c o m p o u n d s  (IV) a n d  
(VII)  are g iven  to  mice  p r e t r e a t e d  w i t h  c a r b o n  d i su lph ide  
t o  i n h i b i t  t h e  h e p a t i c  mic rosoma l  m i x e d  f u n c t i o n  oxidases,  
tox ic  l ive r  i n j u r y  a f t e r  (VII) ,  b u t  n o t  (IV) is m a r k e d l y  
reduced,  a l t h o u g h  l ung  a n d  rena l  lesions occur  a t  h ighe r  
doses. 

The  above  f ind ings  sugges t  t h a t  h ep a t i c  mic rosoma l  
ox ida t i ve  m e t a b o l i s m  h as  a role to  p l ay  in t h e  m e c h a n i s m  
of t h e  h e p a t o t o x i c i t y  a n d  poss ib ly  e x t r a h e p a t i c  lesions 
in t h e  a n i m a l  caused b y  (VII)  a n d  o t h e r  s imi l a r ly  tox ic  
furans .  The  c o m m o n  s t r u c t u r a l  f ea tu re  p r e s e n t  i n  t h i s  
g roup  of tox ic  fu rans  is t h e  fu ran  r ing  s u b s t i t u t e d  in  t h e  
3 pos i t ion .  T h e  pa tho log ica l  changes  p roduced  in an ima l s  
dosed w i t h  t h e  c o m p o u n d s  d e p e n d  on  t h e  s t r u c t u r e  of 
t h e  side chain .  The  2 s y n t h e t i c  c o m p o u n d s  descr ibed,  
(IV) a n d  (VII) ,  are  s i m p l y  p r e p a r e d  c o m p o u n d s  w h i c h  

16 B. J. WILSON, M. R. BOYD, T. M. HARRIS and D. T. C. YANG, 
Nature, Lond. 231, 52 (1971). 

IT M. R. BOYD, B. J. WILSON and T. M. HARRIS, Nature, Lond. 236, 
158 (1972). 

18 W. MONLUX, J. FITTE, G. KENDRICK and H. DUBUISSON, SWest. 
Vet. 6, 267 (1953). 

19 j .  C. PECKHAM, F. E. MITCHELL, O. H. Jo~Rs and B. DOUPIN~:, 
J. Am. vet. reed. Ass. 160, 169 (1972). 

2o B. J. BOND and F. DE MATTEIS, Bioehem. Pharmac. 18, 2531 
(1969). 

31 A. A. SEAWRIGHT and M. D. STONARD, unpublished observations. 
22 A. A. SEAWRIGHT, L. J. FILIPPICH and D. P. STEELE, Aust. vet. J. 

d8, 38 (1972). 
28 A. A. SEAWRIGHT, L. J. FILIPPICH and D. P. STEELE, Res. vet. Sei. 

in press (1973). 
at P. LANGE, D. KXSTNER and F. JUNG, Acta biol. reed. germ. 24, 

K29 (1970). 
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can  p roduce  t he  whole  r ange  of pathologicaL1 changes  t h a t  
h a v e  so far  been  descr ibed  for t he  2 series of more  complex  
n a t u r a l  c o m p o u n d s  der ived  f rom p l a n t  sources.  As such  
t h e y  are  po t en t i a l l y  useful  ~cools in  t h e  i n v e s t i g a t i o n  of 
t h e  m e a n s  b y  w h i c h  t h e  l a t t e r  c o m p o u n d s  p roduce  some 
of t he  in t e re s t ing  a n d  u n u s u a l  lesions. 

Zusammenfassung. Nachweis ,  dass  die v e r s c h i e d e n e n  
Sch~Ldigungen in Lebe r  u n d  L u n g e n  v o n  R a t t e n  u n d  
M/iusen n a c h  Verg i f t ung  m i t  e inigen F u r a n o s e s q u i t e r p e n -  
N a t u r s t o f f e n  m i t  s y n t h e t i s c h e m  3 - s ubs t i t u i e r t em  F u r a n -  

d e r i v a t  n a c h z u a h m e n  ist. 3 - H y d r o x y m e t h y l f u r a n - N -  
A e t h y l c a r b a m a t  (IV) h a t  &hnliche G i f t w i r k u n g e n  wie 
I p o m e a n i n  (V) u n d  Ipomeano l ,  w/~hrend das  NN-  
DiS . thy lca rbamat  (VII)  mi~c Nga ion  (I) u n d  I p e o m e a m a r o n  
ve rg le i chba r  ist. 

A. A. SEAWRIGIIT a n d  A. R. MATTOCKS 

Toxicology Unit, Medical Research Council 
Laboratories, Woodmansterne Road, Carshalton 
(Surrey, England), 7 May 7973. 

Effect  of  I n h i b i t o r s  of R N A  a n d  P r o t e i n  S y n t h e s i s  o n  the  A l d o s t e r o n e  N a  + T r a n s p o r t  
R e s p o n s e  in T o a d  B l a d d e r  

The  m a c h n i s m  of a ldos te rone  ac t ion  in  t o a d  b l a d d e r  ha s  
been  descr ibed  ~ in t e r m s  of a p r e d o m i n a n t  effect  on  
mucosa l  p e r m e a b i l i t y  to  sod ium ions a n d  a second effect  
on  m i t o c h o n d r i a l  e n z y m e  ac t iv i ty~,  2 a l lowing for a n  
increased  supp ly  of h igh  ene rgy  i n t e r m e d i a t e  as t he  ion 
p u m p  becomes  r a t e  l imi t ing .  Dose response  cha rac t e r -  
ist ics of t h e  h o r m o n e  response  a h a v e  e n a b l e d  us  to  
s epa ra t e ly  descr ibe  a two  s tage  m e c h a n i s m  in t e r m s  of 
t he  s a t u r a t i o n  of 2 t ypes  of r ecep to r  site~ h a v i n g  Ka  
va lues  of t h e  o rder  10 s 1/mole a n d  101~ 1/mole respect ively .  
W e  h a v e  p roposed  t h a t  t he  role of 2 recep tors  in  t he  
m e c h a n i s m  of s te ro id  h o r m o n e  ac t ion  m a y  be  to  al low 
con t ro l  of p ro t e in  syn thes i s  a t  t h e  t r a n s c r i p t i o n a l  a n d  
t r a n s l a t i o n a l  level  5. T he  p r e s en t  work  ha s  i nvo lved  a 
s t u d y  of t h e  effect  of a c t i n o m y c i n  I)  and  cyc lohex imide  
on  t h e  a ldos te rone  s t i m u l a t e d  N a  + t r a n s p o r t  across t h e  
i so la ted  t o a d  b ladder .  

Materials and methods. All toads  (Bu[o marinus) used  
in  t h i s  work  were soaked  in 0 .6% sal ine for  a t  l eas t  24 h 
before  each  e x p e r i m e n t  in  order  to  reduce  t he  release of 
endogenous  minera locor t ico id .  T h e y  were r ap id ly  p i t h e d  
and  t h e  hal f  b l adde r s  excised a n d  s t r e t c h e d  across a 
doub le  c h a m b e r  ~. The  b ladders  were p r e i n c u b a t e d  for 1 h 
in  a e r a t e d  frog R inge r ' s  so lu t ion  a n d  a ldos te rone  (10 -9 
or  10 -7 M) added  to  t he  serosal  surface of each  sec t ion  of 
b l adde r  w i t h  a c t i n o m y c i n  D (10 -~ M) or cyc lohex imide  
(10 -6 M)  added  a t  va r ious  t imes  a f t e r  t h e  ho rmone .  The  
sho r t  c i rcui t  c u r r e n t  (SCC) was m e a s u r e d  a t  i n t e rva l s  ove r  
a 5 h per iod.  I n  o t h e r  e x p e r i m e n t s  t h e  b l adde r s  were  
p r e i n c u b a t e d  in t h e  presence  of 1 m M  p y r u v a t e  for 90 m i n  
before  add i t i on  of a ldos te rone  (10 -v M).  The  effect  of 
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Fig. 1. Increased short circuit current across the isolated toad 
bladder stimulated by 10 -G M actinomycin D, additions as indicated, 
in th~ presence of 10 -~ M aldosterone added at time zero to the serosal 
surface of both. sections of bladder. The results represent the mean 
of 2 experiments.' 

a c t i n o m y c i n  D (10-~ M), a d d e d  5 a n d  10 m i n  a f t e r  or 
10 mil l  before  t h e  ho rmone ,  on  t he  SCC was m e a s u r e d  over  
a 4 h period.  The  effect  of cyc lohex imide  (10 -e M)  added  
10 m i n  a f t e r  t h e  h o r m o n e  was s tud ied  in  a f u r t h e r  series of 
expe r imen t s .  

S u b s t r a t e  dep le ted  b l adde r s  6 were t r e a t e d  w i t h  aldo-  
s t e rone  (10 -~ M) ~nd  t h e  synerg i s t i c  effect  of 1 m M  
p y r u v a t e  on  t he  SCC m e a s u r e d  in t he  presence  a n d  absence  
of a c t i n o m y c i n  D (10 .6 M)  or cyc lohex imide  (10 .6 M).  
I n  a f ina l  series of e x p e r i m e n t s  we h a v e  m e a s u r e d  t he  
m a x i m u m  p e r c e n t a g e  increase  in SCC fol lowing 1 m M  
p y r u v a t e  add i t i on  90, 180, 270 or 330 m i n  a f t e r  t r e a t m e n t  
of s u b s t r a t e  dep le ted  b l adde r s  w i t h  10 .7 M aldos terone ,  
in  t h e  presence  a n d  absence  of a c t i n o m y c i n  D (10 -6 M) 
a d d e d  10 m i n  a f t e r  t he  ho rmone .  

Results and discussion. As s h o w n  (Figure  1), t h e  low 
dose of a ldos te rone  has  l i t t l e  effect  on  t he  m e a s u r e d  SCC, 
b u t  a n  i m m e d i a t e  increase  was obse rved  fol lowing ac t ino-  
m y c i n  D t r e a t m e n t .  Th i s  s t i m u l a t o r y  effect  of ac t ino-  
m y c i n  D on Na+ t r a n s p o r t  across t he  i so la ted  t o a d  

! 
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Fig. 2. Short circuit current across the isolated toad bladder stimu- 
lated by 10 -7 M aldosterone in the absence (-�9 0-)  and presence of 
10 -6 M actinoraycin D added 10 min after (--A--A--), 5 min after 
(-A--A-),  and 10 min before (--O--Q--) the hormone. The results 
represent the mean of 8, 4, 2 and 2 experiments respectively, 
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