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Effects of secondary metabolites ~ of F. oxysporum f. sp. carthami on 
safflower seedlings 

Symptoms due to natural infection Similar symptoms shown 
recorded at : a) Cotyledonary stage upto by the 3 extractives : 
first leaf b) 2 weeks after manifestation CHC1 a (1), EtOAe (2), 
of infection ~r (3) and the culture 

filtrate (4) b 

a) Yellowish discolouration at the collar 
region which later turns brown 4 
Blackening of tap roots 2, 3, 4 
Shrievelling and crinkling of leaves 3, 4 
Bending of leaf lamina on midrib 1, 2, 4 
Rolling of leaves 3, 4 
Brown necrotic dots on leaves 1, 2, 4 

b) Chlorosis 1, 2 
Scorching of lamina (necrotic patches) 1 
Epinasty 2 
Bending of leaf lamina on midrib 1, 2 
Flacidity 1, 2 
Browning of vascular strands 1 

"At both concentrations (high and low) similar symptoms appeared; 
in case of low concentration, the onset of action was delayed. 
bEffect of the culture filtrate was determined only on eotyledonary 
seedlings. 

was dissolved ill methanol and the solution was concen- 
trated when lycomarasmin separated as microcrystals 
(66 rag), m.p. 225-228 ~ (lit. 7 m.p. 227-229~ Hydrolysis 
of this compound with I N aq. HCI, on a steam bath for 
6 h furnished glycine and aspartic acid. 

Assays were conducted with the 3 extractives at 
ordinary temperature and humidity. Two concentrations 
of each extractive (CHCIs extractive, 0.028 ag/ml and 
0.28 [xg/ml; EtOAc, 0.88 ~g/ml, 8.8 txg/ml; n-BuOH, 
0.52 vg/ml, 5.2 ag/ml) were prepared using Hoagland's 
solution for dilution. ]Each of these solutions (20 ml) was 
taken in a culture tube wrapped with black paper into 
which 1 disease-free seedling of safflower was introduced. 
Only the roots were kept immersed in solution. Hoa- 

gland ' s  solut ion was used as control .  In  ano the r  experi-  
ment ,  each of the  above solut ions (I ml) was in jec ted  to  
the  p l an t  sys t em at  the  collar region. The resul ts  are 
recorded in t he  Table.  I t  would  seem f rom the  resul ts  t h a t  
the  p h y t o t o x i c  ac t iv i ty  of t he  fungus  is no t  due to  a 
single en t i t y  b u t  due to  addi t ive  effects of the  secondary  
metabo l i t es  p roduced  in vi tro.  

The fact  t h a t  the  fungus is capable  of p roduc ing  h ighly  
toxic  subs tances  under  no t  ve ry  cri t ical  condit ions,  car- 
ries w i th  i t  the  possibi l i ty  t h a t  the  subs tances  can be 
p roduced  in the  hos t  t issues a f te r  t he  infection.  I t  has  been 
d e m o n s t r a t e d  here for the  f i rs t  t ime t h a t  t r ichothecenes ,  
which are known  to cause high m a m m a l i a n  tox ic i ty  4, 
can be t r ans loca ted  i n  the  hos t  t issues f rom the  roots.  
This s t u d y  has also establ ished,  dispell ing earlier doubts ,  
t h a t  d iace toxysc i rpenol  is indeed  a v ivotoxin .  In  order  to  
prove  this,  safflower p lan ts  were grown on steril ized soil 
infected wi th  the  fungus. Af ter  60 days,  when  d is t inc t  
disease s y m p t o m s  appeared  on the  leaf, s t em and  roots,  
the  p lan t s  were harves ted .  The individual  pa r t s  were 
washed  and  t h e n  mace ra t ed  wi th  wa te r  and chloroform 
in a h igh  speed blender.  The chloroform ex t rac t s  were 
processed in the  usual way. The residue showed the  pres-  
ence of d iace toxysc i rpenol  and  T-2 tox in  by  its fluo- 
rescence under  U V d i g h t  (short  wavelength)  on TLC, 
deve lopmen t  of purple  and violet  colours wi th  Ehr l i ch  
reagent ,  and by  the  capac i ty  to  kil l  apical  buds  of saf- 
f lower which  was followed by  the  appearance  of new shoots  
of auxi l l iary buds.  This last  effect  is ve ry  similar to  t h a t  
r epor ted  s for d iace toxysc i rpenol  on win te r  tares.  The 
amo u n t s  of the  t r i cho thecene  der iva t ives  were m a x i m u m  
in the  roots  and m i n i m u m  in the  leaves. The t rans loca t ion  
of the  t r i cho thecene  der iva t ives  Was d e m o n s t r a t e d  by  the i r  
m o v e m e n t  t h r o u g h  conduc t ive  t issues when  the  to ta l  
ch loroform ex t rac t ive  was in jec ted  or when  it was soaked 
in the  root  sys tem.  On one occasion, even when  the  myce-  
l ium was absent ,  d iace toxysc i rpenol  was isolated f rom 
seeds of safflower. 
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Summary. In  morph in ized  rabb i t s  blood lac ta te  levels are elevated.  Hype r l ac t ac idemia  pers is ts  a f ter  cessation of 
morph ine  inject ions.  This  morph ine - induced  lac ta te  accumula t ion  is comple te ly  abol ished by  s imul taneous  p ropra -  
Ilolol t r e a t m e n t .  P h e n t o l a m i n e  does no t  modi fy  the  act ion of morphine .  

In  morph in ized  animals,  b lood and  var ious  o the r  
t issues have  e leva ted  lac ta te  levels a, 4. This  indicates  a 
p ro found  change  in cellular me tabo l i sm which  migh t  be 
re la ted  to the  charac ter i s t ic  d i s tu rbances  of the  abs t inence  
syndrome.  The mechan i sm responsible  for the  hyper lac t -  
ac idemia  following morph ine  admin i s t r a t ion  is n o t  ye t  
clear. I t  is possible t h a t  i t  resul ts  pa r t i a l ly  f rom cate-  
cholamine  secret ion,  a t  least  for the  f i rs t  few inject ions.  
We have  t r ied  to  p r e v e n t  the  lac ta te  accumula t ion  which  
occurs  in morph in ized  rabb i t s  by  p r e t r ea t i ng  the  animals  
wi th  adrenoblocking  agen ts :  phen to l amine  and  p rop ran -  
olol. 

Materials and methods. Male Fauve  de Bourgogne  rab-  
b i ts  weighing 2.5 kg were used. Blood samples  were t aken  
f rom the  marg ina l  vein  of t he  ear a t  09.00 h ill 15 h- 
fas ted animals.  Morphine  hydrochlor ide  (Chaix and du 
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Table I. Effect of the adrenergic blocker, phentolamine (1 mg/kg, i.v.), on blood lactate in normal and morphinized rabbits 

Lactate (mg/100 ml plasma) 

Time 0 30 min 1 h 3 h 6 h 

Phentolamine (6) 14.6 4- 1.6 19.5 4. 4.9 16.2 ~ 4.5 12.7 :{: 2.0 14.9 J: 1.4 
Morphine (14) 15.7 4= 1.8 42.7 L- 6.2 39.4 -E 4.5 22.4 4- 3.4 

/~ < 0.00t p < 0.001 NS 
Morphine + phentolamine (6) 11.6 ~ 1.3 16.0 4- 0.1 37.5 -]- 4.9 41.5 ~ 4.9 20.6 -4- 2.3 

NS p < 0.001 p < 0.001 p < 0.05 

Values are means • SE. The number of animals is given in parentheses. The significance was determined by the Student's t-test vs 0 values. 

Marais) was  a d m i n i s t e r e d  i.m. a t  a dose of 10 mg/kg.  
P h e n t o l a m i n e  (Regi t ine  Ciba Geigy) was a d m i n i s t e r e d  
(1 m g / k g  i,v.) as an  a-blocker  a n d  p roprano lo l  (ICI) was  
used as ~-blocker  (5 m g / k g  i.p.). These  agen ts  were in-  
j ec ted  Mone or in associa t ion  w i t h  morph ine .  L a c t a t e  
was m e a s u r e d  b y  the  m e t h o d  of BARKER and  SIJMMZR- 
S O N  5. 

Results. Effec ts  of p h e n t o l a m i n e i  W h e n  in jec ted  alone 
a t  a dose of 1 m g / k g  i.v., p h e n t o l a m i n e  has  no  s ign i f ican t  
effects on c i rcu la t ing  l a c t a t e  levels in r a b b i t s  (Table  I). 
W h e n  a d m i n i s t e r e d  in assoc ia t ion  w i t h  morph ine ,  phen to I -  
amine  does no t  suppress  t he  m o r p h i n e - i n d u c e d  h y p e r -  
l ac tac idemia .  

Effec ts  of p rop rano lo l :  Resu l t s  are s u m m a r i z e d  in t he  
Figure.  W h e n  a d m i n i s t e r e d  a lone (5 mg/kg)  to  fas t ing  
animals ,  p rop rano lo l  ha s  no  s ign i f ican t  effect  on  c i rcula t -  
ing lac ta te .  Morph ine  a lone  (10 mg/kg)  causes  a v e r y  clear  
rise in b lood lac ta te .  This  effect  is comple te ly  suppressed  in 
an ima l s  p r e - t r e a t e d  w i t h  the /? -b locker .  

W h e n  an ima l s  are ch ron ica l ly  (at  leas t  8 days) t r e a t e d  
w i t h  da i ly  in jec t ions  of p roprano lo l  (5 mg/kg) ,  of mor-  
ph ine  (10 mg/kg)  or b o t h  subs tances ,  p rop rano lo l  sti l l  has  
no effect. I n  addi t ion ,  basa l  l ac t a t e  levels in chron ica l ly  
m o r p h i n i z e d  an ima l s  are m u c h  h igher  t h a n  in n o r m a l  
an ima l s  (30.3 -4- 6.9 versus  15.7 • 1.8 m g  per  100 ml ;  
p < 0.02). S imu l t aneous  da i ly  t r e a t m e n t  w i t h  p roprano lo I  

comple te ly  suppresses  the  l ac t a t e  a c c u m u l a t i o n  which  is 
n o r m a l l y  p re sen t  d u r i n g  m o r p h i n e  in tox ica t ion .  Tolerance  
h a d  deve loped  t owards  t he  in i t ia l  effect  of m o r p h i n e  since 
l ac t a t e  levels in r a b b i t s  t r e a t e d  for 8 days  were no t  signif- 
i can t ly  changed  b y  a new in jec t ion .  C o m p l e m e n t a r y  
e x p e r i m e n t s  done  w i t h  fed an ima l s  show t h a t  f a s t ing  
s u b s t a n t i a l l y  lowers c i rcu la t ing  l ac t a t e  levels, b u t  t h a t  
th i s  n u t r i t i o n a l  effect  d i sappears  du r ing  chron ic  t r e a t -  
m e n t  w i t h  p roprano lo l  (Table  II) .  

Discussion. The  p re sen t  work  shows t h a t  t he  effects  of 
m o r p h i n e  on b lood l a c t a t e  in  r a b b i t s  are s imi la r  to  those  
p rev ious ly  descr ibed in r a t s  a,~ and  m o r p h i n e - i n d u c e d  
l ac t a t e  a c c u m u l a t i o n  is comple t e ly  abol i shed  b y  si- 
m u l t a n e o u s  p roprano lo l  t r e a t m e n t .  I t  is well  k n o w n  t h a t  
h y p e r l a c t a c i d e m i a  usua l ly  resul ts  f rom cel lular  h y p o x i a  
or f rom ad rena l ine  release,  t he  causes of wh ich  are  ve ry  
diverse.  The  m a j o r  l a c t a t e  p r o d u c i n g  t issue is muscle.  I n  
rats ,  t he  effect  of ad rena l ine  on  muscle  is m e d i a t e d  by  
~-receptors6,  L The  role of /~-receptors in  ad rena l ine -  
induced  glycogenolysis  is well e s t ab l i shed  in muscle ,  
whereas  g rea t  d iscrepancies  exis t  b e t w e e n  resu l t s  con- 
cern ing  the  n a t u r e  of recep tors  in  11epatic t issue.  N u m e r -  
ous a u t h o r s  h a v e  r epo r t ed  propra! to lol  b lockade  of adren-  
a l ine - induced  glycogenolysis  in  muscle  8,9. Our  resu l t s  
show t h a t  p rop rano lo l  p r e v e n t s  t he  excess l a c t a t e  pro-  
duc t i on  wh ich  occurs  in m o r p h i n i z e d  rabb i t s .  This  
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suggests  t h a t  the  morph ine - induced  hyper l ac tac idemia  
resul ts  largely f rom anerobic  muscle glycogenolysis  which 
is med ia t ed  by/3-adrenergic  receptors .  On the  o ther  hand ,  
it  seems t h a t  e - receptors  are no t  involved since phen to l -  
amine  has no effect  of its own nor  does it modi fy  the  
act ion of morphine .  

Hype r l ac t ac idemia  is a cons t an t  metabol ic  s y m p t o m  in 
morph in ized  animals,  even more  in teres t ing  as i t  pers is ts  
a f ter  cessat ion of morph ine  t r e a t m e n t .  In  our  exper imenta l  

Table 1I. Effect of propranolol (5 mg/kg) on blood lactate in fed (N) 
and 15 h fasted (F) rabbits 

series blood lac ta te  concen t ra t ion  remains  s ignif icant ly  
higher  t h a n  control  level up to 10 days  af ter  s topp ing  an 
8-day morph ine  t r ea tmen t .  Given the  pe rmeab i l i t y  of 
the  blood bra in  barr ier  to  lac ta te  ~0, an accumula t ion  of 
lac ta te  in the  blood can resul t  in a h igher  concen t ra t ion  
ill the  bra in  as has been shown in morphin ized  ra ts  a. 
Abnorma l ly  high bra in  lac ta te  concen t ra t ion  migh t  be 
re la ted to the  s t a t e  of anx ie ty  n found in drug  addic ts  
under  wi thdrawal .  We  have  shown t h a t  hyper lac tac i -  
demia  persis ts  a f ter  w i thd rawa l  f rom morph ine  and t h a t  
it  is comple te ly  suppressed  by  propranolol .  This  is ve ry  
in t?res t ing  because of recent  repor t s  d e m o n s t r a t i n g  the  
effect iveness of propranolol  in t r ea t ing  anx ie ty  in m a n  ~2, ~3 
and  heroin addictsI~. 

Lactate (rag p. 100 mI plasma) 

Time 0 1 3 6 hours 

1st injection 

F (8) 15.6 =~ 1.91 14.6 + 1.1 17.7 • 3:2 15.0 -L 2.4 
N (8) 34.1 ~- 5.32 29.3 ~ 3.8 29.7 -c 4.4 28.5 =t- 3.4 

p < 0.01 

10th injection 

F (8) 14.4 J- 0.9 16.9 -L 2.0 14.3 ~- 1.1 16.4 • 1.9 
N (8) 16.4 ~ 2.3 17.2 ~_ 0.8 17.4 ~ 2.4 20.3 ~ 2.1 

p < 0.01 b 

Values are means ~_ SE; p is given by Student's t-test. ~vs (1); 
b vs {2). The number in parentheses represent the number of animals. 
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F r e s c o n :  N e u r o p h y s i o l o g i c a l  A c t i o n  of  a M o l l u s c i c i d e  
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Summary. The molluscicide N- t r i ty l  morphol ine  ( 'Frescon')  has  an unusual  effect  on the  cent ra l  nervous  sys t em of a 
f reshwater  snail. Nerve  impulses  become grouped into spon taneous  'burs t s ' ,  wi th  m a n y  ceils firing synchronous ly .  
This m a y  resul t  f rom inter ference  wi th  inh ib i to ry  processes.  

N- t r i t y lmorpho l ine  (Frescon, Shell Chemicals) is toxic  
to  m a n y  f reshwate r  snails a. I t  is h ighiy  specific, being 
harmless  to plants ,  insects  and  mos t  ve r tebra tes ,  t h o u g h  
it is mode ra t e ly  tox ic  to some species of fish~; even  the  
te r res t r ia l  Gas t ropod  Helix aspersa is a p p a r e n t l y  im- 
mune  ~. I t  is therefore  i m p o r t a n t  in control l ing the  snail  
hos t s  of a n u m b e r  of parasi tes ,  including species of 
Schistosoma which  give rise in m a n  to  tile widespread  
t ropica l  disease, bi lharzia  5. 

Frescon  is le thal  to  f r eshwate r  pu lmona t e  Gas t ropods  
a t  very  low concen t ra t ions  (e.g., Biomphalaria glabrata: 
LDh0 (24 h) = 2.5 • 10 .8 g/ml~). Lymnaea stagnalis is 
killed by  10 -6 g/ml  Frescon  ill 3 h a t  20~ I t s  specif ici ty 
and rapid  effect  have  caused specula t ion  as to its mode  
of action.  

Inves t iga t ions  so far have  no t  sugges ted  any  inter-  
ference in such metabol ic  processes as ox ida t ive  phos-  
phory la t ion  4. P re l imina ry  expe r imen t s  have  however  sug- 
gested t h a t  Frescon  m a y  cause abnormal i t i e s  in the  
e lec t rophysio logy of the  Lymnaea stagnalis nervous  sys- 
t e m  ~. To inves t iga te  th is  fur ther ,  individual  nerve  ceils 
f rom the  visceral  or r igh t  par ie ta l  ganglia of t he  isolated 
cent ra l  ne rvous  sys t em of th is  species were impaled  by  

1 _~r po tas s ium ace ta te  microelectrodes  (ca. 25 MY2) using 
s t an d a rd  electrophysiological  recording techniques .  Sep- 
ara te  recording and  s t imula t ing  electrodes were used to 
allow control  of m e m b r a n e  potent ia ls .  Normal  Ringer  
solut ion 7 consis ted of 50 m M  NaC1, 1.6 m M  KC1, # m M  
CaC12, 2 m M  MgC12 an.d 5 m M  Tris-C1 (pH 8.0) in dist i l led 
water .  In  more  recen t  exper iments ,  50 m M  sucrose was 
also added  to provide  a b e t t e r  osmot ic  balance.  Low 
Ca/high Mg Ringer  con ta ined  2 m M  CaCI~ and 20 m M  
MgCle, w i th  2 3 m M  sucrose to  ma in t a in  overall  osmolar i ty .  
As Frescon  is ve ry  hydrophobic ,  it  was used in a di- 
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