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f rom where  an overflow of mater ia l  begins  to CA via 
NCA I f rom the  7th day  onwards.  Consequent ly  the  
neurosecre to ry  mater ia l  becomes again more  a b u n d a n t  
in the  CA on the  7th day.  This overf low of neurosecre to ry  
mater ia l  renders  the  glands  inact ive (figure 3). The 
moul t ing  of 2nd stage n y m p h s  occurs f rom 12th to 14th 
day.  The CA of 2nd ins tar  n y m p h s  r eady  to moult ,  and 
also those  of f reshly  moul t ed  3rd stage nymphs ,  p resen t  
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Fig. 5. Photomicrograph of the frontal section of the Corpora allata 
of an adult female killed 4 h after the final nloult showing sparse 
neurosecretory granules (Gr). HG, hypocerebral ganglion. Note the 
scattered nuclei and relatively large size of the gland. 

histological  charac ter i s t ics  of an inac t ive  gland and  con- 
tain a b u n d a n t  neurosecre to ry  mater ia l .  This p a t t e r n  is 
r epea ted  in subsequen t  n y m p h a l  ins ta rs  too. 
The CA of f reshly  moul t ed  adul t  females  (1 h af ter  final 
moult)  are loaded wi th  neurosecre to ry  mater ia l  and are 
m u c h  smaller  t h a n  those  of 4 h old females.  The CA of 
1 h old females  have  a low volume of cy top la sm and h igh ly  
c rowded nuclei  and can therefore  be regarded as inact ive  
(figure 4). Bu t  only  4 h af ter  the  f inal  moult ,  the  CA of 
adul t  females  show a no tab le  increase in size, have  more  
cy top la sm and less c rowded nuclei, and  con ta in  only  a few 
neurosecre to ry  granules  (figure 5). I t  seems tha t ,  as soon 
as mos t  of the  neurosecre to ry  mate r ia l  has  gone out  f rom 
the  CA, the r e s t r a in t  or inhib i t ion  is over  and the CA 
resume their  ac t iv i ty .  
However ,  the  p resen t  histological  f indings can be inter-  
p re ted  in ano the r  way  also. I t  m a y  well be t h a t  the  smal l  
a m o u n t  of b ra in  h o rmo n e  reaching the  CA pe rhaps  s t imu-  
lates the  glands for a cer ta in  t ime ;  then,  as the  t ime for 
moul t ing  approaches ,  the  ac t iv i ty  of the  CA which has  to 
be res t ra ined  is checked by  the  overf low and consequen t  
presence of a b u n d a n t  neurosecre to ry  mater ia l  in these  
glands.  The o ther  poss ibi l i ty  is t h a t  the  presence of small  
a m o u n t  of bra in  ho rmone  does no t  s t imula te  the  glands  
bu t  jus t  allows t h e m  to do a cer ta in  degree of the i r  func- 
tion. The secre tory  cells of the  CA are allowed to produce  
a cer ta in  a m o u n t  of juvenile  ho rmone  under  the  super-  
vision of b ra in  NSC (which m a y  no t  be working com- 
ple te ly  i ndependen t ly  of the  CA) for a cer ta in  per iod 
af ter  which the  overf low and high concen t ra t ion  of brain  
neurosecre to ry  mater ia l  res t ra ins  the i r  act ivi ty .  In  any  
case, the  i nvo lvemen t  of brain  neurosecre to ry  mater ia l  
in the  control  of the  ac t iv i ty  of CA seems to be fairly 
certain.  
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Summary. During an t i fungal  screening of h igher  plants ,  the  leaves of Lawsonia inermis were found to exh ib i t  s t rong 
fungi toxici ty .  On chemical  invest igat ion,  the  an t i fungal  factor  was found to be 2 - h y d r o x y - l , 4 - n a p h t h o q u i n o n e  (Law- 
sone). The m i n i m u m  effective dose agains t  t e s t  organism was found to be 1000 ppm.  Lawsone  was found to exh ib i t  
fungicidal  ac t iv i ty ,  wide iungi toxic  spec t rum and  n o n p h y t o t o x i c i t y .  

P lan t s  are known  to conta in  various an t imicrob ia l  
subs tances  2,a. A l though  the  ant i fungal  ac t iv i ty  of ex- 
t r ac t s  of h igher  p lan t s  is well d e m o n s t r a t e d  4-7, the  
charac te r iza t ion  of the  fungi toxic  pr inciple  has  received 
l i t t le a t t en t ion .  The leaves of Lawsonia inermis Lam.  
were found to  exhib i t  s t rong tox ic i ty  dur ing  an t i funga l  
screening of h igher  plants .  The p resen t  communica t i on  
deals wi th  the  isolation, ident i f ica t ion  and fungi toxic  
proper t ies  of t he  act ive principle.  
Experimental procedures and results. 20 g of leaves as 
well as s tem,  root  and  bark  were ex t r ac t ed  separa te ly  
wi th  m e thano l  and screened for an t i fungal  ac t iv i ty  by  
a modif ied paper  disc m e t h o d  8 against  the  t e s t  organism 
Helminthosporium oryzae Breda  de Haan .  Of var ious  
pa r t s  tes ted,  only the  leaves of Lawsonia inermis ex- 
h ib i ted  fungi toxic i ty .  For  the  isolation of the  act ive 
principle,  500 g of fresh leaves were ex t r ac t ed  wi th  
me thano l  several  t imes  unti l  the  last  e luate  became  
colourless. The solvent  f rom this  ex t r ac t  was evapora t ed  
under  reduced pressure.  The residue was dissolved in 

disti l led water  and ex t r ac t ed  wi th  n -bu tano l  and chloro- 
form separately .  The solvents  f rom the  n -bu tano l  and 
the  ch loroform fract ions and wa te r  from the  aqueous  
f ract ion were r emoved  by  evapora t ion  under  reduced 
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pressure.  The residues ob ta ined  f rom the  3 f rac t ions  
were sub jec ted  to an t i funga l  tes t ing  by  poisoned food 
t echn ique  S . The n -bu t ano l  f rac t ion exh ib i t ed  fungi-  
tox ic i ty  a t  1~ concen t ra t ion .  No ac t iv i ty  could be 
de tec ted  in the  ch loroform and  aqueous fract ions.  The 
n -bu tano l  f rac t ion  was  ace ty la ted  wi th  acetic anhydr ide  
in the  presence  of d ry  pyr idine ,  and the  ace ta te  der iva t ive  
was hydro lysed  wi th  Ba(OH)z to ob ta in  the  ba r ium salt.  
This  salt  was then  sub jec ted  to  cat ion exchange  co lumn 
ch roma tog raphy ,  using a Dowex-50 resin and 75% 
methano l .  The eluate  was t r ea ted  under  reduced  pres-  
sure to r emove  the  solvent ,  and  the  bar ium-f ree  residue 
(FI) was collected. The F 1 f lac t ion  was found to be 100% 
effective a t  0.75% concen t ra t ion  in an t i fungal  tes ts .  
I t  gave a deep blue colour w i th  ferric chloride and a 
red b rown  colour w i th  5~ sodium b ica rbona te  solut ion 
indica t ing  the  presence  of some c o m p o u n d  hav ing  
phenol ic  h y d r o x y l  group and  a n a p h t h o q u i n o n e  ring. 
Since the  presence of 2 - h y d r o x y - l , 4 - n a p h t h o q u i n o n e  
was repor ted  earlier TM, n and the  F~ f rac t ion exh ib i t ed  
the  presence of some h y d r o x y - n a p h t h o q u i n o n e ,  it  was 
cons idered  desirable  to  isolate the  compound  f rom the  
leaves of L a w s o n i a  and  to t e s t  its fungi toxic i ty .  The 
c o m p o u n d  was isolated according a procedure  descr ibed 
earlier TM. I t s  i den t i t y  wi th  2 - h y d r o x y - l , 4 - n a p h t h o q u i n o n e  
was conf i rmed by  m.p.  de t e rmina t i on  (m.p. 195-196~ 
decomposi t ion) ,  mixed  m.p.  de t e rmina t ion  (no depress ion 
in m.p.) as well as UV, I R  and  N M R  spec t ra  [UV in 
e thanol  Amax 236, 272 nm,  I R  KBr,  3185, 1381, 874, 
810, 782, 739, 1600, 1451, 1684, 1645 cm -~, N M R  d 8.0, 
7.6, 6.271 . The c o m p o u n d  comple te ly  inh ib i ted  the  
mycelial  g rowth  of the  t e s t  organism a t  a m i n i m u m  
inh ib i to ry  concen t r a t ion  (MIC) of 1000 ppm.  To ascer ta in  
whe the r  the  fungi toxic  ac t iv i ty  of the  act ive  principle 
is fungis ta t ic  or fungicidal ,  t es t s  were made  according 
to Garber  and  Hous ton 'S .  The compound  was found to  
be fungicidal.  I t  was t e s t ed  for its fungi tox ic i ty  aga ins t  
17 o ther  fungi (table) and found to be act ive  a t  var ious  
concen t ra t ions  aga ins t  all fungi tes ted.  For  t es t ing  p h y t o -  
tox ic i ty  d i f fe rent  concen t ra t ions  of Lawsone  viz., 1000, 
2000 and  4000 p p m  were sprayed  on a l t e rna te  days  for 
a week on abou t  15-day-old p lan t s  of C h e n o p o d i u m  a m a -  
rant ico lor  and  Z e a  m a y s  cv. Sankar  Makka - Ganga - 2- 
and  20-day-old p l an t s  of S o l a n u m  l ycoper s i cum cv. Marg- 

love, S.  m e l o n g e n a  cv. Pusa  purple  long. The co mp o und  
did no t  produce  any  visible s y m p t o m s  of in jury  or o ther  
t ype  of abnormal i ty .  Lawsone  also had  no s ignif icant  
effect  on the  pe rcen t  ge rmina t ion  and on radicle and 
plumule  length  of maize seedlings. 
Discus s ion .  Different  pa r t s  of a p l an t  have  been repor ted  
to exh ib i t  fungi toxic  ac t iv i ty  due to  the  d is t r ibu t ion  
of the  act ive pr inciple  in d i f ferent  pa r t s  la. However ,  
in L a w s o n i a  i n e r m i s ,  the  ac t iv i ty  was found to  be con- 
fined to the  leaves only, while o the r  par t s  viz., s tem, 
root  and  bark  did no t  exh ib i t  any  act iv i ty .  Chemi- 
cally our fungi toxic  ac t iv i ty  was shown to be ident ical  
to 2 - h y d r o x y - l , 4 - n a p h t h o q u i n o n e  (Lawsone), which in 
earlier observa t ions  of K a r a w a y a  et  al. 14 has been shown 
to be absen t  f rom stem,  root  and  bark  of the  p lant .  The 
role of subs t i t u t ed  c~-naphthoquinones as an t i fungal  
agents  is well es tabl ished.  2 - m e t h o x y - l , 4 - n a p h t h o q u i -  
none  15, 5 - h y d r o x y - l , 4 - n a p h t h o q u i n o n e  1~ (juglone) and 
2 - m e t h a l - 5 - h y d r o x y - l , 4 - n a p h t h o q u i n o n e  1~ have  been re- 
corded as an t i fungal  factors  f rom the  flowers of I m p a t i e n s  
ba l samina ,  leaves, per icarps  and  bark  of the  J u g l a n s  
regia  and  leaves of Cera tos t igma w i l l m o t t i a n u m  respec- 
t ively.  However ,  the  isolat ion of 2 -h y d ro x y - l , 4 -n ap h tho -  
quinone  as fungi toxic  principle f rom the  leaves of L a w s o n i a  
i n e r m i s  has been  done  for the  first  t ime.  The lawsone 
has  been found  to be more  p o t e n t  than  its posi t ion isomer 
juglone 18 which  was earlier considered to be one of the  
s t ronges t  fungi toxic  na tu ra l  p roduc t s  f rom higher  p lan ts  19. 
Fu r the rmore ,  the  p resen t  c o m p o u n d  has  been found 
to be n o n p h y t o t o x i c ,  while phy to tox i c  ac t iv i ty  has 
been  repor ted  for juglone ~~ I t  m a y  be no ted  t h a t  the  
subs t i tu t ion  of a hyd roxy l -g roup  in the  second posi t ion 
ins tead  of the  f i f th  in a e - n a p h t h o q u i n o n e  sys tem leads 
to more  an t i fungal  p o t en cy  and nonphy to tox i c i t y .  
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2 -hydroxy-  1 ,4-naphtho-  5 -hydroxyl -  1,4 -naph tho  - 
qu inone  (lawsone) quinone  (juglone) 

Effect of 2-hydroxy-I,4-naphthoquinone on the percent inhibition 
of growth of different fungal organisnls 

The s t rong fungi tox ic i ty  and the  absence of p h y t o t o x i c i t y  
of lawsone indicates  the  poss ibi l i ty  of its explo i ta t ion  
as an effect ive fungicide.  

Fungi tested Concentration of Lawsone (ppm) 
1000 2000 4000 

A lternaria solani 60 100 
A. tenuis 100 100 
A spergillus niger 65 1 O0 
A. [lavus 35 75 
A. wentii 100 100 
A. taedius 40 75 
A bsidia ramosa 1 O0 1 O0 
A. corymbi/era 100 100 
Cladosporium herbarum 44 80 
C. sphaerosperraum 41 76 
Penicillium/uniculosum 5 15 
P. oxalicura 0 19 
P. rubrura 13 16 
P. variabile 12 20 
Acrophialophora [usispora 100 100 
C ircinella umbellata 84 100 
Syncephalastrum racemosum 41 74 
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