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Abstract : The Computer Automated S t r u c t u r e  Eva lua t i on  program, CASE, has 
been used t o  analyze t h e  i n h i b i t i o n  o f  t h e  l a r v a l  g r w t h  i n  t h e  H. Zea 
system by f l a v o n o i d  d e r i v a t i v e s .  A q u a n t i t a t i v e  s t r u c t u r e - a c t i v i t y  
r e l a t i o n s h i p  was es tab l i shed  between molecular  f ragments generated by t h e  
CASE methodology and t h e  a c t i v i t y  o f  t h e  f l avono ids .  A good c o r r e l a t i o n  
w i t h  exper imental  va lues i s  obta ined.  

I NTRO D U CTI 0 N 

Al though f l avono ids  ( I )  have been known t o  e x i s t  i n  p l a n t s  as long as a l k a l o i d s ,  by 
comparison, t h e i r  pharmacological  e f f e c t s  and p o t e n t i a l  medic ina l  uses have a t t r a c t e d  l i t t l e  
a t t e n t i o n .  A l k a l o i d s  o f t e n  a re  t o x i c  and t h e i r  profound p h y s i o l o g i c a l  p r o p e r t i e s  were known 
and e x p l o r e d  b y  man even b e f o r e  t h e y  were  i s o l a t e d  and t h e i r  s t r u c t u r e  e l u c i d a t e d .  B y  
con t ras t ,  t h e  f l a v o n o i d s  are n o t  poisonous and, as d i e t a r y  Ingredients ,  may sometimes be 
b e n e f i c i a l .  Perhaps another reason f o r  t h e  neg lec t  o f  t h e  f l a v o n o i d s  was t h e  c o n t r o v e r s i a l  
proposal ,  i n  1936, t h a t  c i t r u s  b i o f l a v o n o i d s  ( r e f .  1) was an e s s e n t i a l  v i tamin,  Vitamin-P. 
The r e s u l t  o f  t h e  u n f a v o r a b l e  p u b l i c i t y  t h a t  f o l l o w e d  t h i s  un founded  c l a i m  p r o b a b l y  
discouraged f u r t h e r  medical  exper iments a t  t h e  t ime.  

T h e  i n t e r e s t  i n  f l a v o n o i d s  h a s  
increased i n  t h e  l a s t  decade, e s p e c i a l l y  as a 
pharmacologic agent having s i g n i f i c a n t  a c t i v i t y  
i n  a v a r i e t y  o f  systems. Some p l a n t  f l a v o n o i d s  
a f f e c t  i nsec t  behavior.  development and growth.  
O t h e r s  a r e  r e s p o n s i b l e  f o r  r e s i s t a n c e  o f  
p l a n t s  t o  i nsec t  a t t a c k .  Flavones, g l ycos ides  
and aglycones i n  t h e  c o t t o n  p l a n t  a r e  l a r v a l  
growth i n h i b i t o r s  f o r  H e l i o t h i s  3, H e l i o t h i s  
v i r e s c e n s  F a b r i c i u s ,  a n d  P e c t i n o p h o r a  
g o s s v p i e l l a  Saunders ( r e f s .  2.3). F l a v o n o i d  
polymers a re  i nsec t  res i s tance  f a c t o r s  o f  oak 
t ree ,  and co rn  p l a n t  ( r e f s .  4 .5 ) .  

5' 

I 

E l l i g e r  e t  a l .  ( r e f .  6 )  analyzed a group o f  42 f l a v o n o i d s  f o r  an t i g rowth  a c t i v i t y  
toward H. Zea, and evaluated them w i t h  respec t  t o  s t r u c t u r a l  f e a t u r e s  a f f e c t i n g  a c t i v i t y .  
They found t h a t  i n  general ,  an adjacent  (o r tho )  s u b s t i t u t i o n  o f  pheno l i c  hydroxy l  groups was 
necessary f o r  i n h i b i t o r y  a c t i v i t y .  However t h e  f a c t  t h a t  t h e  absence o f  o r tho -hyd roxy la t i on  
does n o t  imply lack o f  a c t i v i t y  could n o t  be expla ined.  Moreover, v i c i n a l  h y d r o x y l a t i o n  
alone i s  n o t  s u f f i c i e n t  t o  produce a c t i v i t y .  The a n a l y s i s  presented by E l  I i g e r  e t  a l .  was 
p u r e l y  empir i c a l  and qua1 i t a t i v e  and was based on a s imple examinat ion o f  t h e  da ta  base. I t  
does n o t  p r o v i d e  much i n s i g h t  i n t o  p o s s i b l e  q u a n t i t a t i v e  r e l a t i o n s h i p s  t h a t  may e x i s t  
between s t r u c t u r e  and a c t i v i t y .  

We have app l i ed  s u c c e s s f u l l y  our Computer Automated S t r u c t u r e  E v a l u a t i o n  (CASE) 
program t o  a l a rge  number o f  b i o l o g i c a l  systems ( r e f s .  7-14), and f e l t  t h a t  it could p rov ide  
some i n s i g h t  i n t o  t h e  da ta  base presented by E l l i g e r  e t  a l .  ( r e f .  6 )  and he lp  i d e n t i f y  t h e  
f e a t u r e s  t h a t  a re  respons ib le  f o r  t h e  a n t i g r w t h  a c t i v i t y  o f  f l a v o n o i d  d e r i v a t i v e s  i n  t h e  5 
- Zea system. 

METHODOLOGY 

The CASE methodo logy  has been d e s c r i b e d  i n  d e t a i l  e l sewhere  ( r e f s .  7-14) and, 
t h e r e f o r e  w i l l  o n l y  be discussed b r i e f l y  here.  The i n p u t  t o  t h e  computer program c o n s i s t s  o f  
t h e  s t r u c t u r a l  formulae o f  t h e  compounds under a n a l y s i s  and, f o r  each o f  them, an index o f  
t h e i r  b i o l o g i c a l  a c t i v i t y .  The s t r u c t u r e s  a re  entered i n  t h e  program us ing  t h e  KLN code as 
descr ibed p r e v i o u s l y  ( r e f .  15) .  Each molecule i s  fraqmented i n t o  subun i t s  con ta in ing  3 t o  10 
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heavy atoms. Each fragment i s  labeled p o s i t i v e  if i t  belongs t o  an a c t i v e  molecule and 
n e g a t i v e  i f  i t  b e l o n g s  t o  an i n a c t i v e  one. When a l l  t h e  compounds have been e n t e r e d ,  a 
s t a t i s t i c a l  a n a l y s i s  o f  t h e  occurrence o f  t h e  f ragments i s  performed and s i g n i f i c a n t  subun i t s  
a re  se lected a u t o m a t i c a l l y  as p o t e n t i a l  d e s c r i p t o r s  o f  t he  a c t i v i t y  under i n v e s t i g a t i o n .  

The program a l s o  has the  a b i l i t y  t o  per form a q u a n t i t a t i v e  a n a l y s i s  o f  t h e  data.  
A f t e r  removing a l l  t h e  embedded and redundant fragments, a s tepwise l i n e a r  l e a s t  squares 
reg ress ion  a n a l y s i s  can be performed i n  which t h e  b i o l o g i c a l  index i s  t h e  dependent v a r i a b l e  
and t h e  molecular  f ragments as well as t h e  Log P ( p a r t i t i o n  c o e f f i c i e n t  i n  octanoI/water 
system) a re  t h e  independent va r iab les .  The main goal o f  t h i s  procedure i s  t o  i d e n t i f y  those 
fragments ( toge the r  w i t h  Log P) t h a t  w i l l  be t h e  bes t  d e s c r i p t o r s  i n  a QSAR equat ion o f  t h e  
form: 

(1) A c t i v i t y  = a + bi(niFi)  + c Log P + d (Log P) 2 

where a, b. c, and d a re  reg ress ion  c o e f f i c i e n t s ,  n i s  t h e  number o f  t imes t h a t  f ragment F i  
appears i n  t h e  molecule.  Log P i s  t h e  p a r t i t i o n  c o e f f i c i e n t  (octanoI/water)  o f  t h e  molecule, 
c a l c u l a t e d  i n t e r n a l l y  by t h e  program, us ing  t h e  Charge Dens i t y  Method as descr ibed p r e v i o u s l y  
( r e f s .  13.16). 

The newest f e a t u r e  o f  t h e  CASE program i s  i t s  c a p a b i l i t y  t o  "autodesign". T h i s  
procedure, as t h e  r e s t  o f  t h e  da ta  manipulat ion.  i s  complete ly  automated. The user o n l y  has 
t o  i n p u t  a t r i a l  s t r u c t u r e  ( t h i s  can be t h e  most  a c t i v e  compound o f  t h e  d a t a  base f o r  
example). and t h e  computer w i l l  search through a l l  t h e  d e s c r i p t o r s  t h a t  have been i d e n t i f i e d  
t o  be r e l a t e d  t o  t h e  a c t i v i t y  and t r y  t o  "bu i ld"  t h e  most e f f e c t i v e  compound o f  t h e  da ta  
base. A s p e c i f i c  f ragment ( d e s c r i p t o r )  i s  added/replaced i n t o  t h e  t r i a l  molecule i f  i t  leads 
t o  improved a c t i v i t y .  T h i s  process cont inues u n t i l  no more enhancement i n  t h e  a c t i v i t y  can 
be made, and t h e  opt imal  s t r u c t u r e  has been reached. 

RESULTS AND DISCUSSION 

The 42 compounds used i n  t h i s  s tudy a long w i t h  t h e i r  exper imental  a c t i v i t i e s  a re  
presented i n  Table 1.  The r e s u l t s  a r e  expressed as t h e  Loq o f  t h e  e f f e c t i v e  concen t ra t i on  o f  
a d d i t i v e  n e c e s s a r y  t o  reduce  l a r v a l  g r o w t h  t o  50% o f  c o n t r o l  v a l u e s  (Log ED 1 .  The 
c o n c e n t r a t i o n s  a r e  e n t e r e d  on a m o l a r  b a s i s .  When Log ED50 i s  l e s s  o r  equa l  t o 5 ? . 0  t h e  
compound i s  considered as a c t i v e .  Thus 20 compounds (I t o  20 i n  Table 1) a r e  I i s t e d  as 
ac t i ves ,  and 22 compounds (21 t o  42 i n  Table 1) a re  l i s t e d  as i n a c t i v e s .  A l l  t h e  compounds 
are f l avones  except Orobol (compound number 5) and Pomi fe r i n  (compound number 42) which a re  
isof lavones.  Four randomly se lec ted  compounds were w i t h h e l d  f rom t h e  c a l c u l a t i o n s  i n  order 
t o  t e s t  t h e  p r e d i c t i v e  power o f  t h e  reg ress ion  equat ion generated by t h e  program. 

TABLE 1. F lavonoids evaluated by CASE method. 

Compound Log Compound Log  ED^^^ 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

F i s e t  i n  
5,7,2',3'-Tetrahydroxyflavone 
Luteo I i n  
E r i o d i  t 0 1  
Orobol 
I s o - o r i e n t i n  
Mays i n 
Maysln-3'-methyl e the r  
S c u t e l l a r e i n  
l s o c u t e l l a r e i n  
Hypo lae t i n  3 '4 ' -d imethy lether  
T r  i c e t  i n 
Robinet  i n 
Quercet i n 
Dihydroquercet in  
Q u e r c i t r i n  
A s t i  l b i n  
Rut  i n 
Catechi  n 
M y r  i c e t  i n 
P r i m u l e t i n  

B Y  

1 .ooo 
0.875 
0.732 
0.792 
0.806 
0.477 
0.415 
0.699 
0.602 
0.792 
0.845 
0.748 
0.602 
0.544 
0.544 
0.653 
0.756 
0.602 
0.716 
0.491 
> 1.0 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

7-Hydroxyf lavone 
Chrys i n 
P r  imet i n 
3 '4 ' -Dihydroxyf lavone 
Acacet i n 
Ap i geni  n 
l s o v i t e x i n  
Nar ingenin 
Nar i ng i n 
Hesperet in  
Neohesper id in 
Resokaempferol 
l socu te l l a r i n -4 'me thy l  e the r  
Chrysoer io l  
L u t e o l i n  3 '4 'd imethyl  e the r  
Nora r toca rpe t in  
5,7,2',5'-Tetrahydroxyflavone 
5,7.3' ,5'-Tetrahydroxyflavone 
Kaempferol 

b Mor i n 
Pomi f e r  i n 

> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 
> 1.0 

a The a c t i v i t y  I s  expressed as t h e  Log ED50, t h e  concen t ra t i on  o f  a d d i t i v e  necessary t o  
reduce l a r v a l  growth t o  50% o f  c o n t r o l  vaiues. i f  Log ED50 < 1.0 ac t i ve ,  o therwise 
i n a c t i v e .  For d e t a i l s  concerning t h e  exper imental  assay see r e f .  6.  
isof lavone.  
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The f i r s t  s tep  i n  our a n a l y s i s  i s  t o  t r a n s l a t e  t h e  molecular  s t r u c t u r e s  i n t o  t h e i r  
KLN code ( r e f .  15) and labe l  them w i t h  an a c t i v i t y  index. T h i s  index was generated f o r  t h e  
a c t i v e  molecules by the  f o l l o w i n g  "ad hoc" equat ion : 

CASE a c t i v i t y  = 98 - 68 (Log ED50) (2) 

The i n a c t i v e  molecules a re  assgined a va lue o f  10 and t h e  ac t i ves ,  va lue o f  30 o r  
h iqhe r .  The h igher  the  value, t he  h igher  a c t i v i t y .  

A f t e r  t h e  t r a i n i n g  s e t  was entered i n  t h e  computer, t h e  program performs a r a t h e r  
complex s t a t i s t i c a l  a n a l y s i s .  The CASE proqram qenerates t h e  molecular  f ragments be l i eved  t o  
be responsib le  f o r  t h e  observed a c t i v i t i e s  and t h e  Loq P va lues f o r  each molecule.  I n  t h i s  
database, 6 uncor re la ted  molecular  f raqments were se lec ted  as p o t e n t i a l  d e s c r i p t o r s  o f  t he  
i n h i b i t i o n  observed i n  t h e  H. Zea system. Based on these, a s tepwise req ress ion  a n a l y s i s  was 
performed. Four d e s c r i p t o r s  were se lec ted  t o  be p a r t i c u l a r l y  s i g n i f i c a n t  t o  t h e  ac tua l  
potency o f  t h e  f l a v o n o i d s .  The p a r t i t i o n  c o e f f i c i e n t  (Loq P) i n  octanoI/water was n o t  found 
by t h e  CASE proqrarn t o  be an impor tant  f a c t o r  i n  t h e  d e s c r i p t i o n  of t h e  observed a c t i v i t y ,  
l n d i c a t i n q  t h a t  Loq P does n o t  p l a y  an impor tant  r o l e  i n  t h i s  system. E l l i q e r  e t  a l .  ( r e f .  6) 
suqqested t h a t  b i o l o g i c a l  e f f e c t i v e n e s s  i s  n o t  e n t i r e l y  a f u n c t i o n  o f  h y d r o p h i l i c / l i p o p h i l i c  
character  as expressed by Hansch ( r e f .  17). w h i l s t  such a c o r r e l a t i o n  was proposed t o  e x p l a i n  
t h e  behavior o f  s imp le r  phenols ( r e f .  18) .  Furthermore, Haslem e t  a l .  ( r e f .  19) found i n  
s tud ies  w i t h  polyphenols i n t e r a c t i n q  w i t h  p r o t e i n s  t h a t  t h e  e n t h a l p i c  and e n t r o p i c  terms a re  
neqat ive and they suqqested t h a t  t h i s ,  i n  turn,  i n d i c a t e s  t h a t  hydrophobic i n t e r a c t i o n s  
cannot be predominant. 

ACTIVATING FRAGMENTS INACTIVATING FRAGMENTS I . .  , .  

OH 

Fragment I V  I Fragment I l l  

F i g .  1. The a c t i v a t i n g  and i n a c t i v a t i n g  f ragments t o  be be l i eved  
as impor tant  d e s c r i p t o r s  i n  an t i g rowth  a c t i v i t y  o f  f l a v o n o i d s .  
R. a re  any s u b s t i t u e n t s  o the r  than H. 

The f o u r  molecular  d e s c r i p t o r s  se lec ted  by t h e  program a re  shown i n  F i g .  1 .  Fragment 
i and Fragment  I i  a r e  a c t i v a t i n g  ( B i o p h o r e s )  whereas Fragment  I l l  and Fragment  I V  a r e  
d e a c t i v a t i n g  (Biophobes). Based on these, t h e  f o l l o w i n q  Q u a n t i t a t i v e  S t r u c t u r e - A c t i v i t y  
R e l a t i o n s h i p  (CSAR) equat ion was qenerated f o r  t h e  a c t i v i t y  o f  t h e  f l a v o n o i d s  as i n h i b i t o r s  
o f  l a r v a l  growth:  

Calcd = 12.79 + 10.21nl(FI)  + 14.56n, l (FI I )  - 31 .72n l l l (F I I I )  - 11 .73n lV (~ IV )  (3) 

where ni a r e  t h e  number o f  t imes fragment Fi appears i n  t h e  molecule.  

Wi th  t h i s  equat ion we can e x p l a i n  more than 90% o f  the  v a r i a t i o n  o f  t h e  database. 
The F - t e s t  f o r  req ress ion  i s  sa i s f i e d  a t  t h e  0.05 conf idence l i m i t ;  F(4.33,0.05)= 81.55. 
w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  r' o f  0.91 and a s tandard d e v i a t i o n  o f  r e s i d u a l s  o f  10.25. 
The c o r r e l a t i o n  i s  s i g n i f i c a n t  s ince  t h e  F - t e s t  i s  s u b s t a n t i a l l y  b e t t e r  than r e q u i r e d  by our 
c r i t e r i a  t o  weed o u t  chance c o r r e l a t i o n s  ( r e f .  20) .  

I t  can be seen f rom Table 2 t h a t  t h e  c a l c u l a t e d  va lues us ing  eq. 3 seem t o  be f a i r l y  
good. A l l  t h e  a c t i v e  compounds are accounted f o r  c o r r e c t l y  w i t h  o n l y  smal l  d e v i a t i o n s  between 
ac tua l  and c a l c u l a t e d  a c t i v i t y .  Among t h e  i nac t i ves ,  t h e  o n l y  compound t h a t  was s u b s t a n t i a l l y  
i n c o r r e c t  i s  Pomi fe r i n  (compound number 42 ) .  T h i s  compound i s  c a l c u l a t e d  t o  be very ac t i ve ,  
bu t  s h w s  no exper imental  a c t i v i t y .  Pomi fer in .  as po in ted  o u t  above, i s  one o f  t he  two 
i so f l avones  i n  a da ta  base c o n s i s t i n g  mos t l y  o f  f lavones.  
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TABLE 2. Experimental and Calculated activities of the compounds 
submitted to CASE analysis'. 

Compound Actual Calcd'b Compound Actual Calcd'b 

1 
2 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
17 
18 
19 
20 
22 

++ +++ 
++ ++ 
+++ +++ 
+++ +++ 
++++ ++++ 
++++ ++++ 
++++ +++ 
++++ +++ 
+++ ++ 
+++ ++++ 
+++ ++++ 
++++ ++++ 
++++ +++ 
++++ +++ 
+++ +++ 
++++ +++ 
+++ +++ 
++++ ++++ - - 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
39 
40 
41 
42 

a 
Farginally actives - : inactive. 

++++ : extremely active; +++ : very active; ++ : active; + : 

Using Equation 3. 

Fragment I is the most prevalent. With it, about 60% of the data base can be 
explained. it is present in 20 molecules, of which 17 are active and 3 inactive. This 
fragment represents the ortho quinolinic qroup, claimed to be responsible for the activitv of 
the flavonoids by El liger et al. (ref. 6). Hwever. as was pointed out in their work, the 
observation of their presence is not sufficient to produce Significant conclusions regarding 
the mechanism of action of flavonoids. A s  is shown in eq. 3, the structural features 
responsible for activity seem indeed to be more complex. The second most important descriptor 
is Fragment 1 1 .  With Fragments I and I I  together, about 75X of the variation of the database 
can be explained. The structure of Fraqment I I  seems to indicate that coplanarlty of  the 
flavonoid ring svstem mav impart significant activity to the flavones in which it exists. As 
can be seen from structure i ,  unsaturation at C -C bond forces the molecule to be planar and 
the C ring becomes conjugated with the A and 8 rangs. Saturation of this bond disrupts the 
planaritv and conjugation in the C ring. Elliger et al. (ref. 6) believed that coplanarity 
is not a requirement for activity. They based their conclusions on two observations. Firstly, 
Catechin (compound 19) lacking the 2.3-double bond has the same activity as Luteolin 
(compound 31, which contains the C2, C3 unsaturation and secondly, 2,3-dihydro compounds such 
as 4, 15. 17, and 19 that are non planar show significant activity. However, since compounds 
29, 30, 31 and 32 which also have the 2.3-dihydro bond, are inactives. they concluded that 
the coplanarity of the system is not related to the activitv of the flavonoids. The question 
then, is why do we find Fraqment I I to be related to activity ? What we find is that even 
though Luteolin and Maysin (compound 7) are both planar, the difference in their activities 
is significant (Log EDs0 are 0.73 and 0.42 for Luteolin and Maysin respectively). The only 
differences between these compounds is that Luteolin is unsubstituted at position 6, and thus 
does not contain Biophore I I .  It can be argued that the substitution/unsubstitution at 
position 6 is the reason for the activity/inactivity of the molecules. However, as can be 
seen from Table 2. lsovitexin (compound 28) is inactive and Iso-orientin (compound 6) is very 
active, although they both are planar and substituted at position 6 (actually the 
substituent in both molecules i s  the  sum sugar, glucosyl). The key differences between these 
two compounds is that the first one is unsubstituted at position 3'. and as a result does not 
contain Fragment 1 1 .  The two most actives molecules (compound 6 and 7) of the data base 
contain Biophore I and I I .  Compound 8, Log EDs0 = 0.70, contains only Biophore I i  and lacks 
the ortho hydroxyl group. Thus, in conclusion, we can say that coplanarity alone Is not 
absolutely required for the activity but, when it exists at the same time as substitutions at 
positions 5. 6 and 3', it allows the molecule to interact with the receptor in a more 
efficient way. It can thus be postulated that a possible mechanism of action can involve the 
simultaneous participation of the three sites of the molecule. 

The presence of Biophobe i l l  appears to be very important and strongly deactivating. 
It can be seen from the magnitude of Its regression coefficient (eq. 3) that even a molecule 
containing both activating fragments (Fragments I and 1 1 )  will be predicted to be inactive if 
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Fragment I l l  I s  a lso  present.  Thus, it i s  no t  s u r p r i s i n g  t o  f i n d  t h a t  compound 25, although 
possessing an o r tho  q u i n o l i n i c  group (Frag. I )  has no a c t i v i t y  a t  a l l .  Th i s  desc r ip to r  
(Biophobe I l l )  i nd i ca tes  t h a t  a s t r i n g  o f  f o u r  unsubst i tu ted aromatic carbon atoms, whether 
occu r r i ng  i n  the  A o r  B r i n g  system w i l l  prevent a c t i v i t y .  A poss ib le  explanat ion f o r  t h i s  
observat ion i s  t h a t  an a l t e r n a t i v e  metabol ic  path e x i s t s  t h a t  s ide t racks  t h e  f l avono ids  
before they can i n t e r a c t  w i t h  the  growth receptor  o f  t he  larvae. I t  should be emphasized t h a t  
B i o p h o r e  I I  and Biophobe I l l  a r e  m u t u a l l y  e x c l u d i n g  s i n c e  t h e  s u b s t i t u t i o n  p a t t e r n  i n  
Fragment I I  precludes the  ex is tence o f  a s t r i n g  o f  an unsubs t l t u ted  aromat ic carbon atom. 

F i n a l l y ,  Fragment I V  (see F ig .  1 )  suggests t h a t  t he  replacement o f  t h e  hydroxyl  
g roups  a t  p o s i t i o n  6 o r  4 '  by methoxy g roups  marked ly  decreases t h e  a c t i v i t y  o f  t h e  
molecule.  For instance, it can be seen t h a t  L u t e o l i n  (having OH groups i n  5, 7, 3'. and 4' 
p o s i t i o n s )  i s  v e r y  a c t i v e .  b u t  becomes i n a c t i v e  when m e t h y l a t e d  a t  p o s i t i o n  3 '  and 4'  
(compound 36 i n  Table 1 ) .  However, such s u b s t l t u t l o n  does not  necessa r i l y  deact ivate a 
molecule. Indeed. compound 11, Hypolaet ln  3',4'-dimethyl e ther  ( con ta in ing  OH groups a t  5, 7, 
8 pos l t i ons )  remains ac t i ve ,  s ince the  powerfu l l  Biophore I i s  s t i l l  present.  However, t he  
o v e r a l l  a c t i v i t y  value Is l w e r  than what would have been expected, were Fragment I alone be 
present.  

Equat ion 3 was used t o  c a l c u l a t e  the  i n h i b i t o r y  potency f o r  t h e  compounds o r i g i n a l l y  
excluded f rom the  analys is .  The r e s u l t s  are shown i n  Table 3. Overa l l ,  t he  p r e d i c t i o n s  are 
q u i t e  good. Only compound 16, Querc i t r i n ,  whlch I s  found exper imenta l ly  t o  be "extremely 
act ive"  was p red ic ted  t o  be on ly  "very act ive".  These r e s u l t s  show t h a t  t he  CSAR equat ion 
generated by the  CASE program could be used t o  screen new compounds t h a t  can be used as 
p o t e n t i a l  l a r v a l  growth i n h i b i t o r s  w i t h  a h igh  conf idence leve l .  

TABLE 3. P red ic t l ons  o f  I n h i b i t o r y  potency o f  t h e  t e s t  compounds'. 

Compound Actua I Ca I cd . Prob.c 

3 L u t e o l i n  +++ +++ 82. OX 
16 Q u e r c i t r i n  ++++ +++ 82.0% 
21 P r i m u l e t i n  - - 17.0%d 
38 5,7,2'.5'-Tetrahydroxyflavone - - NB 

See Table 2 f o r  explanat ion o f  t he  symbols. 
Using Equat ion 3. 
Overa l l  p r o b a b i l i t y  o f  l a r v a l  growth i n h i b i t i o n  a c t i v i t y ,  based on 
fragments w i t h  p r o b a b i l i t y  p > 85%. 
No b a s i s  t o  s u p p o r t  a c t i v i t y ;  t h e  compound i s  assumed t o  be 
i nact lve.  

The main o b j e c t i v e  i n  E A R  s tud ies  i s  t o  develop p o t e n t i a l  new drugs t h a t  a re  more 
e f f e c t i v e  than those a l ready known. The fragments (desc r ip to rs )  generated by t h e  CASE program 
are sometimes d i f f i c u l t  t o  v i s u a l i z e  i n  new molecules and the re fo re  t h e  design o f  new drugs 
remain a r a t h e r  complicated problem. We appl ied the  newly developed "autodesign" fea tu re  o f  
t he  CASE program t o  f i n d  out  i f  it could generate b e t t e r  i n h i b i t o r s  o f  H. Zea l a r v a l  growth. 
The s t a r t i n g  molecule used t o  bu i ld  the best comDound was the  most a c t i v e  compound o f  t he  
database,  Mays in  (compound 7 i n  T a b l e  11, w i t h  an a c t i v i t y  v a l u e  o f  Log ED - 0.41. A 
compound was indeed found by CASE t o  be extremely ac t i ve ,  i . e .  p ro jec ted  Log %50 - 0.13, 
which would be 0.29 log u n i t s  more e f f e c t i v e  as i n h i b i t o r  o f  l a r v a l  growth than the  most 
a c t i v e  compound i n  the  database. To the  best o f  our knowledge, t h i s  compound has not  y e t  been 
s y n t h e s i z e d  no r  t e s t e d  as a l a r v a l  g r o w t h  i n h i b i t o r  f o r  H.  Zea system. We i n t e n d  t o  
synthesize and r e p o r t  on i t s  i n h i b l t o r y  p roper t i es  i n  the  f u t u r e .  

CONCLUSION 

The Computer Automated S t r u c t u r e  E v a l u a t i o n  (CASE) method has been a p p l i e d  
success fu l l y  t o  generate the molecular fragments be l ieved t o  be re levan t  t o  t h e  H. Zea 
i n h i b i t o r y  po tency  o f  f l a v o n o i d s .  A r e g r e s s i o n  e q u a t i o n  was genera ted  based on f o u r  
desc r ip to rs .  A l l  t he  t e s t s  seem t o  i nd i ca te  t h a t  t he  equat ion i s  s i g n i f i c a n t  and t h a t  i t s  
p r e d i c t i v e  power i s  accurate. 

A concerted mechanism o f  a c t i o n  i s  proposed on t h e  bas is  o f  t he  s t r u c t u r e s  o f  t he  
fragments found by the  CASE program t o  be re levan t  t o  a c t i v i t y .  I n  t h i s  mechanism, the  
r e l a t i v e  geometry o f  p o s i t i o n  5 and 6 o f  r i n g  A and p o s i t i o n  3 '  o f  r i n g  B appear t o  be 
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c r u c i a l  i n  t h e  a c t i v i t y / l n a c t l v i t y  o f  t h e  f l a v o n o i d s  I n h i b i t i n g  l a r v a l  growth. A l though t h e  
ex i s tence  o f  ad.jacent pheno l i c  hydroxy l  qroups i s  impor tant  f o r  i n h i b i t o r y  a c t i v i t y .  some 
pe r iphe ra l  e f f e c t s  must be considered as w e l l .  I t  was a l s o  found t h a t  a compound w i l l  be 
i nac t i ve ,  i f  r i n g  A and/or B have no s u b s t i t u t i o n  a t  a1 I, independent ly o f  t h e  presence o f  
b iophores i n  t h e  molecule.  
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