
CHAPTER V

CONCLUSIONS

The two new series of anthracene, 9-10-dione derivatives were modified with 

both asymmetric and symmetric substituents at the 1 - and/or 4-position of 1 ,4-dihydroxy 

anthraquinone to investigate the effects of relationship between structure and 

cycotoxicity. Asymmetric substituents (3-7), benzylamine-containing anthraquinone (5) 

specifically shows inhibition of HPV16 Ca Ski with IC50 = 0.3 pM, 20 folds higher than 

cisplatin (IC50 = 8.0 pM), while the others were inactive in all the tested cancer cells. 

Interestingly, it also blocked colony formation at low concentration suggesting that 

compound 5 inhibited cell reproduction leading to cell death. This corresponds to our 

report with benzylamine-bearing planar molecule showed the highest cytotoxic activity.

After investigating molecular mechanism in the further step it has has been 

known that compound 5 induced G2/M arrest. Moreover, it caused chromosome 

condensations in Ca Ski. This demonstrates that it may induce apoptosis. After 

compound 5 was determined for apoptosis study based on Western blotting, it inhibited 

anti-apoptosis Bcl-2 and activated Caspase-3 and p53 levels. Thus, this compound may 

induce apoptosis by down-regulation of Bcl-2 leading to up-regulation of p53. Our 

approach is to enhance of the therapeutic effect of the inhibitors of anti-apoptotic Bcl-2 

family via p53-mediated members by using a drug that targets different Bcl-2 family 

members. This will determine the direction of future clinical development of the Bcl-2 

inhibitors.

The data described here revealed that compound 5 is highly effective in 

inhibiting the growth of HPV positive cervical cancer cell line, Ca Ski (IC50 = 0.3 pM) via 

G2/M arrest and targeting HPV16/E6 transcriptional level. It may induce apoptosis by 

down-regulation of anti-apoptotic protein (Bcl-2) via p53 dependent mechanism.
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Figure 1 6 . S c h e m a t ic  d ia g r a m  s h o w in g  th e  e f fe c ts  o f  a n th r a q u in o n e  to  a p o p to s is  in C a  

S ki

S in c e  d r u g  re s is ta n c e  is a m a jo r  im p e d im e n t  to w a r d s  th e  s u c c e s s fu l  t r e a tm e n t  o f  

v a r io u s  c a n c e r s ,  n o v e l c h e m o th e r a p e u t ic s  th a t  c a n  o v e r c o m e  c h e m o r e s is ta n c e  s u c h  as  

d o x o r u b ic in  is  b e in g  d e v e lo p e d .  T h e  b e s t  c y to to x ic i ty  ( c o m p o u n d  5) w a s  c o n t in u a lly  

m o d if ie d  to  s tu d y  th e  e f fe c t  o f  (i) e le c t r o p h i l ic  s u b s t i tu a n ts  g r o u p ,  8 -1 0  {-C l, - N H 2, -O M e ) 

o n  a ro m a t ic  o f  b e n z y la m in e ,  (ii)  lo n g  c h a in  (11-13) a n d  (iii) s y m m e tr ic  s u b s t i tu e n ts  (14- 

15) a t th e  1- a n d /o r  4 - p o s it io n  o f  a n th r a q u in o n e  fo r  o v e r c o m in g  d r u g  r e s is ta n c e .  W e  

h a v e  d is c o v e r e d  a n e w  c la s s  o f  a n th ra q u in o n e  d e r iv a t iv e s  th a t  in h ib it  c a n c e r  c e ll 

p ro li fe ra t io n  in th e  lo w  m ic r o m o la r  ra n g e . C o m p o u n d  9  h a s  s h o w n  to  o v e rc o m e  d ru g  

r e s is ta n c e  in N C I/A D R -R E S , w ith  IC 50’ร 2 5  t im e s  g r e a te r  th a n  d o x o r u b ic in .  S u rp r is in g ly ,  

c o m p o u n d  9 's  c y to to x ic  e f fe c t  d o e s  n o t a p p e a r  to  b e  R O S  o r  p 5 3 - m e d ia te d  s u g g e s t in g  

its  m e c h a n is m  o f  a c t io n  m a y  b e  d i f fe re n t  f ro m  p r e v io u s ly  r e p o r te d  a n th ra q u in o n e s  

( A g b a n d je ,  1 9 9 2  a n d  M c K n ig h t ,  2 0 0 4 ) .
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Suggestion for the future work

On the basic of our data, anthracene, 9-10-dione derivatives exhibit good activity 

and induce apoptosis. Further studies are required to further assess the precise 

mechanism of action. The efficacy of the new series in an in vivo model should be 

validated.
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