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A bst r a ct .  P h yt o c h e mi c al  i n v esti g ati o n  of  t h e  m et h a n oli c  e xtr a ct  of  t h e  Vi et n a m es e Er yt hri n a 
v ari e g at a br a n c h es  a n d  l e a v es  r es ult e d  i n  t h e  s e p ar ati o n  a n d  i d e ntifi c ati o n  of  fi v e  fl a v a n o n es, 
i n cl u di n g 7, 4' -di h y dr o x y -3' -m et h o x yfl a v a n o n e  ( 1 ), a b yssi n o n e  VII  ( 2 ),  si g m oi di n  B  (3 ), 
ar o m a d e n dri n  ( 4 ),  a n d  si g m oi di n  D  (5 ).  T h eir  c h e mi c al  str u ct ur es  w er e  c o nfir m e d  b y  t h e 
n u cl e ar  m a g n eti c  r es o n a n c e  ( N M R)  s p e ctr al  a n al ysis.  T h es e  is ol at e d  c o m p o u n ds  s h o w e d 
i n hi bit or y a cti viti es t o w ar d t w o e n z y m es P T P 1 B a n d α -gl u c osi d as e , e x hi biti n g v ar yi n g l e v els of 
i n hi biti o n. Es p e ci all y, m et a b olit e 2  str o n gl y i n hi bit e d t h e t w o e n z y m es  wit h I C 5 0  v al u es of 8. 3 4 
±  0. 6 7  a n d  1 2. 1 4  ±  0. 3 9  µ M, r es p e cti v el y.  I n  g e n er al,  h y dr o x yl ati o n  at  c ar b o ns  C-5/ C -3'  a n d 
pr e n yl ati o n  at  C -3́ / C -5́   m ai nl y  c a us e d  a cti v e  e n h a n c e m e nts  of  t h es e  m et a b olit es  a g ai nst  b ot h 
e n z y m e a cti viti es.  

 K e y w or ds : Er yt hri n a v ari e g at a , fl a v a n o n es, P T P 1 B i n hi bit or, α-gl u c osi d as e . 

Cl assifi c ati o n n u m b ers : 1. 1. 1, 1. 1.6.  

1. I N T R O D U C TI O N  

Er yt hri n a  v ari e g at a  L.  is  a  fl o w eri n g  pl a nt b el o n gs  t o  t h e  g e n us Er yt hri n a  (t h e  f a mil y 
F a b a c e a e), w hi c h is n ati v e t o tr o pi c al a n d s u btr o pi c al ar e as [ 1]. T his s p e ci es is a w o o d y pl a nt  u p  
t o 1 0  m  t all  wit h  s h ort,  c o ni c al  t h or ns  o n  its  tr u n k  a n d  br a n c h es.  T h e  c o m p o u n d  l e a v es  ar e 
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alt er n at e,  wit h  t hr e e  tri a n g ul a r  l e afl ets,  w h er e as  t h e  fl o w ers  a n d  s e e ds  ar e  cri ms o n  a n d  bl a c k, 
r es p e cti v el y.  T h e  p arts  of  t his  s p e ci es h a v e  us e d  i n  a n ci e nt  m e di ci n e  t o  tr e at m a n y  t y p es  of 
dis e as e .  T h e  l e a v es  w er e  us e d  t o  pr e p ar e  a  dri n k  i n  P o h n p ei,  I n di a,  a n d  o c c asi o n all y 
a d mi nist er e d  t o  c ur e  e d e m a  c o n diti o ns  of  t h e  e y es [ 2].  T h e  j ui c e  fr o m  t h e  l e a v es  w as  mi x e d 
wit h h o n e y t o tr e at w or ms, a n d sti m ul at e l a ct ati o n a n d m e nstr u ati o n. T h e b ar ks w er e c o m bi n e d 
wit h ot h er i n gr e di e nts a n d utili z e d as a st o m a c h a c h e r e m e d y. I n S o ut h e ast Asi a a n d C hi n a, t h e 
b ar ks a n d l e a v es w er e a c o m p o n e nt of n u m er o us tr a diti o n al r e m e di es, o n e of w hi c h w as cl ai m e d 
t o eli mi n at e h ar mf ul p ar asit es a n d j oi nt dis c o mf ort [ 2]. 

A c c u m ul ati n g e vi d e n c e i n di c at e d t h at t h e m e di ci n al pl a nt E. v ari e g at a is a g o o d r es er v oir 
of  al k al oi ds,  p h e n yl pr o p a n oi ds,  b e n z of ur a ns,  t er p e n oi ds,  a n d  st er oi ds,  es p e ci all y  i n  t er ms  of 
fl a v o n oi ds  [ 3].  It  is  als o  n ot e d  t h at  cr u d e  e xtr a cts  a n d  is ol at e d  c o m p o u n ds  fr o m  t his  s p e ci es 
h a v e  p oss ess e d  a  gr e at  v ari et y  of  p h ar m a c ol o gi c al  a cti viti es,  s u c h  as  a nti c a n c er,  a nti o xi d a nt, 
a nti -i nfl a m m at or y,  a nti b a ct eri al,  a nti di a b eti c,  e n z y m ati c  i n hi bit or y,  m et al  r e m o v al, 
c ar di o v as c ul ar,  a n d  r el a x a nt  a cti viti es,  as  w ell  as  t h e  pr ot e cti o ns  t o  b o n e,  a n d  c e ntr al  n er v o us 
s yst e m [ 2, 3] . F or i nst a n c e, E. v ari e g at a  is us e d  as a n at ur al alt er n ati v e t o h or m o n e r e pl a c e m e nt 
t h er a p y  t o tr e at  a n d  pr e v e nt  b o n e  l oss  i n  p ost m e n o p a us al  w o m e n si n c e  t h e  6 5  %  m et h a n oli c 
e xtr a ct  of  its  st e m  b ar ks  at  t h e  d os es  of  3 0 0  a n d  6 0 0  m g/ k g  c o ul d  pr e v e nt  t h e  estr o g e n 
d efi ci e n c y -m e di at e d  d e cr e as e  i n  tr a b e c ul ar  t hi c k n ess  a n d  ar e a,  a n d  r est or e  a n  i n cr e as e  i n 
tr a b e c ul ar s e p ar ati o n i n mi c e [ 4]. T w o fl a v o n es d ai d z ei n a n d gl y cit ei n is ol at e d fr o m t h e st e ms 
a n d l e a v es w er e c o m p ar a bl e wit h t h e st a n d ar d c o m p o u n d a c ar b os e i n α -gl u c osi d as e e n z y m ati c 
i n hi biti o n [ 3].  

T his st u d y ai ms t o r e p ort t h e is ol ati o n a n d str u ct ur al el u ci d ati o n of fl a v a n o n e d eri v ati v es 
fr o m E.  v ari e g at a  br a n c h es  a n d  l e a v es,  c oll e ct e d  fr o m  H a   Noi,  Vi et   Na m.  T h es e 
p h yt o c h e mi c als h a v e b e e n f urt h er s u bj e ct e d t o P T B 1 B a n d α -gl u c osi d as e e n z y m ati c i n hi biti o ns.  

2. P L A N T  A N D E X P E RI M E N T  

2. 1 . Ex p e ri m e nt al e q ui p m e nt  

N M R  s p e ctr a l d at a w er e m e as ur e d  o n  a  s p e ctr o m et er  A V A N C E  5 0 0  s eri es  of Br u k er . 
S ili c a g el n or m al p h as e a n d r e v ers e p h as e ar e fr o m M er c k. T hi n l a y er c hr o m at o gr a p h y ( T L C) 
w as p erf or m e d  usi n g  b ot h sili c a  g el N P a n d  R P  F 2 5 4 pl at es.  A gil e nt  1 2 6 0  H P L C  s yst e m  w as 
us e d  f or is ol ati o n a n d p urifi c ati o n p o p os e wit h a  R P _ C 1 8 c ol u m n ( 1 0 × 2 5 0 m m, 5 µ m p arti cl e 
si z e) . C H 3 C N a n d M e O H s ol v e nts w er e p ur c h as e d fr o m Fis h er S ci e ntifi c K or e a Lt d. f or H P L C 
p urifi c ati o n.  

2. 2. Pl a nt m at e ri als  

T h e  br a n c h es  a n d  l e a v es  of  t h e  st u di e d  pl a nt  w er e  g at h er e d  fr o m  H a   Noi,  Vi et   Na m , i n 
J u n e 2 0 2 1.  

2. 3. Is ol ati o n a n d p u rifi c ati o n of c o m p o u n ds  

T h e br a n c h es a n d st e ms m at eri al  ar e  dri e d b y at 5 0 ºC b ef or e  gri n di n g i nt o p o w d er . T h e 
p o w d er is t h e n  e xtr a ct e d wit h et h a n ol ( 1 5 L × 0 3  ti m es) b y usi n g s o ni c ati o n  f or 1 2 0 mi n . T h e 
s ol uti o n  w as  t h e n  filt er e d  b ef or e e v a p or at i o n b y  a  r ot ar y  e v a p or at or  t o  yi el d  a t ot al et h a n ol 
e xtr a ct. T his e xtr a ct w as t h e n fr a cti o n at e d b y n -h e x a n e ( 3. 0 L × 3 ti m es), t o g et t h e s ol u bl e n -
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h e x a n e fr a cti o n, a n d t h e cr us h e xtr a ct r esi d u e. T his r esi d u e w as f urt h er dil ut e d wit h Et O A c ( 3. 0 
L × 3  ti m es).  T h e  r es ulti n g  s u p er n at a nt  w as  t h e n  filt er e d,  a n d  t h e  s ol v e nt  w as  r e m o v e d  vi a 
v a c u u m distill ati o n t o yi el d t h e Et O A c e xtr a ct ( 5 8 g). A p art of t his e xtr a ct ( 5 0 g) w as s u bj e ct e d 
o nt o a sili c a g el c ol u m n ( 1 0 × 8 0 c m) c hr o m at o gr a p h y a n d dil uti n g wit h  gr a di e nt s ol v e nt s yst e m 
of h e x a n e  a n d a c et o n e (st arti n g fr o m 2 0: 1  t o 1: 5 , v/ v), t o aff or d 1 5 fr a cti o ns ( F. 1 – F.1 5 ). T h e 
fr a cti o n F.1 2 w as f urt h er s e p ar at e d b y r e v ers e d p h as e c ol u m n C -1 8, usi n g m et h a n ol -w at er, 1: 5 –
5: 1, v/ v, t o gi v e a p ur e c o m p o u n d 1  ( 1 6 m g) a n d 8 s u bfr a cti o ns F 1 2. 1– F 1 2. 8. T h e su bfr a cti o n 
F 1 2 .4  w as  t h e n  s u bj e ct e d  t o  a n  o p e n  c ol u m n ( 2. 5 ×  6 0  c m ), usi n g  n or m al  p h as e  sili c a  g el  
(1 5 0  μ m) ,  a n d di l ut e d  wit h  a s yst e m  of 8 5  % C H 2 Cl 2  i n M e O H  as is o cr ati c  s ol v e nt t o yi el d 
c o m p o u n ds 4  ( 1 1.2 m g)  a n d 5   ( 4. 8 m g).  Si mil arl y, t h e  s u bfr a cti o n F 1 2 . 6 w a s als o 
c hr o m at o gr a p h e d  o n  a n  o p e n  c ol u m n   ( 2. 5 ×  6 0  c m )  usi n g  n or m al  p h as e  sili c a  g el  (1 5 0  μ m , 
p arti cl e si z e) , el u ti n g b y  a s ol v e nt s yst e mt  of C H 2 Cl 2 – M e O H (fr o m 8: 1 t o 4 : 1, v/ v), r es ulti n g i n 
t h e p urifi c ati o n of c o m p o u n d s 2 ( 17. 5 m g)  a n d 3  ( 5. 4 m g).  

7, 4 ʹ-Di h y d r o x y - 3 -́m et h o x yfl a v a n o n e  (1 ): W hit e s oli ds; 1 H- N M R ( 3 0 0 M H z, a c et o n e -d 6 , 
d H  p p m): 7. 7 1  ( 1 H, d, J  = 8. 7 H z, H -5), 7. 1 9 ( 1 H, d, J  = 1. 8 H z, H -2'), 7. 0 0 ( 1 H, d d, J  = 1. 8, 8. 1 
H z, H -6'), 6. 5 6 ( 1 H, d d, J  = 2. 1, 8. 7 H z, H -6), 6. 5 0 ( 1 H, d, J  = 8. 1 H z, H -5'), 6. 4 1 ( 1 H, d, J  = 
2. 1 H z, H -8), 5. 4 2 ( 1 H, d d, J  = 3. 0, 1 3. 2 H z, H -2), 3. 0 7 ( 1 H, d d, J  = 1 3. 2, 1 6. 5 H z, H - 3a x ), 2.6 5  
( 1 H, d d, J  = 3. 0, 1 6. 5 H z, H - 3e q ), 3. 8 7 ( 3 H, s, 3'-O C H 3 ). 

A b yssi n o n e VII  (2 ): Y ell o w s oli ds; 1 H- N M R ( 3 0 0 M H z, a c et o n e -d 6 , d H  p p m): 7. 7 0  ( 1 H, br 
d, J  = 6. 9  H z, H -5), 6. 9 0 ( 1 H, s, H -6'), 6. 8 0 ( 1 H, s, H -2'), 6. 5 5 ( 1 H, br d, J  = 6. 9 H z, H -6), 6. 4 0 
( 1 H, brs, H-8), 5. 3 6 ( 1 H, d d, J  = 3. 0, 1 3. 2 H z, H -2), 5. 3 3 ( 1 H, m, H -2''), 3. 3 4 ( 2 H, br d, J  = 6. 9 
H z, H -1''), 3. 0 6 ( 1 H, d d, J  = 1 3. 2, 1 6. 5 H z, H - 3a x ), 2.6 5  ( 1 H, d d, J  = 3. 0, 1 6. 5 H z, H - 3e q ), 1. 7 0 
( 6 H, s, 4''/ 5''-C H 3 . 

Si g m oi di n B  (3 ): W hit e a m or p h o us s oli ds; 1 H- N M R ( 3 0 0 M H z, a c et o n e -d 6 , d H  p p m): 1 2. 1 
( 1 H, s, 5-O H), 6. 8 6 ( 1 H, s, H -2'), 6. 7 6 ( 1 H, s, H -6'), 5. 9 0 ( 2 H, brs, H -6/ H -8), 5. 3 1 ( 1 H, d d, J  = 
3. 0, 1 3. 2 H z, H -2), 5. 2 9 ( 1 H, m, H -2''), 3. 3 1 ( 2 H, br d, J  = 7. 2 H z, H -1''), 3. 0 7 ( 1 H, d d, J  = 1 3. 2, 
1 6. 5 H z, H - 3a x ), 2.7 1  ( 1 H, d d, J  = 3. 0, 1 6. 5 H z, H - 3e q ), 1. 7 1 ( 6 H, s, 4''/ 5''-C H 3 ). 

A r o m a d e n d ri n (4 ) - W hit e cr yst als; 1 H- N M R ( 3 0 0 M H z, a c et o n e -d 6 ) d H  ( p p m): 1 1. 7 ( 1 H, 
s, H-5), 7. 4 1 ( 2 H, d, J  = 8. 4 H z, H -2'/ H -6'), 6. 8 8 ( 2 H, d, J  = 8. 4 H z, H -3'/ H -5'), 5. 9 7 ( 1 H, d, J  = 
1. 8 H z, H -8), 5. 9 3 ( 1 H, d, J  = 1. 8 H z, H -6), 5. 0 6 ( 1 H, d, J  = 1 1. 4 H z, H -2), 4. 6 4 ( 1 H, d, J  = 1 1. 4 
H z, H -3).  

Si g m oi di n D  (5 ) - C ol orl ess cr yst al; 1 H- N M R ( 5 0 0 M H z, a c et o n e -d 6 ) d H  ( p p m): 6. 8 5 ( 1 H, 
s, H-2'), 6. 7 4 ( 1 H, s, H -6'), 5. 9 7 ( 1 H, s, H -8), 5. 9 5 ( 1 H, s, H -6), 5. 3 7 ( 1 H, d d, J  = 3. 0, 1 3. 0 H z, 
H- 2), 3. 8 2 ( 1 H, d d, J  = 5. 5, 1 3. 0 H z, H -2''), 3. 1 5 ( 1 H, d d, J  = 1 3. 0,  1 7. 0 H z, H -1'' a x ), 3. 0 1 ( 1 H, 
d d, J  = 1 3. 0, 1 7. 0 H z, H - 3a x ), 2. 7 3 ( 1 H, d d, J  = 5. 5, 1 7. 0 H z, H -1'' e q ), 2.7 1  ( 1 H, d d, J  = 3. 0, 1 7. 0 
H z, H - 3e q ), 1. 3 7 ( 3 H, s, 4¢¢-C H 3 ), 1. 2 7 ( 3 H, s, 5¢¢-C H 3 ). 

2. 4. T h e p r ot ei n t y r osi n e p h os p h at as e 1 B  ( P T P 1 B) a n d α-gl u c osi d as e i n hi bit o r y ass a ys  

T h e  P T B 1 B  i n hi bit or y ass a y m et h o d  w as  d es cri b e d  i n  o ur  pr e vi o us  r e p ort [ 5].  T h e  I C5 0  
v al u e  w as  t h e  l o w est  c o n c e ntr ati o n  of P T P 1 B  i n hi bit or  t h at  i n hi bits  5 0 %  of P T P 1 B  a cti vit y . 
E a c h e x p eri m e nt w as r u n i n tri pli c at e. T h e p ositi v e c o ntr ol  i n t his ass a y w as urs oli c a ci d.  

Al p h a -gl u c osi d as e  ass a y  pr o c e d ur e  w as  als o  d es cri b e d  i n  o ur  pr e vi o us  r e p ort [ 5].  E a c h 
e x p eri m e nt w as r u n i n tri pli c at e. I n t his ass a y, t h e p ositi v e c o ntr ol  us e d as a c ar b os e . 
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3. E X P E RI M E N T A L R E S U L T S  

T h e 1 H- N M R  s p e ctr al  d at a  of  is ol at e d  c o m p o u n ds 1 - 3 ,  a n d 5  dis pl a y e d t h e  si g n als  f or 
ar o m ati c ri n gs, o n e  pr ot o n f or H- 2 as a n o x y g e n at e d m et hi n e,  a n d t w o pr ot o n si g n als f or H 2 - 3. 
T h e  1 3 C- N M R s p e ctr a l d at a s h o w e d  a k et o n e si g n al ( C = O) f or C- 4, o n e  o x y m et hi n e si g n al f or 
C- 2, o n e  m et h yl e n e si g n al f or c ar b o n at C- 3 ( Fi gur e  1). T h es e d at a  r e v e ale d a fl a v a n o n e-t y p e 
str u ct ur es  f or  t h e  m e nti o n e d  is ol at es . I n  det ail , c o m p o u n d 1  pr es e nt  si g n als  f or  t w o ar o m ati c  
ri n gs, a n d t h e si g n al t h at r es o n at e d at d H 5. 4 2 ( 1 H, d d, J  = 3. 0, 1 3. 2 H z, H -2)  w as asi g n e d f or a n 
o x y m et hi n e H - 2, as w ell as t h e  d H 3. 0 7 ( 1 H, d d, J  = 1 3. 2, 1 6. 5 H z, H -3 a x) a n d 2. 6 5 ( 1 H, d d, J  = 
3. 0, 1 6. 5 H z, H -3 e q)/ d C 4 4. 9 ( C -3)  c a n b e assi g n e d f or a m et h yl e n e at C -3 p ositi o n  i n its 1 H- a n d 
1 3 C- N M R s p e ctr a .  

Si x ar o m ati c pr ot o ns a n d o n e a d diti o n al m et h o x y gr o u p [ d H 3. 8 7 ( 3 H, s, 3' -O C H 3 )/d C 5 6. 4 
( 3'-O C H 3 )]  w er e  o bs er v e d.  T w o  A B X-s pi n  s yst e m  w er e  assi g n e d  f or  t h es e  ar o m ati c  pr ot o ns 
a c c or di n g t o t h eir c h e mi c al s hift a n d r el ati v e c o u pli n g c o nst a nt wit h d H  7. 7 1 ( 1 H, d, J  = 8. 7 H z, 
H- 5), 6. 5 6 ( 1 H, d d, J = 2. 1, 8. 7 H z, H -6), a n d 6. 4 1 ( 1 H, d, J = 2. 1 H z, H -8) f or ri n g A, a n d d H  
7. 1 9 ( 1 H, d, J = 1. 8 H z, H -2'), 7. 0 0 ( 1 H, d d, J = 1. 8, 8. 1 H z, H -6'), a n d 6. 5 0 ( 1 H, d, J = 8. 1 H z, 
H- 5')  f or  ri n g  B.  I n  t h e 1 3 C  N M R  s p e ctr u m  of  c o m p o u n d 1 ,  t h e  si g n als  of  C-2,  C -3,  a n d  C -4 
w er e r es o n a n c e at d C  8 0. 9, 4 4. 9, a n d 1 9 0. 6 p p m, r es p e cti v el y, w hil e t h e si g n als assi g n e d f or t h e 
o x y g e n at e d  q u at er n ar y  c ar b o ns  C -7  a n d  C -9  w er e  o bs er v e d  at  1 6 5. 4  a n d  1 6 4. 6  p p m, 
r es p e cti v el y. T h e si g n als r es o n at e d at d C  1 4 8. 5 a n d 1 4 7. 8 i n di c at e d f or t w o a dj a c e nt o x y g e n at e d 
q u at er n ar y ar o m ati c c ar b o n C -3́  a n d C -4́ , r es p e cti v el y. C o m p ari n g  t h e 1 D -N M R s p e ctr al d at a 
of c o m p o u n d 1  wit h t h e r ef er e n c es v al u es , c o m p o u n d 1 w as c h ar a ct eri z e d t o b e 7, 4́ -di h y dr o x y -
3' -m et h o x yfl a v a n o n e [ 6]. 

C o m p o u n d 2  p oss ess e d  o n e  ali p h ati c  o x y g e n at e d  m et hi n e  at d C  8 0. 7  ( C -2),  a  m et h yl e n e 
c ar b o n at d C  4 4. 7 ( C -3), a n d o n e k et o n e c ar b o n at d C  1 9 0. 5 ( C -4) , b ut s h o w e d o nl y fi v e ar o m ati c 
pr ot o ns wit h d H  7. 7 0 ( 1 H, br d, J  = 6. 9 H z, H -5), 6. 5 5 ( 1 H, br d, J  = 6. 9 H z, H -6), a n d 6. 4 0 ( 1 H, 
br s, H -8) assi g n e d f or ri n g A, a n d a p air of m et a -c o u pli n g pr ot o n at d H  6. 8 0 ( 1 H, s, H -2') a n d 
6. 9 0 ( 1 H, s, H -6') . I n a d diti o n, a pr e n yl gr o u p w as o bs er v e d f or c o m p o u n d 2  wit h t y pi c al pr ot o n 
si g n als at d H  5. 3 3 ( 1 H, m, H -2''), 3. 3 4 ( 2 H, br d, J  = 6. 9 H z, H -1''), a n d 1. 7 0 ( 6 H, s, 4''/ 5'' -C H 3 ) 
wit h  c orr es p o n di n g  c ar b o n  si g n als  at d C  2 9. 0  ( C -1́ ʹ),  1 2 3. 5  ( C -2́ ʹ),  1 3 2. 4  ( C -3́ ʹ),  1 7. 9  ( C -4́ ʹ), 
a n d 2 5. 9 ( C -5́ ʹ). I n t h e 1 3 C N M R s p e ctr u m of c o m p o u n d 2 , t w o a dj a c e nt o x y g e n at e d q u at er n ar y 
c ar b o ns w er e als o o bs er v e d at d C  1 4 4. 1 ( C -3́ ) a n d 1 4 5. 1 ( C -4́ ), r es p e cti v el y. Si mil ar t o 2 , t h e 
1 H a n d 1 3 C N M R of c o m p o u n d 3  als o s h o w e d si g n als assi g n a bl e f or a pr e n yl gr o u p wit h d H  5. 2 9 
( 1 H, m, H-2''), 3. 3 1 ( 2 H, br d, J  = 7. 2 H z, H -1''), a n d 1. 7 1 ( 6 H, s, 4''/ 5'' -C H 3 ) a n d d C  2 9. 0 ( C -1́ ʹ), 
1 2 3. 5  ( C -2́ ʹ),  1 3 2. 5  ( C -3́ ʹ),  1 7. 8  ( C -4́ ʹ),  a n d  2 5. 8  ( C -5́ ʹ) .  B ut  t h e 1 H  N M R  s p e ctr u m  s h o w e d 
o nl y t w o p air of m et a -c o u pli n g pr ot o ns at d H  6. 8 6 ( 1 H, s, H -2'), 6. 7 6 ( 1 H, s, H -6'), a n d 5. 9 0 ( 2 H, 
br s, H -6/ H -8) of ri n g A, i n a d diti o n t o a c o nj u g at e d h y dr o x yl pr ot o n at d H  1 2. 1 ( 1 H, s, 5 -O H). 
Si mil arl y, c o m p o u n d 5  als o p oss ess e d o n e k et o n e c ar b o n [ d C  1 9 7. 3 ( C -4)] , a n o x y m et hi n e [(d H 

5. 3 7 ( 1 H, d d, J  = 3. 0, 1 3. 0 H z, H -2)/ d C  8 0. 2 ( C -2)], a n d a m et h yl e n e [ d H 3. 0 1 ( 1 H, d d, J  = 1 3. 0, 
1 7. 0  H z,  H - 3a x ),  2.7 1  ( 1 H,  d d, J  =  3. 0,  1 7. 0  H z,  H - 3e q )/d C  4 3. 7  ( C -3)],  a n d  t w o  p air  of  m et a -
c o u pl e d  ar o m ati c  pr ot o ns  ( H -6/ H -8/ H -2'/ H -6').  H o w e v er,  n o  si g n als  f or  a  pr e n yl  gr o u p  w as 
o bs er v e d i n t h e 1 H- a n d 1 3 C- N M R s p e ctr a of c o m p o u n d 5 , i nst e a d of t h at, a 2, 2-di m et h yl p yr a n 
u nit [ d H 3. 8 2 ( 1 H, d d, J  = 5. 5, 1 3. 0 H z, H - 2¢¢)/d C 6 9. 9 ( C - 2¢¢), 3. 1 5 ( 1 H, d d, J  = 1 3. 0, 1 7. 0 H z, 
H- 1 ¢¢a x ), 2. 7 3 ( 1 H, d d, J  = 5. 5, 1 7. 0 H z, H - 1¢¢e q )/d C 3 2. 1 ( C - 1¢¢), d H 1. 3 7 ( 3 H, s, 4 ¢¢-C H 3 )/d C 2 6. 0 
( C- 4¢¢),  a n d  1. 2 7  ( 3 H,  s,  5¢¢-C H 3 )/d C 2 0. 8  ( C - 5¢¢)].  T h us,  c o m p o u n d 5  is  a  5, 7-
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di h y dr o x yfl a v a n o n e b e ari n g a h y dr o x y gr o u p [ d C 1 4 2. 0  ( C- 3¢)] a n d a 2, 2-di m et h yl p yr a n u nit i n 
ri n g B. Aft er c ar ef ull y  c o m p ari n g  t h e lit er at ur e d at a wit h N M R d at a of t h e is ol at e d c o m p o u n ds 
(2 - 3 ,  a n d 5 ),  l et  t o  t h e str u ct ur e i d e ntifi c ati o n  of  t h es e  c o m p o u n ds as  a b yssi n o n e  VII  ( 2 ), 
si g m oi di n B ( 3 ), a n d si g m oi di n D (5 ) [ 6– 1 1] . 

C o m p o u n d 4 s h o w e d  si x c h ar a ct eristi c ar o m ati c pr ot o n  si g n als i n its 1 H- N M R s p e ctr u m , of 
w hi c h t w o m et a -c o u pli n g pr ot o ns w er e assi g n e d f or A ri n g at d H 5. 9 7 ( 1 H, d, J  = 1. 8 H z, H -8) 
a n d 5. 9 3 ( 1 H, d, J  = 1. 8 H z, H -6) , a n d t h e r e m ai ni n g si g n als at d H 7. 4 1 ( 2 H, d, J  = 8. 4 H z, H -
2 ¢/ H- 6¢), 6. 8 8 ( 2 H, d, J  = 8. 4 H z, H - 3¢/ H- 5¢) w er e c h ar a ct eri z e d f or t h e A Á B B́ -s pi n s yst e m of 
ri n g  B.  T h e 1 3 C- N M R  s p e ctr u m  of 4  r e v e al e d  t h e  si g n al  of  a  k et o n e  [d C 1 9 8. 2  ( C -4)], 
o x y g e n at e d  ali p h ati c  c ar b o ns  at d C 8 4. 4  ( C -2)  a n d  7 3. 1  ( C -3),  a n d  o x y g e n at e d  q u at er n ar y 
ar o m ati c c ar b o ns  at d C  1 6 4. 8 ( C -5), 1 6 8. 1 ( C -7), 1 6 4. 3 ( C - 4¢), a n d 1 5 8. 9 ( C-9) , a n d 2 q u at er n ar y 
c ar b o ns at d C 1 2 9. 2 ( C - 1¢) a n d 1 0 1. 5 ( C-1 0) . T h es e  1 H- a n d 1 3 C- N M R d at a of 4  a n d t h e  lit er at ur e 
d at a [ 1 2] w er e  c o m p ati bilit y  l e a di n g  t o  t h e  c h ar a ct eri z ati o n  of 4 t o  b e  di h y dr o k a e m pf er ol  or 
ar o m a d e n dri n.   

 

Fi g ur e 1.  T h e c h e mi c al str u ct ur es of fl a v o n oi ds 1 – 5 . 

T a bl e 1 . Co m p o u n ds 1 – 5  w er e m e as ur e d i n a c et o n e -d 6 at 1 0 0 M H z f or 1 3 C N M R . 

C ar b o n  
C o m p. 1 C o m p. 2 C o m p. 3 C o m p. 4 C o m p. 5 

δ C  ( p p m) δ C  ( p p m) δ C  ( p p m) δ C  ( p p m) δ C  ( p p m) 

2 8 0. 9  8 0. 7  8 0. 1  8 4. 4  8 0. 2  

3 4 4. 9  4 4. 7  4 3. 5  7 3. 1  4 3. 7  

4 1 9 0. 6  1 9 0. 5  1 9 7. 2  1 9 8. 2  1 9 7. 3  

5 1 2 9. 6  1 2 9. 4 1 6 5. 2 1 6 4. 8  1 6 5. 1 

6 1 1 1. 3  1 1 1. 0  9 6. 6  9 7. 1  9 6. 7  

7 1 6 5. 4  1 6 5. 1 1 6 7. 1  1 6 8. 1  1 6 7. 3  

8 1 0 3. 7  1 0 3. 6  9 5. 7  9 6. 1  9 5. 9  

9 1 6 4. 6  1 6 4. 4  1 6 4. 3  1 5 8. 9  1 6 4. 5  

1 0  1 1 5. 3  1 1 5. 2  1 0 3. 1  1 0 1. 5  1 0 3. 2  
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1' 1 3 1. 9  1 3 1. 0  1 3 0. 5 1 2 9. 2  1 3 1. 7  

2' 1 1 5 . 7 1 1 2. 0  1 1 2. 0  1 3 0. 4 1 1 2. 1  

3' 1 4 8. 5  1 4 4. 1  1 4 4. 2  1 1 5. 9  1 4 2. 0  

4' 1 4 7. 8  1 4 5. 1  1 4 5. 1  1 6 4. 3  1 4 6. 9  

5' 1 1 1. 2 1 2 8. 9  1 2 8. 9  1 1 5. 9  1 2 1. 1  

6' 1 2 0. 6  1 2 0. 6  1 2 0. 0  1 3 0. 4 1 1 9. 4  

1 ''  2 9. 0  2 9. 0   3 2. 1  

2 ''  1 2 3. 5  1 2 3. 5   6 9. 9  

3 ''  1 3 2. 4  1 3 2. 5   7 8. 7  

4 ''  1 7. 9  1 7. 8   2 6. 0  

5 ''  2 5. 9  2 5. 8   2 0. 8  

3'- O C H 3  5 6. 4      

 C o m p o u n ds 1  a n d 2  h a v e  b e e n  first  is ol at e d  fr o m  t his  pl a nt  s p e ci es  a n d  t est e d  f or  t h eir 
bi ol o gi c al  a cti viti es. C o m p o u n d  3   was  st u di e d a n d  s h o w  t h e  i n hi biti o n o n D P P H  a n d 
ar a c hi d o ni c a ci d m et a b olis m.  C o m p o u n d 3  pr o v e d t o b e p ot e nt s c a v e n g ers of t h e D P P H r a di c al 
a n d a s el e cti v e i n hi bit or of 5 -li p o x y g e n as e. I n a d diti o n, t h e c o m p o u n d w as als o d e cr e as e d t h e 
i n d u c e d o e d e m a b y 8 3 % i n m o us e e ars b y 1 2 - O-t etr a d e c a n o yl p h or b ol 1 3-a c et at e ( T P A) a n d t h e 
p h os p h oli p as e A 2 -i n d u c e d m o us e p a w o e d e m a [ 1 3]. C o m p o u n d  4  w as pr e vi o usl y is ol at e d fr o m 
G. si n e nsi s a n d  si g nifi c a ntl y s h o w  i ns uli n-s e nsiti v e gl u c os e u pt a k e sti m ul ati o n i n b ot h H e p G 2 
c ells a n d 3 T 3 -L 1 a di p o c yt es at a c o n c e ntr ati o n of 3 0 µ M. M or e o v er, c o m p o u n d 4  als o  e n h a n c e d  
a di p o g e n esis a n d i n cr e as e d P P A R γ 2 as w ell as a P 2 m R N As e x pr essi o n i n diff er e nti at e d 3 T 3-L 1  
a di p o c yt es  l e a di n g t o t h e gl u c os e u pt a k e sti m ul ati o n a n d d e cr e asi n g  i ns uli n r esist a n c e [ 1 4]. I n 
a d diti o n,  ar o m a d e n dri n  w as  f o u n d  t o  pr ot e ct  n e ur o n al  c ells  fr o m  m et h a m p h et a mi n e -i n d u c e d 
n e ur ot o xi cit y  b y  r e g ul ati n g  e n d o pl as mi c  r eti c ul u m  str ess  a n d  PI 3 K/ A kt/ m T O R  si g n ali n g 
p at h w a y [ 1 5].  Si g m oi di n  D  (5 ),  a  pr e n yl at e d  fl a v a n o n e  w as  first  is ol at e d  fr o m Er yt hri n a 
si g m oi d e a  i n  1 9 8 6,  a n d  t h e n  fr o m Er yt hri n a  a b yssi ni c a  i n  1 9 8 8.  L at el y,  t h e  c o m p o u n d  w as 
f o u n d i n Er yt hri n a l atissi m a  a n d e v al u at e d f or its a nti -g e n ot o xi c a bilit y  t o i n hi bit g e n ot o xi cit y  
i n d u c e d b y afl at o xi n B 1 [ 1 6]. 

C o m p o u n ds 1 – 5  h a v e b e e n s u bj e ct e d t o P T P 1 B a n d α -gl u c osi d as e i n hi bit or y a cti viti es. As 
s h o w n  i n  T a bl e  2,  c o m p o u n d 2 a ct e d  as  a  g o o d  P T P 1 B  i n hi bit or s h o wi n g  a n  I C 5 0 i n hi bit or y 
v al u e of 8. 3 4 ± 0. 6 7 µ M, w hil e  urs oli c a ci d , as a p ositi v e c o ntr ol, s h o w e d a n I C5 0 3. 3 1 ± 0. 1 9 
µ M.  T h e  r e m ai ni n g  c o m p o u n ds  r u n  i n  a  visi bl e  or d er  of 4  (I C5 0 1 2. 2 1  ±  0. 7 7  µ M)  > 3  (I C5 0 

1 9. 4 0 ±  2. 3 0  µ M)  > 5  (I C5 0 3 1. 7 7  ±  0. 3 3  µ M)  > 1  (I C5 0 9 8. 1 0 ±  1 1. 3 0 µ M).  G e n er all y, 
h y dr o x yl ati o n  at  c ar b o ns  C -3'  a n d  pr e n yl ati o n  at  c ar b o ns  C -5'  w o ul d  i n cr e as e  i n hi bit or y 
c a p a citi es w h e n c o m p o u n d 1  c o m p ar e d t o c o m p o u n ds 2  a n d 3 . T h e a cti vit y of c o m p o u n d 2  is 
b ett er  t h a n  t h at  of  c o m p o u n ds 3 – 5 ,  s u g g esti n g  t h at  h y dr o x yl ati o n  h as  m or e  eff e cts  t h a n 
pr e n yl ati o n. C o m p o u n d 5  dis pl a y e d l ess i n hi bit or y a cti vit y t h a n c o m p o u n d 3 . It m a y b e d u e t o 
t h e  c y cli z ati o n  of  t h e  pr e n yl  gr o u p  wit h  t h e  4'-O H  gr o u p  at  C -3''. Er yt hri n a c o nstit u e nts  ar e 
li k el y  a  p ot e nti al  s o ur c e  of  t h e P T P 1 B  i n hi bit ors.  Pt er o c ar p a n -t y p e  fl a v o n oi ds  fr o m  t h e  et h yl 
a c et at e e xtr a ct of E. a b yssi ni c a  st e m b ar ks est a blis h e d gr e at eff e cts a g ai nst t h e P T P 1 B e n z y m es 
wit h I C 5 0  v al u es r a n gi n g fr o m 4. 2 0 t o 1 9. 3 µ M [ 1 3]. O ur pr e vi o us p u bli c ati o n als o r e p ort e d t h at 
t hr e e  fl a v o n oi ds  er y v ari ns  H  a n d  M,  a n d  n e o b a v ais ofl a v o n e  fr o m E.  v ari e g at a c a us e d  I C 5 0  
v al u es of 9. 2 3 t o 2 0. 3 1 µ M i n P T P 1 B i n hi bit or y ass a y [ 1 4]. 
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T a bl e 2 . T h e i n hi bit i o n of P T P 1 B a n d  α -gl u c osi d as e b y fl a v o n oi ds 1 – 5 . 

C o m p o u n ds  
I n hi bit or y a cti vit y (I C5 0 , µ M) 

P T P 1 B  α -Gl u c osi d as e  

1 9 8. 1 0 ± 1 1. 3 0  > 2 0 0  

2 8. 3 4 ± 0. 6 7  1 2. 1 4 ± 0. 3 9  

3 1 9. 4 0 ± 2. 3 0  1 9 5. 5 5 ± 0. 7 9  

4 1 2. 2 1 ± 0. 7 7  6 6. 1 9 ± 1. 3 0  

5 3 1. 7 7 ± 0. 3 3  8 6. 1 5 ± 0. 3 5  

u rs oli c a ci d a  3. 3 1 ± 0. 1 9  - c  

a c ar b os e b  - 1 5 1. 4 ± 1. 5 0  

a  C o m p o u n d  us e d  as  p ositi v e  c o ntr ol  f or  P T P 1 B  ass a y; b  C o m p o u n d  us e d  as  p ositi v e  c o ntr ol  f or α -
gl u c osi d as e  ass a y ; c  n ot t est e d. 

Is ol at e d  fl a v o n oi ds 1 – 5  als o  e x hi bit e d  diff er e nt  c a p a citi es  i n  α -gl u c osi d as e  i n hi bit or y 
ass a y. A g ai n, a b yssi n o n e VII  (2 ) g a v e t h e b est a cti vit y wit h t h e I C5 0 v al u e of 1 2. 1 4 ± 0. 3 9 µ M, 
f oll o w e d  b y 4  (I C5 0 6 6. 1 9  ±  1. 3 0  µ M)  > 5  (I C5 0 8 6. 1 5  ±  0. 3 5  µ M)  >  a c ar b os e (I C5 0 1 5 1. 4  ± 
1. 5 0  µ M) > 3  (I C5 0 1 9 5. 5 5 ± 0. 7 9 µ M) > 1  (I C5 0  > 2 0 0 µ M, i n a cti v e). I n t h e s a m e m a n n er as t h e 
P T P 1 B  ass a y,  t his  r es ult  r efl e ct e d  a  gr e at  r ol e  of  h y dr o x yl ati o n  a n d  pr e n yl ati o n  at  c ar b o ns  C -
3'/ C -5',  as  w ell  as  h y dr o x yl ati o n  s e e ms  b ett er  t h a n  pr e n yl ati o n. E.  v ari e g at a  c o nstit u e nts  ar e 
li k el y  p ot e nti al  a g e nts  f or  a nti di a b eti c.  O ur  pr e vi o us  r e p orts  als o  i n v esti g at e d  t h e  eff e cts  of 
v ari o us E.  v ari e g at a  fl a v o n oi ds  i n  α-gl u c osi d as e  e x a mi n ati o ns,  s u c h  as  d ai d z ei n,  g e nist ei n, 
gl y cit ei n, d ai d zi n, er y v ari ns H a n d M, a n d n e o b a v ais ofl a v o n e [ 3, 1 4]. 

4. C O N C L U SI O N S  

 T his  is  t h e  first  ti m e  t h at  fi v e  fl a v a n o n e  d eri v ati v es,  c o nsisti n g of  7, 4' -di h y dr o x y -3' -
m et h o x yfl a v a n o n e ( 1 ), a b yssi n o n e VII ( 2 ), si g m oi di n B ( 3 ), ar o m a d e n dri n (4 ), a n d si g m oi di n D 
(5 ), w e r e  d et e ct e d  i n  t h e  Vi et n a m es e  m e di ci n al  pl a nt E.  v ari e g at a .  T h es e  m et a b olit es  s h o w e d 
diff er e nt i n hi bit or y r at es a g ai nst P T P 1 B a n d α -gl u c osi d as e e n z y m es. S u bstit uti o ns b y h y dr o x yl 
a n d  pr e n yl  gr o u ps  t o  t h e  fl a v a n o n e  n u cl e us  ar e  t h e  m ai n  c a us e  of  a cti v e  i n cr e as es.  E xt e nsi v e 
st u di es o n m e c h a nis ms of a cti o n t o e x pl or e t h e p ot e nti al of Er yt hri n a  fl a v o n oi ds a g ai nst t h es e 
e n z y m es ar e n e c ess ar y.  

A c k n o wl e d g e m e nts. T h e  Vi et n a m  A c a d e m y  of  S ci e n c e  a n d  T e c h n ol o g y f u n d e d  t his  st u d y wit h c o d e : 
U D P T C N 0 3/ 2 1 -2 3.  

C R e di T a ut h ors hi p c o ntri b uti o n st at e m e nt . Tri n h N g o c T h a o V y: F or m al a n al ysis, I n v esti g ati o n. Ni n h 
T h e S o n, N g u y e n N g o c Li n h: S oft w ar e, Writi n g – r e vi e w & e diti n g. D o T hi T h u y, H o a n g T hi P h u o n g: 
F or m al a n al ysis, D at a c ur ati o n. H a T hi H ai Y e n, P h a m Q u y n h Tr a n g: D at a c ur ati o n, I n v esti g ati o n. L a m 
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