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A bstract

N o n  e n z y m a tic  p ro te in  g ly c a tio n  a n d  o x id a tiv e  s tre ss  a re  th e  k e y  m o le c u la r  b a s is  fo r  th e  m a c ro  a n d  m ic ro  v a sc u la r  c o m p lic a tio n s  
o b se rv e d  in  c h ro n ic  d ia b e tic s . D e co c tio n s  p re p a re d  w ith  m e d ic in a l p la n ts  w ith  an tig ly c a tio n  a n d  an tio x id a n t p o te n tia ls  th e re fo re  

h a v e  th e ra p e u tic  p o te n tia l in  p re v e n tin g  d ia b e tic  co m p lic a tio n s . D e co c tio n s  o f  fiv e  an tid ia b e tic  p la n ts  (p a r ts )  n a m e ly , Cassia 
auriculata flo w ers , Osbeckia octandra le av es , Syzygium cumini b a rk , Phyllanthus emblica f ru its  a n d  Scoparia dulcis w h o le  p la n t 
w e re  a n a ly z e d  fo r  th e ir  D P P H  a n d  A B T S  a n tio x id a n t p o te n tia ls , an tig ly c a tio n  p o te n tia ls  a n d  to ta l p h e n o lic  co n te n ts . D ec o c tio n s  

o f  S. cumini, O. octandra a n d  P. emblica h a d  s ig n if ic a n tly  h ig h  (p  <  0 .0 5 ) a n tig ly c a tio n  p o te n tia l ra n g e s  o f  1 6 .8 - 3 5 .2 ,2 3 .0 -2 8 .5  
a n d  3 7 .4 -8 2 .3  p g /m l w ith  co rre sp o n d in g ly  h ig h  an tio x id a n t p o te n tia ls  a n d  to ta l p h e n o lic  c o n te n ts  o f  8 5 1 ,6 5 8  a n d  6 2 5  m g  G A E /g  
re sp ec tiv e ly .

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.Org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
Keywords: decoction; medicinal plants; antiglycation activity, antioxidant potential

^Introduction

Diabetes mellitus [DM] has become one of the most challenging health problems in the 21s1 century with 9% of 
the world adult population suffering from this disease'. Long term diabetes leads to macro and micro vascular
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com plications such  as card io-vascular com plications, neuropathy, retinopathy, nephropathy  and  cerebro-vascular 
d iseases. G lycation is the key  m olecu lar basis o f  th ese  com plications. A dvanced G lycation  E nd  products (A G Es) 
developed in the  late stage o f  the  glycation process, due to  hyperglycaem ia accum ulate on  long lived  proteins 
com prom ising  their physiological functions leading to above com plications2. T he rate o f  the  form ation  o f  free 
radicals is accelerated  in D M  and  also  during  the form ation o f  AG Es. R eactive oxygen species (R O S) in the 
presence o f  trace levels o f  cataly tic  redox-active  transition  m etal ions also contribute to  the  form ation o f  AGEs. 
N atu ra l p roducts  o f  p lant o rig in  evaluated as inhibitors o f  glycation  have been  found to  p ossess antioxidant 
po ten tia ls3. T he p lan t parts o f  Cassia  auricula ta  [flow ers][C /f], O sbeckia  octandra  [ le a v e s][0 0 ] , Syzygium  cum ini 
[bark][SC ], P hyllanthus em blica  [fru its][P £] and  Scoparia  dulcis [w hole plant][5D ] that a re  being  used  in m any 
herbal form ulations in indigenous m edicine fo r the  treatm ent o f  D M  w ere analyzed fo r the ir an tig lycation  and 
an tioxidant potentials and  total phenol content. T he  prevalence o f  h igh  an tioxidant and antig lycation  potentials o f  
herbal p lan ts  and  h igh  phenolic contents w ill p rove  the  efficacy o f  using  these  in the  treatm ent o f  DM .

N o m e n c la tu re
A B TS 2 ,2 ’-A z in o b is  (3 -e th y l benzoth iazoline-6-sulphonic acid) d iam m onium  salt
A G Es A dvanced G lycation E nd products
B SA B ovine Serum  A lbum in
CA C assia auricula ta
D M diabetes m ellitus
D PPH 2 , 2  d iphenyl-2-picryl hydrazyl hydrate
OO O sbeckia octandra
P E P hyllanthus em blica
RO S R eactive oxygen species
S C Syzygium  cum ini
SD Scoparia  d u lcis

2 .M a te ria ls  a n d  M eth o d s

2 .1 .Selection  a n d  collection  o fp la n t  m ateria ls f o r  the  study

The com m ercially  availab le d ried  sam ples o f  the selected  p lan t m aterials w ere  purchased  from  the 
trad itional herbal m arket and  three fresh sam ples o f  each  p lant w ere collected  from  th ree  d ifferen t areas o f  the 
country. Identities o f  the specim ens o f  p lan t m aterials co llected  w ere authenticated  b y  the B otan ist a t B andaranaike 
M em orial A yurvedha R esearch  Institute, N aw inna, Sri Lanka.

2.2. P reparation  o f  p la n t m aterials a n d  decoctions

Fresh sam ples and  com m ercially  available dried  sam ples w ere a ir d ried  for 24  hours a t room  tem perature. 
F resh  sam ples w ere  further dried  in  a  dehydrator (L eader) a t 55° C  fo r 24 h rs, pow dered  (N ational, Japan) and 
packed  in polyethylene bags and sto red  in a ir tigh t containers a t -4 °C  in a  freezer un til analysis. W ater extracts 
pow dered  sam ples w ere prepared  according  to  the traditional m ethod p racticed  in  A yurvedha to  p repare  ‘K a sa ya ’ 
(decoctions). T he pow dered  sam ple having a  s im ila r w eight o f  12 ‘ka la n ’ (60  g) w as boiled  under low  heat w ith 
960 m l o f  w ater (4  pa th a )  to  ob tain  a  concentrate  o f  240  m l (1 patha)*. The above w ater ex tract w as filtered 
through a  th in  silk  c lo th  (500pm ). T he filtrate w as freeze-dried  (Feyela, FD U -1200) and  sam ples w ere  kept a t -4°C 
in  a  co ld  room  in a ir tigh t containers.

2.3. A ntigIycation activity

A ntiglycation  activ ity  w as determ ined using  the  B ovine Serum  A lbum in (B SA ) assay5 and  quantified  for 
the  re la tive  am ount o f  g lycated  B SA  based  on  fluoresce in tensity  (S pectra  M ax  G em ini EM ). T he excitation  and
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em ission  w avelengths used  w ere 370  nm  and  440  nm  respectively. Each sam ple w as analyzed in  five different 
concentrations and  each in triplicate. Percentage inhibition w as calculated  using  the form ula given be low  and  the 
sam ple concentration  required  for 50%  inhibition w as calculated  using  M initab  14.

% inhibition =  OD [blank]—(OD[rampi»J —(H) [cample a a p M )/O D  [blink] X1G0
OD — Optical dm nty

2 .4 .A n tiox idan tpo ten tia l b y  D P P H  assay

A ssay  w as carried  ou t w ith D PPH  (2, 2 diphenyl-2-p icry l hydrazyl hydrate) (S igm a, U SA ) using  a 
spectrophotom etric m ethod6. The percentage o f  D PPH  radical scavenging activ ity  w as de term ined  in five 
concentrations using the equation m entioned below . B utyl hydroxy to luene w as used  as the reference standard. The 
sample concentration which gives 50% scavenging activity was estimated as IC50 value.

% seavepging activity =  ao -  as/ ao x  ioq
As -  Absoraanie of the DPPH solution of the control cample

AO- Absorbance af tha DPPH sahitioE in  the presence af plant exrac:

2.5. Antioxidant activity by ABTS assay

2 ,2 ’-A z in o b is  (3 -e th y l benzoth iazoline-6-sulphonic  acid) d iam m onium  (A B TS) salt (S igm a-A ldrich , 
U SA ) radical cation decolorization assay  w as u sed  to  m easure the antioxidant activ ity7. Trolox (6 -H y d ro x y -2 ,5 ,7 ,8 - 
tetram ethylchrom an-2-carboxylic acid) w as u sed  as the standard  and  da ta  are reported  as m ean ±  SD  o f  the three 
replicates as T rolox equivalents u sing  the equation obtained  from  the calibration  curve o f  Trolox.

2 .6 . T o ta lp h en o lic  content

The total pheno lic  content o f  each  extract w as determ ined spectrophotom etrically  using  the F o lin-C iocalteu  
reagent8. Total phenolic  con ten t w as expressed  as m g G allic  acid  equivalent /g  using  the equation obtained  from  the 
calib ration  curve fo r G allic  acid. D ata a re  expressed as m ean± SD  o f  three  replicates.

3 .R esu lts  a n d  d iscussion

F igure 1 indicates the D PPH  an tioxidant potential w hich is inversely proportional to  the sam ple 
concentration . A m ong the  decoctions the  highest D PPH  potentials w ere show n b y  d ry  and  fresh sam ples o f  P. 
em blica, (27.1- 49.5 pg /m l) follow ed b y  S. cum ini (30.3- 68.7 pg /m l) and  O. octandra  (55 .7- 98 .4  pg/m l). The 
sam ples o f  C. auricula ta  (237-309 pg/m l) and S. du lcis  (4 3 7 -5 4 0  pg /m l) contain significantly  (p  <  0 .05) low er 
D PPH  an tioxidant potentials com pared  to  the  o ther sam ples. The com m ercial sam ples o f  P E  and  S C  co llected  from  
the trad itional herbal m arket had  th e  h ighest D PPH  an tioxidant potential. D ried p lan t m ateria l o f  O. octandra  w as 
no t com m ercially  availab le  as  it is used  as a  fresh ingredient in herbal form ulations.

A m ong the  decoctions, P E  d ried  sam ple also  had the  highest A B TS an tioxidant potential (2764 TEAG 
m m ol/g) fo llow ed b y  SC, OO, CA  and  SD  w ith  the  low est (615 TEA C m m ol/g) activ ity  (F igure  2). A B T S potentia l 
o f  a ll four o f  S C  bark  decoctions w ere significantly  h igh (p  <  0 .05) com pared to  the  o ther p lants excep t P E  and in 
the range o f  1544-1897 T E A C  m m ol/g. S trong po ten tia l for inhib iting  R O S production  and  free radical scavenging 
activ ity  o f  w a ter extract o f  P. em blica  fru it p repared  according  to the Thai H erbal Pharm acopeia  is reported9 and  are 
attributed  to  hydrolysable tannins such  as em blicanin  A , em blicanin B and  flavonoid  ru tin 10. H erbal drugs ‘C ogent 
d b ’ and  ‘D -400’ that contain S C  bark  as the  m ajor ingredient are popular traditional m edicines fo r d iab e tes" . 
C om pared  to CA and  SD , O O  decoction  expressed significantly  high  radical scavenging activity. W hen com paring  
the  an tioxidant potentials o f  decoctions as p e r bo th  m ethods the P E  h ad  the h ighest an tioxidant potentia l follow ed 
by  SC . S D  had  the low est potential w ith  CA  and  O O  having  potentials in increasing order.
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Figure 1 DPPH antioxidant potentials (mean ± SD) o f  plant decoctions (black -  commercial [com]; red -  fresh collected from different areas)
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Figure 2  ABTS antioxidant potentials (mean ± SD) o f  plant decoctions (black -  commercial [com]; blue - fresh collected from different areas)

The D PPH  and  ABTS antioxidant potentials o f  the  sam ples o f  CA  com m ercial and  laboratory dried  
sam ples w ere  significantly  d ifferent (p  <  0 .05) and  could  be due to the d ifferen t conditions u sed  in the drying 
p rocess. In  addition  the variations in the decoctions p repared  from  the sam e p lan t m aterial co llected  from  differen t 
areas m ay  be due to  geographical variations.

The antig lycation  potential (F igure 3) is inversely  proportional to  the  sam ple concentration  and  the  h ighest 
po ten tia ls w ere  found in  S C  decoctions follow ed b y  PE, OO, CA  and  SD  respectively. D ecoction  prepared  w ith 
com m ercial sam ple o f  S C  bark had  the h ighest antig lycation  activ ity  (16.8 pg/m l) follow ed by laboratory  dried
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sam ples (31 .7  -  35.18 pg/m l) w hen com pared  to o ther m edicinal p lants used  for the  study. A ll parts  o f  S. cum ini 
h ad  been  used  w idely  in  India  as an  alternative m edicine fo r D M  and  as a  front line antid iabetic m edicine in 
E urope12. T he results o f  the  p resen t study scientifically  proved  its efficacy  as an antid iabetic herbal treatm ent.
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Figure 3 Antiglycation potentials (mean ± S D ) o f  plant decoctions (red -  commercial [com]; blue -  fresh collected from different areas)

T he decoctions o f  0 0  leaves collected  from  d ifferen t areas also  show ed significantly  h igh  antig lycation  
po ten tia l th an  the  positive  contro l arbu tin  (65.0pg/m l). T he resu lts  prove that the  antidiabetic activ ity  o f  S C  and  0 0  
are based  on  the  inhib itory  effect o f  pro te in  glycation and  retardation o f  oxidative stress. D ecoction  o f  the 
com m ercial P E  fru it w as significantly  h igh  (37 .47pg/m l) than the laboratory dried  sam ples (7 4 .1 -8 2 .3  pg/m l) as 
w as w ith  CA  com m ercial sam ple (110  pg/m l) and  laboratory dried  sam ples (2 0 2 -2 5 0  pg/m l). A ntiglycation  
potential o f  S D  w as in the  range o f  13 - 2 1 3pg/m l w hich  w as the  low est am ong the  decoctions studied.
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Figure 4  Total phenolic content (mean ±  S D) o f  plant decoctions (red -  commercial [com]; b lu e- fresh collected from different areas)



524 P.R.D. P erera  e t  a l . /P r o c e d ia  C h e m istry  1 6  (2 0 1 5 ) 5 1 9  -  5 2 4

A ll S C  sam ples con tained  significantly  h igh  total pheno lic  con ten t (819 -883 m g G A E /g) fo llow ed by  O O , 
P E, CA  and  SD. T o tal phenolic content o f  the decoctions o f  P E  and  CA  w ere a lso  significantly  h igh in the 
com m ercial sam ple (625 m g G A E /g  and  459 m g/G A E/g). S im ilar findings w ere reported  fo r the w ater ex tracts o f  
P E  fru it prepared  according  to  the  Thai Pharm acopeia9. A ccord ing  to  literature m any  phenolic  com pounds, 
including  flavones, flavanones, and  flavonols have strong antig lycation  activ ity13.

4.Condusions

T he Syzygium  cum ini decoction  had  the h ighest phenol content, h ighest an tioxidant and  antig lycation  
po ten tia l am ong the  p lants studied  proving  the  scientific  rationale in using  the  decoction  in d iabetic  treatm ent. The 
P hyllanthus em blica  and  Cassia  auricu la ta  decoctions also had  high  phenols, h igh antioxidant an d  antiglycation 
potentials. Thus the  findings o f  the  present study  have proven the efficacy  o f  using  decoctions o f  these  p lants in the 
treatm ent o f  d iabetes m ellitus. The da ta  o f  the  study p roves that these  m edicinal p lan ts  are p rom ising  sources o f  
po ten tia l an tioxidants and  preventive agents o f  pro te in  g lycation  and  thus diabetic com plications.
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