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Introduction 

ging society has now become a global issue, 
affecting both developed and developing 
countries. For Thailand, it is estimated that 15% 

of the country’s total population will be over 60 years 
old by the year 2021. The impacts of aging society 
are multifaceted in nature. Among these impacts, age-
related conditions have now become leading causes 
of morbidity and death worldwide.1 This fact prompts 
researchers to find ways to slow down aging process 
and limit the occurrence of debilitating age-related 
diseases.2 Among different strategies being investi-
gated, one of the most prominent strategies centers 
around reducing oxidative stress from free radicals 
and other oxidants. Studies have shown the 

importance of oxidative stress as one of the key 
mechanisms that drive both aging process and age-
related diseases.3 Free radicals are atoms, ions, or 
molecules with unpaired or odd-numbered electrons. 
These substances have been shown to cause cellular 
damages which lead to the development of tissue 
damages and pathological events. Aging is thought to 
be one of the consequences of cumulative cellular 
damage from the increasing exposure to free radicals 
over time. It is generally accepted that various 
degenerative disorders are caused by oxidative 
damage, such as atherosclerosis, Parkinson’s disease, 
Alzheimer’s disease, stroke, and cancer.4 As a result, 
identifying antioxidants to mitigate the effects of free 
radicals have been one of the major research efforts 
in scientific community for decades. 

Among various investigational compounds, 
polyphenols, natural substances obtained from plants, 
herbs, fruits, and vegetables, have gained consider-
able attention in recent years, due to its wide spread 
availability around the globe.5-7 In the Eastern 
hemisphere where traditional medicine has been used 
widely since ancient time, antioxidant effects of 
national traditional medicine have gained tremendous 
amount of interest and led to the discovery of many  
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Ayuwatana recipes possessed low antioxidant and low anti-acetylcholinesterase activity.  However, other 
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interesting compounds throughout the years. In 
Southeast Asia region, Thailand is among one of the 
leading countries equipped with a long history and 
well-recorded traditional medicine knowledge. 
Among thousands of Thai traditional medicine 
recipes, Ayuwatana recipes are the group of recipes 
that are widely thought to help slowing down the 
aging process; dosage and administration are based 
on traditional knowledge that have been passed on 
from generation to generation or through traditional 
textbooks recognized by the ministerial regulation. 
Ayuwatana recipes are the part of the knowledge, 
skills and practices based on the theories, beliefs and 
experiences of indigenous people of different 
cultures. The recipes have been frequently used in 
Thai traditional medicine with indication for 
promoting longevity by nourishing and improving 
immune function, as well as improving memory and 
cognitive functions,8 a similar concept as Ayuraved in 
India.9 The most popular recipe is composed of six 
herbs: Piper nigrum Linn. (pepper), Zingiber 
officinale Roscoe. (ginger), Allium sativum Linn. 
(garlic), Cyperus rotundus Linn.  (nut grass), 
Acanthus ebracteatus Vahl. (sea holly), and 
Tinospora crispa Mier ex Hook.  f.  & Thomson 
(heart-leaved moonseed).8 Previous studies have 
shown these herbs in Ayuwatana recipes to possess 
antioxidant activities.10-17 In addition, some herbs also 
possessed anticholinesterase activity.18-23 Since 
excess oxidative stress and low levels of acetylcho-
line are mostly found in aging especially in 
Alzheimer’s disease, increasing the activity of 
acetylcholine by inhibiting acetylcholinesterase 
enzyme and reducing oxidative stress by antioxidants 
can improve the quality of life in these people. 
Therefore, it would be appropriate to screen for the 
antioxidative and cholinesterase inhibitory effect of 
Ayuwatana recipes. 

The aim of this study was to investigate the 
antioxidant and anti-acetylcholinesterase activities of 
aqueous extracts of three commonly used Ayuwatana 
recipes by 1) measuring the total phenolic contents by 
the Folin-Ciocalteu method, 2) examining antioxidant 
properties using DPPH and FRAP assay, and 3) 
evaluating anti-acetylcholinesterase activities using 
the modified Ellman’s coloric assay. Results of our 
experiment can then provide useful information of 
these recipes to support traditional indication as 
promoting longevity in term of protection against cell 
damage by oxidative stress and improvement of 
memory deficit. 

Materials and Methods 

Materials 
All chemicals and reagents were AR grade. DPPH 
(2,2-diphenyl-1-picrylhydrazyl), TPTZ (2,4,6-tripyri-
dyl-s-triazine), acetylcholinesterase (AChE), acetyl-
thiocholine iodide (ATCI), gallic acid anhydrous, 
DTNB or 5,5’-dithio-bis-(2-nitrobenzoate), bovine 

serum albumin, FeCl3, FeSO4, galantamine, and 
ascorbic acid were purchased from Sigma-Aldrich, 
USA. Folin-Ciocalteu reagent was purchased from 
Merck KGaA Germany, and acetate buffer, pH 3.6, 
from Riede-de Haen, Germany. Ninety-six-well plates 
were NuncTM (Thermo Fischer Scientific, Waltham, 
MA, USA) and the M200 microplate reader was  from 
Tecan (Männedorf, Switzerland).    

Plant material and extract preparation 
Three Ayuwatana recipes were obtained from 
Vejpongosot Thai drug store, Bangkok. The 
ingredients of each recipe are shown in Table 1. 

Ingredients were ground in a mill, weighed, and 
mixed according to the recipes. Each recipe was 
extracted with deionized aqueous at 80ºC (1:4 w/v) , 
mixing well with a shaking incubator at 130-140 rpm 
for 30 minutes.  The extract was then filtered through 
paper filter and cotton under vacuum. The filtrate was 
concentrated using a water bath with an evaporator 
dish and kept in a freezer before use. 

Total phenolic contents 
Each extract was diluted with deionized water.  Total 
phenolic contents were determined using the Folin-
Ciocalteu method.7 Twenty-five microliter of the 
extract was mixed with 75 µl deionized water and 25 
µl Folin-Ciocalteu reagent for 5 minutes in 96-well 
microplates. Subsequently, 100 µl of 7.5% w/v 
sodium bicarbonate was added.  The mixture was left 
in the dark for 90 minutes. Absorbance at 765 nm 
was measured using a microplate reader.  The total 
phenolic contents were expressed as gallic acid 
equivalent in milligram per gram of the extract using 
a standard curve of gallic acid. The concentrations of 
gallic acid (mg GAE/ g extract)  in the reaction were 
analyzed from the calibration curve, determined by 
linear regression. 

DPPH scavenging activity   
The antioxidant activity of each extract was estimated 

 Table 1  Recipe ingredients 

  Scientific name Common name Weight 

Recipe 1 (Phet-nam-eak’s Ayuwatana recipe) 
Morinda citrifolia Linn. Noni 195 g 
Tinospora crispa (L.) Miers  

ex Hook.f. & Thomson 
Heart-leaved 

moonseed 
90 g 

Allium sativum Linn. Garlic 45 g 
Cyperus rotundus Linn. Nut grass 15 g 
Piper nigrum Linn. Pepper 15 g 
Piper retrofractum Vahl. Long pepper 15 g 
Zingiber officinale Roscoe. Ginger 15 g 

Recipe 2 (Mor Pium 7th Ayuwatana recipe) 
Tinospora crispa (L.) Miers  

ex Hook.f. & Thomson 
Heart-leaved 

moonseed 180 g 
Boesenbergia rotunda (L.) 

Mansf. 
Finger root 

60 g 
Cyperus rotundus Linn. Nut grass 60 g 
Piper nigrum Linn. Pepper 60 g 

Recipe 3 (Mor Pium 4th Ayuwatana recipe) 
Acanthus ebracteatus Vahl. Sea holly 180 g 
Cyperus rotundus Linn. Nut grass 60 g 
Piper nigrum Linn. Pepper 60 g 



J Physiol Biomed Sci. 2019; 32(2): 66-70 Samer et al. 

68 

on the basis of the radical scavenging effect of the 
stable DPPH*.24 Each extract was diluted with 
deionized water. One hundred microliter of the 
extract were added to 100 µl of 0.4 mM methanolic 
DPPH* solution in 96-well microplates.  The reaction 
mixture was shaken vigorously and left in the dark at 
37ºC for 30 minutes.  The degree of discoloration of 
DPPH* from purple to yellow DPPHH indicated the 
efficiency of radical-scavenging of the extract. The 
absorbance of the mixture was determined with a 
microplate reader at 517 nm using ascorbic acid as a 
positive control. Lower absorbance of the mixture 
indicated higher free radical-scavenging activity.  The 
scavenging activity against DPPH was calculated as 
%inhibition, using the following equation:  

% inhibition = [1 - (A - B)/C] x 100 ; 
where C is the absorbance of control (DPPH• solution 
without the extract) , A is the absorbance of DPPH• 
solution in presence of the extract and B is the 
absorbance without DPPH• solution.  

The extracts with more than 50% inhibition at 500 
µg/ml will be further determined for IC50 value. The 
concentration giving 50% inhibitory activity (IC50) 
was obtained from the graph plotted between the 
%inhibition and concentrations of the Ayuwatana 
recipes. 

FRAP assay 
The ferric reducing antioxidant power was originally 
developed by Benzie and Strain (1996).25 Briefly, the 
FRAP assay was used with some modifications to 
measure the antioxidant activity of Ayuwatana 
recipes in 96-well microplates. FRAP reagent 
consisted of 0.3 M acetate buffer, pH 3.6 (3.1 g 
C2H2NaO2‧3H2O and 16 ml C2H4O2 per liter of 
buffer); 10 mM TPTZ ( 2,4,6-tripyridyl-s-triazine) in 
40 mM HCl, and 20 mM FeCl3. Working FRAP 
reagent was freshly prepared by mixing 25 ml of 0.3 
M acetate buffer ( pH 3. 6) , 2.5 ml of 10 mM 2,4,6-
trypyridyl-s-triazine (TPTZ) , and 2.5 ml of 20 mM 
FeCl3. Twenty-five microliter of each extract was 
mixed with 175 μl of FRAP reagent and the 
absorbance at 593 nm was measured with the 
microplate reader.  Methanolic solutions of known Fe 
( II) concentration, in the range of 31.25-500 μg/ ml
(FeSO4), were used to construct the calibration curve.
The antioxidant potential of the extracts was
determined using a standard curve of ferrous sulfate
and results were calculated and expressed as FRAP
value (mmol FeSO4/g extract).

AChE inhibition assay 
AChE inhibitory activity of the extracts were assayed 
by modified Ellman’s coloric method using 96-well 
microplates.26-27 Briefly, 125 µl of 3 mM DTNB in a 
buffer containing 0.1 M NaCl and 0.02 M 
MgCl2‧ 2H2O, 25 µl of 15 mM ATCI in deionized 
water, 50 µl of buffer containing 0.1%  BSA and 25 
µl of samples (in buffer containing 50% methanol) 
were added to the 96-well microplates followed by 25 
µl of 0.22 U/ml AChE. The absorbance was 
measured at 405 nm before adding the enzyme and 
then every 45 second for 5 cycles after adding the 
enzyme. The AChE inhibitory activity was calculated 
from the differences between absorbance values of 
the control and a sample. Galantamine was used as a 
positive control. The percentage of enzyme inhibition 
was calculated as follows: 

% inhibition = [((A-B) - (C – D)) / (A-B)] x 100 ; 
where A is the absorbance of a control (reagent, 
methanol and enzyme), B is the absorbance of a 
blank of control (reagent and methanol), C is the 
absorbance of a sample (reagent, extract and 
enzyme), D is the absorbance of a blank of a sample 
(reagent and extract). 

The extracts with more than 50%  inhibition at the 
concentration of 500 µg/ml will be further determined 
for IC50 value. The concentration giving 50% 
inhibitory activity (IC50) was obtained from the graph 
plotted between the %inhibition and concentrations 
of the Ayuwatana recipes. 

Results 

The traditional use of Ayuwatana recipes are 
recommended to be administered by making the pills 
with honey or dissolving in water. As it is more 
convenient to use by dissolving in water in modern 
lifestyle, the aqueous extract is more relevant in usual 
consumption. Therefore, we used aqueous extract of 
the recipes in our study. Results was showed that the 
percentage of yield and the total phenolic contents 
along with antioxidant activities were presented in 
Table 2. The aqueous extracts of all Ayuwatana 
recipes exhibited low amount of total phenolic 
contents.  Total phenolic contents of Recipe 2 were 
significantly higher than those of Recipe 1 and 
Recipe 3. However, there might be other constituents 
than phenolic compounds in the recipes that can exert 
antioxidant effect. The results from DPPH assay 

Table 2  Percentage of yield, total phenolic contents, %inhibition from DPPH assay, and FRAP value of aqueous extract 
of Ayuwatana recipes. 

Aqueous extracts %Yield Total phenolic contents 
(mg GAE/g extract) 

DPPH assay, %inhibition 
(at 500 µg/ml) 

FRAP value 
(mmol FeSO4/g extract) 

Recipe 1 5.18 16.19 ± 0.27a 17.66 ± 1.89a 0.11 ± 0.03a 
Recipe 2 1.79 20.33 ± 0.59b 22.57 ± 5.49a 0.12 ± 0.01a 
Recipe 3 2.03 15.33 ± 0.45a 22.43 ± 3.00a 0.17 ± 0.02a 

Ascorbic acid* - - 96.24 ± 0.18 11.2 ± 0.02b 
Values are expressed as a mean ± SD (n = 3). Differences between groups were compared using one-way ANOVA 
followed by Tukey’s post hoc test. Mean values within a column with different letters are significantly different at P < 0.05. 
GAE, gallic acid equivalent; *%inhibition of ascorbic acid was determined at 100 µg/ml. 
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revealed that the aqueous extracts of all recipes 
showed low antioxidant activities with %inhibition 
ranged from 17.66 ± 1.89 to 22.57 ± 5.49% at 500 
µg/ml, while vitamin C showed 96.24 ± 0.18% at 100 
µg/ml. This was consistent with our findings from 
FRAP assay suggested that all aqueous extracts 
possessed low antioxidant activity (ranging 0.11 ± 
0.03 to 0.17 ± 0.02  mmol FeSO4/ g extract), while 
ascorbic acid showed FRAP value at 11.2 ± 0.02 
mmol FeSO4/g extract. The results from FRAP assay 
revealed that all aqueous extracts demonstrated 
significantly less antioxidant activities than ascorbic 
acid and there was no significant difference between 
each recipe at P > 0.05.  

Results from AChE assay (Table 3) indicated that 
different aqueous extracts possessed varying degree 
of anti-acetylcholinesterase activity but they did not 
show significant difference between each recipe. 
Among three recipes, the aqueous extracts (500 
µg/ml)  of Recipe 1 demonstrated the strongest 
activity (16.19 ± 0.27%) compared to Recipe 2 (12.97 
± 3.23%) and Recipe 3 (8.46 ± 5.72%). Nevertheless, 
these anti-acetylcholinesterase activities are consider-
ably weaker than that of galantamine which 
demonstrated 89.18 ± 2.84% at 50 µg/ml. 
 

Discussion 
 

The antioxidant activities of the recipes in this study 
were not correlated with the results of the individual 
herb such as Zingiber officinale, Cyperus rotundus, 
Morinda citrifolia and Piper nigrum which 
demonstrated stronger activities.11,23,28,29 Previously, 
Luanchoy et al. showed that while the longevity 
formula showed low antioxidant activities based on 
DPPH assay, but it showed strong antioxidant activity 
when tested by an oxygen radical absorbance 
capacity using 2,2-azobis(2-amidinopropane) dihydro-
chloride (AAPH)  assay.28 As a result, different tests 
of antioxidant activities of Ayuwatana recipes should 
be performed. In addition, the acetylcholinesterase 
inhibitory effects of the aqueous extracts of the 
recipes were inconsistent with the results of single 
herbs in the recipes, such as Zingiber officinale, Piper 
nigrum, and Piper retrofractum from previous studies 
which were found to have moderate activity of 
anticholinesterase.23,30 Although we expected the 

additive or synergistic effects of the compounds from 
the herbs in the recipe, the antagonistic effect might 
occur. Apart from the antagonistic effect of the 
compounds from the herbs in the recipes, the 
potential reason to explain the discrepancy of the 
antioxidant and anticholinesterase activities of the 
recipes and the individual herbs from previous studies 
might be due to the difference of extraction solvent 
which were ethanol in those experiments.  The less 
polar compounds with stronger antioxidant and anti-
acetylcholinesterase activities may be derived from 
ethanolic or methanolic extraction. To the best of our 
knowledge, this is the first study conducted to 
evaluate the antioxidant and anti-acetylcholinesterase 
activities of the aqueous extracts of Ayuwatana 
recipes. We believe that the results of our study 
helped extend the current knowledge regarding the 
biological activities of these popularly used Thai 
traditional medicine. However, additional assays of 
antioxidant activities, both antioxidant molecules and 
antioxidant enzymes, should be conducted to 
thoroughly measure the activities of these recipes. In 
addition, ethanolic extraction should be conducted to 
gain more active compounds. The quantitative 
chemical analysis of some active compounds in the 
raw materials and in the extracts should be performed 
to ensure the amount of some active compounds 
which may affect the test results. 
  

Conclusion 
 

The aqueous extracts of three Ayuwatana recipes 
possessed low antioxidant and low anti-acetyl-
cholinesterase activities.  Further determination for 
antioxidant activity of the aqueous extracts 
employing other assays should be done to fully 
investigate the effects of these recipes.  Furthermore, 
the ethanolic extraction of the recipes should be 
conducted to get more active compounds which may 
exhibit stronger antioxidant and anti-acetylcholin-
esterase activity. In addition, the possible biological 
activities that support traditional indication for 
promote longevity of Ayuwatana recipe, such as anti-
inflammation or immune stimulation, should be 
considered. 
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