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ARTICLE INFO ABSTRACT

Keywords: Oxidative stress and hyperglycemia are known to be responsible for several diseases, including
Synergistic effect diabetes. To prevent these diseases, efforts are ongoing to identify novel antioxidants with hy-
Polyherbal

poglycemic effects. Trikatuk is a traditional Thai formulation composed of three herbs in equal

Tra(_m_lona medicine quantities: the fruits of Piper nigrum and Piper retrofractum and the rhizomes of Zingiber officinale.
Antidiabetic . . - . PR

Piperine This formulation has been reported to have antioxidant activity and the three individual herbs
Ginger have been traditionally used for managing diabetes. Therefore, the present study aimed to

investigate the phytochemical contents, antioxidant activity (DPPH and ABTS radical scavenging
assays), and alpha-glucosidase inhibitory activity of Trikatuk. As Trikatuk is a combination of
herbs, the synergistic effect and two different preparation methods from powder or extract
mixtures were also explored. The results revealed that Trikatuk, particularly prepared from a
mixture of extracts, exhibited high contents of piperine, total phenolics and total flavonoids, as
well as significant antioxidant and alpha-glucosidase inhibitory activities. Trikatuk also exhibited
additive or synergistic effects in all experiments. Overall, Trikatuk is potentially an alternative
traditional medicine and dietary supplement offering antioxidant activity and diabetes
management.

1. Introduction

Free radicals have been reported to be involved in the pathogenesis of many diseases such as insulin resistance, diabetes, and
cardiovascular disease. Physiologically, they are essential for cell functions, such as intracellular signaling, inflammation and immune
function. However, when the production of free radicals exceeds the elimination capacity of the antioxidant defense systems, oxidative
stress will occur and lead to cell dysfunction, apoptosis, and even cell death. Antioxidant compounds that inhibit or reduce free
radicals, thus protect against cell damage, and reduce the incidence of several diseases [1].

As well as arising from the action of free radicals, oxidative stress can also be caused by chronic hyperglycemia, which induces cell
injury and dysfunction, pancreatic f-cell damage, and insulin resistance, and leads to the onset of diabetes. Chronic hyperglycemia is
also often associated with several complications in diabetic patients, including retinopathy, nephropathy, neuropathy, and risk factors
for cardiovascular diseases, infections, and progression of cancer cells [1,2]. In particular, postprandial hyperglycemia has been re-
ported to be associated with mortality and cardiovascular disease. The treatment of postprandial hyperglycemia using acarbose, an
alpha-glucosidase inhibitor, has also been associated with a reduction in cardiovascular events [3]. Alpha-glucosidases are enzymes
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located in the brush border of the enterocytes and are responsible for hydrolyzing carbohydrates into glucose. The inhibition of
alpha-glucosidases can thus retard liberation of glucose from carbohydrates, delay glucose absorption and reduce postprandial hy-
perglycemia. However, alpha-glucosidase inhibitors have been reported to cause gastrointestinal side effects, such as diarrhea,
abdominal pain, and flatulence [4]. Therefore, efforts to discover novel alpha-glucosidase inhibitors with minimal side effects are of
continuing interest.

Traditional medicine, also known as complementary and alternative medicine, is used for the prevention and treatment of many
diseases because of its effectiveness, availability, and accessibility [5]. Based on the holistic approach of traditional medicine, pre-
scriptions often contain various herbs as a formulation, with each herb providing its particular function to provide combination and
synergistic effects for treating diseases [6]. Indeed, several herbs used in traditional medicine have been reported to be potential
sources of antioxidants and alpha-glucosidase inhibitors [4]. Several studies have also reported on the synergistic antioxidant and
alpha-glucosidase inhibitory activities of herbal combinations [7-9]. Therefore, polyherbal formulations used in traditional medicines
might be candidates for investigation.

Trikatuk is a well-known Thai traditional formulation and has long been widely used. It is composed of three herbs in equal
quantities, the fruits of Piper nigrum L. and Piper retrofractum Vahl and the rhizomes of Zingiber officinale Roscoe [10,11]. This
formulation is similar to a well-known Ayurvedic formulation, Trikatu. However, the difference between these two formulations is the
use of Piper longum L. instead of Piper retrofractum in Trikatu [12]. Traditionally, Trikatuk has been used for adjusting the balance of the
body elements, improving food digestion and absorption, for providing anti-tussive and diaphoretic effects, and for treating influenza
and flatulence [10]. Although it has long been used in Thai traditional medicine, only a few studies have reported on its functional
effects, such as antioxidant, cholinesterase inhibitory [11], and anti-inflammatory activities [13]. The use of individual herbs in
Trikatuk have been reported for diabetes management in Thai traditional medicine with scientific evidence supporting the observed
effects [14]. From these studies, Trikatuk might exhibit antidiabetic effects and any synergistic antioxidant and alpha-glucosidase
inhibitory activities should therefore be investigated.

A combination of herbs including Trikatuk is commonly prepared by two methods: combining herb powders according to a formula
ratio to produce the formulation before extraction; or by combining extracts of each component herb according to a formula ratio.
These two methods have been reported to produce formulations which exhibit different potencies [7,13]. Thus, the effect of prepa-
ration methods needs to be investigated.

The present study, therefore, aims to evaluate the potential of Trikatuk for development as a traditional medicine or dietary
supplement for providing antioxidants and managing diabetes. The contents of phytochemicals, and antioxidants, and their alpha-
glucosidase inhibitory activities of ethanolic extracts of Trikatuk and its component herbs will be analyzed. The synergistic effect
and the influence of preparation methods will also be explored.

2. Materials and methods
2.1. Reagents and chemicals

Dimethyl sulfoxide (DMSO), piperine analytical standard, Folin-Ciocalteu phenol reagent, ABTS (2,2'-azinobis-(3-ethyl-
benzothiazoline-6-sulfonic acid)), Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid), DPPH (2,2-diphenyl-1-pic-
rylhydrazyl), acarbose, alpha-glucosidase from S. cerevisiae, and 4-nitrophenyl a-p-glucopyranoside (pNPG) were purchased from
Sigma Aldrich Chemical (St. Louis, MO, USA); aluminum chloride, ascorbic acid, and potassium persulfate from Ajax Finechem (Taren
Point, NSW, Australia); gallic acid from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan); anhydrous sodium carbonate from CARLO
ERBA Reagents (Emmendingen, Germany); and Dulbecco’s Phosphate Buffered Saline (PBS) from Gibco Thermo Fisher Scientific
(Waltham, MA, USA). All other chemical reagents were of analytical grade.

2.2. Extraction and preparation

The crude raw materials, the fruits of P. nigrum (PN) and P. retrofractum (PR), and rhizomes of Z. officinale (ZO), were purchased
from a local traditional drug store in January 2022 (Fig. 1). The voucher specimens (TNRA2201-03) were deposited at the office of the
Graduate Program in Nutrition, Faculty of Medicine Ramathibodi Hospital, Bangkok, Thailand. The crude materials were ground to a
fine powder then equal portions of each (1:1:1, w/w) were mixed to make the Trikatuk (TK). The powders of PN, PR, ZO and TK were
macerated with 95% ethanol for 72 h at room temperature with occasional shaking. Each ethanolic extract was then filtered through a
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Piper nigrumL. Piper retrofractum Vahl Zingiber officinale Roscoe

Fig. 1. The crude raw materials of Trikatuk, a Thai traditional formulation.
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filter paper and dried using a rotary evaporator. All dried extracts were aliquoted and stored in a sealed container at —20 °C until use.

To determine the synergistic effect and the influence of preparation methods, each dried extract was dissolved in DMSO or ethanol
to make a stock solution at a concentration of 10 mg/mL. The stock solutions were combined in an equal ratio to obtain the combi-
nations as follows: PN + PR (1:1, v/v), PN + ZO (1:1, v/v), PR + ZO (1:1, v/v), PN + PR + ZO (1:1:1, v/v).

2.3. Determination of phytochemical contents

2.3.1. Determination of piperine content

The piperine content was determined in TK, PN, and PR by HPLC analysis as previously reported with a slight modification [15].
The HPLC analysis was performed with a Prominence HPLC system (Shimadzu Co., Kyoto, Japan) equipped with binary pumps
(LC-20AD), an auto sampler (SIL-20A HT), a column oven (CTO-20A) and a photodiode array detector (SPD-M20A). The chromato-
graphic separation was performed on a Shimadzu Shim-pack GIST C18 column (4.6 x 250 mm, 5 pm particle size). The isocratic
elution consisted of 48% of acetonitrile and 52% of 1% acetic acid in deionized water. The flow rate was 1.0 mL/min throughout the
run. The column temperature was maintained at a constant temperature of 40 °C.

The standard piperine was dissolved with 50% acetonitrile in deionized water and diluted to the appropriate concentrations to
establish a standard curve. The ethanolic stock solutions of TK, PN, and PR were also diluted with 50% acetonitrile in deionized water
to the appropriate concentrations. Both the standard and samples were filtered through a 0.45 pm membrane filter then 10 pL of each
was injected into the system. The piperine peak was detected at 341 nm.

2.3.2. Determination of total phenolic content

The total phenolic content (TPC) was determined using the Folin-Ciocalteu reagent method [16]. The ethanolic stock solutions of
each sample were diluted with deionized water to 1 mg/mL then 20 pL of each sample were mixed with 50 pL of the Folin-Ciocalteu
reagent (diluted 1:10 with deionized water) in 96-well plates then left to stand for 3 min. Then 80 pL of 7.5% sodium carbonate
solution were added followed by incubation for 2 h in the dark at room temperature. The absorbance was measured using a microplate
reader (Tecan, Mannedorf, Switzerland) at 765 nm. Gallic acid was used to establish the standard curve. The TPC was expressed as
milligrams of gallic acid equivalent per gram of the extract (mg GAE/g Extract).

2.3.3. Determination of total flavonoid content

The total flavonoid content (TFC) was determined by the aluminum chloride colorimetric method [16]. The ethanolic stock so-
lutions of each sample were diluted with ethanol to 1 mg/mL then 100 pL of each sample were mixed with 100 pL of 2% aluminum
chloride solution in 96-well plates. After incubation for 10 min at room temperature, the absorbance was measured at 415 nm.
Quercetin was used to establish the standard curve. The TFC was expressed as milligrams of quercetin equivalent per gram of the
extract (mg QE/g Extract).

2.4. Determination of antioxidant activity

The antioxidant capacity was determined by ABTS and DPPH radical scavenging assays as previously reported with a slight
modification [16].

2.4.1. ABTS radical scavenging assay

The ABTS" radical was prepared by mixing 7.4 mM ABTS solution and 2.6 mM potassium persulfate solution in equal volumes, and
allowing the mixture to react for 12-16 h in the dark at room temperature. Before the assay, the ABTS" radical was diluted in methanol
until the absorbance reached a value of 1.100 £+ 0.020 at 734 nm. The ethanolic stock solutions of each sample were diluted with
ethanol to 1 mg/mL then 10 pL of each sample were mixed with 200 pL of the ABTS" radical solution in 96-well plates. After incubation
for 6 min in the dark at room temperature, the absorbance was measured at 734 nm. Trolox was used to establish the standard curve.
The results were expressed as milligrams of Trolox equivalent antioxidant capacity per gram of the extract (mg TEAC/g Extract).

2.4.2. DPPH radical scavenging assay

The DPPH radical was freshly prepared by diluting with methanol to 152 pmol/L. The ethanolic stock solutions of each sample were
serially diluted to various concentrations with ethanol then 100 pL of each sample were mixed with 100 pL of the DPPH radical so-
lution in 96-well plates. After incubation for 30 min in the dark at room temperature, the absorbance was measured at 517 nm.
Ascorbic acid was used as a standard reference. The percentage of DPPH radical scavenging capacity was calculated as follows:

% DPPH radical scavenging capacity = [(A; — As)/Ac] x 100,

where A, is the absorbance of the DPPH solution without the sample and As is the absorbance of DPPH react with the sample. The
results from each sample were expressed as an ICsg value (the concentration of the sample required to scavenge 50% of DPPH radicals).

2.5. Determination of alpha-glucosidase inhibitory activity

The alpha-glucosidase inhibitory activity was determined as previously reported with a slight modification [17]. The DMSO stock
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solutions of each sample were serially diluted to various concentrations (0.125-8 mg/mL) with deionized water. Acarbose was used as
a positive control and was diluted to various concentrations (0.25-4 mg/mL) with deionized water. In the 96-well plates, 20 pL of each
sample were mixed with 20 pL of 0.5 U/mL alpha-glucosidase and 60 pL of PBS (pH 6.9). The mixture was pre-incubated at 37 °C for
10 min before adding 20 pL of 5 mM pNPG as a substrate and further incubation at 37 °C for 20 min for the reaction to take place. The
absorbance of p-nitrophenol was measured at 405 nm. The percentage of alpha-glucosidase inhibitory activity was calculated as
follows:

% Alpha — glucosidase inhibitory activity = [(A. — A,) / A.] x 100

where A, is the absorbance of alpha-glucosidase solution without the sample and A is the absorbance of alpha-glucosidase reacting
with the sample. The results from each sample were expressed as an ICsq value (the concentration of the sample required to inhibit 50%
of alpha-glucosidase activity).

2.6. Determination of synergistic effect

The synergistic effect of the different combinations was determined by comparing the theoretical value and the value obtained from
the experiment. The theoretical value was calculated by using the additive contributions of each individual in the combination as
follows:

Theoretical value of A+ B =

Exp. val f A Exp. val f B
Theoretical value of A +B = < P vazue o > < xp vazue 0 > (€D)
Exp. value of A Exp. value of B Exp. value of C
and Theoretical value of A + B + C = ( P va3ue ° > + ( P va3ue o > + ( P va3ue ° > 2)

This calculation method is easy and has commonly been used for determining the types of interactions in herbal combinations [8,
18].

The type of interaction of ABTS radical scavenging capacity was considered as synergistic when the theoretical value was >5%
below the experimental value, as antagonistic when the theoretical value was >5% above the experimental value, and as additive
when the theoretical and experimental values differed by < 5%.

For the DPPH radical scavenging capacity and alpha-glucosidase inhibitory activity, the type of interaction was considered as
synergistic when the theoretical ICs( value was >5% above the experimental ICs( value, as antagonistic when the theoretical ICsg value
was >5% below the experimental ICs value, and as additive when the theoretical and experimental ICs values differed by < 5%.

2.7. Statistical analysis

All experiments in the present study were performed in triplicate and repeated three times. The data are reported as average =+
standard deviation from the three experiments. Regression was used to calculate the ICs( values. The data were analyzed by analysis of
variance (ANOVA) with 95% significance, followed by Tukey’s test (P < 0.05). The relationship between the phytochemical contents,
including piperine, TPC, and TFC and the bioactivities, including DPPH and ABTS radical scavenging capacities, and a-glucosidase
inhibitory activity was analyzed using Pearson’s correlation. All the statistical analyses were performed using SPSS (version 18.0, SPSS
Inc., Chicago, IL, USA).

3. Results
3.1. Extraction yield and piperine content

The yield of ethanolic extracts and piperine contents of TK and the component herbs are shown in Table 1. The yield of TK was
5.133% and of the component herbs, PR exhibited the highest yield (9.034%), followed by PN (5.448%), and ZO (3.793%).

The piperine content was determined in TK, PN, and PR, with PN exhibiting the highest content (35.14%) followed by PR (26.79%)
and TK (22.58%). The average contents of piperine in PN and PR were used to calculate the piperine contents in the combinations by

Table 1
Extraction yields and piperine content of Trikatuk and its component herbs.
Ethanolic extracts Yields (%) Piperine contents” (mg /g Extract)
Trikatuk (TK) 5.133 225.75 + 2.41
Piper nigrum (PN) 5.448 351.40 £+ 2.86
Piper retrofractum (PR) 9.034 267.93 £ 3.09
Zingiber officinale (ZO) 3.793 ND

@ Values represent average + standard deviation. ND, Not determined.
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using Equations (1) and (2). The calculated piperine contents in PN + PR, PN + ZO, PR + ZO, and PN + PR + ZO were 30.97%, 17.57%,
13.40%, and 20.64%, respectively.

3.2. Phytochemical contents

The total phenolic content (TPC) and total flavonoid content (TFC) in TK, its component herbs, and their combinations were
determined (Table 2). Comparing the preparation methods, TK which was derived from the powder mixture had a TPC significantly
lower than that derived from the extract mixture, PN + PR + ZO. Of the component herbs, the highest TPC was found in ZO, followed
by PN and PR. The combinations of two component herbs revealed that PN + ZO and PR + ZO exhibited a similar TPC which was
significantly higher than that of PN + PR. The TPC of these combinations exhibited various differences with respect to their theoretical
values (see Equations (1) and (2)), as indicated by the rate of increase in the phenolic content (RIPC). The RIPC for PN + PR + ZO, PN
+ ZO, and PR + ZO increased by 22.14%, 7.10%, and 23.09%, respectively, while that for PN + PR decreased by 12.03%.

Regarding the total flavonoid content, TK also exhibited a lower TFC, which was not significantly different from that of PN + PR +
Z0. Of the component herbs, the highest TFC was also found in ZO, followed by PN and PR. The combinations revealed that PN + ZO
exhibited the highest TFC, higher than ZO, followed by PR + ZO, and PN + PR. The TFC of these combinations also increased with
respect to their theoretical values, as indicated by the rate of increase in the flavonoid content (RIFC). The RIFC of PN + PR + ZO, PN +
PR, PN + ZO, and PR + ZO increased by 8.93%, 18.13%, 16.22%, and 12.68%, respectively.

3.3. ABTS and DPPH radical scavenging capacities

The antioxidant capacity was determined by the ABTS and DPPH radical scavenging assays (Table 3). The results of the ABTS assay
were correlated with the TPC values. The antioxidant capacity of TK was significantly weaker than that of PN + PR + ZO. Of the
component herbs, ZO exhibited the strongest antioxidant capacity, followed by PN and PR. The combinations revealed that PN + ZO
exhibited the strongest antioxidant capacity, followed by PR + ZO, and PN + PR. The types of interaction for PN + PR + ZO, PN + ZO,
and PR + ZO were additive while that for PN + PR was antagonistic. This suggested that ZO might contribute an additive effect on the
ABTS radical scavenging capacity.

For the DPPH assay, the results are presented as ICs values and were correlated with the TFC. The antioxidant capacity of TK was
also significantly weaker than that of PN + PR + ZO. Of the component herbs, ZO exhibited the strongest antioxidant capacity, which
was comparable to that of ascorbic acid, a positive control, followed by PN and PR. The combinations revealed that PN 4+ ZO and PR +
Z0 exhibited a comparable radical scavenging capacity, significantly stronger than that of PN + PR. However, the types of interaction
of all the combinations were synergistic. This suggested that all component herbs might exert a synergistic effect on the DPPH radical
scavenging capacity.

3.4. Alpha-glucosidase inhibitory activity

The alpha-glucosidase inhibitory activity is presented as ICso values (Table 4). The inhibitory activity of TK was significantly
weaker than that of PN + PR + ZO. Of the component herbs, PN exhibited the strongest inhibitory activity, significantly stronger than
that of acarbose, a positive control. The inhibitory activity of PR was stronger, but not significantly different than that of ZO. The
combinations revealed that PN + PR exhibited the strongest inhibitory activity, followed by PN + ZO and PR + ZO. The inhibitory
activities of PN + PR and PN + ZO were also stronger than that of acarbose. The types of interaction of PN + PR and PN + ZO were
synergistic while those of PR + ZO and PN + PR + ZO were additive. This suggested that PN might contribute synergistic effects on the
alpha-glucosidase inhibitory activity.

Table 2
Experimental and theoretical values of total phenolic (TPC) and total flavonoid (TFC) contents of ethanolic extracts of Trikatuk, its component herbs
and their combinations.

Extracts Total phenolic content (mg GAE/g Extract) Total flavonoid content (mg QE/g Extract)
Experimental Theoretical RIPC" (%) Experimental Theoretical RIFC" (%)
PN 30.70 + 0.72¢ - - 2.62 + 0.43*P - -
PR 11.52 + 1.06" - - 0.81 + 0.07¢ - -
z0 85.66 + 1.85° - - 3.30 £ 0.33*° - -
TK 20.85 + 1.21° - - 2.36 + 0.43*° - -
PN + PR + ZO 52.07 £ 1.44° 42.63 22.14 2.44 + 0.58%° 2.24 8.93
PN + PR 18.57 + 1.86° 21.11 -12.03 2.02 + 0.55™¢ 1.71 18.13
PN + 720 62.31 + 1.81° 58.18 7.10 3.44 £ 0.75% 2.96 16.22
PR + ZO 59.81 + 0.89° 48.59 23.09 2.31 + 0.39%° 2.05 12.68

The different superscript letters denote significantly different mean values (P < 0.05, Tukey’s test).
Values represent average + standard deviation of triplicate experiments (n = 3).

2 The rate of increase in the Total phenolic content.

Y The rate of increase in the Total flavonoid content.
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Table 3
Experimental and theoretical values of ABTS and DPPH radical scavenging capacities of ethanolic extracts of Trikatuk, its component herbs and their
combinations.

Extracts ABTS radical scavenging capacity (mg TEAC/g Extract) DPPH radical scavenging capacity ICso value (ug/ml)
Experimental Theoretical Effect Experimental Theoretical Effect

PN 73.98 £ 3.31° - - 228.09 + 7.81¢ - -

PR 11.04 + 0.92" - - 1290.64 + 33.61° - -

Zo 370.68 + 5.78% - - 61.20 + 1.217 - -

TK 130.61 + 5.03° - - 231.50 + 12.06¢ - -

PN + PR + ZO 159.34 + 2.86¢ 151.90 Add 165.05 + 15.20°¢ 526.64 Syn

PN + PR 39.46 + 6.068 42.51 Ant 414.50 + 2.56° 759.36 Syn

PN -+ ZO 215.52 + 4.87° 222.33 Add 107.23 + 2.70° 144.64 Syn

PR + ZO 195.16 + 2.38¢ 190.86 Add 122.98 + 6.74° 675.92 Syn

Ascorbic acid - - - 23.79 + 3.79% - -

Values represent average + standard deviation of triplicate experiments (n = 3).
The different superscript letters denote significantly different mean values (P < 0.05, Tukey’s test).

Table 4
Experimental and theoretical values of alpha-glucosidase inhibitory activity of ethanolic extracts of Trikatuk, its component herbs and their
combinations.

Extracts Alpha-glucosidase inhibition ICs, value (mg/mL)
Experimental Theoretical Effect

PN 0.29 + 0.13% - -
PR 5.67 + 0.35¢ - -
70 6.73 + 0.27¢ - -
TK 5.81 + 0.32¢ - -
PN + PR + ZO 4.07 + 0.65° 4.23 Add
PN + PR 0.78 + 0.29% 2.98 Syn
PN + ZO 1.59 + 0.69*° 3.51 Syn
PR + ZO 6.43 + 0.48¢ 6.20 Add
Acarbose 2.95 + 1.05™¢ - -

Values represent average + standard deviation of triplicate experiments (n = 3).
The different superscript letters denote significantly different mean values (P < 0.05, Tukey’s test).

3.5. Correlations between phytochemical contents and biological activities

The relationship between phytochemical contents, including piperine, total phenolic and total flavonoid contents and biological
activities including ABTS and DPPH radical scavenging capacities and alpha-glucosidase inhibitory activity were analyzed using
Pearson’s correlation coefficient (Table 5). The piperine content was significantly negatively correlated with the TPC and TFC values,
ABTS radical scavenging capacity, and alpha-glucosidase inhibitory activity and significantly positively correlated with the DPPH
radical scavenging capacity. This suggested that extracts with a high piperine content would have low TPC and TFC values and exhibit
low ABTS and DPPH radical scavenging capacities but strong alpha-glucosidase inhibitory activity. TPC was significantly positively
correlated with the TFC value, and the ABTS radical scavenging capacity but significantly negatively correlated with the DPPH radical
scavenging capacity. This suggested that extracts with a high TPC might also have a high TFC and exhibit strong ABTS and DPPH
radical scavenging capacities. The ABTS radical scavenging capacity was also significantly negatively correlated with the DPPH radical
scavenging capacity and significantly positively correlated with the alpha-glucosidase inhibitory activity. This indicated that extracts
with a strong ABTS radical scavenging capacity might also exhibit a strong DPPH radical scavenging capacity, but a weak inhibitory
activity for alpha-glucosidase.

Table 5
Pearson’s correlation coefficients of relationships between piperine content, total phenolic content, total flavonoid content, ABTS radical scavenging
capacity, DPPH radical scavenging capacity, and alpha-glucosidase inhibitory activity.

Piperine TPC TFC ABTS DPPH

TPC —0.858" (P = 0.000)

TFC —0.453" (P = 0.026)  0.697" (P = 0.000)

ABTS —0.927" (P = 0.000)  0.945 (P = 0.000) 0.693" (P = 0.000)

DPPH 0.413" (P = 0.045) —0.670" (P = 0.000) —0.791" (P = 0.000) —0.669" (P = 0.000)

Alpha-glucosidase inhibitory activity ~ —0.677" (P = 0.000)  0.290 (P = 0.169) —0.134 (P = 0.532) 0.427" (P = 0.037) 0.109 (P = 0.612)

@ Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).
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4. Discussion

Trikatuk, a Thai traditional formulation, has long been used for adjusting the balance of the body elements, improving food
digestion and absorption, providing anti-tussive and diaphoretic effects, and treating influenza and flatulence [10]. A well-known
Ayurvedic formulation, Trikatu, is also used for management of digestive disorders, coughs, asthma and obesity and is combined
with other herbs to enhance its bioavailability [12]. These two formulations have similar names and component herbs. This might have
arisen because traditional Thai knowledge was created through the selection, adoption, adaptation and utilization of traditional
medicines after past contact with countries such as India and China [19]. Several herbal formulations have been adopted and adapted
from Ayurvedic medicine, including Trikatu. Thai Trikatuk is composed of the fruits of the Java long pepper or P. retrofractum as
substitutes for the Indian long pepper or P. longum, which are used as components of Ayurvedic Trikatu, possibly because of their
similar appearance and because P. retrofractum is a plant cultivated in Thailand [20]. Ayurvedic Trikatu has been studied intensively
and reported to possess many pharmacological properties such as antioxidant, antihyperlipidemic, antimicrobial, and
anti-inflammatory activities [12]. Unlike Thai Trikatuk, only a few studies have reported antioxidant, cholinesterase inhibitory [11],
and anti-inflammatory activities [13]. In the present study, we have reported on the total phenolic and total flavonoid contents,
antioxidant activities, and alpha-glucosidase inhibitory activity as well as the synergistic effect of Trikatuk for the first time.

The term antioxidant is applied to substances or molecules that can delay or prevent the irreversible damage to other substances or
macromolecules and promote health benefits, because oxidative stress causes several pathophysiological processes [21]. Phenolic
compounds, particularly flavonoids, are known as antioxidants because of their ability to scavenge free radicals and chelate metal ions
[22]. Therefore, the measurement of total phenolic and total flavonoid contents is important for predicting the antioxidant capacity of
each extract. In the present study, the TPC, TFC and antioxidant activity against DPPH and ABTS radicals of TK, its component herbs,
and their combinations were determined. The TPC of the extracts could be classified into three categories: low (<10 mg GAE/g
Extract), medium (10-50 mg GAE/g Extract) and high (>50 mg GAE/g Extract) [23]. Therefore, the TPC in PN + PR + ZO was
classified as high, while that in TK was medium. Of the component herbs, only ZO was classified as high with the highest TPC, whereas
PN and PR were classified as medium. This corresponded with the experimental results on the combinations, where combinations with
Z0 produced a high TPC while PN + PR exhibited a medium TPC. For the TFC, as a part of the phenolic compounds, the results were
associated with TPC at the lower level. Of the component herbs, ZO exhibited the highest TPC and TFC. Previous studies have reported
many phenolic compounds in ZO, mainly gingerols, shogaols, and paradols. Other phenolic compounds include zingerone, ginger-
enone, and 6-dehydrogingerdione [24], and flavonoids such as quercetin, rutin, catechin, epicatechin, kaempferol, and naringenin
[25].

The antioxidant capacity was evaluated by the ABTS and DPPH assays which are simple, rapid, inexpensive, acceptable, and widely
used [21,26]. DPPH is the free radical most commonly used in antioxidant screening assays where the capacity of each extract could be
classified as very strong (ICso < 50 pg/mL), strong (ICso 50-100 pg/mL), moderate (ICso 101-150 pg/mL), and weak (IC5o > 150
pg/mL) [27]. Overall, the Trikatuk formulations prepared by both methods exhibited a weak antioxidant capacity. Of the component
herbs, only ZO was classified as strong, while PN and PR exhibited a weak antioxidant capacity. Combinations with ZO thus produced a
moderate antioxidant capacity, while that of PN + PR was weak. The results from the DPPH assay were similar to those from the ABTS
assay. ZO, with the highest TPC and TFC values, exhibited the strongest ABTS and DPPH radical scavenging capacities. The Pearson’s
correlation coefficients also revealed that TPC and TFC were significantly correlated with the ABTS and DPPH radical scavenging
capacities. Similar to our results, many studies have consistently reported a correlation between antioxidant activity estimated by
ABTS and DPPH assays and the TPC and TFC values [23,26,28,29]. This suggests that ZO, with the highest TPC and TFC values, could
be the main contributor to the antioxidant function of Trikatuk.

Alpha-glucosidases, enzymes active in the final step of carbohydrate metabolism, catalyze the hydrolysis of the alpha-glycosidic
bonds of disaccharides and oligosaccharides into glucose. Inhibiting alpha-glucosidases thus retards glucose liberation from carbo-
hydrates, delays glucose absorption and reduces postprandial hyperglycemia [4]. Postprandial hyperglycemia has been reported to be
associated with mortality and cardiovascular disease and its treatment using acarbose, an alpha-glucosidase inhibitor, has been
associated with a reduction in cardiovascular events [3]. In the present study, the combination of PN + PR + ZO or Trikatuk prepared
from the extract mixture exhibited alpha-glucosidase inhibitory activity comparable to that of acarbose. PN and combinations
including PN also exhibited a stronger alpha-glucosidase inhibitory activity than acarbose. Notably, piperine, the main compound of
PN and PR, was significantly correlated with alpha-glucosidase inhibitory activity. This has been confirmed by a molecular docking
study of piperine against alpha-glucosidase [30]. This suggests that the alpha-glucosidase inhibitory activity of Trikatuk might
originate from the piperine present in PN and PR.

Synergism is the principal and characteristic basis of traditional medicine that plays an important role in improving efficacy or
reducing toxicity because a traditional medicine prescription usually contains various herbs in its formulation. The different com-
ponents of a prescription exert a synergistic effect by acting on multiple targets at the same time or improving the pharmacokinetic
processes, resulting in a better therapeutic effect than a single herb [6]. In the present study, we have provided evidence that Trikatuk
exhibited not only antioxidant activity, but also an inhibitory effect on alpha-glucosidase activity. Most of the combinations inves-
tigated in the present study also exhibited additive or synergistic effects. Only the combination of PN and PR exhibited an antagonistic
effect on ABTS radical scavenging capacity, possibly because the piperine in PN and PR enhanced the production of hydroxyl radicals
at high concentrations, even though it exhibited antioxidant activity at a low concentration [31].

Trikatuk is composed of three herbs in equal quantities. The two methods commonly used for preparing these polyherbal com-
binations are combining the herb powder according to the formula ratio before extraction or combining the extracts of each component
herb according to the formula ratio. These two different methods have been reported to exhibit different efficacies [7,13]. A study on
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the antioxidant activities of eight traditional Chinese herb used in pairs investigated the influence of the combination method and
found that some herb pairs prepared from a powder mixture exhibited greater antioxidant activities than those prepared from an
extract mixture and vice versa [7]. A study on the anti-inflammatory effect of Trikatuk also revealed that Trikatuk prepared from a
powder mixture exhibited a better anti-inflammatory activity than Trikatuk prepared from an extract mixture [13]. However, the
results of the present study revealed that Trikatuk prepared from an extract mixture (PN + PR + ZO) exhibited significantly higher TPC
and stronger antioxidant and alpha-glucosidase inhibitory activities than Trikatuk prepared from a powder mixture (TK). Therefore,
for the further development of Trikatuk as a traditional medicine or a dietary supplement for antioxidant and antidiabetic purposes, we
suggest using Trikatuk prepared from an extract mixture.

5. Conclusions

The present study has reported for the first time the synergistic effect on DPPH radical scavenging capacity and the additive effect
on ABTS radical scavenging and alpha-glucosidase inhibitory activities of Trikatuk, a traditional Thai medicine. The different methods
for preparing herbal combinations have been compared, showing that Trikatuk prepared from an extract mixture exhibited better
results than that prepared from a powder mixture. This result is useful for the further development of Trikatuk as an antioxidant and as
an alpha-glucosidase inhibitor. Of the component herbs, Z. officinale appeared to contribute the antioxidant function, because of its
high TPC, TFC and antioxidant activities. P. nigrum and P. retrofractum appeared to contribute the alpha-glucosidase inhibitory activity
because of their high piperine contents and potent alpha-glucosidase inhibitory activity. These results were supported by the analysis
of the correlation between the phytochemical contents and biological activities. Based on our results, we strongly suggest that Trikatuk
has a good potential for development as a traditional medicine or a dietary supplement for managing diabetes because of its potent
antioxidant and alpha-glucosidase inhibitory activities. Although the antidiabetic effect is a novel property of Trikatuk, the antidia-
betic assay performed in the present study used alpha-glucosidase from yeast not from mammals. Therefore, further studies on animal
models and humans are needed to investigate and confirm the efficacy and safety of Trikatuk.
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