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Abstract: This research sought to optimize the microwave-assisted extraction of Chatuphalathika as an
herbal recipe maximizing the active compounds and the antioxidant activity by the Box–Behnken design.
Three factors—microwave power, time, and cycle—were varied. Eight responses—extraction yield,
total phenolic content, gallic acid content, corilagin content, chebulagic acid, chebulinic acid, IC50 from
DPPH assay, and IC50 from FRAP assay—were monitored. Furthermore, cytotoxicity was evaluated
to ensure the safety of the extract. After that, the optimized extract was compressed into tablets. The
results showed that the optimal condition of the microwave-assisted extraction gave the simultaneous
maximum extraction yield, total phenolic content, and antioxidant activity with a microwave power of
450 W for 30 s and 3 cycles. The extract obtained from the optimal condition exhibited a good safety
profile although a concentration of 5 mg/mL was used. The optimized tablets were achieved when
a compression force of 1500 psi and magnesium stearate of 1% were applied, and no sodium starch
glycolate was added. In conclusion, the optimal green extraction method could be used for the extraction
of the Chatuphalathika. Furthermore, the fabrication of Chatuphalathika tablets was successful, as the
tablets had low friability with a short disintegration time.

Keywords: antioxidant; cytotoxicity; sodium starch glycolate; magnesium stearate; Box–Behnken design

1. Introduction

Extraction is a significant step in the chemical isolation, chemical analysis, and eval-
uation of the biological and pharmacological activity of plant compounds. The proper
extraction procedure and techniques provide a high amount of desired plant active com-
pounds and prevent the degradation of some thermolabile compounds [1]. The extraction
techniques play an important role in the extraction yield and the content of active com-
pounds. It also affects their activities, so the selection of extraction conditions is a key stage
to be considered.

Microwaves are a form of electromagnetic radiation that varies between 0.3–300 GHz.
The extraction of natural products usually uses microwaves in the range of 2.5–75 GHz.
The efficiency of microwave energy principally depends on solvent content, plant matrix,
extraction time, and irradiated microwave power [2]. Microwave-assisted extraction (MAE)
is widely used in various fields, such as pharmacy, chemistry, medicine, material sciences,
etc. MAE has been accepted as an extraction technique with many advantages over other
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methods, as it reduces cost and time and consumes less solvent and energy. In addition, it
emits less carbon dioxide. Therefore, it is recognized as a green extraction technique [3–8].
MAE is applied in the extraction of natural active constituents. It succeeds in the extraction
of several plants, e.g., Allamanda cathartica [9], Curcuma longa [10,11], Garcinia cowa [12],
Foeniculum vulgare [13], Peganum harmala [14], citrus [5], etc. Furthermore, microwaves are
also used for drying plant raw materials [15–17].

Design of experiments (DOE) is a well-recognized collection of statistical and math-
ematical tools that have been widely exploited to improve and optimize the extraction
process. Traditional optimization of extraction procedures is carried out by the one-factor-
at-time (OFAT) method, which is time-consuming and energy-demanding. Furthermore,
it could lead to the loss of effects caused by the interaction of the extraction parameters.
Consequently, the DOE approach can be considered a significant tool to seek a more rapid
procedure for experimental process development [18].

Chatuphalathika is a Thai traditional herbal remedy. It is composed of an equal ratio
of dried fruits of Terminalia chebula Retz. var. chebula, Terminalia bellirica (Gaertn.) Roxb.,
Phyllanthus emblica L., and Terminalia arjuna Wight and Arn. In some cases, it is called the
Triphala plus T. arjuna. Antipyretic, laxative, and health promotion effects are the main
indications of Chatuphalathika. The composition of these four plants is reported to have
high total phenolic content and good antioxidant activity [19–22].

According to previous studies, the researchers demonstrated the interaction of pheno-
lic compounds of plant ingredients contained in the Chatuphalathika herbal recipe [23].
The synergistic effect among its ingredients was also proven [24]. However, suitable ex-
traction parameters were not determined. Therefore, the current study aimed to optimize
the MAE of Chatuphalathika herbal recipes to maximize the total phenolic content and
antioxidant activity. The cytotoxicity was also evaluated to confirm the safety of the optimal
extract. Moreover, the optimized extract was used to fabricate Chatuphalathika tablets
and optimize the process and formulation parameters. The researchers expected that the
optimal extraction parameters could be used as guides for the extraction process for the
preparation of the supplementary health products in tablets.

2. Materials and Methods
2.1. Materials

Standard markers, i.e., gallic acid, corilagin, chebulagic acid, and chebulinic acid
were purchased from Chengdu Biopurify Phytochemicals Ltd., Chengdu, Sichuan, China.
Acetonitrile (HPLC grade) was purchased from Fisher Chemical, Loughborough, Leicester-
shire, UK. Gallic acid monohydrate, Folin–Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ), Methylthiazolyldiphenyltetrazolium bro-
mide (MTT), and dimethyl sulfoxide, were purchased from Sigma-Aldrich Pte Ltd., Queen-
stown, Ascent, Singapore. Ferric (III) chloride hexahydrate (FeCl3·6H2O) was purchased
from Merck KGaA, Frankfurter, Darmstadt, Germany. Glacial acetic acid, hydrochloric acid
(HCl), and sodium acetate were purchased from Carlo Erba Reagents, Chau. du Vexin,
Val-de-Reuil, France. Sodium carbonate (Na2CO3) was purchased from Ajax Finechem
Pty. Ltd., Seven Hills, New South Wales, Australia. Others were analytical grade reagents
and solvents. According to the pharmaceutical excipients for the tablets, microcrystalline
cellulose (Comprecel® M102, Maxway Co., Ltd., Pravet, Bangkok, Thailand), magnesium
stearate (Changzhou Kaide Imp. & Exp. Co., Ltd., Changzhou, Jiangsu, China), and talcum
(Tabglide®, Nitika Pharmaceutical Specialities Pvt. Ltd., Civil Lines, Nagpur, India) were
obtained from Sun Herb Thai Chinese Manufacturing, Muang, Pathum Thani, Thailand.
Colloidal silicon dioxide was purchased from P.C. Drug Center, Khan Na Yao, Bangkok,
Thailand. Sodium starch glycolate was obtained as a gift from Onimax Co., Ltd., Yannawa,
Bangkok, Thailand.
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2.2. Plant Sample

The plant samples were obtained from Charoensuk Osod, Nakhon Pathom Province
in April 2019, except T. arjuna, which was obtained in July 2019. They were authenticated
by Ajarn Nirun Vipunngeun, a plant taxonomist and lecturer, College of Pharmacy, Rangsit
University. The voucher specimens were coded as CM-TC001-1-04-2019 (T. chebula), CM-
TB001-1-04-2019 (T. bellirica), CM-PE001-1-04-2019 (P. emblica), and CM-TA001-1-07-2019
(T. arjuna) and deposited at the Drug and Herbal Product Research and Development
Center, College of Pharmacy, Rangsit University. The dried fruits without seeds were
pulverized and stored in a dry place until used.

2.3. Design of Experiments and Optimization of MAE

The Box–Behnken design was applied in the study. The three factors were microwave
power (X1) of 300, 450, and 600 W; duration time (X2) of 10, 20, and 30 s; and irradiation
cycle (X3) of 1, 2, and 3 cycles, for low, medium, and high levels, respectively. The stop
time between each cycle was 5 s. The range of MAE condition factors was based on the
preliminary study. It was ensured that the MAE parameters provided no excessive boiling
and were selected to vary in the experimental design [25]. The coded and experimental
values of the Box–Behnken design are shown in Table 1. Eight responses—extraction
yield (Y1), total phenolic content (TPC) (Y2), gallic acid content (Y3), corilagin content (Y4),
chebulagic acid content (Y5), chebulinic acid content (Y6), IC50 from DPPH assay (Y7), and
IC50 from FRAP assay (Y8)—were monitored.

Table 1. Coded values and experimental values of the Box–Behnken design: for microwave-assisted
extraction, X1 is the microwave power, X2 is the duration time, and X3 is the irradiation cycle for
microwave-assisted extraction; and for tablet fabrication, X1 is the compression force, X2 is the
amount of sodium starch glycolate, and X3 is the amount of magnesium stearate.

Factors
Levels *

−1 0 +1

Microwave-assisted extraction

X1 (W) 300 450 600
X2 (s) 10 20 30

X3 (cycle) 1 2 3

Tablet fabrication

X1 (psi) 1000 1500 2000
X2 (%) 0 2 4
X3 (%) 0.5 1.0 1.5

* The code −1 is the low value, 0 is the medium value, and +1 is the high value of the design.

A 10 g Chatuphalathika recipe powder corresponding to 2.5 g of each plant was added
to a 250 mL Erlenmeyer flask. Water (100 mL) was added and agitated to ensure that
the Chatuphalathika powder was completely wet. It was then placed at the center of the
microwave pan before being microwaved using an open system (Samsung, MS23F300EEK,
Huai Khwang, Bangkok, Thailand). The research applied the microwave power, the
duration time, and the irradiation cycle according to the design. After that, the filtrate
was immediately collected using Whatman® filter paper no. 1 by the vacuum filtration
technique, allowed to cool to room temperature. It was frozen before being freeze-dried
for 20–24 h. The remaining extract powder was used to calculate an extraction yield. The
extracts were analyzed for their TPC by the colorimetric method; for the contents of gallic
acid, corilagin, chebulagic acid, and chebulinic acid by validated high-performance liquid
chromatography (HPLC); and for antioxidant activity by two colorimetric assays: DPPH
and FRAP. Each measurement was performed in triplicate.

The data for eight responses were analyzed by Design-Expert® version 11 (Stat-Ease,
Inc., Minneapolis, MN, USA). The three-dimensional response surfaces of each response
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were reported. The optimal condition provided the simultaneous highest extraction yield,
TPC, and the lowest IC50 values from DPPH and FRAP assays were selected based on
the desirability function [26]. The prediction accuracy of the optimal condition by Design-
Expert® was confirmed by re-extracting the Chatuphalathika recipe. The experimental
values were compared with the predicted values, and the percentage error was calculated
using Equation (1).

Error (%) =
(Experimental value − Predicted value)

Experimental value
× 100 (1)

2.4. Determination of Total Phenolic Content

The TPC was assayed by the Folin–Ciocalteu method [27]. Twenty microliters of the
extracts (500 µg/mL) or gallic acid (6.25, 12.5, 25, 50, 100, and 200 µg/mL) were added
to 96-well plates (n = 3). Then, 0.2 N Folin–Ciocalteu reagent (100 µL) was added and
mixed. They were incubated for 6 min at room temperature. After that, 7.5% Na2CO3
aqueous solution (80 µL) was added and mixed. They were further incubated at a room
temperature for 1 h. Then, they were measured for absorbance at 765 nm using a microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The TPC of the plant extract was
calculated from the calibration curve of gallic acid (y = 0.0059x + 0.0254, R2 = 0.9990). The
content of phenolic compounds of the extract was expressed as mg gallic acid equivalents
(GAE) per g extract [24,25].

2.5. HPLC Analysis of Gallic Acid, Corilagin, Chebulagic Acid, and Chebulinic Acid Contents

Validated HPLC analysis was carried out for the determination of four phenolic
compounds: gallic acid, corilagin, chebulagic acid, and chebulinic acid. Each measurement
was performed in triplicate. The validated HPLC analysis method was conducted similarly
to previous studies [23,28]. Acetonitrile and 1% acetic acid aqueous solution were used
in the mobile phase. The gradient elution system was applied, and the content of an
individual compound was calculated based on the calibration curve of its standard marker.

2.6. Determination of Antioxidant Activity by DPPH Assay

The DPPH assay was slightly modified from a previous study [29]. The extracts in
concentration ranges of 1.5625–100 µg/mL (100 µL) were added to a 96-well plate (n = 3).
Then, 80 µM DPPH solution (100 µL) was added and mixed. The mixtures were incubated
at a room temperature in the dark for 30 min. Then, they were measured for absorbance at
517 nm. The capability to scavenge the DPPH radical was calculated using Equation (2).

DPPH scavenging (%) = (
ODblank − ODextract

ODblank
)× 100 (2)

where ODblank is the optical density of the blank and ODextract is the optical density of
the extract.

The curves between the extract concentrations vs. the percentage of DPPH scavenging
were created. The IC50 was calculated from the equation of the curve [24,25].

2.7. Determination of Antioxidant Activity by FRAP Assay

The FRAP assay was modified from a previous study [30]. The extracts in concen-
tration ranges of 0.4–25 µg/mL (20 µL) were added to 96-well plates (n = 3). A freshly
prepared FRAP reagent (180 µL) composed of 30 mM acetate buffer (pH 3.6), 10 mM TPTZ
solution in 40 mM HCl, and 20 mM FeCl3·6H2O in a volume ratio of 10:1:1, respectively,
was then added and mixed. They were incubated at 37 ◦C for 15 min. They were measured
for absorbance at 593 nm. The reducing powers were calculated using Equation (3).

Reducing power (%) = (
ODextract − ODblank

ODextract
)× 100 (3)
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where ODblank is the optical density of the blank and ODextract is the optical density of
the extract.

The curves between the extract concentrations vs. percentage reducing power were
constructed. The IC50 was calculated from the equation of the curve [24,25].

2.8. In Vitro Cytotoxicity Test

HepG2 cells at a density of 10,000 cells/well were seeded onto a 96-well culture plate
and cultured overnight before being treated for 24 h with the optimal Chatuphalathika
extract (0–5 mg/mL) (n = 3). Hydrogen peroxide (200 µM H2O2) was used as a positive
control. Then, the culture medium was substituted with 500 µg/mL MTT solution and
incubated for 3 h at 37 ◦C. MTT solution was then removed and 100 µL of dimethyl
sulfoxide was added. It was measured using the microplate reader at 570 nm. A relative
cell viability was calculated as a percentage of the vehicle control group. The average value
and the standard deviation (SD) were reported [25,31].

2.9. Design of Experiments, Fabrication, and Optimization of Chatuphalathika Tablets

The Box–Behnken design was applied in the study. The three factors were compression
force (X1) of 1000, 1500, and 2000 psi; the amounts of sodium starch glycolate (X2) of 0, 2,
and 4%; and the amounts of magnesium stearate (X3) of 0.5, 1, and 1.5%, for low, medium,
and high levels, respectively. The coded and experimental values of the Box–Behnken
design are shown in Table 1.

The Chatuphalathika tablets were composed of Chatuphalathika extract powder
as an active ingredient, colloidal silicon dioxide as a glidant, talcum as a glidant and
antiadherent, magnesium stearate as a lubricant and antiadherent, sodium starch glycolate
as a disintegrant, and microcrystalline cellulose as a diluent. A 600 mg tablet was composed
of 200 mg Chatuphalathika extract powder, 1% colloidal silicon dioxide, 5% talcum, 0–4%
sodium starch glycolate, 0.5–1.5% magnesium stearate, and microcrystalline cellulose,
which was used to adjust the total weight of the tablets when the amounts of sodium starch
glycolate and magnesium stearate were altered according to the experimental design. All
ingredients were passed through a 60-mesh sieve. Initially, Chatuphalathika extract powder
and microcrystalline cellulose were mixed by the geometric dilution technique. A premix
of microcrystalline cellulose, colloidal silicon dioxide, talcum, sodium starch glycolate, and
magnesium stearate was prepared. Then, the mixture of Chatuphalathika extract powder
and microcrystalline cellulose was mixed with the premix for 3 min. The obtained mixture
weighing 600 mg was compressed into a tablet using an in-house-assembled hydraulic press
connected with a pressure gauge using 1000–2000 psi force and maintained for 10 s before
being ejected from the die. The physicochemical properties of the obtained tablets were
evaluated. Seven responses—average weight (Y1), weight variation (Y2), thickness (Y3),
diameter (Y4), hardness (Y5), friability (Y6), and disintegration time (Y7)—were monitored.
However, only four responses including thickness (Y3), hardness (Y5), friability (Y6), and
disintegration time (Y7), were used in the optimization step.

The data of four responses were analyzed by Design-Expert® version 11. The contour
plots of each of the responses, including thickness, hardness, friability, and disintegration
time, were reported. The design spaces in which friability was not more than 0.5% and
disintegration time was not more than 180 s were constructed. The optimal condition
was selected based on the optimization desirability function [26]; thickness and hardness
were set at “none” while friability and disintegration time were set at “minimize”. The
optimal condition was also considered from the condition that fell in the design space. The
accuracy of the prediction by Design-Expert® was confirmed by preparing the new batch of
Chatuphalathika tablets according to the optimal condition. The experimental values were
compared with the predicted values and a percentage error was calculated as Equation (1).
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2.10. Evaluation of Chatuphalathika Tablet Properties

Seven properties, including average weight, weight variation, thickness, diameter,
hardness, friability, and disintegration time were evaluated.

2.10.1. Average Weight and Weight Variation

Twenty tablets were individually weighed using an analytical balance (Entris224i-
1S, Sartorius AG, Otto-Brenner-Straße, Göttingen, Germany). The average value and SD
were reported. Weight variation was calculated by comparing the difference between the
individual weight and the average weight using Equation (4).

Weight variation (%) =

(
Individual weight − Average weight

Average weight

)
× 100 (4)

2.10.2. Thickness and Diameter

Twenty tablets were tested using a thickness gauge. The average values and SD
were reported.

2.10.3. Hardness

Ten tablets were tested using a hardness tester (TBH 220 TD, Erweka GmbH, Ot-
tostraße, Heusenstamm, Germany). The average values and SD were reported.

2.10.4. Friability

Eleven tablets, from which dust was removed, were weighed (W1) using an analytical
balance. Friability was tested using a friability tester (Model: CS-2, Tianjin Guoming
Medicinal Equipment Co., Ltd., Hua Yuan, Tianjin, China) at 25 rpm for 4 min. Then, the
tablets were removed from the drum. Dust was removed, and the tablets were weighed
(W2) again. The friability was calculated using Equation (5).

Friability (%) =

(
W1 − W2

W1

)
× 100 (5)

2.10.5. Disintegration Time

Six tablets were evaluated using a disintegration tester (Model: BJ-2, Tianjin Guoming
Medicinal Equipment Co., Ltd., Hua Yuan, Tianjin, China). Water (37 ± 0.5 ◦C) was used
as a disintegration medium. The average values and SD were reported.

2.11. Statistical Analysis

The differences of at least three groups were analyzed using one-way analysis of
variance (one-way ANOVA) by SPSS Statistics 22.0 (IBM, Madison Avenue, NY, USA).
When the p-value at a 95% confidence level was less than 0.05, the data were considered to
be substantially different.

3. Results
3.1. Extraction Yield, TPC, the Content of Some Phenolic Compounds, and Antioxidant Activity of
Chatuphalathika Extracts

The factors and responses of the Box–Behnken design for microwave-assisted extrac-
tion are shown in Table S1 in Supplementary Materials. The mathematical models and
actual equations of the responses are shown in Table 2. The extraction yield (Y1), chebulagic
acid (Y5), and chebulinic acid (Y6) were fitted to the linear model while other responses
were fitted to the quadratic model. The three-dimensional response surfaces of each re-
sponse are shown in Figure 1. According to the response surfaces of the extraction yield,
when the microwave power, the extraction time, and the irradiation cycle increased, the
extraction yield also increased.
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Table 2. Mathematical models and actual equations of the responses of MAE.

Responses Models Equations *

Y1 (%) Linear Y1 = 2.54 + 0.01X1 + 0.43X2 + 4.96X3

Y2 (mg GAE/g extract) Quadratic
Y2 = 103.03 + 0.90X1 + 1.60X2 + 50.98X3 +

(
1.19 × 10−3)X1X2 + 0.10X1X3 −

0.74X2X3 −
(
1.31 × 10−3)X2

1 −
(
4.79 × 10−3)X2

2 − 12.12X2
3

Y3 (%) Quadratic
Y3 = −4.37 + 0.03X1 + 0.19X2 + 1.19X3 −

(
0.14 × 10−3)X1X2 −

(
0.51 × 10−3)X1X3 −

0.03X2X3 −
(
0.03 × 10−3)X2

1 −
(
1.88 × 10−3)X2

2 − 0.15X2
3

Y4 (%) Quadratic
Y4 = 0.21 +

(
2.57 × 10−3)X1 + 0.05X2 − 0.30X3 −

(
0.03 × 10−3)X1X2 −(

0.08 × 10−3)X1X3 −
(
0.39 × 10−3)X2X3 −

(
1.61 × 10−6)X2

1 −
(
0.74 × 10−3)X2

2 + 0.09X2
3

Y5 (%) Linear Y5 = 1.22 +
(
2.96 × 10−3)X1 + 0.06X2 + 0.87X3

Y6 (%) Linear Y6 = 3.36 +
(
2.05 × 10−3)X1 + 0.06X2 + 0.25X3

Y7 (µg/mL) Quadratic
Y7 = 77.76 + 0.08X1 − 2.67X2 − 51.12X3 +

(
0.31 × 10−3)X1X2 + 0.02X1X3 + 0.50X2X3 −(

0.15 × 10−3)X2
1 + 0.03X2

2 + 6.56X2
3

Y8 (µg/mL) Quadratic
Y8 = 10.07 − 0.03X1 + 0.26X2 + 11.22X3 −

(
2.85 × 10−3)X1X2 − (0.06 × 10−3)X1X3 −

0.03X2X3 +
(
0.10 × 10−3)X2

1 + 0.03X2
2 − 2.63X2

3

* The significant terms are bolded.

The response surfaces of TPC revealed that the microwave power and the extraction
time had less effect on TPC while the irradiation cycles highly affected TPC. According to
the equation of Y2 in Table 2, the irradiation cycle played the greatest effect on TPC, but the
microwave power and the extraction time were comparatively lower than the irradiation
cycle. X2X3, X1

2, X2
2, and X3

2 had a negative effect on TPC.
The HPLC chromatogram of Chatuphalathika extract is shown in Figure 2. Four

phenolic compounds—gallic acid, corilagin, chebulagic acid, and chebulinic acid—were
analyzed. The response surfaces of the gallic acid content revealed that the irradiation cycle
had the greatest effect on gallic acid content (Figure 3). According to the equation of Y3 in
Table 2, the irradiation cycle had the greatest effect on gallic acid content, followed by the
extraction time and the microwave power. X1, X2, and X3 had a positive effect on the gallic
acid content while other interaction and quadratic terms had a negative effect on it.

The response surfaces of the corilagin content revealed that, when the microwave
power and the extraction time increased, the corilagin content also increased. The high
content of corilagin was found at a low and high irradiation cycle: 1 cycle and 3 cycles
(Figure 3). According to the equation of Y4 in Table 2, the extraction time had a better
positive effect on Y4 when compared with the microwave power and the irradiation cycle.
The terms X1, X2, ad X3

2 had a positive effect on the corilagin content, while other linear,
interaction, and quadratic terms harmed the corilagin content.

When the microwave power, the extraction time, and the irradiation cycle increased,
both chebulagic acid and chebulinic acid contents increased (Figure 3). Among the three
factors, the irradiation cycle had a greater effect on the extraction yield than the extraction
time and the microwave power, corresponding to the equation of Y5 and Y6 in Table 2. Fur-
thermore, perturbation plots of the Box–Behnken design for microwave-assisted extraction
are shown in Figure S1 in Supplementary Materials.

In the case of IC50, a low value was required to ensure a good antioxidant activity. The
response surfaces of IC50 from the DPPH and FRAP assays are shown in Figure 1. The
result showed that a low IC50 value obtained from the DPPH assay was achieved when
a medium to high irradiation cycle was applied. Meanwhile, a low IC50 value obtained
from the FRAP assay was achieved when a low or high irradiation cycle was applied.
According to the equation of Y7 in Table 2, a good antioxidant activity (or low IC50 value)
based on the DPPH assay was achieved by X2, X3, and X1

2. Meanwhile, a good antioxidant
activity based on the FRAP assay was achieved by X1, X1X2, X1X3, X2X3, and X3

2.
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3.2. Optimal Condition of MAE

The optimal condition provided a simultaneous high extraction yield, a high TPC,
and the greatest antioxidant activity. The factors—microwave power, time, and irradiation
cycle—were set at “is in range” and responses—extraction yield (Y1) and TPC (Y2)—were
set at “maximize”, while IC50 from the DPPH assay (Y7) and IC50 from the FRAP assay
(Y8) were set at “minimize”, with a microwave power of 450 W for 30 s and repeated for
3 cycles. The gallic acid, corilagin, chebulagic acid, and chebulinic acid contents (Y3 to
Y6) were not used in the optimization process because the TPC (Y2) covered the Y3 to Y6.
Verification of the predicted optimal condition was performed to ensure the accuracy of
the prediction of computer software. The percentage prediction error of all responses was
less than 15%. The percentage error seemed to be relatively high due to the small value
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that caused a huge percentage error. However, the research suggested that all experimental
values were close to the predicted values (Table 3).

Table 3. Data verification to confirm the prediction accuracy of the microwave-assisted extraction.

Responses * Predicted Values Experimental Values ** Percentage Error (%)

Y1 (%) 35.46 37.77 ± 0.60 6.12
Y2 (mg GAE/g extract) 417.80 421.90 ± 6.19 0.97

Y7 (µg/mL) 15.97 14.65 ± 0.87 −9.01
Y8 (µg/mL) 15.17 13.39 ± 0.64 −13.29

* Y1 is the extraction yield, Y2 is the TPC, Y7 is the IC50 from the DPPH assay, and Y8 is the IC50 from the FRAP
assay. ** The data are presented as mean ± SD.

The extract obtained from the optimal condition was also analyzed for the phenolic
compound contents. The HPLC chromatogram of the Chatuphalathika extract obtained
from the optimal condition is shown in Figure 2. The optimal extract contained gallic acid,
corilagin, chebulagic acid, and chebulinic acid of 3.30 ± 0.16%, 1.19 ± 0.06%, 7.21 ± 0.49%,
and 7.11 ± 1.09%, respectively.

3.3. In Vitro Cytotoxicity

Chatuphalathika extracts had no toxic effects on HepG2 cells at concentrations up to
5 mg/mL, with a cell viability of 86.22 ± 0.78%; thus, the IC50 values of both extracts could
not be determined from the study (Figure 4). A significant decrease in the cell viability in
the presence of Chatuphalathika extract was observed at a concentration of 0.0001 mg/mL,
and the cell viability further decreased up to a concentration of 5 mg/mL, compared with
the non-treated group. Meanwhile, the positive control, 200 µM hydrogen peroxide, yielded
a cell viability of only 62.82 ± 0.64% (Figure 4).
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3.4. Optimal Fabricated Chatuphalathika Tablets

Regarding the average weight (Y1), the weight variation (Y2), and the diameter (Y4),
the average weight per tablet was about 600 mg with a diameter of 12.7 mm. No tablets
had a weight variation of more than 5% of the average weight. The factors and responses
of the Box–Behnken design for tablet fabrication are shown in Table S2 in Supplementary
Materials. Among the optimized responses, the tablet thickness (Y3), friability (Y6), and
disintegration time (Y7) were fitted to the quadratic model while hardness (Y5) was fitted
to the linear model. The contour plots of the four responses of the fabricated tablets are
shown in Figure 5. Furthermore, perturbation plots of the Box–Behnken design for tablet
fabrication are shown in Figure S2 in Supplementary Materials. When compression force
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increased, tablet thickness and friability decreased, whereas hardness and disintegration
time increased in all levels of magnesium stearate. An increasing amount of sodium starch
glycolate seemed to have no effect on tablet thickness, hardness, and disintegration time,
but increased tablet friability. The amount of magnesium stearate had more effect on tablet
friability than the disintegration time and thickness. However, it seemed to have no effect
on tablet hardness. According to the equation in Table 4, the terms that decreased tablet
thickness (Y3) were X1, X2, X1X3, and X3

2. The terms X1 and X3 increased tablet hardness
(Y5) while X2 decreased Y5. The terms decreasing tablet friability (Y6) were X1, X1X2, and
X1X3, while the others increased tablet friability. The terms that shortened the disintegration
time (Y7) were X1, X2, X3, X2X3, and X2

2. Among these terms, X3 affected Y7 the most.
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Table 4. Mathematical models and actual equations of the responses of tablet fabrication.

Responses Models Equations *

Y3 (mm) Quadratic
Y3 = 6.14 −

(
1.96 × 10−3)X1 − 0.10X2 + 0.26X3 +

(
2.00 × 10−5)X1X2 − (1.30 ×

10−4)X1X3 + 0.01X2X3 +
(
4.83 × 10−7)X2

1 + 0.01X2
2 − 0.09X2

3
Y5 (kP) Linear Y5 = −4.75 +

(
5.44 × 10−3)X1 − 0.06X2 + 1.18X3

Y6 (%) Quadratic Y6 = 9.99 − 0.06X1 + 12.00X2 + 46.63X3 − 0.02X1X2 − 0.10X1X3 + 24.66X2X3 +(
5.00 × 10−5)X2

1 + 3.02X2
2 + 49.05X2

3

Y7 (s) Quadratic Y7 = 1236.53 − 1.53X1 − 7.01X2 − 694.63X3 + 0.01X1X2 + 0.47X1X3 − 6.48X2X3 +(
4.69 × 10−4)X2

1 − 0.56X2
2 + 66.95X2

3

* The significant terms are bolded.

Design spaces with friability of more than 0.5% and disintegration times of more than
180 s are shown in Figure 6. It was found that when the amount of magnesium stearate
increased, the area of the design space decreased. In this case, the compression force of
1500 psi and magnesium stearate of 1%, without sodium glycolate added, were the optimal
condition used to verify the result due to the fact that it was within the design space,
yielding low friability and shortening the disintegration time.
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The verification of data as shown in Table 5 was conducted to confirm the accuracy
of the prediction of tablet fabrication. The percentage prediction error of each response
was less than 10%, except the friability, in which a huge percentage error was found. This
phenomenon could be because, when a prediction value was 0, the percentage error was
always 100% for any experimental values. However, the tablet friability was lower than
1%, so it was acceptable.

Table 5. Data verification to confirm the prediction accuracy of the tablet fabrication.

Responses * Predicted Values Experimental Values ** Percentage Error (%)

Y3 (mm) 4.28 4.30 ± 0.06 0.93
Y5 (kP) 4.58 4.30 ± 0.50 −6.51
Y6 (%) 0.00 0.37 100
Y7 (s) 77.62 75.26 ± 9.62 −3.14

* Y3 is the tablet thickness, Y5 is the tablet hardness, Y6 is the friability, and Y7 is the disintegration time. ** The
data are presented as mean ± SD.

4. Discussion

The factors investigated in the present study were important parameters that affected
the yield of active compounds, which consequently affected the biological or pharmacolog-
ical activity of the extract. Previous studies reported an increase in the microwave power
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when the TPC of plants increased. However, the optimal extraction time was found in
some cases, especially when some conditions might induce the decomposition of some
bioactive compounds [32]. A similar effect was also observed in the MAE of TPC from
Chromolaena odorata leaves [33]. A previous study demonstrated that, based on one-factor
consideration, when the microwave power or the extraction time increased, TPC decreased
while the interaction between microwave power and extraction time increased TPC [34].

MAE operates based on the direct effect on active compounds by dipole rotation and
ionic conduction, which lead to power dissipation inside the plant matrix and extraction
solvent, resulting in heating and molecular movement [35]. The plant matrix could absorb
microwave energy and cause internal superheating, resulting in cell disruption and causing
active compounds to leach out from plant materials [36]. Therefore, some plant active
compounds could be destroyed by the extreme heat generated by microwave energy [32].
The mechanism of the phenomenon that microwave power had a negative effect on plant
active compound content was also described previously [37,38]. The very high microwave
power induced the plant samples to be thermally compromised, leading to a decrease in
the yield of active compounds.

An increasing microwave time could promote the decomposition of some plant active
compounds; TPC decreased when microwave time increased [32]. Some other studies re-
ported that, with an increasing microwave power, total curcuminoids were highly extracted
at a low and high rather than at medium microwave power. An increase in the irradiation
cycle increased the total curcuminoids content. However, curcuminoids could be destroyed
from the excessive irradiation time [10]. All the above data indicated the importance of the
optimization of MAE parameters for plant extraction.

A previous work reported comparable gallic acid and corilagin contents, while higher
chebulagic acid and chebulinic acid of Chatuphalathika extract: 3.54%, 1.33%, 5.93%,
and 4.48%, respectively, from the decoction method [23]. The decoction technique takes
more time (approximately 15 min for three times) and energy, while MAE takes less than
a minute and less energy. The yield of phenolic compounds can be increased by increasing
consecutive extraction times [10,12]. However, the present study extracted the plants
only one time, making yields of chebulagic acid and chebulinic acid lower than those
by the decoction method. Therefore, MAE is an alternative method for the extraction
of Chatuphalathika.

According to the cytotoxicity test, the ISO 10993-5 standard defined that cytotoxicity
is considered when cell viability is reduced by more than 30% [39]. Therefore, it could be
concluded that optimized Chatuphalathika extract was safe based on in vitro data. To the
best of our knowledge, there is no evidence of cytotoxicity data on Chatuphalathika extract
on HepG2 cells. There is only cytotoxicity data on a Triphala remedy (Chatuphalathika
without T. arjuna) on HepG2 cells. Triphala extract exhibited an IC50 value of 77.63 µg/mL,
which was close to the IC50 values of P. emblica and T. chebula, while T. bellirica had an IC50
value of 129.3 µg/mL [40]. The clinical trial showed that Triphala aqueous extract is safe
for healthy volunteers, raises HDL-C levels, and decreases blood sugar [41]. However, the
present work revealed that Chatuphalathika extracts had no toxic effects on HepG2 cells
even though a high concentration of up to 5 mg/mL was used.

The factors of tablet fabrication investigated in this research were compression force,
the amount of sodium starch glycolate, and the amount of magnesium stearate. Normally,
an increasing compression force decreased tablet thickness and friability, but increased
tablet hardness and disintegration time [42–45]. According to previous studies, an increas-
ing compression force did not affect the disintegration time when sodium starch glycolate
was used [46]. However, this research found that the interaction of compression force and
the amount of sodium starch glycolate (X1X2) seemed to increase the disintegration time
but decrease friability.

Sodium starch glycolate was used as a disintegrant because it could shorten the drug
disintegration time by a swelling mechanism. When the tablet contacted the aqueous
medium, disintegrant with rapid water uptake swelled and generated pressure, pushed



Sci. Pharm. 2023, 91, 17 14 of 17

apart particles, and finally broke up the tablet [47,48]. The effectiveness of many disin-
tegrants was affected by the hydrophobic ingredients such as magnesium stearate and
talcum. However, sodium starch glycolate was not affected by some hydrophobic ingredi-
ents [46,49]. The research found that the quadratic term of sodium starch glycolate (X2

2)
decreased the disintegration time. Furthermore, the interaction of sodium starch glycolate
and magnesium stearate (X2X3) decreased the disintegration time while increasing friability.
Nevertheless, the fabricated Chatuphalathika tablets rapidly disintegrated naturally, so
sodium starch glycolate was unnecessary for this formulation. Magnesium stearate is a lu-
bricant used to decrease friction forces between particles [50]. Because of its hydrophobic
property, it could prolong the disintegration time [50], especially when a high compression
force was applied, as found in this research.

The tablets prepared from the direct compression method had higher friability com-
pared with the wet granulation method. However, low friability was the desired tablet
property. Generally, friability should not be more than 1%; however, the friability of the
design space construction in the optimization step was set at not higher than 0.5%, to
ensure that the tablet had sufficient physical strength and did not lose components due
to abrasion, friction, or mechanical shock [51]. Moreover, the tablet disintegration time
should not be more than 30 min for a plain tablet. This research found that the longest
disintegration time was approximately 11 min, indicating that the disintegration time of
fabricated direct compressed tablets was acceptable. However, a shorter disintegration
time was required for a plain tablet to ensure the drug absorption and action compared
with a tablet with a longer disintegration time. Therefore, according to the criteria for the
construction of the design space, friability and disintegration time must not exceed 0.5%
and 3 min, respectively.

The developed tablet included a microcrystalline cellulose diluent which also exhibited
disintegrant property, so the developed tablet disintegrated rapidly. Hence, disintegrants
and sodium starch glycolate were not required. The disintegrant is an expensive ingredient.
Adding no disintegrants could reduce production costs. The optimization process and
design space, using low or high compression forces of 1000 and 2000 psi, could not reach
the design space for all magnesium stearate levels. Therefore, a compression force of
1500 psi was selected. A comparison among different magnesium stearate levels revealed
that using low magnesium stearate (0.5%) yielded broader design space than medium
or high magnesium stearate. However, when 0% sodium starch glycolate was selected,
the interest point was outside the design space when using 0.5% magnesium stearate.
Therefore, the compression force of 1500 psi, 0% sodium glycolate, and 1% magnesium
stearate were selected as the optimal conditions of the tablet fabrication. The verification of
data indicated the fabrication of optimized direct compressed Chatuphalathika tablets was
accurate and precise. In summary, the optimized Chatuphalathika extract could be used
to fabricate tablets with suitable properties, as it showed low friability and a shortened
disintegration time.

5. Conclusions

The optimal condition of MAE that gave the simultaneous maximum extraction yield,
total phenolic content, and antioxidant activity, was a microwave power of 450 W for 30 s
and 3 cycles. Chatuphalathika extract obtained from the optimal condition gave a cell
viability of more than 85%, although a high concentration (5 mg/mL) was used, indicating
a good safety profile. The optimal extract was further used to fabricate tablets by the direct
compression technique. The optimized tablet was achieved when a compression force of
1500 psi was used, magnesium stearate of 1% was added, and sodium starch glycolate was
not added. The fabricated tablet had low friability with a shortened disintegration time. In
conclusion, the optimal extraction condition was suitable and effective for Chatuphalathika
extraction due to its low energy consumption and short duration. This research was
successfully conducted, since the fabricated Chatuphalathika tablets had low friability and
a shortened disintegration time.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/scipharm91020017/s1, Table S1: Factors and responses of the
Box–Behnken design for microwave-assisted extraction; Table S2: Factors and responses of the
Box–Behnken design for tablet fabrication; Figure S1: Perturbation plots of the Box–Behnken design
for microwave-assisted extraction; (a) extraction yield, (b) TPC, (c) gallic acid content, (d) corilagin
content, (e) chebulagic acid content, (f) chebulinic acid content, (g) IC50 from DPPH assay, and (h)
IC50 from FRAP assay; Figure S2: Perturbation plots of each response of the Box–Behnken design for
tablet fabrication; (a) tablet thickness, (b) hardness, (c) friability, and (d) disintegration time.
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