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ABSTRACT

This research aimed to determine the total phenolic content
(TPQC), total flavonoid content (TFC), and antioxidant activity of phlai,
turmeric, ginger and combined extract of phlai, turmeric, and ginger
at recipe 1:2:2 (PTG). In addition, the formula of herbal ultrasound
gel for antioxidant and anti-inflammatory properties was developed.
The TPC, flavonoid, antioxidant and anti-inflammation were
investigated by using the Folin-Ciocalteu method, flavonoid, DPPH,
ABTS and nitric oxide (NO) scavenging assay. The PTG extract was
tested for the phytochemicals by GC-MS technique. The microbial
contamination standard of herbal ultrasound gel prototype was
determined. The result show that the PTG extract has the TPC and
flavonoid at 105.11 + 16.93 mg GAE/g extract and 63.58 + 2.29 mg
QE/g extract, respectively. Moreover, the DPPH and ABTS assay show
that PTG extract has the half maximal inhibitory concentration (ICso)
at 0.82 £ 0.11 and 0.98 £ 1.56 mg/mL, respectively. In addition,
PTG extract has a high percentage of NO inhibition at 53.38 + 0.16.
Furthermore, the GC-MS method found that PTG extract has 7 active
ingredients. The highest amount of phytochemical is AR-turmerone.
The safety assessment for external use found that the herbal
ultrasound gel prototype product passed standard criteria for
microbial contamination at the laboratory level. To conclude, the PTG
extract has a synergistic effect and a high ability to act as an
antioxidant and anti-inflammation. Moreover, the PTG herbal
ultrasound gel has a microbial contamination safety to use.
Therefore, the prototype herbal ultrasound gel product may be
further developed into health products to treat pain and inflammation
efficiently in clinical practice.
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INTRODUCTION

Myofascial pain syndrome (MPS) is common in patients with musculoskeletal
pain problems. MPS is a pain condition originating from muscle and fascia. Patients
usually present with localized pain or referred pain of various patterns. Myofascial
trigger points (MTrPs) are characterized by regional pain originating from
hyperirritable spots located within taut bands of skeletal muscle that can be found in
MPS [Leite et al., 2009]. Therapeutic physical modalities are commonly used in the
clinical setting for the patients with MPS [Meltem et al., 2000; Draper et al., 2010;
Unalan et al., 2011; Acar and Yilmaz, 2012; Ilter et al., 2015; Kavadar et al., 2015].
Ultrasound therapy is widely used to improve connective tissue extensibility and pain
relief in MPS. In addition, phonophoresis is the permeability of drug molecules
through the skin while being exposed to ultrasound. These facilitate the transfer of
many active ingredients through the skin and the points of inflammatory areas.
Moreover, it can relieve muscle pain. Therefore, some herbal medicines may be
substituted for analgesics or anti-inflammation in ultrasound therapy. At present, a
natural ultrasound gel has been developed with 10 and 20 percent aloe vera. It was
effective in reducing pain in the shoulders and legs in volunteers. The combination of
natural herbs that have antioxidant activity and phytochemical should have a positive
effect and increase the efficiency of the treatment [Lijuan et al., 2019].

Medicinal plants have been used for medicine especially in the group of chronic
non-communicable diseases (NCDs), which are important health problems for people
in society. The main cause is lifestyle behaviors such as eating not nutritionally food,
lack of exercise, high stress from social and environmental conditions. These factors
cause cells in the body to create more free radicals. These substances stimulate the
oxidation process affecting the functioning of cells in the body and leading to various
diseases. Medicinal plants are considered important sources of potential substances.
These plants as a result exhibit biological property. Particularly among them, phenolic
compounds having one or more hydroxyl groups are capable of displaying antioxidant
properties against free radicals or transition metals in oxidation reactions. In addition,
these compounds can act as inhibitors against some key enzymes, which are
associated with global health problems [Ceylan et al., 2021]. Previous research found
that phlai, turmeric and ginger has ability to be an antioxidant that reduce the risk
of disease [Hecker, 2018; Chumpawadee et al., 2019; Harding, 2020; Iverson et al.,
2020]. The Zingiber cassumunar Roxb or phlai is commonly used for medicinal
purposes including anti-inflammatory, anticancer, neuroprotective, cosmeceutical
and antifungal or antimicrobial bioactivities, especially the rhizome [Prakatthagomol
et al., 2012]. Previous study shows that, the rhizome of phlai contains active
ingredients, which are curcumin and phenylbutanoid substances such as (E)-1-(3,4-
dimethoxyphenyl) butadiene (DMPBD) that effects to reduce inflammation. A study
of the effect of phlai cream for muscle pain relief with concentrations of 7 and 14
percent in 75 healthy volunteers who exercised by stretching the front thigh muscles
25 times, phlai cream was applied every 8 hours for 7 days. The results found that
phlai cream with a concentration of 14 percent can significantly reduce muscle
soreness after exercise compared to placebo (P<0.05) [Chongmelaxme et al., 2017].
The Curcuma longa L. or turmeric is the group of oldest cultivated spice plants.
Curcuminoids consist of the major components including curcumin,
bisdemethoxycurcumin and demethoxycurcumin [Aggarwal et al., 2003]. It was not
soluble in water and ether but soluble in ethanol and other organic solvents. The
scavenging of reactive oxygen species (ROS) activity of curcumin has also been
implicated in anti-inflammation. Curcumin inhibits metabolism of arachidonic acid,
cyclooxygenase (COX) and lipoxygenase (LOX) activities and releases of steroid
hormones. It reduces pro-inflammatory leukotriene synthesis via inhibition of LOX
enzyme. Curcumin is also a potent inhibitor of pro-inflammatory cytokines [Kohli
et al., 2005]. The Zingiber officinale Roscoe or ginger has been the focus of interest
because it has a lot of polyphenol compounds. These compounds act as an active
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ingredient to prevent significant oxidation-linked diseases [Sindhi et al., 2013].
Important biologically active substances found in ginger rhizomes include gingerols
and shogaols, which give the spicy taste and inhibit the secretion of various
inflammatory substances including cyclooxygenase-2 (COX-2), nitric oxide syntheses
(iNOS), and phospho-NF-kB [Shim et al., 2011]. In addition, they can relieve muscle
pain caused by exercise [Black et al., 2010] and reduces inflammation in
osteoarthritis patients [Naderi et al., 2016]. Therefore, this study was interested for
screening the antioxidant and anti-inflammatory activity of medicinal herbs including
phlai, turmeric and ginger to develop a natural herbal ultrasound gel prototype.

MATERIALS AND METHODS

Plant materials and preparation

The selected plants including Zingiber cassumunar Roxb. (Z. cassumunar) or
phlai, Curcuma longa L. (C. longa) or turmeric were collected from Nam Som-Udon
Thani province and Zingiber officinale Roscoe (Z. officinale) or ginger from Lom
Sak-Phetchabun province on July 2022. The reference specimen numbers for
research plants (voucher specimens) are 25652001, 25652002, 25652003,
respectively, kept at the Faculty of Science, Udon Thani Rajabhat University. They
were cleaned, cut into small pieces and dried at 60°C for 24 hrs. They were ground
to fine powder by using a homogenizer. The samples were macerated with 50%
ethanol for 7 days at room temperature (1:10 w/v) and filtered through Whatman
filter paper number 4. The liquid extract was evaporated using a rotary evaporator.
They should be kept in opaque bottle and stored at 4°C until used.

Total phenolic contents (TPC) assay

A total phenolic compound was measured using the Folin-Ciocalteu colorimetric
method [Quettier-Deleu et al., 2020]. 20 yL of each plant extracts was mixed with
0.2 mL of Folin-Ciocalteu reagent, added 2 mL of distill water and incubated at room
temperature for 5 min. Then, 1 mL of 20% sodium carbonate was added and
incubated at room temperature for 2 hr. The total polyphenolic contents was
determined by measuring the absorbance 765 nm with a spectrophotometer. Gallic
acid was used as a standard and the total phenolics were expressed as gallic acid
equivalents (mg GAE/g extract). All determinations were performed in triplicate.

Total flavonoid contents (TFC) assay

The aluminum chloride method was used for the determination of the total
flavonoid content. 100 pL of each plant extracts was mixed with 100 uL of 2% AICIs.
Absorbance at 415 nm was recorded after 15 min of incubation. Quercetin was used
as a standard and the total flavonoids were expressed as quercetin equivalent (mg
QE/g extract). All determinations were performed in triplicate.

DPPH assay

The capacity to scavenge the stable free radical DPPH was determined by using
DPPH assay [Tai et al., 2011]. The working solutions of each plant extract at 0.01,
0.1, 1, 5 and 10 mg/mL were prepared in methanol. Various concentrations of
ascorbic acid similar to that of the plant extract were prepared and used as standard.
The solution containing 1 mM DPPH solution in methanol was incubated at room
temperature for 30 min in a dark condition. The absorbance at 517 nm was recorded.
Equal amount of methanol and DPPH solution were mixed and processed as similar
as that of the plant extract and the obtained solution was served as control. The
DPPH radical scavenging activity was calculated using the following formula:
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DPPH scavenging activity (%) = [(Ac-At) / Ac] x 100

Ac is the absorbance value of the control.
At is the absorbance value of the sample extracts or STD.

The half maximal inhibitory concentration (ICso) was calculated by plotting
inhibition percentage against extract concentration using the linear regression
analysis. Ascorbic acid was used as positive control.

ABTS assay

ABTS radical scavenging activity was done according to the procedure described
by Marino BA, et al. [Marino et al., 2011] with some modifications. In brief, the
working solutions of standard concentrations at 0.0125, 0.025, 0.05, 0.1 and 0.2
mg/mL and each plant extract concentrations at 0.01, 0.1, 1, 5 and 10 mg/mL were
prepared in solvent. 20 pL of diluted sample was mixed with 150 pL of ABTS working
solution and left at room temperature in the dark for 5 min. Subsequently,
absorbance of the mixture was measured at 750 nm. ABTS radical scavenging activity
was calculated using the following formula:

ABTS radical scavenging activity (%) = [(Ac- At)/Ac] x100

Ac is the absorbance value of the control.
At is the absorbance value of the sample extracts or STD.

The half maximal inhibitory concentration (ICso) was calculated by plotting
inhibition percentage against extract concentration using the linear regression
analysis. Trolox was used as a positive control.

Nitric oxide (NO) assay

Nitric oxide (NO) was produced from sodium nitroprusside (SNP) which modify
measured as described by Nihal Aktas, et al. [Aktas et al., 2013] and by using the
Griess reagent. The mixture containing 10 mM of SNP in PBS (pH 7.4), with the herbal
extracts were prepared in PBS and incubated for 150 min at room temperature.
Finally, an equal volume of the Griess reagent (1% sulfanilamide, 0.1%
napthylethylenediamine dihydrochloride, 2.5% H3PO4) was added to each well in
order to measure the nitrite content. Quercetin concentration at 10 mg/mL was used
as a reference standard. The absorbance of these solutions was measured at 540 nm
against the corresponding blank solutions. The NO scavenging activity was calculated
using the following formula:

NO scavenging activity (%) = [(Ac-At) / Ac] x 100

Ac is the absorbance value of the control
At is the absorbance value of the sample extracts or STD.

Gas chromatography-mass spectrometry (GC-MS) analysis

The GC-MS was performed using a PerkinElmer Headspace Therbo matrix 40
auto-sampler (Clarus 690, Perkin Elmer, Waltham, MA USA). The condition
parameters were set for the method described by Boonyanugomol, et al.
[Boonyanugomol et al., 2022] with some modifications. A 30 m x 0.25 mm i.d.
Elite-5MS capillary column with 0.25 pm film thickness (Perkin Elmer Elmer,
Waltham, MA USA) was used for the GC-MS analysis. High purity helium was used as
carrier gas and a set flow rate of 1 mL/min constantly. The injector was set at
200°C and performed in split ratio 10:1. The temperature of column oven was set at
60°C for 5 min and then increased by 4°C per min until 280°C, where it was held at
this temperature for 13 min. The mass spectrometry (MS) detection was carried out
at 200°C, and the electron impact (EI) mode was required, using the full scan mode
from m/z 30 to 600 with a scanning speed at low level. The chemicals of extracts
were identified based on a comparison of corresponding GC retention times, peak
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area and mass spectra to a reference from the US National Institute of Standard and
Technology (NIST 2017X, with more than 75 percentage similarity being required for
a match.

Development of the herbal ultrasound gel prototype

The combination extract of phlai, turmeric, and ginger at recipe 1:2:2 was used
to dissolve in 24.81 percent deionized (DI) water by weight, stirred until all the
ingredients are mixed together and filtered through Whatman filter paper number 4
(clear, light-yellow liquid). For gel formulation, 0.30 percent of Carbopol 940 were
dissolved in 74.44 percent DI water by weight and used a gel agitator to mix. Then,
0.10 percent triethanolamine by weight were added to form a pH balance. The
prepared herbal extract combination and 0.25 percent sodium benzoate by weight
were added to gel. The herbal ultrasound gel prototype was packed in the opaque
pump bottle that has been sterilized by autoclave and stored at room temperature.

Microbial contamination standard test
Microbial contamination standard test of herbal ultrasound gel prototype was
sent to testing at the central laboratories (Thailand) include 6 types following:

1) Aerobic Plate Count by FDA BAM online, 2011 method

2) Clostridium spp. by INH-USP38/33:2015 method

3) Pseudomonas aeruginosa by USP38/33:2015 method

4) Salmonella spp.by INH-ISO06579-1:2017(E) method

5) Staphylococcus aureus by USP38/33:2015 method

6) Yeasts and Molds by In-house based on FDA BAM method

Statistical analysis

All data were presented as mean * standard error means (SEM). Comparisons
between groups were performed using one-way analysis of variance (ANOVA)
followed by Bonferroni tests using SPSS statistical software version 26. P-value <
0.05 was considered significant.

RESULTS

Yield of the extracts

The percentage yields of the selected plants are shown in Table 1. The rhizome
of Z. cassumunar., C. longa. and Z. officinale have the percentage yields (dried
sample) at 25.57, 12.81 and 11.70, respectively. However, the percentage of yield
(crude extract) in all groups (P), (T) and (G) of maceration was shown.

Table 1. Percentage of yield.

Sample % yield
Zingiber cassumunar Roxb. (Phlai) 25.57
Curcuma longa L. (Turmeric) 12.81
Zingiber officinale Roscoe (Ginger) 11.70
50 percent of ethanol extract : Phlai (P) 3.29
50 percent of ethanol extract: Turmeric (T) 2.60
50 percent of ethanol extract: Ginger (G) 3.06
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The TPC, TFC, and antioxidative activity of phlai, turmeric, and ginger and
combination PTG extracts

The total phenolic content (TPC) was calculated from the gallic acid standard
curve (y=0.005x + 0.0872, R?=0.9916). It was found that a percent of the gallic acid
as STD has the highest content of phenolic compounds at 1,076.70 £ 6.90 milligram
equivalents of gallic acid per gram of sample extract. Furthermore, the percent of
ethanol extract of ginger (G), 50 percent of ethanol extract of phlai (P) and 50 percent
of ethanol extract of turmeric (T) have high content of phenolic compounds at 75.93
+ 17.71, 61.73 £ 10.60 and 27.97 £ 8.66 milligram equivalents of gallic acid per
gram of sample extract, respectively. In addition, the combination PTG extracts had
a higher amount of TPC than all groups at 105.11 + 16.93 milligram equivalents of
gallic acid per gram of sample extract. The TPC of PTG significantly increased at
P-value <£0.05 and 0.01 when compared to the (P) and (T) groups, respectively, as
shown in Table 2.

The total flavonoid content (TFC) was calculated from the quercetin standard
curve (y=0.0035x + 0.1436, R>=0.9905). It was found that a percent of the quercetin
as STD has the highest content of total flavonoid content at 1,003.72 + 15.36
milligram equivalents of quercetin per gram of sample extract. Furthermore, the 50
percent of ethanol extract of ginger (G), 50 percent of ethanol extract of phlai (P)
and 50 percent of ethanol extract of turmeric (T) have the high content of total
flavonoid at 33.67 £ 1.82, 19.11 £ 2.68 and 6.76 £ 0.96 milligram equivalents of
quercetin per gram of sample extract, respectively. In addition, the combination PTG
extracts had a higher amount of total flavonoid content than all groups at 63.58 +
2.29 milligram equivalents of quercetin per gram of sample extract. The total
flavonoid content of PTG significantly increased at P-value < 0.001 when compared
to all groups, as shown in Table 2.

Table 2. Total phenolic compound (TPC) and total flavonoid content (TFC) (Mean +

SEM).

Sample TPC TFC

(crude extract) (mg GAE/g extract) (mg QE/g extract)

STD Gallic acid = 1076.70 + 6.90 Quercetin = 1003.72 + 15.36
Phlai (P) 61.73 + 10.60 19.11 + 2.68
Turmeric (T) 27.97 + 8.66 6.76 £ 0.96

Ginger (G) 75.93 £ 17.71 33.67 £ 1.82
Combination PTG 105.11 £ 16.932/bd 63.58 £ 2,293aa bbb, ccc

Note: a = Statistically significant difference at P-value <0.05
aaa = Statistically significant difference at P-value <0.001
when compared with phlai (P) group
bb = Statistically significant difference at P-value <0.01
bbb = Statistically significant difference at P-value <0.001
when compared with turmeric (T) group
ccc = Statistically significant difference at P-value <0.001
when compared with ginger (G) group

The analysis of antioxidant activity by DPPH method found that the 50 percent
of ethanol extract of ginger (G), 50 percent of ethanol extract of phlai (P) and 50
percent of ethanol extract of turmeric (T) has the half maximal inhibitory
concentration (ICso) at 0.61 * 0.01, 3.56 = 0.30 and 4.19 * 0.56 mg/mL,
respectively. In addition, the combination PTG extracts had significantly ICso better
than (P) and (T) at P-value. < 0.001. However, it was found that the combination
PTG extracts had ICso better than (G) but no statistically significant difference was
found. The antioxidant activity of ascorbic acid, which is the standard substance
(STD) of the DPPH test has ICso better than all groups at 0.01 £ 0.00 mg/mL as
shown in Table 3.
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The analysis of antioxidant activity by ATBS method found that the 50 percent
of ethanol extract of ginger (G), 50 percent of ethanol extract of turmeric (T) and 50
percent of ethanol extract of phlai (P) has the half maximal inhibitory concentration
(ICs0) at 5.57 £ 0.25, 8.29 £ 0.24 and 10.66 + 0.21 mg/mL, respectively. Moreover,
the combination PTG extracts had significantly ICso better than all groups at P-value
< 0.001. The Trolox, which is the standard substance (STD) of the ATBS test has ICso
better than all groups at 0.06 £ 0.01 mg/mL as shown in Table 3.

Table 3. The half-maximal inhibitory concentration (ICso) of DPPH and ABTS (Mean

+ SEM).

Sample DPPH ABTS

(crude extract) ICso (mg/mL) ICso (mg/mL)
STD Ascorbic acid = 0.01 + 0.00 Trolox = 0.06 + 0.01
Phlai (P) 3.56 + 0.30 10.66 + 0.21
Turmeric (T) 4.19 + 0.56 8.29 £ 0.24
Ginger (G) 0.61 + 0.01 5.57 + 0.25
Combination PTG 0.82 + (0.113aa, bbb 0.98 * 1.56 2aa, bbb, ccc

Note: aaa = Statistically significant difference at P-value <0.001
when compared with phlai (P) group

bbb = Statistically significant difference at P-value <0.001
when compared with turmeric (T) group

ccc = Statistically significant difference at P-value <0.001
when compared with ginger (G) group

The inhibitory effect of nitric oxide (NO) was expressed as the percentage of
maximum inhibition. It was found that 50 percent of ethanol extract of ginger (G),
50 percent of ethanol extract of phlai (P) and 50 percent of ethanol extract of turmeric
(T) at the concentration of 10 mg/ml have the percentage inhibition of nitric oxide at
47.09 £ 0.95, 44.63 £ 0.53 and 38.75 *+ 2.55, respectively. In addition, the
combination PTG extracts had a higher nitric oxide inhibition percentage than all
groups. Moreover, the combination PTG extracts had significantly higher than 50
percent of ethanol extract of turmeric (T) at P-value < 0.05. The quercetin, which is
the standard substance (STD) of the test at concentration of 0.1 mg/mL has the
percentage of nitric oxide inhibition at 71.58 £ 2.21 as shown in Table 4.

Table 4. The percentage of NO inhibition (Mean £ SEM).

Sample NO

(crude extract) %o inhibition
Ascorbic acid (STD) 71.58 £ 2.21
Phlai (P) 44.63 + 0.53
Turmeric (T) 38.75 £ 2.55
Ginger (G) 47.09 + 0.95
Combination PTG 53.38 + 0.16P

Note: b = Statistically significant difference at P-value <0.05
when compared with turmeric (T) group

Gas chromatograph mass spectrometer (GC-MS) of combination PTG extracts

The combination PTG extracts were examined for important phytochemicals by
using GC-MS. It was found that the chemical composition of the combination PTG
extracts have time to move through the column in the range of 8.99-19.13 minutes.
There are seven chemical compositions of the substances. The descending order
highest amounts of phytochemical is ar-Turmerone, Tumerone and 6-(p-Tolyl)-2-
methyl-2-heptenol, trans- as shown in Table 5 and Figure 1.
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Table 5. Chemical composition of combination PTG extract from analysis by using GC-MS

technique.
Peak Retention . % %
No. time Assighnment compounds Formula Match Area
1 8.99 Cyclohexene, 1-methyl-4-(1-methylethylid CioH16 90.30 1.26
2 9.87 Gamma-Terpinene CioHi6 91.30 4.46
3 pep (S 2 NE B (p Eihept e e b el o s g 26
or cis-Nuciferol
4 18.72 ar-Turmerone Ci5H220 97.90 43.73
5 18.78 Turmerone Ci5H220 92.70 25.27
6 19.15 6-(p-Tolyl)-2-methyl-2-heptenol, trans-. Ci5H220 75.10 20.65
7 19.93 (E)-Gamma-atlantone Ci5H220 77.80 1.65
Mo.4
100- 18.72

MNo.5

18.78

No.6

19.15

o
No.3
= 17.98 _—
:.gg b 16.08 \I 19.93
0_./\-\.‘ ML‘\_JL._H- .Al-‘L iL qJIlJJ- T
T T T T T R pa T T T T T T T ime
5.51 10.51 15.51 20,51 25.51 30.51 35.51

Figure 1. Chromatograms of combination PTG extract from analysis by using
GC-MS technique.

Development of the natural herbal ultrasound gel prototype

The combination PTG extract herbal ultrasound gel has a viscosity value of
1,636.00 = 14.70 Pa.s and pH-value of 5.36 = 0.01, which is an approximate value
to the standard ultrasound gel that manufactured by A.N.B Laboratories. Co. LTD,
Thailand and were used in clinical practice. It has a viscosity value of 1,708.67 +
13.69 Pa.s and pH-value of 6.52 + 0.03. The characteristics of the ultrasound gel
prototype as shown in figure 2.
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Figure 2. The characteristics of the ultrasound base gel prototype (A) and
the ultrasound PTG gel prototype (B)

Microbial contamination standard safety test of the herbal ultrasound gel
prototype

Microbial contamination standard test is an important characteristic for
evaluating the quality criteria of the natural herbal product for external usage. It was
found that the Aerobic Plate Count test had a value <2.5x10%2 EAPC cfu/g. The
Clostridium spp., Pseudomonas aeruginosa, Salmonella spp. and Staphylococcus
aureus test were not found. In addition, the number of Yeasts and Molds test has
1.7x102 cfu/g. All data were shown in Table 6.

Table 6. The microbial contamination standard test of combination PTG extract
herbal ultrasound gel.

Test Results Unit
Aerobic Plate Count <2.5x102% EAPC cfu/g
Clostridium spp. Not detected perlg
Pseudomonas aeruginosa Not detected perlg
Salmonella spp. Not detected per 25 g
Staphylococcus aureus Not detected perlg
Yeasts and Molds 1.7x102 cfu/g
DISCUSSION

Ultrasound therapy is widely used to improve extensibility of connective tissue
and pain relief in MPS. In addition, phonophoresis is a permeability of drug molecules
through the skin while being exposed to ultrasound. These facilitate the transfer of
many active ingredient through the skin and the points of inflammatory areas.
Moreover, it can relieve muscle pain. Therefore, some herbal medicines may be
substituted for analgesic or anti-inflammation in ultrasound therapy. Herbal medicine
is long time used for treating numerous diseases. It has been believed that it safer
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than synthetic drugs. Therefore, herbal medicine is very popular and gains much
attention nowadays. Phlai has been used for antioxidant and anti-inflammatory
properties by therapeutic ultrasound in a rat model [Leelarungrayub et al., 2017] and
applied Thai herbal poultice in a clinical study [Srikaew et al., 2023]. The natural
ultrasound gel has been developed with 10 and 20 percent aloe vera. It was effective
in reducing pain in the shoulders and legs in volunteers [Mahendran et al., 2017].
Therefore, this research focus on the antioxidant and anti-inflammation activity of
Z. cassumunar or phlai, C. longa or turmeric and Z. officinale or ginger. The results
shown that the 50 percent ethanol extract of them have the phenolic compounds
content, total flavonoid content, antioxidant capacity by the DPPH and ATBS methods
and ability to inhibit of nitric oxide (NO), which plays a role in the inflammatory
process as shown in previous study [Thiraphatthanavong et al., 2023]. Moreover, the
50 percent ethanol extract of phlai (P), turmeric (T), and ginger (G) combination or
PTG were combined at recipe 1:2:2 that has synergistic effect. It was found that PTG
have high antioxidant and anti-inflammation properties than single plants.
The possible mechanism that makes the PTG extract better than each single extract
may be 1) protection each other because the combined phytochemicals act in
different ways of antioxidation that enable them to protect each other from oxidative
agents; 2) one antioxidant reacts with free radicals or singlet oxygen first to protect
the partner from oxidants; 3) one antioxidant is oxidized and becomes a free radical,
and this free radical then receive electrons or hydrogen atoms from the other
antioxidant to regenerate itself [Vijayalakshmi et al., 2014; Lijuan et al., 2019]. The
combined herbal extracts (two or more) offer great potential for exhibiting synergistic
actions. The mechanisms underlying synergistic actions are 1) different agents may
regulate either the same or different target in various pathways, and therefore
cooperate in an agonistic, synergistic way; 2) regulate the enzymes and transporters;
3) overcome the drug resistance mechanisms of microbial cells; and 4) eliminate the
adverse effect and enhance pharmacological potency of agents by “processing” or by
drug-drug interaction. [Yang et al., 2014; Sharma et al., 2020]. The analysis
phytochemical by using the GC-MS technique, 7 types of phytochemicals were found.
The main substance was turmerone group that the previous report shown the anti-
inflammation properties in several disease [Ashish et al., 2013, Bibi et al., 2021].
The data from HPLC may still be needed for high molecular weight compounds
present in herbal extracts that specific compounds in each herb such as gingerol,
shogaols in ginger; curcuminoid in phlai, and turmeric. These compounds are highly
pleiotropic molecules that anti-inflammatory, antioxidant and antimicrobial activities
[Kunnumakkara et al., 2023]. For long-term treatment efficiency, the stability test of
the PTG prototype gel was the focus to provide evidence on how the quality of an
active substance product varies with time under the influence of a variety of
environmental factors such as temperature, humidity, and light. The data from In
vitro study, the PTG extract was used to develop a prototype product of herbal
ultrasound gel for relief pain and inflammation. The prototype PTG herbal ultrasound
gel was formulated with Carbopol 940 as a gel agent and triethanolamine as
neutralize agent. The pH values of gel formulations at 5.36 £ 0.01 were in the range
of skin pH [Chaitra et al., 2017] so it indicated that might not cause skin irritation.
Moreover, the PTG prototype gel has a viscosity value of 1,636.00 + 14.70 Pa.s. This
viscosity range is suitable for contact and stays on the skin without slipping off. The
texture is similar to the gel available in the commercial product. The safety
assessment followed the principles for developing herbal products for external use
on the skin were analyzed. The prototype PTG herbal ultrasound gel product passed
standard criteria in terms of microbial contamination including Aerobic Plate Count,
Clostridium spp., Pseudomonas aeruginosa, Salmonella spp. and Staphylococcus
aureus test.
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CONCLUSION

The prototype product of PTG herbal ultrasound gel is the potential candidate
to serve as antioxidant and anti-inflammation media gel for ultrasound therapy.
However, the data from HPLC may still be needed for high molecular weight
compounds present in herbal extracts. In addition, the further study should focus on
amount of active compound after forming the ultrasound gel, the stability test and
skin permeation study. These is importance information to ensure their therapeutic
effect for use to develop the most effective health products for further clinical
treatment.
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