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Abstract In this study, Tongue fern (Pyrrosia lingua) plants that

have been used traditionally as medicines. Their traditional medicinal

uses, regions where indigenous people use the plants, parts of the

plants used as medicines. This study was designed to assess the

antioxidant and inhibition activities of extracts from P. lingua. In

the P. lingua extracts was measured ethanol activity, 80.0%

ethanol was high activity. The antioxidant activity was measured

in 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-Azino-bis-(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS), assays. DPPH and

ABTS radical in this experiment, solid and phenolic of extract

were tested, but only an average concentration of 100 μg/mL was

used. However, the phenolic extract is shown phenolic activity

reached a peak. Also, phenolic extracts ware reached peak water

and ethanol extracts. As a result, using the phenolic extracts did

other antioxidant assays such as DPPH, ABTS, protection factor,

and thiobarbituric acid reactive substances at 50-200 μg/mL

concentrations. The activity of elastase and collagenase, inhibiting

their activities may retard skin aging. α-Glucosidase and α-amylase,

inhibitors need to be explored for the benefit of postprandial

hyperglycemia in diabetic patients. Activities of tyrosinase,

hyaluronidase and xanthine oxidase inhibitors of these enzymes

are increasingly important ingredients in cosmetics and medications

to protect the skin against hyperpigmentation and skin aging.

Inhibition effects were investigated using the P. lingua extracts at

50-200 μg/mL concentrations. The expression levels of enzyme

inhibitions activities were decrease in dependent-concentrations

manner when P. lingua extracts were treated.
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Introduction

The whole fern, Pyrrosia lingua has been used as a drug in people

medication such as in Japanese used dried condition in general

medicine [1]. Moreover, P. lingua has been widely used in

medicine like beneficial effect in pain, urinary stone formation

and vaginal bleeding in Korea and Chine [2]. Besides, studies

have confirmed that P. lingua possesses numerous biological

properties, such as antibacterial, hyperglycaemic and antitumor

activities [3]. P. lingua is a very common plant and has high

bioactive elements, widely distributed on the sides in southwestern

Chine and the indochina peninsula [4]. Some ferns have special or

specialized leaves that have sporangia and sterile leaves that have

no productive structure. However, on the physiology of the frond,

various arguments can be made in favor of which sporangia will

be poured [5].

Some tissues, organs, arteries, etc., including the dermal layer

of the skin, are filled with extracellular matrix (ECM) proteins

such as elastin, collagen, and hyaluronic acid. Have, in particular,

the dermal layer of the skin maintains the elasticity of the skin and

prevents wrinkles through cross-linking of elastin and collagen.

However, when exposed to strong ultraviolet rays such as

oxidative stress and ultraviolet-B, excessive production of reactive

oxygen species or exposure to chemicals and microorganisms

causes fibroblasts to age and fail to function properly. Due to this,

the synthesis of ECM protein is lowered, and the signal

transduction material for decomposing it and the enzyme secretion

such as elastase and collagenase are promoted, resulting in wrinkles

[6]. Also, skin melanocytes produce melanin by stimulation of
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UV and deliver it to keratinocytes, which are fundamentally

mechanisms to protect the skin, but due to aging, the cycle of turn

over, the regeneration period of the skin, is delayed and the

melanin. When the accumulation amount increases, phenomena

such as pigmentation and stain appear [7].

Furthermore, studies on whitening materials of natural materials

that can suppress tyrosinase activity that regulates the initial rate

of melanin production is continuing [8].

The purpose of this study was to evaluate the physiological

activities of antioxidant, beauty foods and functional foods using

the extracts of P. lingua. According to the above results, the

content of total phenolic components and health functional food

activities such as antioxidant and gout suppression, and cosmetic

activities such as melanogenic improvement and pore reduction

effect, etc., of water or water extract were confirmed, and it was

judged that it could be used as a functional material.

Materials and Methods

Samples and sample preparation

The P. lingua has a small-sized epiphyte fern. Plant up to 10-30

cm tall. Plant leaf was dried (Jeiotech, Daegu, Korea) and ground

with shredder machine (RT-08, Guohua ChME Inc. Tainan,

Taiwan) to 40 mesh and incubated at room temperature until

analysis used as a sample.

Extraction and analysis of total phenolic compounds and

solid-phase extract of P. lingua

The preparation process the P. lingua extracts for testing their

applications has two different methods to use. Preparation of the

extract measure physiological activity solid and phenolic content.

In the two flasks add P. lingua extracts per 1 g of powder was

added 200 mL distilled water (DW) both of flask and inside of

flask solution and set to boil up to 100 mL and cooled. Also,

ethanol activity was measured on P. lingua from 10 to 100.0%

ethanol. In the result, ethanol extract was made two with 80.0%

ethanol in 1 g of smelt powder add 100 mL both of this and in the

shaking incubator at room temperature during the 24 h. Each

extract contains Whatman No. 1 filter paper (Whatman Inc, Piscataway,

New Jersey, USA), optional rotary vacuum evaporator (Eyela NE,

Tokyo, Japan) and first two solutions used as a phenolic sample.

The second two solutions incubated in the freeze dryer FDS8518

(Ilshin Bio Base Co. Ltd, Dongducheon, Korea) at −80 oC during

the 4 days ready-made powder used as a solid sample. As well as

both of the samples were diluted into the 4 concentration 50, 100,

150, and 200 µg/mL.

Total phenolic contents

Total phenolic content was determined by 1 mL of 95% ethanol

and 1 mL of extract. First of all, add 5 mL of DW and add 0.5 mL

of 0.5 N Folin-Ciocalteu reagent. Mix well using a vortex mixer

(KMC-1300V, Vision Scientific Inc., Daejeon, Korea) and leave

for 5 min, then add 1 mL of Na2CO3. Afterward, the absorbance

Optizen 3,220 UV (Merasys Co. Ltd., Seoul, Korea) at 725 nm

was measured within 1 h to obtain gallic acid. The amount was

converted from the standard curve used [9].

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity

The DPPH scavenging activity was measured according to the

method of Blois [10]. The initially, using 3 mL of 60 µM DPPH

and was added to 1 mL samples as well as mixed by vortex mixer.

So then all mixture was saved at room temperature during the 15

min and checked in the absorbance at 517 nm was measured for

the DPPH radical scavenging effects. Also, our data on the

comparative reaction of ascorbic acid, 2,6-di-tert-butyl-4-methyl-

phenol (BHT) and propyl gallate indicates that the positive control

[11].

2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)

radical cation decolourisation assay

ABTS was measured according to the method of Fellegrini et al.

[12]. Firstly, 5 mL of 7 mM ABTS solution mixed with 88 µL of

K2S2O8 (potassium persulfate) solution and incubated in the dark

place such as refrigerator at 4 oC during the 12-16 h. Secondly,

adding the 88 mL ethanol in 1 mL of stock solution and mixed

mixture as well as like positive control used BHT. Thirdly, in the

absorbance at 734 nm of the dissolved solution controlled to

0.7±0.02 nm in the spectrophotometer. Moreover, in 50 µL samples

added 1 mL of ABTS solution, mixed with a vortex mixer for

30 s. and from this time incubated at the room temperature during

the 2.5 min as well as in the absorbance at 734 nm was measured

for the activity of tongue fern by ABTS solution.

Antioxidant protection factor (PF)

The PF was measured according to the methods of Andarwulan

and Shetty [13]. That is, 1 mL of a solution of 30 mg of β-

carotene dissolved in 50 mL of chloroform is placed in a water

container for the evaporator, and chloroform is completely

distilled in a 40 oC water bath, 20 μL linoleic acid, 184 μL Tween

40 and 50 mL of 0.1% H2O2 was added to make an emulsion. The

reaction sphere was mixed with 5 mL of emulsion in 100 μL of

a sample concentrations of mixed well, cooled by reacting at

50 oC for 30 min in a dark room, and absorbance was measured

at 470 nm. The PF value was calculated as the absorbance of the

control versus the absorbance of the reaction.

Thiobarbituric acid reactive substances (TBARs)

TBARs were measured according to the methods of Buege and

Aust [14]. Emulsions were used with 1% linoleic acid and 1%

Tween 40, and the reaction mixture was mixed with 0.8 mL of

emulsion and 0.2 mL of samples with four concentrations and

reacted in a 50 oC water bath for 12 h. After the reaction, 4 mL of

the TBA reagent was added to the reaction solution, soaked for
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15 min, cooled for 10 min, and centrifuged at 2,000 rpm for 20

min. After centrifugation, the mixture was left for 10 min, and

then the supernatant was taken to measure absorbance at 532 nm.

The TBARs value was calculated and calculated as the difference

in absorbance between the reaction and control groups of the

sample solution.

Elastase enzyme inhibition effect

Elastase enzyme inhibitory effect using by the method of

Kraunsoe et al. [15]. Prepared 0.8 mM substrate of an assay for

this in 1 mL of 0.2 M Tris-HCl buffur (pH 8.0) added 5 g N-suc-

(Ala)3-p-nitroanilide and mixed well. Also, in a mixture of 0.1 mL

of N-succinyl-(Ala)3-p-nitroanilide solution 1.0 U/mL porcine

pancreatic elastase (Sigma-Aldrich Co., St. Louis, MO, USA)

0.1 mL of enzyme solution and 50-200 µg/mL and added 0.1 mL

of each sample of phenolic contents and then dissolve in 0.1 mL

of DW was added instead of the sample. Finally, the reaction, the

amount of p-nitroaniline produced was absorbed in 410 nm. As

the positive control for the experiment, epigallocatechin gallate

(EGCG) was used. The inhibition rate (%) was calculated as (1−

sample absorbance/absorbance of control)×100.

Collagenase enzyme inhibition effect

Collagenase enzyme inhibitory effect was measured according to

the method of Wunsch and Heidrich [16], and 4-henylazobenzyloxy-

carbonyl-Pro-Leu-Gly-ProD-Arg (0.3 mg/0.15 mL) of 0.2 mg/mL

collagenase (Sigma-Aldrich Co.) was added to a mixture of 0.25

mL of the dissolved substrate solution and 0.1 mL of each sample

solution have concentrations of 50-200 µg/mL phenolic contents.

After stopping the reaction by adding 0.5 mL of 6% citric acid,

add 2 mL of ethyl acetate and then absorbance at 320 nm was

measured. EGCG used as a positive control. The inhibitory effect

of collagenase was found to decrease the absorbance of the reaction

and control group of the sample solution.

Hyaluronidase (HAase) enzyme inhibition effect

According to Dorfman and Melvin method [17]. The test was

conducted as follows; 0.1 M acetate buffer (pH 3.5) was mixed

with 7,900 U/mL HAase (Wako Pure Chemical Industries, Osaka,

Japan) dissolved. Also, add DW 0.05 mL and then 0.05 mL 0.3 M

sodium phosphate buffer, which is a (pH 5.3) and sample

solutions were mixed and cultivated at 38 oC for 5 min. Next,

0.4% of hyaluronic acid (substrate) was added and grown at 38 oC

for 45 min. The mixture for 3 min in a water bath for fully cooled.

After adding 5 mL of albumin solution reagent, as a color-forming

reagent, to the cooled reaction product. Finally, the inhibitory

activity was calculated by using the data of absorbance taken at

585 nm. Pyrrolidine dithiocarbamate used as a positive control, a

known stronger inhibitory activity, and an nuclear factor-κB (NF-

κB) inhibitor [18]. The following equation was used to make the

calculation: Inhibition ratio (%)=(1absorbance of sample group/

absorbance of a control group)×100.

Xanthine oxidase (XOase) enzyme inhibition effect

XOase inhibition effect was measured according to the method

Fitzgerald et al. [19]. That is, the reaction sphere is 2 mM

substrate solution dissolved in potassium phosphate buffer (pH

7.5) 0.1 mL of enzyme solution (0.05 U/0.1 mL) and 3 mL of

xanthine 0.3 mL is added to the control, and 0.3 mL of DW is

used instead of the sample. The reaction was added at 37 oC for

5 min and the finished reagent 20.0% trichloroacetic acid. After

adding 1 mL, centrifuge the reaction solution to remove protein.

Induced uric acid was measured at absorbance 292 nm. The P.

lingua ethanol extract showed a better XOase inhibitory effect

than allopurinol. Allopurinol was used for positive control.

Inhibition rate (%)=(1−uric acid content of the sample/uric acid

content of the control)×100.

Tyrosinase enzyme inhibition effect

Tyrosinase inhibition effect was measured according to the

method of Hearing and Vincent [20]. The reaction port was 0.1 M

sodium phosphate buffer (pH 6.8) 2.3 mL and 1.5 mM substrate

solution mushroom tyrosinase in 0.4 mL of L-tyrosine solution

(Sigma-Aldrich Co., 250 U/mL) 0.1 mL and 0.2 mL of sample to

the control, add 0.2 mL of DW instead of the sample, the reaction

was carried out at 37 oC for 20 min. The reaction solution is

absorbed in 475 nm and the positive control for the experiment

was determined using kojic acid used. Inhibition rate (%) of (1−

sample absorbance/control absorbance)×100.

α-Amylase enzyme inhibition effect

Measurement of α-amylase inhibitory activity is the agar diffusion

method by Kim et al. [21], α-amylase inhibition a starch agar

plate was prepared by autoclaving 1 L solution containing 5 g agar

and 5 g soluble starch for 15 min at 121 oC. 15 mL of the autoclaved

solution was dispensed to a petri dish. Disc paper (10 mm in

diameter) was placed in the middle of the plate, and the solution

containing 800 μL sample and 200 μL α-amylase (1,000 U/mL)

was dispensed into the disc paper. After incubation at 37 oC for 3

days, potassium iodide (I2)/ iodine (KI) (5 mM I2 in 3% KI)

solution was added, followed by incubation for 15 min to measure

the inhibition rate by calculating the width of the clear zone.

α-Glucosidase enzyme inhibition effect

α-Glucosidase inhibition was measured as previously reported

[22]. The substrate was prepared by dissolving 1 mg of p-nitrophenol-

α-dglucopyranoside in 1 mL 50 mM sodium succinate buffer (pH

6.8). To measure the inhibitory activity, 1 mL of the substrate was

incubated for 30 min at 37 oC with 0.1 mL of enzyme solution and

0.1 mL of 200 μg/mL of each sample. After the reaction, 3 mL of

5% Na2CO3 was added, and the optical density was measured at

400 nm. EGCG used as a positive control. An enzyme reaction

with DW instead of samples was used as a control.
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Statistical analysis

Every test and experiment did more than five times. For checking

statistical assay used IBM SPSS Statistics Client Documentation

25.0 for Windows (IBM SPSS Inc., Chicago, IL, USA) and used

one-way ANOVA, followed by Duncan’s multiple range tests. A

p-value <0.05 was considered to indicate a statistically significant

difference.

Result and Discussion

Phenolic content of P. lingua

In this experiment, high ethanol phenolic content in P. lingua

extract. That it was the most active solution at 80% has a high

activity 29.38 mg/g (Fig. 1) experiment. However, between 50

and 100.0% fluctuated the activity of ethanol. That 0% without

ethanol is ridiculous 100.0% water with a sample powder, also a

great activity. That 0% without ethanol is ridiculous 100.0% water

with a sample powder, also a great activity. The content of water-

soluble extract of pine needles reported by Yoo et al. [23].

Biological activities from solid and phenolic extract from P.

lingua

Antioxidant and pro-oxidant in the body maintains homeostasis

and balance. When this balance is broken and tilted toward

oxidation promotion, it has a detrimental effect on cells, and this

harmful action is oxidative. It is called oxidative stress. Oxidative

stress causes diseases such as arteriosclerosis, heart disease,

stroke, diabetes, cancer, and aging due to failure to repair damage

to cells caused by free radicals or an increase in the amount of

oxygen in the body and degradation of antioxidant substances

[24]. Antioxidant activity in this experiment divided into two solid

and phenolic of the extracts was tested DPPH and ABTS, but

only in an average concentration of 100 µg/mL was used. After

determination activities result, decisions for measuring other

antioxidant activities. In this (Fig. 2A) is shown DPPH radical

activities phenolic extract reached a peak of 73.12 and 75.22%,

solid extract somewhat reaction both of the water and ethanol

extracts 21.10 and 25.74%. ABTS radical scavenging also tasted

with phenolic extract (Fig. 2B) showed perfectly activity of

phenolic water and ethanol extract both of it 98.86 and 94.48%.

However, in solid extract a sharp decrease from 34.85 to 35.99%.

As a result, phenolic extracts ware reached peak water and ethanol

extracts. 

Antioxidant activities of phenolic extract from P. lingua.

In the next step tested with four concentrations for antioxidant

experiments with phenolic extracts. DPPH radical scavenging

activity water extracts marked a rise (Fig. 3A) of 50, 100, 150, and

200 µg/mL concentrations from 31.98 to 48.13%. Also, ethanol

extracts partial growth between 49.36 and 61.44% in the same

concentrations, as well as positive activities BHT significantly

increases to 44.64-64.12% respectively. ABTS radical cation

decolorization measured water extracts significant increase activities

Fig. 1 The phenolic contents in extracts by various concentrations of

ethanol from P. lingua. The result were expressed as means of

triplicates ± standard derivation with different superscript letters are

significantly different at p <0.05 by Duncan’s range test (n =3)

Fig. 2 The DPPH radical scavenging activity (A) and ABTS radical activity (B) on extracted solid and phenolics from P. lingua. The result were

expressed as means of triplicates ± standard derivation with different superscript letters are significantly different at p <0.05 by Duncan’s range test

(n =3)
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(Fig. 3B) of 74.10% in 50 µg/mL and then a sharp increase of

99.79-99.53% from 100-200 µg/mL concentrations. In the ethanol

extracts also dramatic growth to 73.42-99.90% in the past

concentrations as well as the positive control BHT a marked rise

of 42.44-85.65% antioxidant activity, from 50-200 µg/mL in

phenolic contents. PF antioxidant activities in the water extracts

were a sharp increase from 0.87 to 1.24% at 50-200 µg/mL

concentrations and ethanol extracts also significant growth to

0.77-1.27% in the same as water extracts (Fig. 3C) phenolic

contents. In the positive control rose from 1.08 to 1.20% in 50-200

µg/mL concentrations. TBARs antioxidant activities were positive

control reached a peak in 50-200 µg/mL phenolic content at

84.58-93.69%. Furthermore, water extracts a sharp increase (Fig.

3D) from 46.44 to 83.26%. Besides, ethanol extracts a marked rise

at 61.51-92.05% in 50-200 µg/mL concentrations.

Elastase inhibitory activity of P. lingua

As a result of measuring the elastase inhibitory activity against.

Extracts of water and ethanol were divided into four concentrations

50-200 μg/mL. Inhibition activity in water extracts slightly rises to

11.08-23.18%. Also, in ethanol extracts considerable increase

inhibition activity in 21.87-60.20%. In EGCG positive control

elastase inhibition activity reached a peak from 93.07 to 95.01%

in 50-200 μg/mL concentrations (Fig. 4A). The inhibitory effects

of 150 medicinal plants on elastase activity were researched. Of

these 150 plants, 70 did not inhibit porcine pancreatic elastase

activity [25].

Collagenase inhibitory activity of P. lingua

Estrogen reduction is one of the main causes of natural aging and

photoaging, and the role of estrogen stimulates fibroblasts in the

dermal layer to promote collagen synthesis and is involved in

collagen metabolism to inhibit collagen decomposition, collagenase

expression, thereby inhibiting collagen degradation. Suppress. As

age increases, estrogen production stops due to natural aging,

which promotes endocrine aging [25]. Collagenase inhibitory

activity was measured by adding P. lingua extracts at concentrations

of 50-200 μg/mL. As P. lingua water extract showed no inhibitory

activities to 10.09-18.35%. Besides, ethanol extracts activity

reached a peak from 46.03 to 100.0% collagenase inhibitory effect

(Fig. 4B). In EGCG positive control elastase inhibition activity a

considerable increase from 93.07 to 95.01%. Although it is lower

than EGCG, which is used as an anti-wrinkle cosmetic material in

the market, it showed high collagenase inhibitory activity.

Hyaluronidase inhibitory activity of P. lingua

Hyaluronic acid is a macromolecular polysaccharide in which

glucuronic acid and glucosamine are continuously combined [26].

Fig. 3 The Antioxidant activities. DPPH (A), ABTS (B), PF (C) and TBARs (D) on extracted phenolics contents from P. lingua. The result were

expressed as means of triplicates ± standard derivation with different superscript letters are significantly different at p <0.05 by Duncan’s range test

(n =3)
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Hyaluronic acid in polymer form inhibits inflammation by

inhibiting phagocytic activity of macrophage. The small molecule

forms inflammation in the process of wound healing [27]. Therefore,

we investigated the anti-inflammatory effect of P. lingua extract

by measuring hyaluronidase inhibitory activity. As a result of

measuring hyaluronidase inhibitory activity of P. lingua extract, In

the ethanol extracts at concentrations of 50-200 μg/mL were

23.65-74.70% hyaluronidase inhibition activity. The water extracts

(Fig. 5A) showed a high inhibition rate was 77.82%, in 200 μg/

mL concentration and all concentrations showed a statistically

significant difference and increased in a concentration-dependent

manner. As P. lingua has been widely used as a folk remedy for

inflammatory reactions such as stomatitis, osteomyelitis, and

hepatitis [28], the above experiments showed that the anti-inflammatory

effect of 80.0% ethanol extract is very good. Also, the hyaluronic

acid of the polymer increases the moisture content in the skin.

It is known to have a moisturizing effect to maintain [29].

Therefore, through the above experimental results, P. lingua

Fig. 4 Inhibitory activity of P. lingua on elastase (A) and collagenase (B). The result were expressed as means of triplicates ± standard derivation with

different superscript letters are significantly different at p <0.05 by Duncan’s range test (n =3)

Fig. 5 Inhibitory activity of P. lingua on Hyaluronidase (A), Xanthine oxidase (B), Tyrosinase (C) and α-Glucosidase (D). The results were expressed

as means of triplicates ± standard derivation with different superscript letters are significantly different at p <0.05 by Duncan’s range test (n =3)
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extract has the inhibitory activity of hyaluronidase, thereby

suggesting the possibility of application as a material of beauty

foods having anti-inflammatory and moisturizing effect.

Xanthin oxidase (XOase) inhibitory activity of P. lingua

Adenosine becomes IMP (inosine) by adenosine deaminase and

IMP is hydrolyzed to hypoxanthine and D-ribose. This hypoxanthine

is oxidized by XOase and passes through xanthine to become uric

acid. GMP is also hydrolyzed to nucleoside guanosine and then

cleaved to form free guanine, where the amino group is removed

by hydrolysis to become xanthine and then to uric acid by XOase

[30]. Excessive production of uric acid in the body, which

accumulates in fractures, causes gout and kidney disease, which

causes severe pain, and oxidative damage to biological tissues,

leading to inflammation, arteriosclerosis, cancer it produces

superoxide radicals that can cause a variety of diseases [31]. As a

result of measuring the inhibitory effect of water extracts on

XOase that produces uric acid and causes gout and oxidative

damage, (Fig. 5B), water extract showed 3.88-9.19% inhibitory

effect at 150-200 μg/mL phenolic concentration and ethanol

extract showed 23.84-64.46% inhibitory effect at 100-200 μg/mL

phenolic concentration. It was assumed that the profiles of the

phenolic components contained were different [32], and it was

thought that studies related to this should be conducted in the

future. Therefore, it was judged that the efficacy of improving

gout and arthritis could be expected. In the water extract, XOase

inhibitory effect was not observed.

Tyrosinase inhibitory activity of P. lingua

Melanin, such as eumelanin and pheomelanin, which are

produced to protect the skin from UV rays, affects the color of the

skin [33]. Changes in skin collar are determined by several

factors, including changes in melanin cell numbers, abnormal

production and structure of melanosomes, and melanism in

melanosomes [34]. This melanin blackens the skin as a substance

finally produced through the oxidation of L-tyrosine-based

enzyme tyrosinase [35]. Thus, measuring tyrosinase inhibitory

activity can be seen in the whitening effect of P. lingua. In this

experiment, we measured the tyrosinase inhibitory activity of P.

lingua extract. As shown in (Fig. 5C), the ethanol extracts were a

significant rise a 7.21-40.70% at concentrations of 50-200 μg/mL.

In the case of water, extracts had no tyrosinase inhibition effects.

However, the kojic acid used as a positive control, inhibition rate

was 68.72% in 200 μg/mL concentration range.

α-Amylase and α-glucosidase inhibitory activity of P. lingua

α-Glucosidase is a glycolytic enzyme present at the end of the

small intestine in the body and is an in vivo essential enzyme

involved in absorbing glucose by promoting the decomposition of

α-glucosidic bonds that release α-glucose from carbohydrates.

The α-glucosidase inhibitor is used for the treatment of type 2

diabetes, but when used for a long time, some patients may

Table 1 Effect of inhibition on α-amylase by water (A) and ethanol (B) extracts from P. lingua by disc method

(A) (B)

Phenolic content
(μg/mL)

Water extract Ethanol extract

Clear zone (mm2) Inhibition activity (%) Clear zone (mm2) Inhibition activity (%)

Control 37.25±0.35 - 35.75±1.77 -

50 22.50±0.71 39.60±1.24a 25.75±0.35 27.97±0.38a

100 20.75±1.06 44.30±2.26b 23.50±0.71 34.27±1.03b

150 18.75±0.35 49.66±0.94b 22.75±1.06 36.36±1.70c

200 17.25±0.35 53.69±1.10c 21.75±0.35 39.16±0.64c

1)
α-Amylase inhibition activity of water and ethanol extracts from P. lingua. 

2)The result were expressed as means of triplicates ± standard derivation with different superscript letters are significantly different at p <0.05 by Dun-
can’s range test (n =3). A: 50 μg/mL of phenolic content, B: 100 μg/mL of phenolic content, C: 150 μg/mL of phenolic content, D: 200 μg/mL of phe-
nolic content
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experience side effects such as bloating, vomiting, and diarrhea,

which may limit its use [36]. Inhibitory effect of α-amylase on P.

lingua extracts (Table 1). In ethanol extract is inhibitory effects

from 27.97-39.16%. In the water extract, the inhibitory effect

showed a high difference according to the concentration of the

phenolic contends at between 39.60 to 53.69%. The inhibitory

effect of α-glucosidase, the treatment must be treated at a

concentration of 200 μg/mL. α-Glucosidase is an of the line extract

α-glucosidase inhibitory effect measured, (Fig. 5D). Furthermore,

more highlight inhibitory activity ethanol extracts in Petri dishes

around the paper disc 10 mm (Toyo Roshi Kaisha, Ltd., Tokyo,

Japan). At concentrations of 200 μg/mL ethanol extracts, phenolic

content has reached a pick 100.0% inhibitory effect. Consequently,

the water extracts a slight variation from 11.25 to 93.50%. As a

passive control used EGCG, also showed high inhibitory effects

from 77.87-91.42%.
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