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Abstract

Many of scientific evidences suggest that regular consumption of fruits and vegetables can prevent chronic diseases. In Northern
Thailand, there are many vegetables that are usually consumed by local people. In this study, 17 local vegetables were selected and
extracted with 95% ethanol. The extracts were screened for 5a-reductase inhibitory activity, total tannin and flavonoid contents,
astringent and antioxidant activities. The results showed that Spondias pinnata and Ocimum americanum had the highest tannin and
flavonoid content, respectively. Neptunia oleracea was the most potent 5o-reductase inhibitor. For antioxidant activities, S pinnata
was the most potent ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenger and the most potent ferric
reducer. Polygonatum odoratum was the most potent hydrogen peroxide scavenger and Leucaena leucocephala was the most potent
DPPH (2,2-diphenyl- I -picrylhydrazyl) radical scavenger among the tested samples. This suggests that local vegetables in Northern
Thailand have a health promotion potential, which can be further developed as nutritional supplements, preventive medicines, and

topical products for cosmetic purposes.
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There are many pieces of evidences to suggest that consump-
tion of vegetables has a positive impact on health promotion
and chronic diseases prevention. It was reported that high con-
tent of vegetables and fruits in daily meal could reduce the
incidence of chronic diseases such as various types of cancer,
cardiovascular diseases, type 2 diabetes, Alzheimer’s disease,
and age-related functional decline.'” In addition, it was
reported that people with multimorbidity (the presence of
2 or more chronic diseases/conditions in an individual)* who
consumed more of fruits, vegetables, and grain products exhib-
ited healthier stages.” Phytochemical antioxidants may play a
significant role in the protective and health promoting effects
of vegetables.® Furthermore, it was suggested that additive and
synergistic effects of various phytochemicals in plants
accounted for better health effect than single phytochemical
or dietary supplement.> Therefore, the effect of antioxidants
on disease prevention and good health status maintenance has
been extensively investigated.

Oxygen can be either friend or foe because the vital oxygen can
damage important key organs of the living systems, both plants and
animals, including humans. Reactive oxygen species (ROS) can be
spontaneously formed in the body during normal physiological
processes. Although the human body has many protective mechan-
isms to neutralize those ROS, an imbalance of ROS and protective
mechanisms may occur and lead to many diseases. External
sources of antioxidants are needed to maintain a healthy status.’
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Astringent is the term that is used to describe acerbity taste
with dry and puckering feeling in the mouth. Astringency is
usually related to the tannins, which are a type of plant poly-
phenols. The astringency of tannin caused by the binding of a
tannin and protein in the taste buds.® Tannins exhibit numerous
benefits on the diseases prevention and treatments, including
wound-healing properties. Tannins are also useful in the treat-
ment and prevention of allergies, cancers, and some cardiovas-
cular disorders. Moreover, most of the tannin-containing plants
are considered as a health promoting food, such as tea, wine,
pine bark, emblica, and so on.>10

5a-reductase or A*-3-oxo-steroid 50-oxidoreductase (5aR,
EC 1.3.99.5) is a microsomal enzyme that plays a major role
in the reduction of various A*-3-oxo-steroids, such as testos-
terone, progesterone, and corticosterone. In humans, 2 iso-
forms of SaR, type 1 5SaR and type 2 5aR are present. Type
1 isoform is usually expressed in the brain, liver, and skin
while type 2 isoform is typically expressed only in
androgen-dependent tissues such as the prostate and genital
tissue.!' The important function of 5aR in humans is to cat-
alyze the metabolism of testosterone to a more potent andro-
gen, dihydrotestosterone (DHT). DHT is necessary for normal
male growth. However, excessive production of DHT can
cause androgen-dependent disorders, for example, benign
prostate hyperplasia, prostate cancer, androgenic alopecia,
acne, and hirsutism.'*> Although many medicines can be used
to treat these androgen-dependent disorders, most of them
have negative and unacceptable side effects. Finasteride, a
synthetic 5aR inhibitor, can cause erectile dysfunction and
abnormal sexual function in some individual. In previous
studies, Kumar et al'*'* demonstrated that many of vegeta-
bles and fruits found in Thailand, including orange, mangos-
teen, basil, black peppers, phakkaawtong, galangal, ginger,
gourd, lemongrass, emblica, and many plants were high
potency enzyme inhibitors. In Thailand, vegetables are cheap
and can be accessed by people regardless of social status and
income. Therefore, it was the aim of this study to focus on the
preliminary screening of antioxidant, astringent, and Sa-
reductase inhibitory activities of 17 vegetables cultivated in
Northern Thailand, in order to utilize local vegetables as a
functional food or further development as a dietary supple-
ment, nutraceutical, alternative medicine, and topical cos-
meceutical products.

Materials and Methods
Plant Materials

Seventeen popular local vegetables, as listed in Table 1, were
purchased from local markets in Chiang Mai, Thailand. They were
then identified by the botanist at the Faculty of Pharmacy Herbar-
ium, Chiang Mai University. After that, the plant samples were
dried at 45°C. They were ground by using an electric grinder.
Then the prepared plants were further extracted by maceration
with 95% ethyl alcohol. The extracts were concentrated under
controlled pressure and temperature using a rotary evaporator
(Eyela, Tokyo, Japan).

Table I. Vegetable Common Name, Scientific Name, and the Part
Used in This Experiment.

Common Name Scientific Name Part(s) Used

Ivy gourd Coccinia grandis (L) Voigt Whole plant

Chinese kale Brassica albograbra LH Bailey Leaf and stem

Water mimosa  Neptunia oleracea Lour Whole plant

Water morning  Ipomoea aquatica Forssk Whole plant
glory

White popinac  Leucaena leucocephala (Lam) de Wit Leaf

Sweet potatoes  [pomoea batatas (L) Lam Leaf

Hog plum Spondias pinnata (Lf) Kurz Fruit

Chinese radish  Raphanus sativus L Leaf and stem

Phak khut Diplazium esculentum (Retz) Sw Leaf and stem

Bai ya nang Tiliacora triandra (Colebr) Diels Leaf

Phak phai Polygonum odoratum Lour Leaf and stem

Phak siao Bauhinia purpurea L Leaf

Wing bean Psophocarpus tetragonolobus (L) DC Pod

Cowpea Vigna unguiculata (L) Walp subsp ~ Pod

unguiculata

Cabbage Brassica oleracea L var capitata L Leaf

Chinese cabbage Brassica chinensis L var chinensis Leaf

Hoary basil Ocimum americanum L Leaf

Chemicals

Dithiothreitol, sucrose, tannic acid, and NADPH were purchased from
Sigma Chemical (St Louis, MO) in the highest quality grade.
Methanol and dichloromethane were purchased from Fisher Scientific
(Fair Lawn, NJ) in high-performance liquid chromatography (HPLC)
grade. Ninety-five percent ethyl alcohol was purchased from Liquor
Distillery Organization Excise Department (Chachoengsao, Thai-
land). Other chemicals were purchased from Tokyo Chemical Industry
(Tokyo, Japan) in the highest quality grade.

Animals

Three 6-week-old male Sprague-Dawley rats were obtained from the
National Laboratory Animal Center, Bangkok, Thailand, and housed
under a 12-hour light/dark cycle with free access to food and water.
The protocol of this study was approved by the Animal Research
Ethics Committee of the Faculty of Pharmacy, Ubon Ratchathani
University, Ubon Ratchathani, Thailand.

Total Tannin Content

Total tannin content (TTC) was determined by using Folin-Ciocalteu
phenol reagent with tannic acid as a standard, adapted from the
method reported by Son et al.'® Two hundred microliters of diluted
plant extracts was added to 1.0 mL of 0.2 N Folin-Ciocalteu phenol
reagent in a test tube and incubated for 4 minutes at room temperature.
Then, 800 puL of 7.5% sodium carbonate solution was added. Reac-
tions were incubated in a dark chamber at room temperature for
2 hours. The absorbance was measured at a wavelength of 725 nm.
TTC of each sample was expressed as milligrams tannic acid
equivalent per gram fresh plants (mg TAE/g FP).

Total Flavonoid Content

Total flavonoid content (TFC) was analyzed by aluminum chloride
colorimetry followed by the modified method of Ardestani and
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Yazdanparast.'” One hundred and fifty microliters of 15% w/w
sodium nitrite (NaNO,) solution was added to 1 mL of diluted plant
extracts and incubated for 6 minutes at room temperature. Then,
150 puL of 15% w/w aluminum chloride solution was added to the
mixture and further incubated for 6 minutes at room temperature.
Afterward, 700 puL of 8% w/w sodium hydroxide solution was added.
The reactions were incubated in a dark chamber at room temperature
for 15 minutes. The absorbance was measured at 510 nm. TFC of each
sample was expressed as milligrams quercetin equivalent per gram
fresh plants (mg QE/ g FP).

Evaluation of 5a-Reductase Inhibitory Activity

Rat microsomal suspension was prepared using the method described
previously.'* Excised Sprague-Dawley rat livers were minced with
scissors and homogenized with 0.02 M phosphate bufter (pH 6.5) con-
taining 0.32 M sucrose and 1 mM dithiothreitol. The liver homogenate
was centrifuged twice at 4500 x g at 0°C for 30 minutes each time. All
the supernatants were collected. The resulting supernatants containing
microsomal particles were tested for soluble protein by using the Lowry
method'” and kept at —50°C until use as an enzyme source.

Sa-Reductase inhibition assay was performed by using the previ-
ously reported method by our research group.'* The mixture of reac-
tion solution containing 200 pL of plant extracts in 95% ethanol,
1.3 mL of 0.02 M phosphate buffer (pH 6.5), 300 pL of 500 ppm
testosterone in methanol, and 0.7 mL of rat microsomal suspension
was prepared. Reactions were initiated by the addition of 500 pL of
0.77 mg/mL NADPH in phosphate buffer saline pH 6.5, followed by
incubation in a water bath at 37°C for 30 minutes. The reactions were
stopped by addition of 5.0 mL dichloromethane. Then, 0.5 mL of
100 ppm propyl p-hydroxybenzoate in methanol was spiked as an
internal standard for HPLC. Four milliliters of the organic phase were
decanted and evaporated to dryness under controlled pressure. The
residues were redissolved in 5.0 mL of methanol. An aliquot of
10 pL was injected into the HPLC system (Agilent 1100 series, using
a Shodex C18-4E column, 250 x 4.6 mm, 5 uM). The mobile phase
was a mixture of methanol and deionized water (65:35) with a flow
rate of 1.0 mL/min. An ultraviolet detector at 242 nm was utilized. All
the results were expressed as milligrams finasteride equivalents per
gram fresh plants (mg FE/ g FP).

Astringent Activity

The astringent activity of the extracts was analyzed according to the
modified method reported by Son et al.'® One milliliter of 1 mg/mL of
swine hemoglobin in deionized water was mixed with 1000 puL of
1 mg/mL solution of various plant extract in deionized water by using
vortex mixer. The mixture was further centrifuged at 1000 x g at 25°C
for 10 minutes. A supernatant was collected and measured for ultra-
violet/visible absorbance at 407 nm. Tannic acid (1 mg/mL) was used
as a positive control and deionized water was used as a negative
control. Astringent activity was calculated by the following equation:

Astringent activity (%) = [(Agy X Asample) /Ayl X 100

Antioxidant Activities

ABTS Radical Scavenging Activity. ABTS (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity was
analyzed by the modified method reported by Re et al.'® ABTS radical

was prepared by reacting 7 mM of ABTS with 2.45 mM of potassium
persulfate at a ratio of 2:1. Reacted solution was kept in a dark cham-
ber for at least 6 hours prior to the experiment. The prepared ABTS
radical solution was further diluted to an appropriate concentration.
For the determination of radical scavenging activity, 1.0 mL of diluted
plant extract was mixed with 1.0 mL of diluted ABTS radical solution
and then incubated in a dark chamber for 3 minutes. The absorbance
was measured at 734 nm. Ascorbic acid was used as a standard. ABTS
radical scavenging activity of each sample was expressed as milli-
grams ascorbic acid (vitamin C) equivalent per gram fresh plants
(mg VCE/ g FP).

DPPH Radical Scavenging Activity. DPPH (2,2-diphenyl-1-picrylhy-
drazyl) radical scavenging activity was determined by the modified
method of Ardestani and Yazdanparast.'” One milliliter of diluted
plant extracts in 95% ethanol was mixed with 1 mL of 0.2 mM DPPH
in 95% ethanol. The reactions were incubated in a dark chamber at
room temperature for 30 minutes. The absorbance was measured at
517 nm. Ascorbic acid was used as a standard. DPPH radical scaven-
ging activity of each sample was expressed as milligrams ascorbic
acid (vitamin C) equivalent per gram fresh plants (mg VCE/ g FP).

Hydrogen Peroxide Scavenging Activity. Hydrogen peroxide scaven-
ging activity was determined by method described previously with
some modifications.!” One milliliter of diluted plant extract in deio-
nized water was mixed with 1.0 mL of 0.15% w/v hydrogen peroxide
solution. The absorbance was measured at 230 nm. Ascorbic acid was
used as a standard and deionized water was used as a control. Hydro-
gen peroxide scavenging activity of each sample was expressed as
milligrams ascorbic acid (vitamin C) equivalent per gram fresh plants
(mg VCE/ g FP).

Ferric Reducing Antioxidant Power (FRAP) Assay. FRAP assay was
analyzed by the method reported by Benzie et al.> FRAP reagent was
first prepared by mixing 20 mM FeCl; in deionized water with 10 mM
TPTZ (2,4,6-tri[2-pyridyl]-s-triazine) in 40 mM HCI solution and 0.1
M acetate buffer pH 3.6 in a ratio of 1:1:10 by volume. For FRAP
assay, 1.0 mL of diluted plant extract was mixed with 1.0 mL of FRAP
reagent. The reactions were incubated in a dark chamber at room
temperature for 4 minutes. The absorbance was measured at 593
nm. Ascorbic acid was used as a standard. FRAP value of each sample
was expressed as milligrams ascorbic acid equivalent per gram fresh
plants (mg VCE/ g FP).

Results and Discussion

Seventeen vegetables that are usually consumed by the local
people in Northern Thailand were selected for the study. After
botanical identification step, the plants were extracted with
95% ethyl alcohol. Since ethyl alcohol is a middle polar
solvent, one can obtain a wide range of phytochemicals from
low polarity to high polarity. Furthermore, ethyl alcohol is
considered as a safe and environment-friendly solvent so that
the extract could be used as nutritional supplements, medicines,
or even cosmetic ingredients. The selected plants and parts
used are shown in Table 1.

The extracts were first screened for total tannin and fla-
vonoid contents. In the evaluation of total tannin content,
Folin-Ciocalteu reagent was used. The reaction mechanism
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Table 2. Total Tannin and Total Flavonoid Contents, ABTS and DPPH Radicals Scavenging, Hydrogen Peroxide Scavenging Activities, and FRAP
Assay of Selected Vegetables.*

Vegetable Extract

Total Tannin

(mg TAE/g FP)

Total Flavonoid

(mg QE/g FP)

ABTS Scavenging
(mg VCE/g FP)

(mg VCE/g FP)

DPPH Scavenging H,O, Scavenging

(mg VCE/g FP)

FRAP Assay
(mg VCE/g FP)

Hog plum 8.69 + 0.68° 10.64 + 031° 23658.13 + 476.03° 464.83 + 9.29°  10.60 + 0.03° 7686.56 + 574.85°
White popinac 749 + 036° 1006 + 026% 1991538 + 714.57° 565.46 + 436 1237 + 0.04° 5592.76 + 343.44°
Phak phai 632 + 0.16° 1650 + 0.36° 564042 4 96.20° 41.18 + 3419 4401 4+ 006>  231.03 + 4.89°
Hoary basil 430 + 0.13¢ 2041 + 026> 295598 + 71.98° 4458 + 1.66° 3034 4+ 0.14° 1001.18 + 56.19°
Bai ya nang 294 + 0.04° 982 + 0.32¢ 221031 + 37.49 2757 + 323°  27.14 + 0.15 101.91 + 231°
Sweet potatoes 1.23 4+ 0.05° 448 + 0.06°  3808.89 + 53.74¢ 4670 + 2.84% 2062 4+ 0.155 99022 + 12.80°
Phak siao 1.19 + 019" 380 + 0.03F 297828 4+ 178.33° 19.73 + 501°  32.85 + 0.03°  907.29 + 18.73
Ivy gourd 1.04 + 0.1226  3.02 + 0018  1855.69 + 191.84" 4968 + 1.77°¢ 2828 + 0.04°  757.79 + 16.44°
Water mimosa 0.63 + 003" 097 + 0.01' 258329 + 94.85¢" 4496 + 0.81¢  16.86 + 0.0I' 464.97 + 28.69%
Chinese radish 0.53 + 0.06' 1.13 4+ 0.04' 658.68 + 33.76% 59.44 4+ 342  19.50 + 0.04' 292.85 + 7.23¢
Wing bean 0.53 + 0.0I' 0.87 + 0.02° 755.34 + 14.728 5841 4+ 0.66° 1855 4 001  394.14 + 10.85%
Chinese kale 0.52 + 0.0l 0.75 + 0.0l 523.00 + 39.508 4355 4+ 1.629  37.26 + 0.04° 374.46 + 6.54%
Phak khut 0.48 + 0.037 229 + 0.05" 503.24 + 23.34% 6.19 + 1.03f 19.04 + 0.03! 424.55 4+ 15.49%
Water morning glory  0.39 + 0.0 0.79 + 0.00" 562.33 + 41328 42,64 + 2587 1577 + 0.16™  216.2] + 4.46°
Cowpea 0.37 + 0.01 045 + 002  609.95 4+ 22.358 5349 4+ 0.89°¢ 1329 + 0.11" 159.47 + 11.70°
Cabbage 0.21 + 0.00' 0.16 + 0.00“ 33227 4 9.748 57.96 + 029  19.96 + 0.04" 119.19 + 1.94°
Chinese cabbage 0.13 + 0.00™  0.12 + 0.01¥ 25741 + 10.23% 57.60 + 0.31°  16.61 + 0.10' 99.19 + 3.25¢

Abbreviations: ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 2,2-diphenyl- | -picrylhydrazyl; FRAP, ferric reducing antioxidant power; FP,
fresh plant; TAE, tannic acid equivalent; QE, quercetin equivalent; VCE, vitamin C equivalent.
*Data are expressed as mean + standard deviation of triplicate experiment. Data in column with different letters are significantly different (P < .05).

is based on a formation of blue complex between the
reagent and polyphenols. Tannic acid was used for standard
calibration line construction. As shown in Table 2, the plant
extract that contained the highest tannin content is hog plum
or Spondias pinnata extract with tannin content of 8.69 +
0.68 mg TAE/g FP, followed by white popinac or Leucaena
leucocephala and phak phai or Polygonum odoratum with
tannin contents of 7.49 + 0.36 and 6.32 + 0.16 mg TAE/ g FP,
respectively. The fruit of hog plum has acidic and astrin-
gency taste, and usually fermented with salt before served
as a pickled fruit.?! This was related to the previous studies
by Manik et al** and Khatoon et al*' who found the tannin
in the exocarp of the fruit and fruit flesh by phytochemical
screening with FeCl; reagent, respectively. The vegetable
that had the lowest tannin content was Chinese cabbage or
Brassica chinensis, which had tannin content of 0.13 +
0.00 mg TAE/ g FP. For flavonoid content, aluminum chlor-
ide colorimetry technique was used, and the results were
shown in Table 2. From Table 2, the plant extract exhibited
the highest flavonoid content was hoary basil or Ocimum
americanum, which had total flavonoid content of 20.41 +
0.26 mg QE/g FP, followed by phak phai and hog plum,
which had total flavonoid content of 16.50 4+ 0.36 and
10.64 + 0.31 mg QE/g FP, respectively. The result was
in agreement with Vieira et al*> who investigated the fla-
vonoid profiling of O americanum cultivated in different
areas. Previous reports also suggested that phak phai and
hog plum also contain high level of flavonoid.?'**
So-Reductase inhibitory activity of the plant extracts was
further analyzed by using the microsome from rat as an
enzyme source. Although many methods can be used to

Table 3. 5a-Reductase Inhibitory Activity of Selected Vegetables.*

5a-Reductase Inhibitory

Vegetable Extract Activity (mg FE/ g FP)

Woater mimosa 4.38 + 0.20°
Ivy gourd 1.87 + 0.01°
Phak phai 1.59 + 0.01°
Water morning glory .49 + 0.01°
Hog plum 1.28 + 0.05¢
Sweet potatoes 121 + 0.01%
Chinese kale 1.13 + 0.01%f
Wing bean 1.12 + 0.00°
Phak siao 1.49 + 0.01%
Cabbage 0.99 + 0.01%"
Chinese cabbage 091 + 0.01%"
Chinese radish 0.88 + 0.01"
Cowpea 0.86 + 0.00%"
White popinac 0.84 + 0.01"
Bai ya nang 0.79 + 0.01"
Hoary basil 0.41 + 0.00'
Phak khut 0.02 + 0.0l

Abbreviations: FE, finasteride equivalent; FP, fresh plant.
*Data are expressed as mean + standard deviation of triplicate experiment.
Data in column with different letters are significantly different (P < .05).

evaluate this activity, many of them require radioactive mate-
rials or sophisticated instrumental techniques.?”° In this
experiment, simple isocratic HPLC analysis'*'* was used to
evaluate the Sao-reductase inhibitory activity of the vegetable
extracts. The results are shown in Table 3. From Table 3, it is
seen that water mimosa or Neptunia oleracea extract had the
highest Sa-reductase inhibitory activity with 4.38 +
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Figure . Astringent activities of tannic acid, a positive control, and vegetable extracts.

0.20 mg FE/ g FP, followed by ivy gourd or Coccinia grandis
and phak phai extracts, which had Sa-reductase inhibitory activ-
ities equal to 1.87 £ 0.01 and 1.59 + 0.01 mg FE/ g FP, respec-
tively. Phak khut or Diplazium esculentum extract was nearly
inactive against So-reductase enzyme (0.02 + 0.01 mg FE/g FP).
Previous research indicated that substances in polyphenol classes
such as flavonoids, isoflavones, anthraquinones, phenolic acids,27
and tannins®® possessed an anti-5o-reductase activity.

In the next step, the astringent activity of the vegetable
extracts was analyzed by using hemoglobin precipitating tech-
nique. Astringency is involved in the process of protein com-
plex formation. Astringency is considered as an antinutrient
factor. But it is useful as an active ingredient in topical care
products, where tannin can bind to a protein in skin pore,
resulting in a reduction of enlarged pore size and sebum secre-
tion.'® Astringent activity of tannic acid, a positive control, in
this experiment was 94.32% =+ 1.41%. This was comparable to
the previous experiment of Son et al.'® Astringent activities of
other vegetable extracts are shown in Figure 1. It was found
that phak phai exhibited the highest astringent activity with
78.60% + 1.55%, followed by hog plum and white popinac,
which had astringent activities of 64.52% + 1.55% and
54.20% + 0.58%, respectively. The lowest astringent activity
was observed in Chinese kale or Brassica albograbra, with
7.16%. When compared with previous study of Son et al.'®
who studied the astringent activities of green apple rind extract
extracted, phak phai had lower astringent activity than green
apple rind extracted with 70% ethanol and fractionated with
hexane (101.7%) but comparable to the extract that fractio-
nated with chloroform (81.5%).

There was a strong correlation between astringent acti-
vity and total tannin content (Pearson’s correlation coeffi-
cient, » = 0.869, P < .001) and between astringent activity

and total flavonoid content (Pearson’s correlation coeffi-
cient, r = 0.639, P < .001).

Antioxidant activities of vegetable extracts were screened
by using 2 radical scavenging models, which were ABTS and
DPPH radical scavenging assays, and 2 reduction models,
which were hydrogen peroxide scavenging and FRAP assays.
The results are shown in Table 2

For radical scavenging assays, ABTS radical scavenging
activity revealed that hog plum extract exhibited the highest
ABTS radical scavenging activity with 23658.13 +
476.03 mg VCE/g FP, followed by white popinac and phak
phai with 19915.38 + 714.57 and 5640.42 + 96.20 mg
VCE/g FP, respectively. The plant extract that had the lowest
ABTS radical scavenging activity was Chinese cabbage with
257.41 + 10.23 mg VCE/g FP. The results of DPPH radical
scavenging activity revealed that white popinac was the most
potent DPPH radical scavenger with 565.46 + 4.36 mg VCE/gFP,
followed by hog plum and Chinese radish or Raphanus sativus
with 464.83 + 9.29 and 59.44 + 3.42 mg VCE/g FP. Phak phai,
which was the third potent ABTS radical scavenger, was less
active against DPPH radical. However, this conformed to the
study of Nanasombat and Teckchuen®* who reported that phak
phai was the least potent DPPH radical scavenger but had the
highest total phenolic content among the vegetables selected in
their experiment. It may be assumed that phak phai acts as a
potent radical scavenger in polar environment only.

There was strong correlation between total tannin content
and ABTS scavenging activity (Pearson’s correlation coeffi-
cient, » = 0.886, P < .001) and between total tannin content
and DPPH scavenging activity (Pearson’s correlation coeffi-
cient, r = 0.772, P < .001). There were also correlations
between total flavonoid content and ABTS scavenging activity
(Pearson’s correlation coefficient, » = 0.461, P < .001) and
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between total flavonoid content and DPPH scavenging activity
(Pearson’s correlation coefficient, r = 0.297, P < .05).

For reduction assays, the results of hydrogen peroxide
scavenging activity showed that phak phai was the most potent
hydrogen peroxide scavenger with 44.01 + 0.06 mg VCE/g
FP, followed by Chinese kale and phak siao or Bauhinia
pirpurea with 37.26 + 0.04 and 32.85 + 0.03 mg VCE/g
FP, respectively. Surprisingly, hog plum was the least potent
hydrogen peroxide scavenger with 10.60 + 0.03 mg VCE/g
FP. However, in the FRAP assay, hog plum was the most
powerful ferric reducer, with 7686.56 mg VCE/g FP, followed
by white popinac and hoary basil with 5592.76 + 343.44 and
1001.18 + 56.19 mg VCE/g FP.

There was a strong correlation between total tannin content
and FRAP assay (Pearson’s correlation coefficient, » = 0.800,
P <.001) and between total flavonoid content and FRAP assay
(Pearson’s correlation coefficient, » = 0.360, P < .01).

The results suggest that tannin content of the selected
vegetable in this experiment had the strong correlation with
ABTS and DPPH radical scavenging activities, ferric reduc-
tion, and astringent activity. These results were related to the
previous studies about plant tannins and their biological
activities.”'%-30!

Since oxidative stress and radicals are involved with many
chronic diseases, local vegetables may have a potential for
further development into health promotion nutritional supple-
ments, preventive medicines, and also topical products for cos-
metic purposes.

Conclusions

In the current work, 17 common local vegetables in Northern
Thailand were selected and extracted with 95% ethanol. The
extracts were screened for Sa-reductase inhibitory activity,
total tannin and flavonoid contents, astringent activity, and
antioxidant activities. The results showed that N mimosa
extract was the most potent Sa-reductase inhibitor. S pinnata
had the highest total tannin content and was the most potent
ABTS radical scavenger and the most potent ferric reducer.
O americanum had the highest flavonoid content. P odoratum
had the highest astringent activity and was the most potent
hydrogen peroxide scavenger. L leucocephala was the most
potent DPPH radical scavenger. There were strong correlations
between total tannin content and astringent activity, ABTS and
DPPH radical scavenging activities, and ferric reducing power.
The results suggested that vegetables might have an impact on
health promotion and vegetable extracts can be further devel-
oped into nutritional supplements, preventive medicines, or
topical products for cosmetic purposes.
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