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ABSTRACT

In this study 28 Indonesian medicinal plants species has been screened as potential Tumor
Necrosis Factor (TNF)-¢ inhibitor. Plant materials were extracted with methanol. The activity
test was performed on human monocyte-derived THP-1 (ATCC No. TIB 202) which was stimulated
by Lipopolysaccharide (LLPS). The TNF-¢ production and cell viability were determined by
commercial ELISA kit and WST-1, respectively. All extracts were determined for their phenolic,
flavonoid and tannin contents by spectrophotometry and chromatography methods. From 40
plant materials, 5 plant materials had cell viability lower than 70% at 10 ppm concentration and
about 8 plant materials had good cell viability higher than 90% at 10 ppm concentration. Among
8 plant materials extract which had good cell viability, only Avicennia sp. stem and Goniothalamus
macrophyllus leaf methanol extracts had high TNF-¢ inhibitory activity. The total phenolic,
flavenoid and tannin contents were varied depending on the sample. No correlation was found
between TINF-¢ inhibitory activity with the total phenolic content, flavencid content and tannin
content. In conclusion, among Indonesian medicinal plants, the highest potential as TNF-¢
inhibitors were Avicennia sp. stem and . macrophyllius leaves.

Key words: Indonesian medicinal plants, TNF-a inhibitor, inflammation, phenolic, flavonoid,
tannin

INTRODUCTION

Inflammation is the first response of the immune system to infection or irritation. It is a
necessary reaction as a defense mechanism of the human body to eliminate foreign matter
{Agullar-Quesada et al.,, 2007). It 18 caused by cytokines such as the tumor necrosis factor-e
{(TNF-¢). The proinflammatory cytokines like reported TNF-¢ plays a major role in tissue damage
{(Sullivan, 2004) and inflammatory diseases such as ulcerative cclitis (MNikfar ef al., 2011),
rheumatism (Arend and Gabay, 2004), cardiovascular disease (Salari and Abdollahi, 2011) ete. The
inhibition of TNF-« production is can be used to control severe cases of inflammatory diseases and
it has become almost commonplace within the past few years {(Sullivan, 2004),
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Indonesia possesses rich floristic wealth and diversified genetic resources of medicinal plants.
It has a wide ranging tropical agro-climatic condition, which are conducive for introducing and
domesticating new and exotic plant varieties. The well known Indonesian system of medicine,
namely, the Jamu use predominantly plant-based raw materials. A number of Indenesian
medicinal plants which are already used for anti-inflammation also exist. Studies about
Indonesian medicinal plants had been reported, such as tyrosinase inhibitors and antioxidants
{Batubara et al.,, 2010), oral deodorant (Darusman et al., 2012), antibacterial and antifungal
(Goun ef al., 2003), antimelanogenesis (Arung ef al, 2009), inhibitory activity on nitric oxide
(NO) production (Choi and Hwang, 2005), CYP3A4 and CYP2D6 inhibitory activities
{(Subehan ef al., 2006) and anti-acne (Batubara et al., 2009). Since acne and inhibitory activity of
NO production are related to inflammation, it 1s interesting to screen Indonesian medicinal plant
as inhibitor of TNF-¢ production.

Phenalic compounds, which are secondary metabolites in plants, possess a wide spectrum of
biological activities such as antioxidant, antimutagenic, anticarcinogenic, as well as anti-
inflammatory (Arct and Pytkowska, 2008; Soobrattee et ai., 2005). Phenolic compounds include the
flavonoid and tannin groups. The aims of this research were to screen the TNF-¢ inhibitory potency
and determine the total phenolie, flavonoid and tannin contents of 28 Indonesian plant species.

MATERIALS AND METHODS

Samples: Indonesian medicinal plants from 20 families were collected from Bogor, Semarang and
Samarinda, Indonesia from 2008 until 2009, The identification and voucher specimen of all samples
were deposited in Wanariset Samboja, the Wood Anatomy Laboratory, Faculty of Forestry,
Mulawarman University, East Kalimantan and Biopharmaca REesearch Center, Bogor Agricultural
University and Herbarium Bogoriense, Bogor, Indonesia.

Extraction: The samples were extracted following the method we previously described
(Batubara et al., 2010). Briefly, all samples were dried and grounded before being submitted to
methanol (1 g sample: 10 mL sclvent) for 12 h for three times. The extract was filtered using
Whatman filter paper (No. 1) and concentrated in vacuo at 30°C using a rotary evaporator.

Bioactivity test: In order to determine TNF-¢ production in response to samples, LLPS stimulated
cells. Human monocyte-derived THP-1 {(ATCC No. TIB 202) cells at the concentration of
1x10° cells mL™" were cultured in RPMI 1640 medium containing 10% FBS in 24-well plates
(450 pLiwell) for S h at 37°C, 5% CO,. Then the cells were co-incubated with LPS (Escherichia coli
0127 by phencl extraction; Wako 124-05151, less LPS) at 100 ng mL™ and 50 pL sample at the
final concentrations of 1.00 and 10.00 ug mL™. The cells, LPS and samples were cultured for the
next 8 h at 37°C, 5% CO,. The suspension was analyzed for the cytotoxicity. Having been
centrifuged, the supernatants were then analyzed for TNF-¢ production. TNF-¢ production was
determined using a commercial ELISA kit (BIOSOURCE, KHC3011). The cytotoxicity test were
determined using WST-1 agssay CELL PROLIFERATION ASSAY KIT (Millipore Corporation_C Cat
Neo. 2210, LOT_FJC1619454).

Total phenolic assay: Total polyphenal content was determined using the Folin-Ciocalteu method
(Zongo et al., 2010), adapted to microscale. Total polyphencl concentration was calculated from a
calibration curve, using gallic acid as the standard (50-800 pg mL™") and expressed as pg mg™"
gallic acid equivalent using the formula.
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Total flavonoid assay: The total flavonoid content was determined as described by Zongo ef al.
{2010) based on the total content of quercetin, adapted to a microscale. The percentages of
flavonaids were calculated from the standard curve of quercetin prepared in methanol and
expressed as ug mg ' quercetin equivalent.

Total tannin assay: Tannin content of samples was determined by a protein precipitation method
using Bovine Serum Albumin (BSA) (Wako Pure Chemical Industries, Litd., Japan). This method
was adapted from Kawamoto ef al. (1997) by analyzing the BSA content of the supernatant liquid
rather than the BSA content of precipitate. Samples were diluted in B50% (v/v) ethanol/fwater to
prepare a concentration of 2 mg mL™". A 200 pL volume of sample solution was added to 200 uL of
BSA sclution (10 mg mL™, dissolved with 0.1 M acetate buffer, pH 5). After reaction at room
temperature for 1 h, the solution was centrifuged at 13000 g for 2 min. The remaining BSA in the
supernatant was determined by HPLC with a reversed phase Develosil300 C4-HG-5 column
{4.61.d.x150 mm, Nomura Chemical Co, Litd, Japan) monitored at 280 nm. The solvent, system used
was as follow; a linear gradient elution for 20 min from 80 to 20% solvent A (0.01% TFA in water)
in solvent B (90% (viv) CH,CN/water containing 0.01% TFA) at flow rate 1 mL/min. The column
temperature was 35°C,

Statistical analysis: All analyses were conducted using the statistical package for the social
sciences (SPS5S v17.0, Chicago, IL). Descriptive statistics was used to characterize and compare
groups. The groups were compared using t-tests and ANOVA for quantitative variables.
Significance result was indicated by p value less than five percent (p<0.05).

RESULTS

Extraction: The plant species studied gave methanal extracts with yields ranging from 1.9
to 28.2% based on dried weights of the materials. The highest yield of extract was found on
Phaleria papuana leaf {(sample No. 18) while the lowest yield was found on Koompassia
mualaccensis (sample No. 13) (Table 1).

Bioactivity test: Among the 40 plant materials from 28 plant species, b plant extracts were toxic
to the cell {(cell wiability lower than 70% at 10 ppm concentration) namely, Helminthostachys
zevlanica stem, Intsia palembanica stem, Castanopsis javanica stem, Psidium guajava leaf,
Rhizopora sp. stem and Swietenia sp. fruit. About 8 extracts had good cell viability (higher than
90% at 10 ppm concentration) namely Andrographis paniculata herb, Avicennia sp. stem,
Gontothalamus macrophyllus leaf, H. zevianica leaf, Morinda citrifolia leaf, Talinum sp. leaf,
Terminalia catappa bark and Vitex pubescens stem. Among 8 plant extracts which had
good cell viability, only Avicennia sp. stem and . macrophyllusleaf methanaol extract had high
TNF-¢ inhibitory activity (35.0 and 49.3%, respectively at 10 ppm concentration). The other
extracts which had high inhibitory activity were Curcuma domestica rhizome (46.1% at 10 ppm),
G, macrophyllus stem (49.2% at 10 ppm) and Guazuma ulmifolia leaf (35.4% at 10 ppm), but these
extracts showed lower number of cell viability. Selected data are shown in Fig. 1.

Phytochemical content: The results for total phenolie, flavoncid and tannmin contents of the

40 plant materials are presented in Tahble 1. Total phenclic content ranged from 23.2+1.8 to
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Tahble 1: Yield, phenolic, flavonoid and tannin contents of all extracts

Name of species Part Yield (%)* Tatal phenaol® Flavonoid® Tannin?
Andrographis paniculata Herb 26.7 49525 8.0£1.1 Nd
Avicennia sp. Stem 5.0 300.8+27.3 16.2£1.9 92.0+£7.0
Caesalpinia sappan Wood 86 197.9+20.2 14.6£1.5 81.546.8
Castanopsis javanica Stem 5.3 510.4435.1 7.1£1.0 46.0+3.8
Curcuma domestica Rhizome 21.1 198.7£18.2 15.9+1.2 34.843.2
Curcuma xanthorrhiza Rhizome 18.3 98.5+10.1 11.8+1.1 27.5£1.9
Goniothalamus macrophyllus Leaf 59 192.2+21.1 13.5£1.3 19.9+2.2
Stem 7.6 111.8+£10.1 15.8+1.5 34.3+4.0
Bark 7.6 146.3£12.3 17.6+£1.4 41.4+4.1
Guazuma ulmifolia Leaf 19.3 90.2+8.7 18.9+1.9 Nd
Gynura pseudochina Leaf 221 68.1+5.8 13.3£1.9 Nd
Rhizome 5.8 90.24+6.0 18.9+2.0 Nd
Helminthostachys zeylanica Flower 16.0 74.0+5.9 36.4+3.2 Nd
Leaf 28.2 96.3+7.5 36.8+2.8 5.5+0.8
Roat, 10.4 42.9+3.8 32.443.1 Nd
Stem 26.6 45.1+2.7 31.1+2.8 Nd
Hibiscus tiliaceus Stem 6.2 T3.5+6.4 20.4+2.5 38.5+2.2
Intsia palembanica Stem 16.7 911.6+73.2 38.6+2.9 61.5¢5.8
Koompassia malaceensis Stem 1.9 381.7+22.5 40.2+3.8 77.1£6.3
Lepisanthes amoena Stem 124 80.8+8.8 37.3+£2.7 17.0+2.1
Lieaf 23.2 T0.5+7.3 30.0+£2.5 5.9+0.8
Litsea spp. Stem 55 23.2+1.8 5.3+0.0 Nd
Melaleuca cajupuii Stem 1.2 160.0+£7.5 5.240.8 98.8+6.2
Morinda citrifolia Fruit 27.8 27.6+2.1 13.6£1.2 Nd
Lieaf 13.1 52.244.3 10.2+1.0 Nd
Phaleria papuana Fruit 27.0 78.9+4.5 12.0+1.1 37.0+2.5
Lieaf 33.0 66.5£5.2 12.6+£1.2 37.0+£2.8
Piper vuscumentosa Leaf 195 08.1+8.7 11.0+1.0 39.3+2.8
Psidium guajava Leaf 229 254.9+18.3 6.9£0.9 90.5¢5.7
Rhizopora sp. Stem 19.7 1135.0£61.2 12.8£1.0 208.8£10.5
Swielenia sp. Fruit 9.8 40.7+5.1 6.8£0.8 Nd
Stem 59 673.8+42.1 12.8+1.2 261.5£12.7
Talinum sp. Lieaf 7.2 115.14£11.5 13.3£1.3 39.3£2.7
Terminalia catappa Bark 2.0 80.1+8.2 7.4+1.0 59.3+4.9
Stem 2.4 42.346.2 12.6+£1.5 11.541.0
Tinospora tuberculata Stem 246 95.9+10.0 12.5¢1.3 Nd
Usnea misaminensis Stem 11.6 101.6£10.1 12.8+1.4 51.245.1
Vitex pubescens Bark 4.7 193.8+13.1 10.8£1.0 Nd
Stem 3.5 205.7£15.2 13.1+£0.9 Nd
Xylocarpus granatum Stem 8.8 657.7+35.2 9.6+0.8 83.8+5.3

2 Yield based on dry weight of materials, ® Phenol content is in pg gallic acid equivalent per mg dry extract, ©: Flavonoid content is in
ug quercetin equivalent per mg dry extract,  Tannin content is in pg BSA that precipitated per mg dry extract, Nd: Not detected

1135.0461.2 pg gallic acid equivalent/mg dry extract. The highest total phenclic content was found
in Rhizopora sp. stem followed by [. palembanica stem, Swietenta sp. stem (673.8+42.1 pg gallic
acid equivalent/mg dry extract) and Castanopsis javanica stem (510.4+£35.1 ug gallic acid
equivalent/mg dry extract), while the lowest phenolic content was found in Litsea spp. stem.
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OTNF-a production activity compared to LPS® Cell viability
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Fig. 1: TNF-« production activity and cell viability of selected methanol extracts on THFP-1 cells
induced by LPS. *: Indicate significant differences p<0.05

Total flavoncid content ranged from 5.240.8 to 40.243.8 ug quercetin equivalent mg™! dry
extract. The highest total flavonoid was found in Koompassia malaccensis (40.2+3.8 pg mg™)
followed by Intsia palembanica (58.6+2.9 ug meg™!). The lowest flavonoid content was found in
Melaleuca cajupuii stem (5.24£0.8 ug mg™!) and Lifsea spp. stem (5.3£0.9 pg mg™! which was not
significantly different with M. cajupuis stem).

The tannin content of the extracts ranged from undetectable until 261.5+12.7 pg BSA that
precipitated mg™! dry extract. Total tannin was not detected on Andrographis paniculaia herb,
Guazuma ulmifolia leaf, Gynura pseudochina leaf and rhizome, Helminthotachys zeylanica flower,
root and stem, Litsea spp. stem, Morinda citrifolia fruit and leaf, Swietenia sp. fruit, Tinospora
tuberculata stem and Vitex pubescens bark and stem. The highest tannin content was found
in Swietenia sp. stem (261.5+12.7 ug mg™") followed by Rhizopora sp. stem (203.8+10.5 ug mg ™).

Correlation between TNF-¢ production inhibitory activity and phenolic, flavonoid and
tannins content: We found no correlation between the TNF-« production inhibitory activity and
phenolie, flavoncid and tannins contents of the samples. The highest correlation found was between
the TNF-¢ production inhibitory activity and tannin content with the R? value of only about 0.1832.
The correlation of TNF-¢ production inhibitory activity and phenclic content was only about
0.0101 (R%), while with flavonoid content was only about 0.0001. The correlation data are shown
in Table 2.
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Tahle 2: Correlation between TNF-x production inhibitory activity and phenolic, flavonoid and tannin contents

Nutrient's contents Regression R?
Phenalic Y = 0.0066x£13.80 0.0101
Flavonoid Y = 0.0193x+£14.77 0.0001
Tarmin Y = -0.5024%427.24 0.1832
DISCUSSION

Extraction: In this study, methanolic extracts of different parts (roots, rhizomes, stems, leaves and
fruits) of 28 plants species from different families were screened for their TNF-a production
inhibitory activity. The plant families tested in this study were Fagaceae, Myrtaceae,
Thymelaeaceae, Acanthaceae, Asteraceae, Menispermaceae, Malvaceae, Piperaceae, Leguminosae,
Zingiberaceae, Annonaceae, Sapindaceae, Ophioglossaceae, Rubiaceae, Meliaceae, Portulaceae,
Combretaceae, Usneaceae and Verbenaceae.

The extraction was performed by using methanol as the solvent because most of the active
compounds were found in methancl extract (Subehan et «l., 2006; Batubara et al., 2009). The
extract yield of plant materials were varied depending on the plant material used (Table 1, ranging
from 1.9 to 28.2% based on dry weight of materials).

Bioactivity test: Many reports had been published for anti-inflammatory active of
medicinal plants for example, Tandon and Gupta (2008) reported the effect. of Vitex negundo Linn.,
Gobianand et al. (2010) reported the activity of Cassia fistule Linn. and Meera ef al. (2008)
reported the activity of polyherbal formulation. These reported data reported were based on in vivo
analysis. Another method to analyze the anti-inflammatory effect 1s by using cells. One report on
anti-inflammatory effect used RAWZ264.7 cells was by Choi and Hwang (2005). They analyzed the
NO production inhibitory activity of 75 Indonesian medicinal plants in RAW264.7 cells. Among the
75 plant materials they studied, only 4 plant materials were similar with our study, namely
Andrographis paniculata, C. sappan, C. domesitica and G, ulmifolia.

Our study was performed in human monocyte-derived THP-1 cells which were induced by
lipopolysaccharide (LPS). LPS, a principal component of the outer membrane of gram-negative
bacteria is reported to stimulate the production of inflammatory mediator such as TNF-« (Sabina
and Rasool, 2007). The bioactivity results of the different parts (roots, rhizomes, stem, leaves and
fruits) of 28 Indonesian plant methanol extracts showed that b extracts had toxicity against the
cells (Fig. 1). The toxicities of these 5 extracts were actually not high. The lowest cell viability was
found at 10 ppm of . palembanica stem extract which only had 51.9% cell viability.

The highest TNF-a production inhibitory activity was found in G. macrophylius leaf and
stem (49.3% at 10 ppm concentration), followed by C. domestica rhizome (46.1% at 10 ppm),
G. wlmifolia leaf (35.4% at 10 ppm) and Avicennia sp. stem (35.0% at 10 ppm) (Fig. 1). These
results are in agreement with the report of Chol and Hwang (20058) that C. domestica inhited
66.1% NO production (at 50 ppm concentration), G. ulmifolia leaf inhibited 51.4% NO production
{at B0 ppm), A. paniculata did not inhibit NO production at 50 ppm and C. sappan stem only
inhibited NO production of about 43.1% at BO ppm.

Many biclogical activities of C. domestica rhizome had been reported including anti-

inflammatory. This rhizome was reported to have a hepatoprotective effect against paracetamol-
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induced liver damages in rats (Somchit ef af., 2005). The anti-inflammatory report. about this
species was reported by Rao ef af. (1995). On the other hand curcumin as the active component
from Curcuma species was also reported to have a protective activity against oxidative stress
(Ames ef al., 1993).

Focusing on the extract which has good cell viability (not significantly different with
control, p<0.05), the results showed that there were only 8 extracts showing good cell viability.
Among the 8 extracts, G. macrophyllus leaf methanol extract had the highest TNF-« production
inhibitory activity (49.3% at 10 ppm and 28.8% at 1 ppm). The second candidate was Avicennia sp.
which had TNF-a production inhibitory activity of about 34.6 at 10 ppm and 30.1 at. 1 ppm.

Gontothalamus macrophyllus leaves and stem had higher inhibitory effect on TNF-¢
production. This species belongs to Annonaceae family and grows in Asia. The biological activities
of Gontothalamus species and their metabolites have been described (Blazquez ef al.,, 1999).
Interestingly, results showed that ;. macrophyllus 1s one of the sources of drugs for the treatment
of ecancer and bacterial infection (Wiart, 2007). Present results on G. macrophyllus leaves and stem
as TNF-a production inhibitor adds a new bio-activity for G. macrophyllus.

Phytochemical content: The chemical analysis content was performed to find the prospective
chemical group which 1s responsible for the biological activity. Total phenolic and flavonoid contents
of extracts were determined spectrophotometrically, while tannin content was determined by High
Performance Liquid Chromatography (HPLC). The phenclic, flavonoid and tannin contents of all
extracts are shown in Table 1. Phenolic , flavonaid and tannin previously reported had relationship
with inhibitory activity especially on the enzyme inhibitory activity (Ji and Zhang, 2006).

The ameount of phenclie, flavonoid and tannin compeunds varied from different plant species.
The composition of the extracts and the yields of phencl, flavonoid and tannin were found to be
dependent on the plant species, the plant part utilized and the type of plant material (woody or
herb). The plants studied gave methanol extracts with yields ranging from 1.92 to 28.21%. The
highest phenolic content was found in the woody plants like Rhizopora sp., . palembanica,
Swietenia sp. and C. javanica. The herbal plants showed lower phenclic content compared to weody
plants.

Flavonoids, one group of phenclic compounds, were found in all extracts. Flant
flavonoids have local action on some diseases like inflammmation, ocedema, pain, fungal infections
ete (Amit et al., 2007). Flavonoid contents ranged from 5.2 to 40.2 ug quercetin equivalent/ mg dry
extract. The highest flavonoid content was also found in woody plants with high phenaolic content.
Like flavonoid content, tannin content was also found high in woody plants compared to herbal
plants. Tannin content could not be detected in some herbal plants.

The phenalic, flavonoid and tannin contents had no correlation with TNF-¢ production
inhibitory activity of extracts. A very low negative correlation was found between tannin content
and TNF-¢ production inhibitory activity (R? = 0.1832). It made suggestion that the active
component would not be tannin compound. In Goniothalamus species, some compounds have been
isolated such as naringenin, gonicthalamin and pinocembrine (Fig. 2) (Ahmad et al., 2010).
Between the three compounds, naringenin had been reported to have an effect as TNF-¢
inhibitor (Hirai ef al., 2007). Our next study will deal with the isclation of active components from

Gontothalamus macrophyllus leaf which could have TNF-¢ production inhibitor activity.
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(b) Naringenin
(a) Pinocembrin

HO. 0 HO

OH 00

(¢) Goniothalamin

Fig. 2: Structure of compounds in Goniothalamus species

CONCLUSION

Among the 40 Indonesian medicinal plant materials, Goniothalamus macrophyllus leaf
methancl extract was the most active extract as TNF-« production inhibitor with high cell viability.
The phenclic, flavonoid and tannin contents of samples had no correlation with TNF-¢ production
inhibitory activity.
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