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ABSTRACT 

Cancer prevention and treatment have attracted increasing interest. Leaves of Tectona grandis Linn. (Verbenaceae) 

are widely used in the folklore to treat various types of diseases. This study characterizes the antioxidant activity, total 

phenolic content (TPC) and cytotoxic activity of different methanolic extracts as well as the derived subfractions (Pet. ether; 

CHCl3, EtOAc and n-BuOH) from the 90% methanolic extract of T. grandis. The antioxidant activity was evaluated via three 

assays; 1,1'-diphenyl-2-picraylhydrazyl free radical (DPPH), phosphomolybdenum method (total antioxidant capacity; TAC 

and reducing power antioxidant assay (RPAA). Due to the high antioxidant activity of the tested fractions, their cytotoxic 

activity was evaluated via using preliminary brine shrimp lethality test and toward liver cancer cell line; HepG2 using 

Sulphorhodamine-B assay. The DPPH activity was ranged from (15.78, 10.63 and 19.58 µg/ml); TAC was ranged from 

(477.58, 589.50 and 400.30; mg AAE /g extract); RPAA (OD value) was ranged from (0.699, 0.783 and 0.423; 200 mg/ml) 

and TPC was ranged from (208.32, 400.56 and 295.67; mg GAE/g extract) all respectively for defatted 90% methanol, n-

BuOH and EtOAc fractions. A positive linear relationship existed between antioxidant activity and TPC (all R
2
 values > 

0.91). The mortality of brine shrimp larvae (LC50) against different dosage of defatted 90% methanol, n-BuOH and EtOAc 

respectively was (100, 15.84 and 125.89). The HepG2 results showed that defatted 90% MeOH and n-BuOH fractions have 

cytotoxic activity with IC50 ≤ 20μg/ml which falls within the American Cancer Institute criteria. It was concluded that T. 

grandis extracts possess a powerful antioxidant and cytotoxic activities. 
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INTRODUCTION 

Free radicals are highly reactive unstable 

chemical compounds, containing an unpaired electron; the 

presence of unpaired electrons usually confers a 

considerable degree of reactivity cause damage to other 

molecules by extracting electrons from them in order to 

reach a stable form (Lee et al., 2003; Valko et al., 2007). 

These reactive species can be classified into; reactive 

oxygen species (ROS) namely (oxygen-centered radicals) 

such as superoxide anion (O2
•-
), hydroxyl (HO

•
), alkoxyl 

(RO
•
) and peroxyl (ROO

•
) radicals or reactive nitrogen 
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species (RNS which include agents like peroxynitrite 

anion (ONOO
-
) and nitric oxide (NO

•
) radical, among 

other; in addition, there are non-free radical species 

(oxygen-centered nonradical derivatives) such as 

hydrogen peroxide (H2O2), singlet oxygen 
1
O2 (O-O:), 

nitric oxide (NO) and hypochlorous acid (HClO) (Golden 

et al., 2002). The continuous production of such species 

in human body due to exposure to exogenous oxidizing 

agents from environmental pollutants (cigarette smoke, 

pesticides and UV radiation), life style and to endogenous 

ones produced by metabolism, lead to harmful destructive 

changes in structures of all human cells and tissues 

including; cellular membranes, nucleotides in DNA and 

critical sulfhydryl bonds in proteins, these all aspects are 

consider as an introduction to the up normal cell growth 

and finally leading to cancer (Machlin and Bendich, 
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1987). Cancer is the second leading cause of death in the 

worldwide, and is considered as one of the most fearsome 

causes of morbidity and mortality in all over the world. 

Cancer is only preceded by cardiovascular, infectious and 

parasitic disease. Although, the disease is often been 

regarded principally as a problem of the developed world, 

more than half of all cancers occur in the developing 

countries (Mathers et al., 2001). Antioxidants are 

substances that may protect the human cells and tissues 

from the damage occurred via the destructive action of 

chemically unstable molecules known as reactive species 

either oxygen or nitrogen. The protective mechanism of 

the antioxidant compounds based up on the neutralization 

of these reactive species via pairing the highly energetic 

reactive odd electrons which responsible for the oxidation 

process, so the antioxidant molecule is capable of slowing 

or preventing the oxidation of other molecules (Sies, 

1997). A great number of natural medicinal herbs and 

plants have been tested as naturally occurring antioxidant 

agents and results have shown that the raw extracts or 

isolated pure compounds from such plants were more 

effective antioxidants in vitro than commonly known 

synthetic one like BHT or vitamin E (Gordon and Weng, 

1992; Gu and Weng, 2001; Pyo et al., 2004).
 
A number of 

natural product extracts have been studied for anticancer 

activity leading to the development of numerous clinically 

promising anticancer compounds (Da Rocha et al., 2001).
 

Hence, natural products are now considered of 

exceptional value in the development of effective 

anticancer drugs with minimum host cell toxicity. The 

present study investigates Tectona grandis (Verbenaceae). 

Verbenaceae is a family of mainly tropical flowering 

plants, that contains trees, shrubs and herbs notable for 

heads, spikes or clusters of small flowers, many of which 

have an aromatic smell. Verbenaceae family includes 

some 35 genera and 1200 species. The essential oils, 

phenolic compounds, iridoids and triterpenes were 

isolated from different members of the family (Zhang and 

Cheng, 2000; Siddiqui et al., 2007; Lui et al., 2009; 

Meshkatalsadat et al., 2010).  Teak is the common name 

for the tropical hardwood tree species T. grandis; T. 

grandis is native to South and Southeast Asia, mainly 

India, Indonesia, Malaysia and Myanmar. The plant used 

in treatment of urinary discharge, bronchitis, laxative, 

sedative, diuretic, and in scabies (Nayeem and Karverkar, 

2010).
 
Literature survey has revealed that Tectona genus 

contain phenolic compounds and sterols (Nayeem and 

Karvekkar, 2010; Macias et al., 2010; Singh et al., 2010).
 

It also revealed presence of monoterpenes and 

apocarotenoids (Macias et al., 2008). 

 

MATERIALS AND METHODS 

Plant material 

The leaves of the plant under investigation were 

collected from Zoo Garden, Giza, Egypt in June 2011. 

The identity of the plant was established by Prof. Dr. 

Wafaa Amer, Professor of Plant Taxonomy, Faculty of 

Science, Cairo University, Giza, Egypt. Voucher 

specimen (given number TG) was kept in the Department 

of Medicinal Chemistry, Theodor Bilharz Research 

Institute (TBRI). The plant material was air-dried in shade 

place at room temperature and then powdered by electric 

mill and kept in tightly closed container in dark places 

until subjected to the extraction process.   

 

Materials and chemicals 

All solvents and reagents used were of analytical 

grade. 1,1'-diphenyl-2-picraylhydrazyl (DPPH) free 

radical and Folin–Ciocalteu’s reagent (FCR) was 

purchased from (Sigma-Aldrich Co.). Trichloroacetic acid 

(TCA), Pot. ferricyanide, ferric chloride, aluminum 

chloride, sodium carbonate, sodium phosphate, 

ammonium molybdate, rutin, ascorbic acid and gallic acid 

were purchased from (Merck Chemical Co.), all solvents 

and acids [petroleum ether, chloroform, ethyl acetate, n-

butanol, acetic acid, and sulphuric acid), 

dimethylsulphoxide (DMSO)] were purchased from 

(Sigma-Aldrich Co.). Paper chromatography (PC) was 

done on Whatmann No. 1 (57 x 46 cm) while thin layer 

chromatography (TLC) was performed over pre-coated 

silica plates (GF254, Merck). The absorbance 

measurements for antioxidant activity were recorded 

using the UV-Vis spectrophotometer Spectronic 601 

(Milton Roy, USA).   

 

Extraction and fractionation 

Small scale extraction process was carried out 

via taking five samples from the dry powder of the fresh 

leaves of the plant (20 g), then extracted separately with 

different solvents (100 ml); 100% methanol and 

methanol-water mixtures (90, 85, 70 and 50%) in room 

temperature with shaking day by day followed by 

filtration and again extraction for four times. Then each 

extract was filtered using Whatmann filter paper No.1 and 

concentrated by using a rotatory evaporator (Buchi, 

Switzerland) at (28 ± 2
°
C) affording known weight of 

each crude methanol extract. The crude extracts were 

collected and stored at room temperature in the dark for 

the further process. Large scale extraction was carried out 

via taking the plant powder (200 g), was soaked in (2000 

ml) of 90% methanol for one week at room temperature 

with shaking day by day followed by filtration and again 

extraction for four times. The organic solvent was 

removed in vacuo using rotatory evaporator. The 90% 

methanolic crude extract (34.5 g) was defatted by 

washing several times with petroleum ether (60-80
°
C). 

The defatted crude methanol extracts were ready for 

bioassay. Twenty grams of the defatted methanol extract 

was undergoes fractionation process by using different 

organic solvents; CHCl3; EtOAc and n-BuOH (4 x 150 
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mL solvent). Each fraction was filtered and then 

concentrated by removing the solvent by using rotary 

evaporator. The yield of each fraction was determined and 

kept in dark for further analysis.  

 

Phytochemical and biological studies 

Different methanolic extracts (100%, 90%, 85%, 

70% and 50%), and the successive fractions obtained 

from 90% methanolic extract of the plant under 

investigation were in vitro tested for their phytochemical 

analysis, total phenolic content, total flavonoid content, 

antioxidant and cytotoxic activities according the 

following procedures.   

 

PRELIMINARY PHYTOCHEMICAL SCREENING 

Thin layer and paper chromatography 

For active fractions phytochemical screening was 

performed for testing the presence of secondary 

metabolites by TLC analyses (Pre-coated aluminum silica 

gel plates, GF254, Merck) using different eluting systems 

which cover non-, medium- and high polar components. 

The solvent systems are (CHCl3: EtOAc: MeOH; 2:2:1), 

(CHCl3: MeOH, 9:1 and 8.5:1.5), (CHCl3: MeOH: H2O; 

7:3:0.5), (n-BuOH: MeOH: H2O, 4:1:0.5), (n-hexane: 

Diethyl ether, 32:1) (AcOH: H2O: HCl, 30:10:3). The 

following spraying reagents were used in order to develop 

the spots: 1% ferric chloride (tannins), 2% aluminium 

chloride in ethanol (flavonoids), 40% sulphuric 

acid/methanol (saponins), and Dragendorff reagent 

(alkaloids). Also, one dimensional paper chromatography 

was performed on Whatmann No. 1 (57 x 46 cm) using 

BAW solvent systems (n-BuOH: AcOH: H2O, 4:1:5 

organic layer) and 15% AcOH/H2O. After drying the 

change of spots colour on the chromatograms was 

detected by exposing to ammonia vapor or spraying with 

1% methanol AlCl3 or FeCl3 (Mabry et al., 1970). 

 

Phytochemical tests 

 Conventional standard protocols for detecting 

the presence of different chemical constituents in the plant 

extracts were employed. The tests for the secondary 

metabolites viz. alkaloids, tannins, sterols, saponins, 

glycosides, sterols/terpenes, reducing sugars, non-

reducing sugars, flavonoids and phenols were carried out 

with the methanolic extracts of leaves of T.grandis using 

preliminary phytochemical screening (Trease and Evans, 

1983; 1989; Harborne, 1993; Sofowora, 1993; Edeoga et 

al., 2005). 

 

BIOLOGICAL INVESTIGATIONS 

Determination of total phenolic content  

 

The total phenolic content of each plant extract 

was determined using Folin - Ciocalteu’s reagent.
 
Gallic 

acid was used as standard. In this method, the reaction 

mixture was composed of (100 μl) of plant extract (100 

µg/ml) and 500 μl of the Folin-Ciocalteu's reagent and 

1.5 ml of sodium carbonate (20%). The mixture was 

shaken and made up to 10 mL using distilled water. The 

mixture was allowed to stand for 2 h. Then the 

absorbance was measured at 765 nm. All determinations 

were carried out in triplicate. The total phenolic content 

was expressed as mg gallic acid equivalent (GAE) per g 

extract (Kumar et al., 2008).  

 

Determination of total flavonoid content 

The content of flavonoids of each extract was 

determined according to the reported procedures, using 

rutin as a standard. Briefly, 100 µl of plant extract in 

methanol (100 µg/mL) was mixed with 100 µl of 

aluminium trichloride (AlCl3) in methanol (20 mg/ mL) 

and then diluted with methanol to 500 µl. The absorption 

at 415 nm was read after 40 min against the blank. The 

blank consists of all reagents and solvent without AlCl3. 

All determinations were carried out in triplicate. The total 

flavonoid in plant extracts was determined as mg rutin 

equivalents (RE)/g extract (Kumaran and Karunakaran, 

2006).  

 

ANTIOXIDANT ACTIVITY  

Rapid screening of antioxidant by dot-blot and DPPH 

staining 

Each diluted sample of the T. grandis 

extracts/fractions was carefully loaded onto a 20 cm × 20 

cm TLC layer (silica gel 60 F254; Merck) and allowed to 

dry (3 min). Drops of each sample were loaded, in order 

of decreasing concentration (2, 1, 0.5, 0.25 and 0.125 mg/ 

mL), along the row. The staining of the silica plate was 

based on the procedure (Soler-Rivas et al., 2000; El-

Sayed et al., 2011).
 
The sheet bearing the dry spots was 

placed upside down for 10 s in a 0.4 mM DPPH solution. 

Then the excess of solution was removed with a tissue 

paper and the layer was dried with a hair-dryer blowing 

cold air. Stained silica layer revealed a purple background 

with white spots at the location where radical-scavenger 

capacity presented. The intensity of the white color 

depends upon the amount and nature of radical scavenger 

present in the sample (Dong-Jiann Huang et al., 2005; El-

Sayed et al., 2011).
    

 

DPPH radical scavenging activity 

The scavenging activity of the stable 1,1'-

diphenyl-2-picraylhydrazyl (DPPH) free radical was 

determined by the method described by Marwah et al., 

2007. Briefly, the reaction medium contained 2 mL of 

100 µM DPPH purple solution in methanol and 2 mL of 

plant extract, ascorbic acid was used as standard. The 

reaction mixture was incubated in the dark for 20 min and 

the absorbance was recorded at 517 nm. The assay was 

carried out in triplicate. The decrease in absorbance on 
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addition of test samples was used to calculate the 

antiradical activity, as expressed by the inhibition 

percentage (%IP) of DPPH radical, following the 

equation: %IP = [Ac - As]/ Ac X 100; where Ac and As 

are the absorbencies of the control and of the test sample 

after 20 min, respectively (Marwah et al., 2007).   

 

Determination of total antioxidant capacity 

The antioxidant activity of each plant extract was 

determined according to phosphomolybdenum method, 

using ascorbic acid as standard. In this method, 0.5 mL of 

each extract (200 µg /ml) in methanol was combined in 

dried vials with 5 mL of reagent solution (0.6 M sulfuric 

acid, 28 mM sodium phosphate and 4 mM ammonium 

molybdate). The vials containing the reaction mixture 

were capped and incubated in a thermal block at 95 
°
C for 

90 min. After the samples had cooled at room 

temperature, the absorbance was measured at 695 nm 

against a blank. The blank consisted of all reagents and 

solvents without the sample and it was incubated under 

the same conditions. All experiments were carried out in 

triplicate. The antioxidant activity of the extracts was 

expressed as the number of equivalents of ascorbic acid 

(AAE) (Prieto et al., 1999; El-Sayed et al., 2011).  

 

Reducing power antioxidant assay (RPAA) 

A Spectrophotometric method described by 

Ferreira et al., 2007; was used for the measurement of 

reducing power. For this 2.5 ml of each of the extracts 

was mixed with 2.5 mL phosphate buffer (0.2 M, pH 6.6) 

and 2.5 mL of 1% potassium ferricyanide (10 mg/ mL). 

The mixture was incubated at 50 
º
C for 20 min, then 

rapidly cooled, mixed with 2.5 mL of 10% trichloroacetic 

acid and centrifuged at 6500 rpm for 10 min. An aliquot 

(2.5 mL) of the supernatant was diluted with distilled 

water (2.5 mL) and then ferric chloride (0.5 mL, 0.1%) 

was added and allowed to stand for 10 min. The 

absorbance was read spectrophotometrically at 700 nm. 

Ascorbic acid used as standard. Three replicates were 

made for each test sample (Ferreira et al., 2007; El-Sayed 

et al., 2011).    

  

Statistical analysis 

 All data were presented as mean ± SD using 

SPSS 13.0 program. Correlation analysis of the 

antioxidant activity and free radical scavenging activity 

versus the total phenolic content of the different extract of 

tested plant were carried out using the correlation and 

regression by Microsoft Excel program (Annegowda et 

al., 2010). 

 

CYTOTOXICITY ACTIVITY 

Brine shrimp lethality bioassay (BSLT) 

 A solution of instant ocean sea salt (Aquarium  

System, Ohio) was made by dissolving 2.86 g in distilled 

water (75ml).  50 mg of Artemia salina Leach eggs 

(Artemia, Inc., California) was added in a hatching 

chamber. The hatching chamber was kept under an 

inflorescent bulb for 48 h for eggs to hatch into shrimp 

larvae. 20 mg of the tested extract was dissolved in 2 mL 

of methanol or solvent in which it was soluble and from 

this, 500, 400, 300, 200, 100, 50, 5 µl of each solution 

was transferred into vials corresponding to 1000, 800, 

600, 400, 200,100, and 10 µg/ml, respectively.  Each dose 

was tested in triplicate. The vials and the control 

containing 500 µl of solvent were allowed to evaporate to 

dryness in about 48h at room temperature. 4.5 mL of 

instant ocean sea solution were added to each vial and 10 

larvae of Artemia salina (taken 8-72 h after the initiation 

of hatching) were added to each vial. The final volume of 

solution in each vial was adjusted to 5 mL with sea salt 

solution immediately after adding the shrimp. 24 h later 

the number of surviving shrimp at each dosage was 

counted and recorded. LC50 values were determined with 

95% confidence intervals by analyzing the data. The data 

were analyzed and LC50 values calculated according to 

Reed-Muench method. Potassium dichromate was used as 

standard (Ipsen and Feigi, 1970; Miya et al., 1973).  

 

Statistical analysis 

 The Reed-Muench method assumes that an 

animal that survived a given dose would also have 

survived any lower dose, and conversely, that an animal 

that died with a certain dose would have also died at any 

other higher dose.  Thus, the information from any one 

group can be added to that of the other groups in the range 

of dose tested (Ipsen and Feigi, 1970; Miya et al., 1973).  

 

Liver carcinoma cell line (HepG2) 

 Potential cytotoxicity of the extracts, fractions 

and certain isolated pure compounds of the two plants 

were tested using method of Skehan et al., 1996, using 

cell line HEPG2. Cells were plated in 96-multiwell plate 

(10
4
cells/well) for 24 h before treatment with the 

compounds or extract to allow attachment of cell to the 

wall of the plate. Different concentrations of the 

compounds or extract under test (0, 1, 2.5, 5, and 10 

µg/ml) were added to the cell monolayer. Triplicate wells 

were prepared for each individual dose. Monolayer cells 

were incubated with the compounds for 48 h at 37 
°
C and 

atmosphere of 5 % CO2. After 48 h, cells were fixed, 

washed and stained with sulforhodamine B stain. Excess 

stain was washed with acetic acid and attached stain was 

recovered with Tris EDTA buffer. Color intensity was 

measured in an ELISA reader. The relation between 

surviving fraction and drug concentration is platted to get 

the survival curve of each tumor cell line after the 

specified compound (Skehan et al., 1996).  
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Table 1. Phytochemical constituent of different extracts of T. grandis using TLC and PC analyses 

No. Constituents Elution System TLC and/or PC Spraying reagent Inference 

1 Flavonoids n-BuOH: AcOH: H2O; 4: 1: 5 

AcOH: H2O; 15:85 

TLC/PC; Long/Short 

UV light 

AlCl3  and/ or 

NH3 and/ or FeCl3 

Dark Purple 

/Yellow spots 

2 Phenolic acids n-BuOH: AcOH: H2O; 4: 1: 5 

AcOH: H2O; 15:85 

TLC/ PC; Long/Short 

UV light 

AlCl3  and/ or 

NH3 and/ or FeCl3 

Blue/Violet 

spots 

3 Saponins (CHCl3: MeOH: H2O; 7: 3: 0.5) 

CHCl3: EtOAc: MeOH; 2:2:1)  

(CHCl3: MeOH, 9:1 and 8.5:1.5) 

(n-BuOH: MeOH: H2O; 4:1:0.5) 

TLC  MeOH/H2SO4 

(60: 40 v/v) 

Rosy Pink spots 

4 Sterols n-hexane: Diethyl ether; 32: 1 TLC MeOH/H2SO4 

(60: 40 v/v) 

Dark Pink spots 

5 Tannins AcOH: H2O: HCl; 30: 10: 3 PC; Short UV light FeCl3  Deep Violet/ 

Dark Greenish 

spots 

 

Table 2. Results of phytochemical screening of (90%) methanolic extract of leaves of T. grandis as well as its derived 

fractions 

a
 +: Low; ++: Moderate; +++: High; -: Absent 

b
 90% M: 90% MeOH; DM: Defatted MeOH; PE: Petroleum ether; E: Ethyl acetate; B: n-butanol. 

 

Table 3. Total extractable content (TEC), total phenolic content (TPC), total flavonoid (TFC), free radical scavenging 

potential (DPPH) and total antioxidant capacity of the different methanolic extracts of T. grandis (L.) 

Results are expressed as mean values ± standard deviation (n = 3). 
a
 TEC (total extractable content). 

b
 TPC (total phenolic content) values are expressed as mg gallic acid equivalent/g extract (mg GAE/g ext.). 

c
 TFC (total flavonoid content) values are expressed as mg rutin/g extract (mg RE/ g ext.).  

d
 DPPH values are expressed as µg dry extract/ml (µg/ml). 

e
 Total antioxidant capacity values are expressed as mg ascorbic acid equivalent/g extract (mg AAE/g ext.). 

 

Secondary 

Metabolite  
Chemical Test 

Sample (Extract or Fraction ) 

90%M
b
 DM PE C E B 

Tannins  i. FeCl3 +
a
 + - - + + 

Flavonoids i. Shinoda ++ +++ + + +++ +++ 

ii. AlCl3 ++ +++ + + +++ +++ 

Saponins i. Frothing +++ ++ + ++ +++ +++ 

Terpenoids & 

Steroids 

i. Sslkowski + ++ + ++ ++ +++ 

ii. Libarman 

Burchard’s 
+ ++ + ++ ++ +++ 

Anthraquinones i.  Borntrager’s + + - - + ++ 

Alkaloids i. Dragendorff’s + + - - - + 

ii. Meyer’s + + - - - + 

Carbohydrates i.  Molisch’s +++ +++ - - +++ +++ 

ii.  Barfoed’s ++ ++ - - +++ +++ 

Coumarins  i.  NaOH + + - - - + 

Sample 
TEC 

%
a
 

TPC
b
 

(mg GAE / g ext.) 

TFC
c
 

(mg RE / g ext.) 

DPPH (SC50)
d

 

[µg/ml] 

Total antioxidant capacity 

(mg AAE /g ext.)
e
 

MeOH 100% 15.05 188.90 ± 2.65 73.61 ± 2.37 28.67 ±1.49 384.69 ± 1.89 

MeOH  90 % 17.22 208.32 ± 2.32 108.32 ± 7.21 15.78 ± 2.33 477.58 ± 2.65 

MeOH  85 % 18.82 160.96 ± 4.12 52.11 ± 1.40 34.22 ± 2.51 348.46 ± 1.32 

MeOH  70 % 21.44 111.82 ± 3.76 30.55 ± 3.40 43.90 ± 0.23 324.58 ± 2.53 

MeOH  50 % 9.31 46.87 ± 1.75 9.72 ± 1.13 90.20 ± 1.47 123.91 ±2.56 

Ascorbic acid …… ……………… …………… 8.25 ± 0 .95 ………… 



148 
Mosad Ahmed Ghareeb. et al. / International Journal of Phytopharmacology, 5(2), 2014, 143-157. 

Table 4. Total extractable content (TEC), total phenolic content (TPC), total flavonoid (TFC), free radical scavenging 

potential (DPPH) and total antioxidant capacity of the defatted 90% methanol extract of T. grandis as well as its 

derived fractions 

 

Table 5. Mortality of brine shrimp larvae after 24 h of exposure to different concentrations 90 % methanol, defatted 

90% methanol, ethyl acetate and n-butanol extracts of T. grandis 

Dose 

ppm 

% Mortality of brine shrimp larvae 

90% MeOH Defatted 90% MeOH EtOAc n-BuOH 

1000 

800 

600 

400 

200 

100 

10 

95.68 

87.90 

78.57 

66.66 

50.0 

34.41 

16.30 

97.41 

91.91 

85.0 

75.90 

61.53 

43.90 

22.36 

92.36 

83.47 

72.32 

59.04 

43.56 

27.72 

13.59 

99.45 

98.71 

98.42 

92.45 

84.52 

71.87 

43.75 

 

Table 6. Cytotoxic activity of 90% methanol, defatted 90% methanol, EtOAc and n-BuOH extracts of T. grandis                                                                                                            

Plant/extract                     (LC50 + SE)
a
                       (CL)

b
 

90% methanol 100.0 + 8.67                (117.34 – 82.66) 

Defatted 90% methanol                  79.43 + 7.99                (95.41 – 63.45) 

EtOAc 125.89 + 11.47             (148.83 – 102.95) 

n-BuOH                     15.84 + 6.98             (29.8 – 1.88) 

 
a
 Results are expressed as mean values ± standard error  (n = 3). 
b
 95 % confidence limits (CL= LC50 + 2 SE LC50) in parentheses. 

 

Table 7. Cytotoxicity of 90% defatted methanol, EtOAc and n-BuOH extracts of T. grandis  

a 
SF = Surviving fraction; 

b 
IC50= Dose of the extract which reduces survival to 50%. 

 

RESULTS AND DISCUSSION 

Thin layer and paper chromatography 

According to the TLC and PC analyses 

performed with the extracts, flavonoids glycosides, 

saponins, phenolic acids and alkaloids were detected. 

Flavonoids and phenolic acids appear to be present in 

most of the extracts. On the other hand, spots with no 

fluorescence under UV 254 or  365  nm  could be  seen in  

 

these extracts and that may indicate the presence of 

saponins or terpenes which characteristic orange or 

yellow colours were found in most of the extracts. AlCl3 

and/ or NH3 and/ or FeCl3 reagent indicates the presence 

of flavonoids if spots become yellow, orange or green 

when analyzed under UV 365 nm (Table 1) (Mabry et al., 

1970; Wagner and Bladt, 2009). 

 

 

Sample TEC % 
TPC 

(mg GAE /g ext.) 

TF 

(mg RE / g ext.) 

DPPH SC50 

[µg/ml] 

Total antioxidant 

capacity (mg AAE /g ext.) 

Defatted 90% MeOH 12.0 385.67 ± 2.23 80.02 ± 2.42 14.45 ± 0.54 490.73 ± 1.23 

Pet. ether 1.97 30.20 ± 1.95 4.73 ± 1.68 134.04 ± 0.15 96.41 ± 2.52 

CHCl3 0.71 46.59 ± 0.47 9.90 ± 0.93 125.89 ± 0.31 201.89 ± 0.95 

EtOAc 0.27 295.67 ± 3.56 55.22 ± 1.54 19.58 ± 0.88 400.30 ± 1.65 

Conc. µg/ml 
SF (HEPG2)

a
 

Defatted 90% MeOH EtOAc n-BuOH 

0.000 1.000 1.000 1.000 

5.000 0.745 0.841 0.643 

12.500 0.598 0.652 0.483 

25.000 0.426 0.457 0.449 

50.000 0.446 0.464 0.428 

IC50 19.7 µg/ml 22.1 µg/ml 11.6 µg/ml 

Reference standard Doxorubicin IC50 = 4 µg/ml 
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Fig 1. Percentage of yield of constituents in different 

extraction of T. grandis 

Fig 2. Dot blot assay of different fractions of T. grandis on 

silica sheet stained with DPPH solution in methanol 

  

Fig 3. Correlation between DPPH free radical scavenging 

activities of the different methanolic extracts of T. grandis 

and their total phenolic contents (TPC) 

Fig 4. Correlation between the total antioxidant capacity 

of different methanolic extracts of T. grandis and their 

total phenolic contents (TPC) 

 
 

Fig 5. Correlation between DPPH free radical scavenging 

activities and total phenolic contents (TPC) of the 

defatted 90% methanolic extract of T. grandis as well as 

its derived extracts 

Fig 6. Correlation between the total antioxidant capacity 

and total phenolic contents (TPC) of the defatted 90% 

methanolic extract of T. grandis as well as its derived 

extracts 
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Fig 7. Reducing power assay of the different methanolic 

extracts of T. grandis at concentration 200 µg/ml 

Fig 8. Reducing power assay of the defatted 90% 

methanolic extract of T. grandis as well as its derived 

fractions at concentration 200 µg/ml 

  

Fig 9. Estimation of LC50 by plot of percent mortality of 

brine shrimp larvae against different dosage of different 

extracts of T. grandis 

Fig 10. Effect of 90% defatted methanol of T. grandis 

against liver tumor cell line 

  
Fig 11. Effect of ethyl acetate extract of T. grandis against 

liver tumor cell line 

Fig 12. Effect of n-BuOH extract of T. grandis against 

liver tumor cell line 
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Phytochemical screening tests  

Thousands of diverse natural products are 

produced by plants and many of these are involved in 

plant defense. The phytochemical diversity of antioxidant 

and anticancer compounds include terpenoids, saponins, 

phenolics, phenyl propanoids and alkaloids (Cooper et al., 

2006). In this study, the phytochemical analysis of the 

defatted 90% methanol extract of the T. grandis as well as 

its derived fractions showed the presence of different 

groups of secondary metabolites such as alkaloids, 

flavonoids, saponins, terpenoids, steroid, tannins, 

anthraquinones, coumarins and sterols which are of 

medicinal importance (Table 2). The preliminary 

qualitative tests performed by Pooja et al., 2010; indicated 

that the leaves of T. grandis plant contain flavonoids, 

phenols and tannins (Pooja et al., 2010). A previous study 

the of T. grandis stem methanolic extract showed  

presence of alkaloids and absence of flavonoids and 

terpenoids (Gupta and Singh, 2004).   

 

Extraction yield  

Methanol and methanol-water mixtures solvents 

are used for extraction of the chemical constituents of the 

T. grandis. The amount of the extractable substances of 

each extract was expressed as a percentage by weight of 

dried leaves of plant. The results in (Tables 3, 4 and Fig. 

1) showed that the methanol and methanol-water mixtures 

have different abilities for extraction of different percents 

of extractable substances. The highest amount of the total 

extractable content (TEC) from the plant was obtained by 

70% methanol (21.44 %) followed by 85 % (18.82 %), 90 

% (17.22 %), 100 % (15.05 %) and 50% (9.31) methanol. 

No significant association could be found neither between 

the extraction yields and total phenols nor between the 

extraction yields and the results from the different 

antioxidant assays. Our results showed that the yield of 

the defatted 90% methanol extract of T.grandis and its 

derived fractions was (12.0 %, 1.97 %, 0.71 %, 0.27% 

and 4.81 %) respectively for defatted 90% methanol 

extract, pet. ether, CHCl3, EtOAc and n-BuOH. Variation 

in the percent yield of extracts might be due to chemical 

composition of plant, nature of the soil and agro-climatic 

condition. The other factors could be the effectiveness of 

the extracting solvent to dissolve endogenous compounds 

(Anwar et al., 2006; Hsu et al., 2006; Sultana et al., 2007; 

Shabbir et al., 2011; Mohammad Asif, 2011).  

 

Total phenolics and flavonoids contents (TPC)   

The total phenolics and flavonoids assays are 

considered simple, sensitive and precise bioassays (Huang 

et al., 2005; Prior et al., 2005). The total phenolic and 

flavonoid contents of different crude extracts as well as 

the derived fractions of 90% methanolic extract of T. 

grandis was determined and expressed in terms of gallic 

acid and rutin equivalents respectively (Tables 3, 4). 

There was a wide range of phenol concentrations in tested 

extracts. The content of phenolics and flavonoids of 

different metanolic extracts of T.grandis decreased in the 

order (TPC/TFC): 90% MeOH (208.32/ 108.32); 100% 

MeOH (188.90/ 73.61); 85% MeOH (160.96/ 52.11); 

70% MeOH (111.82/ 30.55) and 50% MeOH (46.87/ 

9.72). On the light these results the 90% MeOH extract 

was promising to undergo successive fractionation. 

Furthermore, the content of phenolics and flavonoids of 

derived fractions of T. grandis decreased in the order 

(TPC/TFC): n-BuOH > defatted 90% MeOH > EtOAc > 

CHCl3> pet. ether. The content of total phenols varied 

from 30.20 to 400.56 (mg GAE / g ext.); 400.56   385.67, 

295.67, 46.59 and 30.20 (mg GAE / g ext.), respectively 

for the n-BuOH, defatted 90% MeOH, EtOAc, CHCl3 and 

pet. ether (Table 3). The content of total flavonoids varied 

from 4.73 to 80.13 (mg RE / g ext.); 80.13, 80.02, 55.22, 

9.90 and 4.73 (mg RE / g ext.), respectively for the n-

BuOH, 90% MeOH, EtOAc, CHCl3 and pet. ether. These 

results are in agreement with those available in the 

literature (Rao et al., 2011).The high phenolic content in 

n-BuOH as well as EtOAc extracts contributes to their 

increased antioxidant potential in comparison to the other 

extracts. The total phenolics assay actually measures the 

reducing capacity of a sample. The antioxidant and 

cytotoxic activities of many plants have been attributed to 

their phenolic contents (Rodney et al., 2012). These 

findings should encourage the development of new 

antioxidant and anticancer drugs in the future. More 

studies are required to find out more specific biochemical, 

pharmacological and molecular aspects of the targeted 

molecules. Further works on the isolation of bioactive 

phytoconstituents of T. grandis should be carried out to 

provide the exact mechanism of activity.   

 

ANTIOXIDANT ACTIVITY 

Rapid screening of antioxidant by dot-blot and DPPH 

staining 

The antioxidant potential activity of the defatted 

90% methanol extract of T. grandis as well as its derived 

fractions was determined via eye-detected semi-

quantitatively via a rapid DPPH staining-TLC technique. 

Each diluted sample was applied as a TLC layer that was 

stained with DPPH solution. This method was depend up 

on the inhibition of the accumulated of oxidized products 

and the generation of free radicals was inhibited via the 

addition of antioxidant and masking of the free radicals 

(Soler-Rivas, 2000; El-Sayed et al., 2011). Initial faint 

spots appeared and weak spots could be observed in 

sample row, and the appearance of white spots has 

potential value for the indirect evaluation of the different 

tested fractions (Chang et al., 2002). These white spots 

with strong intensity appeared quickly at the 

concentration of 0.50 mg/ml of each extract, ascorbic acid 

was used as a positive control. Results in (Fig. 2) revealed 
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that, all the tested extracts showed promising activity but 

the n-BuOH extract showed the potent activity followed 

by the EtOAc. These results revealed that all the tested 

extracts react positively with DPPH and these reactions 

based on the ability of these extracts/fractions as free 

radical scavenging compounds. The wider diameter as 

well as high color intensity of the resulting dots (spots) 

indicates the high radical masking activity of the tested 

fractions (Dong-Jiann Huang et al., 2005; El-Sayed et al., 

2011).   

 

1,1'-diphenyl-2-picraylhydrazyl free radical 

scavenging assay (DPPH)  

The free radical-scavenging activity of different 

extracts/fractions was determined   by the DPPH
•
 method 

and the results are shown in (Tables 3, 4). The DPPH
• 

radical is one of the most widely used and stable 

chromogen compound used to evaluate the antioxidant 

activity of the tested compounds. The characteristic 

chemical structure of DPPH
•
 refer that;  It is a stable 

nitrogen-centered free radical, the colour of which 

changes from violet to yellow upon reduction by either 

the process of hydrogen- or electron- donation. 

Substances which are able to undergo such reaction can 

be considered as antioxidants and therefore radical 

scavengers compounds (Brand-Williams et al., 1995; 

Zheng and Wang, 2010). A low SC50 value indicates that 

the mechanism of antioxidant action of extracts was as a 

hydrogen donor and it could reach the termination process 

via the transforming the free radicals to another 

chemically stable forms. For the different methanolic 

extracts, the values of SC50 varied from 15.78 to 90.20 

[µg/mL]; this showed DPPH scavenging activity in the 

order, 90% MeOH (15.78) > 100% MeOH (28.67) > 85% 

MeOH (34.22) > 70% MeOH (43.900 > 50% MeOH 

(90.20) [µg/ml] (Table 3). These results showed the 

potent antioxidant activity of 90% MeOH extract when 

compared with the other extracts, so it promising to 

undergoes further fractionations to determine the actual 

fraction/s which responsible for this activity. The DPPH 

radical scavenging activities of water extracts were the 

lowest compared to those of other solvents. This suggests 

that the use of water for extraction of radical scavenging 

compounds from selected medicinal plants was not 

effective, which is in accordance with previous research 

that demonstrated that the lowest antioxidant and radical 

scavenging activities were in water extracts (Majhenič et 

al., 2007; Arabshahi-Delouee and Urooj, 2007). Also, the 

different derived fractions of 90% MeOH extract showed 

DPPH scavenging activity which in the order, n-BuOH 

(10.63), defatted 90% MeOH (14.45), EtOAc (19.58), 

CHCl3 (125.89) and pet. ether (134.04) [µg/ml]) and that 

of the standard ascorbic acid was 8.25 (µg/ml) (Table 4). 

Therefore, n-BuOH activity was the highest in the five 

tested samples and pet. ether activity was the lowest one. 

The total phenolic content of all tested extracts of 

T.grandis exhibited the strongest correlation with the 

DPPH antioxidant activity. Thus, the antioxidant 

efficiency of the tested extracts appears to be largely 

based upon the total phenolic level. These results are in 

agreement with other reports in the literature (Rapisarda 

et al., 1999; Roginsky and Lissi, 2005; Prior et al., 2005; 

Park et al., 2006). From these results there is a linear 

correlation between the content of phenolics and 

antioxidant potential of the active extracts under 

investigation. This point of correlation was accepted by 

many authors who established a linear correlation 

between the total contents of phenolics and the 

antioxidant capacity (Cai et al., 2004; Park et al., 2006).
 

Whereas few authors reported that there is no correlation 

(Yu et al., 2002). The significant correlation between total 

phenolic content and the DPPH antioxidant activity of the 

defatted 90% methanolic extract as well as its derived 

fractions was confirmed through the high value of 

correlation coefficient respectively (R
2 

= 0.93 and 0.96) 

(Fig. 3, 5). On the light of such correlation it was 

concluded that the phenolic compounds containing free 

hydrogen are largely responsible for antioxidant activity 

(Evans et al., 1996; Evans et al., 1997).
 
Thus the phenolic 

compounds of T. grandis can be referred to be responsible 

for the antioxidant activity.  

 

Phosphomolybdenum antioxidant assay 

Free radical scavenging ability of phenolic 

compounds is an important phenomenon underlying their 

various biological and pharmacological activities. The 

phosphomolybdenum assay is based on the reduction of 

Mo
VI

 to Mo
V
 by antioxidant compounds and a formation 

of a green phosphate/Mo
V
 complex with a maximal 

absorption at 765 nm (El-Sayed et al., 2011). The assay 

has been successful in the quantification of vitamin E 

antioxidant activity (Prieto et al., 1999).
 
 In addition, it 

was efficient to extend its application to the phenolic 

compounds extracted and isolated from the medicinal 

plants (Lu and Foo, 1995). The total antioxidant capacity 

of the different methanolic extracts of T. grandis was 

477.58, 384.69, 348.46, 324.58 and 123.91 (mg AAE /g 

ext.), respectively for 90%, 100%, 85%, 70% and 50% 

MeOH extracts. These results also, supported the results 

obtained from the DPPH assay that concluded that the 

90% MeOH extract showed high total antioxidant 

capacity when compared with the other extracts of T. 

grandis, which may be due to presences of high 

percentages of phenolic compounds (Rajuri et al., 2010).
 

The total antioxidant capacity values for the derived 

fractions of 90% MeOH extract decreased in the order: n-

BuOH (589.50) > defatted 90% MeOH (490.73) > EtOAc 

(400.30) > CHCl3 (201.89) > pet. ether (196.41) (mg 

AAE /g ext.) (Table 4). The total phenolic compounds 

contents were also highly correlated with the antioxidant 
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activity of different methanolic extracts (R
2
= 0.92) and 

(R
2
= 0.98) for derived fractions of 90% MeOH extract 

(Fig. 4,6). A good correlation found between polyphenol 

content and antioxidant activities in all screened samples 

showing that antioxidants activities present in the extracts 

were essentially due to the existence of the polyphenols 

(Rice-Evans et al., 1996; Mohammed et al., 2010; Rao et 

al., 2011; El-Sayed et al., 2011).
  

 

Reducing power antioxidant assay (RPAA) 

Reducing power assay measures the electron-

donating capacity of an antioxidant substance. The 

reducing properties are generally associated with the 

presence of reductones, which have been shown to exhibit 

antioxidant ability via breaking the chain reactions and 

donating a hydrogen atom to the reactive species. 

Furthermore, reductones are also reported to react with 

desired precursors of peroxide, thus preventing peroxide 

formation (Li and Lin, 2010).
 
Being good electron donors, 

phenolic compounds show the reducing power and have 

ability to transform the ferric ion (Fe
3+

) to ferrous ion 

(Fe
2+

) via donating single electron (Shon et al., 2004). 

Increasing absorbance at 700 nm indicates an increase in 

reductive ability, and the reducing power of the tested 

compound may serve as a significant indicator of its 

potential antioxidant activity (Meir et al., 1995; El-Sayed 

et al., 2011). In this study, we investigated the Fe
3+

-Fe
2+

 

transition to measure the T. grandis reducing capacity. 

The reducing power of different metanolic extracts of T. 

grandis was shown in (Fig. 7), at absorbance 700 nm and 

concentration (200 µg/ml), with ascorbic acid as a 

positive control; which there absorbance was decrease in 

the order: 90% (0.685), 100% (0.592), 85% (0.566), 70% 

(0.457) and 50% (0.352) MeOH extracts, while ascorbic 

acid absorbance was 0.915. The increasing absorbance of 

the tested sample at 700 nm indicates an increase in 

reductive ability; accordingly the 90% MeOH showed the 

highest reducing power activity in comparison with the 

other tested methanolic extracts near the value of ascorbic 

acid. The reducing power of different fractions of 

T.grandis was shown in (Fig. 8), with ascorbic acid as a 

positive control. The reducing power of defatted 90% 

methanolic extract (0.699), pet. ether (0.279), CHCl3 

(0.291), EtOAc (0.423) and n-BuOH (0.783) was 

compared with ascorbic acid (0.915). The n-BuOH has 

the highest reducing power at 200 µg/ml concentration. 

However, pet. ether fraction showed lowest reducing 

power. The reducing power may be based upon the 

hydrogen donation from phenolic compounds (Shimada et 

al., 1992; Nayeem and Karvekar, 2010; El-Sayed et al., 

2011).
 
Besides, phenolic compounds and flavonoids are 

also widely distributed in plants, which have been 

reported to exert numerous biological applications, 

involving antioxidant, free radical scavenging abilities 

and anticarcinogenic (Miller, 1996; Sahaa et al., 2008).  

CYTOTOXIC ACTIVITY  

Brine shrimp lethality test (BSLT) 

Brine shrimp cytotoxicity assay has been 

considered as primary screening bio-assay for anticancer 

activity. Brine shrimp assay is suggested to be a 

convenient probe for the pharmacological activities in 

medicinal plant extracts (Mayerhof et al., 1991).  BST 

bioassay can be successfully used as a cheaper, reliable 

and quicker tool for isolating the biologically active 

fractions especially anticancer agents from the natural 

sources (Pathak et al., 1988). In the present study, extracts 

of T. grandis plant were evaluated by the brine shrimp 

lethality bioassay using the procedure (Meyer et al., 

1982). The brine shrimp toxicity data are summarized in 

(Tables 5, 6). The n-BuOH extract of showed the most 

potent toxic effect at LC50 = 15.84 µg/mL, followed by 

defatted 90% MeOH extract which showed cytotoxicity at 

LC50 = 79.43 µg/ mL,  90% MeOH and ethyl acetate 

extracts showed a significant cytotoxic effect at LC50 = 

100.0  and 125.89 µg/ mL respectively (Fig. 9). Several 

classes of plant secondary metabolite are responsible for 

the observed cytotoxic activity, but the most important 

and diverse bio-potencies have been observed in phenolic 

acids, flavonoids and tannins, so the observed activity 

may be due to the presence of secondary metabolites in 

T.grandis fractions (Pooja et al., 2010).
 
This indicates that 

this plant contain potential bioactive compounds, which if 

properly and extensively studied, could provide many 

chemically interesting and biologically active drug 

candidates, including some with potential antitumor 

properties. A thorough chemical study is required to 

isolate the molecules that are responsible for the 

activities. 

 

Liver carcinoma cell line (HepG2)   

Cancer or malignant disease is one of the major 

causes of death in humans  reported that malignant 

neoplasm is the third (12.4%) leading cause of death 

worldwide. the first (30%) being cardiovascular disease 

and the second (18.8%) being infectious diseases which 

include HIV/AIDS (Mathers et al., 2001). Cancer is 

considered as a major health problem in both developed 

and developing countries over the world. It was estimated 

12.7 million recent cancer cases and about 7.6 million 

cancer deaths take place in the year 2008 (Ferlay et al., 

2010; Abdel-Hameed et al., 2012). The environmental, 

chemical, metabolic and genetic parameters play an 

important role in the generation of all cancer types. The 

weak success chances of clinical therapies including 

radiation, chemotherapy, immunomodulation and surgery 

in treatment of cancer, was monitored by the high 

mortality rates, indicates that there is an urgent 

requirement of new cancer dealing actions (Dai and 

Mumper, 2010; Abdel-Hameed et al., 2012). Drug 

discovery from medicinal plants has played a vital role in 
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the treatment of cancer (Balunas and Kinghorn, 2005; 

Abdel-Hameed et al., 2012). Thus, it is urgent to find 

more and safer new active constituents that attack and kill 

cancer cells. (Table 7) showed the cytotoxic effects of the 

defated 90% methanolic extract, ethyl acetate and n-

butanol fractions of the leaves part of T. grandis against 

HepG2 cell line using the sulforhodamine B (SRB) 

method (Skehan et al., 1990). The n-BuOH fraction 

showed high cytotoxic activity toward the HepG2 cell line 

with IC50 = 11.6 µg/ mL, followed by the 90% defatted 

methanol with IC50 = 19.7 μg/ mL and ethyl acetate 

fraction with IC50 =22.1 µg/ mL comparing with the 

reference standard doxorubicin with IC50 = 4 µg/ mL.  

According to the American Cancer Institute 

(ACI), the criteria and the conditions of cytotoxic activity 

for the crude extract is an IC50 values ≤ 20 μg/ mL, is 

considered to be potentially cytotoxic (Boik, 2001; Abdel-

Hameed et al., 2012). Two tested fractions (defatted 90% 

MeOH and n-BuOH) showed IC50 values exist under the 

ACI criteria, accordingly these fractions are considered as 

promising cytotoxic agents. 
 

 

 

 

 

CONCLUSION 

In the present study, the antioxidant activity from 

different extracts of T. grandis was evaluated as well as 

the cytotoxic activity. T. grandis showed strong 

antioxidant activity by DPPH, phosphomolybdenum and 

reducing power activities when compared with standard 

L-ascorbic acid. Also, most of these extracts showed a 

significant cytotoxic effect. In addition, the T. grandis 

was found to contain a noticeable amount of total phenols, 

which play major role in controlling oxidation. The 

results of this study show that the T. grandis can be used 

as easily accessible source of natural antioxidant. The 

anti-oxidant and cytotoxic activities of T. grandis may be 

due to the presence of different phyto-constituents such as 

tannins, phenolic acids and flavonoids. Therefore, it is 

suggested that further investigation to determine 

antioxidant activity by in vivo methods of T. grandis 

could be considered. 
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