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INTRODUCTION 
 

Flavonoids are a major class of oxygen containing 

heterocyclic natural products that are wide- spread in the 

plant kingdom. Flavonoids have a three ring structure 

with diverse substitution pattern. In these compounds, 

two aromatic rings are linked via a three carbon bridge. 

Most flavonoids possess a carbonyl function located at 

one end of the bridge.
[1,2]

 These phytochemicals play an 

important role in plant physiology and biochemistry, 

acting primarily as enzyme inhibitors, antioxidants and 

plant pigments.
[3]

 Flavonoids act as growth regulators, 

plant growth hormones beside controlling respiration, 

photosynthesis, morphogenesis and sex determination. 

They also have a role in defense against infection.
[4]

 

 

Flavonoids which are synthesized in plants via a phenyl 

propanoid pathway
[5,6] 

are widely distributed in plants 

being found in vegetables, fruits, nuts, seeds, stems, 

flowers etc. These polyphenols are an integral part of our 

daily diet and dietary intake of flavonoids is estimated to 

be 1-2g/day.
[7,8]

 Flavonoids prevent cell damage caused 

by the reactive oxygen species by various mechanisms 

including direct scavengng of the radicals.
[9.10]

 

 

Flavonoids have gained recent interest because of their 

broad biological and pharmacological activities. 

Flavonoids have been reported to exert multiple 

biological effects including antimicrobial,
[11]

 

cytotoxicity,
[12]

 anti-inflammatory
[13]

 as well as antitumor 

activities.
[14,15]

 Flavanones exhibit anti-oxidant, 

immunomodulatory and chemopreventive properties.
[16]

 

Flavanones with a hydroxyl functions at C4' and C6 have 

shown significant cytotoxic and apoptotic effects against 

tumor cells, compared with other structurally related 

flavanones.
[17]

 The hydroxylation at C6 plays an 

important role in antioxidant activity of flavanones.
[17] 

 

Cassia tora belongs to family Leguminoseae .The genus 

Tora is an annual wild under shrub reaching up to 30- 90 

cm in height.
[18,19]

 In eastern Sudan it is known as 

"Sorib". It is widely distributed in Africa, America and 

Asia.
[20]

 Leaves have high nutritive value.
[21]

 The plant is 

rich in calcium and iron and is an excellent source of 

vitamin B. It also contains high levels of phosphorous, 

riboflavin and ascorbic acid.
[21,22]

 In north Cameron 

Cassia tora leaves are sun dried prior to eating.
[23]

 After 

fermentation, it is used in western and southern Sudan as 

a meat replacer. 
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ABSTRACT 
 

The flavonoids of the medicinally important species Cassia tora were investigated. The ethanol extract from seeds 

was initially purified by column chromatography and then via thin layer chromatography. In this way- a flavonoid 

was isolated in a chromatographically pure form. Its structure was partially elucidated on the basis of its spectral 

data (IR, UV, NMR, and MS). Different fractions of Cassia tora seeds were assessed for antimicrobial activity 

against six standard human pathogens .The ethyl acetate fraction showed excellent antibacterial activity against all 

test organisms and good antifungal activity. The n-butanol fraction exhibited excellent activity against Escherichia 

coli and Pseudomonas aeruginosa. Excellent activity against Bacillus subtilis was observed for the chloroform 

fraction. The hexane fraction gave significant activity against Bacillus subtilis, but it was inactive against other test 

organisms. 
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In Sudanese system of medicine, fresh leaves of Cassia 

tora are used as laxative and antidiabetic while roots are 

used as diuretic and for treatment of insect bites. Root 

and leaves are also used to cure skin diseases.
[24]

 Seed tea 

is drunk for headache, intestinal complains and 

fatigue.
[25]

 However, some toxic constituents were 

reported from green leaves and the stems. In Chinese 

ethnomedicine the plant is claimed to be 

anticholesterolemic and hypotensive. 

 

In continuation of our interest in plants used in Sudanese 

ethnomedicine, where information concerning their 

bioactive constituents is very scarce, we decided to 

investigate the constituents of the medicinally important 

species Cassia tora.  

 

MATERIAL AND METHODS 
 

Materials  

Plant material 

Cassia tora seeds were purchased from local market-

Omdurman-Sudan. The plant was authenticated by The 

Institute of Aromatic and Medicinal Plants-Khartoum. 

 

Instuments 

UV spectra were run on a Shimadzu 2401PC UV- 

Visible Spectrophotometer. 
1
HNMR spectra were 

measured on a Joel ECA 500MHZ NMR 

Spectrophotometer. Mass spectra were run on a Joel 

Mass Spectrometer (JMS- AX500). 

 

Test organisms 

Cassia tora fixed oil was screened for antimicrobial 

activity using the standard microorganisms shown 

below: 

 

Table 1: Test microorganisms. 
 

Ser. No Micro organism Type 

1 Bacillus subtilis G+ve 

2 Staphylococcus aureus G+ve 

3 Pseudomonas aeroginosa G-ve 

4 Escherichia coli G-ve 

5 Aspergillusniger fungus 

6 Candida albicans fungus 

 

Methods 

Extraction of flavonoids  
Powdered seeds of Cassia tora (1Kg) were macerated 

with 5 L ethanol (95%) for 72 hr at room temperature 

with occasional shaking, and then filtered off. The 

extraction process was repeated two more times with the 

same solvent. Combined filtrates were concentrated until 

all ethanol was evaporated to dryness yielding a crude 

products. 

 

Isolation of flavonoids 
A silica gel(60-120 mesh) column(80x4cm) was used to 

purify the ethanol crude extract. Initially the column was 

eluted with hexane, and then successively with hexane- 

ethyl acetate: 2:1; 1:1(v:v), and finally 100% ethyl 

acetate. The ethyl acetate fraction was rich in phenolics. 

It was further purified by (TLC) using hexane: ethyl 

acetate: acetone (62:28:10, v:v:v) .The chromatograms 

were viewed under UV light using both short and long 

wavelengths. The chromatogram with Rf = 0.33 gave a 

chromatographically pure component which gave a 

positive test with vanillin/H2SO4 which is a specific 

qualitative test for flavonoids. The compound also 

reacted positively with ferric chloride. The structure of 

this isolate was partially elucidated on the basis of its 

spectral data (IR, UV, 
1
HNMR, MS). 

 

Antimicrobial assay 

Preparation of microbial suspensions 

Mueller Hinton and Sabouraud dextrose agars were the 

media used as the growth media for the bacteria and the 

fungi respectively. The media was prepared according to 

the manufacturer instructions: one ml aliquots of 24 

hours broth culture of the test organisms were aseptically 

distributed onto nutrient agar slopes and incubated at 

37°C for 24 hours. The bacterial growth was harvested 

and washed off with sterile normal saline, and finally 

suspended in 100 ml of normal saline to produce a 

suspension containing about 10
8
-10

9
colony forming units 

per ml. The suspension was stored in the refrigerator at 

4°C until used. The average number of viable organism 

per ml of the stock suspension was determined by means 

of the surface viable counting technique. 

 

Serial dilutions of the stock suspension were made in 

sterile normal saline in tubes and one drop volumes (0.02 

ml) of the appropriate dilutions were transferred by 

adjustable volume micropipette onto the surface of dried 

nutrient agar plates. The plates were allowed to stand for 

two hours at room temperature for the drop to dry, and 

then incubated at 37°C for 24 hours. 

 

Fungal cultures were maintained on Sabouraud dextrose 

agar incubated at 25°C for four days. The fungal growth 

was harvested and washed off with sterile normal saline, 

and the suspension was stored in the refrigerator until 

used. 

 

Testing for antibacterial activity 

The cup-plate agar diffusion method was adopted with 

some minor modifications, to assess the antibacterial 

activity of samples. (2ml) of the standardized bacterial 

stock suspension were mixed with 200 ml of sterile 

molten nutrient agar which was maintained at 45°C in a 

water bath. (20 ml) Aliquots of the incubated nutrient 

agar were distributed into sterile Petri dishes, the agar 

was left to settle. Each of these plates was divided into 

two halves. Two cups in each half (10 mm in diameter) 

were cut using sterile cork borer (No 4), each one of the 

halves was designed for a sample. Separate Petri dishes 

were designed for standard antimicrobial 

chemotherapeutics. 

 

The agar discs were removed, alternate cup were filled 

with 0.1 ml samples and allowed to diffuse at room 
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temperature for two hours. The plates were then 

incubated in the upright position at 37°C for 24 hours. 

After incubation, the diameters of the resultant growth 

inhibition zones were measured in duplicates and 

averaged. 

  

RESULTS AND DISCUSSION 
 

Compound I 

The IR spectrum of the compound I (Fig.1) showed: v 

(KBr) 673,703, 796 (C-H, Ar. bending); 1108 (C-O); 

1388, 1463, 1514 (C=C Ar.); 1625 (C=O); 2856, 

2927(C-H aliph.) and 3406cm
-1 

(OH). 

 

 
Fig. 1: IR spectrum of compound I. 

 

The UV spectrum Fig.2 gave λmax231, 282 nm which is a 

characteristic absorption of dihydroflavonols, isoflavones 

and flavanones.
[1,2]

 No shoulder characteristic of 

isoflavones was detected in the UV spectrum in the 

range: 300-340nm. Also the 
1
HNMR spectrum did not 

reveal a pair of multipletes at δ2.80ppm and 5.20ppm 

characteristic of the uneqivalent protons of the methylene 

function at C3  and methine proton at C2  of the 

flavanone. Compound I is thus a dihydroflavonol and the 

sodium methoxide spectrum (Fig. 3) revealed a 17nm 

bathochromic shift with decrease in intensity indicating 

the 3-OH function of dihydroflavonols.
[1,2]

 A 

bathochromic shift diagnostic of a 7-OH function was 

detected in the sodium acetate spectrum (Fig. 4).The 

aluminum chloride spectrum (Fig.5) showed a 

bathochromic shift diagnostic of a 3--OH function.
[1,2]

 

The aluminium chloride spectrum was quite stable 

following acidification with HCl. 

 

 
Fig. 2: UV spectrum of compound I. 

 

 

Bstitu 

 
Fig. 3: Sodium methoxide spectrum of compound I. 

 

 
Fig. 4: Sodium acetate spectrum of compound I. 

 

 
Fig. 5: Aluminium chloride spectrum of compound I. 

 
1
HNMR spectrum (Fig.6) showed δ 1.23(9H) due to 

three methyl groups. Two methyls were assigned to C6 

and C8 of aromatic ring (A). This is supported by the 

absence of signals of C6 and C8 protons in the 
1
HNMR 

spectrum (Fig.6). The retro Diels-Alder fission
[2]

 also 

lends evidence for such substitution pattern .The signal at 

δ 2.23 (3H) was assigned for an aromatic acetyl group, 

while the resonances at 3.70(3H) and δ3.83(3H) account 

for two methoxyl functions.
[1,2]

 The C5 proton resonated 

well downfield at δ8.01ppm due to the electron-

withdrawal effect of the 4-keto function. The B ring 

proton resonated at δ6.7 ppm. (The signals at δ2.50 and 

δ3.30 ppm are due to DMSO residual protons and 

DMSO residual water respectively). The mass spectrum 

(Fig. 7) gave m/z 398 for (M
+
 - 2H). 
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Comparison of the above cumulative data with literature 

data, gave the following partial structure for compound I. 
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The retro Diels – Alder fission (Scheme I) lends 

additional evidence in favor of the substitution pattern of 

the A and B aromatic rings. A future 2D NMR (
1
H- 

1
H 

COSY NMR, HSQC and HMBC) would suggest a full 

structural elucidation. 
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Scheme I: Retro Diels-Alder fission of compound I. 

 

 
Fig. 6: 

1
H NMR of compound I. 

 
Fig. 7: Mass spectrum of compound I. 

 

Antimicrobial activity  

Different fractions of Cassia tora were screened for 

antimicrobial activity against six standard bacterial 

strains. The results are displayed in Table (2) .Results 

were interpreted in conventional terms: (>9mm: 

inative;9-12mm:partially active;13-18mm: 

active;<18mm:very active). Tables (3) and (4) represent 

the antimicrobial activity of standard antibacterial and 

antifungal chemotherapeutic agents against standard 

bacteria and fungi respectively. 

 

Table 2: Antibacterial activity of Cassia tora 

fractions. 
 

Fraction 
Conc. 

(mg/ml) 
Ec Ps Sa Bs Ca An 

Hexane 100 - - - 19 - - 

Chloroform 100 17 16 16 20 - - 

Ethyl 

acetate 
100 20 21 22 20 15 15 

n-Butanol 100 20 21 15 13 15 17 

Aqueous 100 15 18 - 12 - - 

 

Table 3: Antibacterial activity of standard 

chemotherapeutic agents. 

Drug Conc. mg/ml Bs. Sa. Ec. Ps. 

Ampicillin 

40 

20 

10 

15 

14 

11 

30 

25 

15 

- 

- 

- 

- 

- 

- 

Gentamycin 

40 

20 

10 

25 

22 

17 

19 

18 

14 

22 

18 

15 

21 

15 

12 

 

Table 4: Antifungal activity of standard 

chemotherapeutic agent. 

Drug Conc. mg/ml An. Ca. 

Clotrimazole 

30 

15 

7.5 

22 

17 

16 

38 

31 

29 

Sa.: Staphylococcus aureus  

Ec.: Escherichia coli 

Pa.: Pseudomonas aeruginosa  

An.: Aspergillus niger 

Ca.: Candida albicans  

Bs.: Bacillus subtilis 
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The ethyl acetate fraction showed excellent antibacterial 

activity against all test organisms and good antifungal 

activity. The n-butanol fraction exhibited excellent 

activity against Escherichia coli and Pseudomonas 

aeruginosa.Excellent activity against Bacillus subtilis 

was observed for the chloroform fraction. The hexane 

fraction gave significant activity against Bacillus subtilis, 

but it was inactive against other test organisms 
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