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ABSTRACT

The study aims in investigating the phytochemical screening and antimicrobial activity of
isolated anthraquinones from different parts of Cassia nodosa against various bacterial and fungal
strains to confirm their effective use in different traditional medicines against these pathogenic
strains. Fresh plant parts of C. nodesa were collected, dried at room temperature, powdered and
extraction of anthraquinones were done using standard protocol. Extracted compounds were
screened by UV, IR, 'THNMR, "CNMR techniques. Agar well diffusion method was used to test
the antimicrobial activity of isolated anthraquinones against pathogenic microbial strains. The
phytoechemical screening revealed the presence of Kmodin and Rhein in the plant. Maximum level
of Emodin (0.868 mg gdw™) and Rhein (0.30 mg gdw!) was observed in leaves. The crude
compounds exhibited a significant antimicrobial activity. The emodin demonstrated masximum
activity against F. moniliforme (IZ = 26.00 mm) while rhein was more active against A. flavus
(IZ = 21.00 mm). The inhibitory effects of Emodin and Rhein extracted from various parts of
C. nodosa against various pathogenic micro-organisms had clearly demonstrated the usefulness of
C. nodosa in the treatment of various diseases caused by these pathogenic strains.
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INTRODUCTION

Avyurveda recommends the application of different parts of plant species in the forms of paste,
powder, juice and decoction for treatment of various infections. Despite of tremendous progress in
human medicines, infectious diseases caused by the bacteria, fungi, viruses and parasites are still
a major threat to the public health. 5. aureus and E. coli which causes frequent urinary tract
infections, are the most commen organisms used by other workers (Roia and Smith, 1977) to check
bactericidal activity; also while, F. aeruginesa (Urine infection) and 5. typht (Intestinal infection)
chosen as the test organisms because of their high resistance to the antibacterial agents. Thus any
plant which could exhibit proncunced activity against either of these organisms might yield an
important antibiotic (Norala et al., 2005).

Anthraquinone glycosides are important cathartic compounds. They are used as purgatives and
are widely employed in gastriatic and pediatric medicines for their unique pharmacological effects
(Sinha and Verma, 1994). Anthraquinone derivatives have also been widely used in the analytical
chemistry, mainly as strong chelating agents and chromophores (Hatano ef al., 1999; Uddin et al.,
2003; diang et al.,, 2005).
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Cassia nodosa commonly called pink Cassia is a common ornamental tree belonging to the
family Leguminosae. It is a perennial tree 3-5 m height and scattered in the India, Pakistan,
Bangladesh and Burma. Traditionally it 1s useful in the indigencus medicine, as its pods and leaves
showed purgative activities and cytotoxic activity (Rizk and Heiba, 1990). Bark of C. nodosa is used
as one of the ingredients in antidiabetic ayurvedic formulation. Leaves are proved to be active
against Herpes simplex infection (Cheng et «l., 2008) and was moderately active against
P. aeruginosa and S. epidermidis (Mohtar and Shaari, 2000). The presence of these antidiabetic
phytochemicals of C. nodosa leaves may give desired pharmacological action. It shows
hyperglycemic effect on normal and streptozotocin induced diabetic rats (Kumavat et al., 2012).
C. oceidentalis showed antimicrobial activity against various human pathogenic strains
{Arya et al., 2010b; Yadav et al., 2010). Different plant parts of Cassia also showed varying degree
of antioxidant activity (Arya ef al., 2010a, 2011),

So far, anthraquinones have been isolated and characterized from C. Senna (Rai, 1978,
Abo et al, 2000), C. laevigata (Singh ef al., 1980), C. angustifolia (Lemli et al., 1983,
Fernandes et al, 1982; Kitanaka et al., 1985), C. multyjuga (Singh, 1981), C. fora
(Takahashi et al., 1981), C. javanica (Tiwari and Sharma, 1981; Singh and Singh, 1988), C. alaia
{Rai and Shok, 1982; Yadav et al., 1998), C. sophera (Malhotra and Misra, 1982 ), C. ebtusifolia
(kitanaka and Tokedo, 1985), C. marginata (Singh and Singh, 1987), C. fistula (Ahuja ef al.,
1988), C. grandis (Verma and Sinha, 1996; Verma et al., 1997) and C. nigricans (Ayo et al., 2007),
both in vive and in vitro but any systematic study has been lacking, both qualitatively and
quantitatively, in the selected Cassia species.

MATERIALS AND METHODS

Collection and identification: Cassia nodosa Bunch is an ornamental tree belonging to family
Leguminosae, popularly known as Pink Shower. Plant species were collected from Jaygragh fort
of Amer at Jaipur. The plant was identified at Herbarium, Department of Botany, University of
Rajasthan, Jaipur and given a specified voucher specimen No.

Processing and extraction: The all plant parts (root, stem, leaves, flowers and pods) of
Cassia nodosa collected and were studied for antraquinones composition. Plant samples were first
extracted in chloroform (50 mL g ) for 30 min (Rai ef al., 1974) on water bath. Subsequently, the
chloroform extract were filtered and the filtrate was evaporated to dryness, which was then
takenup with 10 mL of 5% NaOH in 2% INH, solution (v/v). The reconstituted fraction was then
Chromatographed on TLC (Silica gel; 1-propanol-ethyl acetate-water; along with standard markers
{Harborne, 1973). The developed chromatograms were air-dried. Visualized under UV light alone
and in presence of ammonia fumes and then sprayed with 5% (w/v) ethanclic KOH.

Two spots coinciding to the reference Kmodin (R, 0.96) and Rhein (R, 0.78) were isolated by
TLC, eluted and purified. Later, the isolated compounds were identified by using MP, UV, IR and
NMR spectroscopy. Using spectrophotometric methods, the quantification of total anthraquinones
{free and glycosidic) was made.

Sources of microorganisms: Standard strains of Siaphylococcus aureus (ATCC 25923),
Salmonella typhi (ATCC 13311), Kscherichia coli (ATCC 5922) and Pseudomonas aeruginosa
(ATCC 25922) were obtained from Microbiology Lab., SMS medical College, Jaipur and were grown
on nutrient agar culture medium at 37°C for 24 h and fungi, Aspergillus flavus, Aspergillus niger,
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Fusarium monilliformae and Rhizoctonia betaficola were obtained from seed pathology lab,
Department of Botany, University of Rajasthan, Jaipur and grown on Potato Dextrose Agar (PDA)
medium at 30°C for 48 h.

Antimicrobial activity: The test micro-organisms were grown in nutrient broth (Difco Co.) at
37°C for bacteria and Potato Dextrose Agar at 20°C for fungi, respectively. The Dise Diffusion
method was used to determine the anti-microbial activities of the isolated anthraguinones.
6 mm discs were prepare from what man’s filter paper No. 1. Solutions of varying concentrations
ranging from 1.0x10* to 5.0x10* mg mL ! disc™ were prepared. They were also prepared using the
pure extruding sclvent for each extract. The treated dises were air dried at room temperature to
remove any residual solvent which might interfere with the determination. Culture supplemented
with gentamyecin and mycostatin were used as control. These were then placed over petriplates
which were previously seeded with 100 pL suspension of each of micrebial species. These plates
were later incubated at 37°C for 24 h in case of bacteria and 48 h for fungi, after which the zone
of inhibition could be easily cbserved and measured. Antimicrobial activity was expressed as the
diameter of the zone of inhibition.

The Minimum Inhibitory Concentration (MIC) of the crude compounds was estimated by
microdilution method (Jones and Barry, 1987). The dilutions of crude compounds was prepared
ranging from 1x10° to 1x10° mg mL ™" and poured in presterlized molten nutrient agar and potato
dextrose. The medium was then poured into sterile petridishes. The surface of the medium was
allowed to dry before streaking with 24 h old micrebial cultures. The plates were later incubated
for 48 h and they were examined for the presence or absence of growth. The lowest concentration
of the sample required to inhibit the growth of the test organism was recorded for each crganism
as the MIC. The All data are presented as mean values of five replicate of each microorganism.

RESULTS AND DISCUSSION

In the present investigation, anthraquinone profile has been studied in vive of C. nodosa,
where Emodin (R, 0.96) and Rhein (R; 0.78) from different plant parts of C. nodosa have been
evaluated by chromatographie, spectroscopic and color reactions. The silica gel TLC of the fractions
showed the presence of two anthraquinones after spray of 5% KOH in EtOH and in UV light and
Iy vapours (Table 1).

The compounds eluted from TLC were pooled together according to their TLC behaviour and
isolated with the solvents and evaporated yielding two anthraguinones viz., Emodin (R, 0.96)
and Rhein (R; 0.78). The spectral analyses of the active constituent, Spectra-1-Emodin and
Spectra-2-Rhein from the different plant parts of selected C. nodosa plant parts are summersied
in Table 2.

Table 1: Chromatographic data of the anthroquinones isolated from the selected Cassia species

Rf %100 in solvents Colour

Anthraquinones PrEw" *BEA BA'"™  Day-light UV light I,vapours Colour with chromatographic spray 5% KOH in ethanol
Emodin 96 97 96 YW OR YW-BN Pink

Rhein 78 81 41 LT-OR OR OR-BN Yellow

Abbreviations: *PrEW: 1-Propanol, Ethyl acetate: Water (4:4:3), *BEA: Benzene: KEthyl acetate: Acetic acid (75:24:1), "B A: Benzene:
Acetic acid (1:1), BN: Brown, OR: Orange, L'T: Light, YW: Yellow
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Table 2: Spectral studies of isolated glycosidic anthraquinone from selected Cassia species

Name of UV light IR : vem ™ max

compound absorption band  KPr HNMR B3O NMR

Emodin 264 sh, 295 sh, 3245(-010), 1677, 235 (1), 7.02 (Hy), 235 (M) 22.3 (O, 135 (Cs), 129.6 (Cy), 137.4 (C))
345 sh, 510 sh 1627(C =0), 1625,  5.25 (11), 235 (1), 7.07 (L) 138 (Cy), 22.23 (Cy), 123.3 (Cy), 138.4 (Cy)

1580(C = C) em™ 236 (H), 7.24 1), 553 (Hy)  137.4 (Cy), 129.6 (Cyy), 135.0 (Cry), 124.4 (Cy)
7.24 (Hyo), 3.48 (Hyo), 3.94 (Hy) 1346 (Cyy), 148.3 (Cuy), 101.3 (Cip)

Rhein 208 sh, 245 sh, 3410 (OH),1627 235 (Hy, 7.07 (Hy), 235 (Hy)  173.0 (C1), 135.0 (T, 137.4 (Ty), 158.4 (T
355 sh, 510 sh (C=0)1625, 5.25 (Hy), 7.27 (Hy), 7.1 He 22.2(Cy), 123.3 (Cg), 141.4 (Co), 137.5 (Co
1580 (C = C) em™? 7.44 (1), 7.27 () 128.9 (Cg), 125.8 (Cy), 123.7 (Cyy), 134.7 (Cre)

148.3 (Cy3), 134.6 (Cyy), 124.4 (Cis)

Table 3: Isolated anthroguinones content (mg gdw™*) in different plant part of selected Cassia species

C. nodosa
Anthraguinones type R.oot Stem Leaves Flower Pods
Emodin 0.13 0.23 0.66 0.10 014
Rhein 0.22 0.25 0.30 0.13 017
Tatal anthraquinones 0.35 0.48 0.96 0.23 0.31

While assessing the levels of anthraquinones in different plant parts of C. nedosa, maximum
levels of anthraquincnes was measured in leaves (0.96 mg gdw™") and minimum levels in flowers
(0.23 mg gdw ™) as shown in Table 3. According to the nonadaptive hypothesis, the distribution of
secondary metabolites within organs may be roughly equivalent to the distribution of the primary
metabolic pathways responsible for the creation of the secondary metabalite {as a byproduct) and
thus they do not necessarily have an adaptive function in each organ (Eriksson and Ehrlen, 1998),
The allocation of emodin and rhein in various plant organs and the unequal distribution of their
coneentration among them may in itself provide circumstantial evidence for their multifunctionality
in plants. Previously also the plant C. nodosa has reported the presence of many usual and
novel anthraquinones (El-Sayvad and Ross, 1983; Singh and Singh, 1988, 2008; Yadava et al.,
1998; Sanghi et al., 1999).

The i1solated anthraquinones are also effective against all test organisms. But emodin shows
maximum activity against F. montltforme (IZ = 26.00 mm) and minimum activity was recorded
against S, aereus (IZ = 6.50 mm). Similarly the rhein was more active against A. flavus
(IZ = 21.00 mm) and less activity against S. aureus (I7 = 9.00 mm). But emodin was inactive
against S. tvphi (Table 4).

The antimmercbhial activity of isolated two compounds were carried out by micredilutiom method
against selected fungal and bacterial microorganisms and compared with commercially available
antibictics. Table 5 shows the MIC basically, the MIC value indicates the potential of each extract
to inhibit the microbial growth at lowest concentration for isolated anthraquinones against test
micro organisms recorded in mg disc™ of the diametrical sections of the respective zones of
inhibition for each metabolite. Emodin and Rhein MIC value 2x10° mg disc™ was recorded
against /. coli, S. aureus, P. aeurginosa, A. flavus, A. niger and F. monilifome but MIC value of
3x10%° mg dise™ was recorded for S. typhi and R. bataticola. It has been demonstrated that
anthraquinones, extracted from different species of Aloe, exhibit antibacterial activity by inhibition
of nucleic acid synthesis in Bactllus subtilis (Levin ef al., 2008). Anthraquinones or quinones are
aromatic are in nature with two ketone substitution. They are ubiquitous in nature and are highly
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Table 4: Inhibition zone (mm) of isolated bicactive compounds from Cassia nodosa against different bacterial and fungal strains

Anthraquinone
Test organisms Emodin Rhein
A. Bacterial
E. coli
17 21.00 21.00
Al 0.74 0.74
S. aureus
1Z 6.00 9.00
Al 0.20 0.36
P. aeruginosa
17 23.00 14.00
Al 0.91 0.50
S. typht
1Z - 16.00
Al - 0.42
B, Fungi
A flavus
1Z 21.00 10.00
Al 0.85 0.50
A niger
17 9.00 10.00
Al 0.56 0.60
E. bataticole
17 8.00 18.00
Al 0.40 0.64
F. moniliforme
17 26.00 28.00
Al 1.06 1.30

Table 5 : Zones of inhibition of different concentration (MIC) of anthraguinones (mg mL™%)

Emeodin (mg mLY) Rhein (mg mL™
Tested microorganisms  1x10° 2x10° 3x10° 4x10° 5x10° 1x10° 2x10° 3x10° 4x10° Ex10°
Bacteria
E. coli - + + + - + + + +
S. aureus - + + - + + +
P. aeurginosa - + + + - T + + +
8. typhi - - - + + - - + + +
Fungi
A. flavus - + + + - T + + +
A, miger - + + - + + +
R. bataticola - - - + n R R n T +
F. moniliformae - + + + + - + + + +

reactive. The potential range of quinine for antimicrobial effect is excellent as there occur switch
between diphenols and diketone occur easily through redox reactions. Quinines are known to
complex irreversibly with nucleophillic amino acids in proteins often leading to inactivation of
protein and loss of function (Sher, 2009). Probable targets of anthraquinones in the microbial cell
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are surface exposed adhesions; membrane bound enzymes and cell wall polypeptides. Quinones also
render substrates unavailable to enzymes. Anthraquinones act to the gastrointestinal tract to
increase peristaltic action.

World Health Organization (WHO) encourages examining traditional medicine with a view to
identifying and exploiting aspects that provide safe remedies for different diseases (Akinyerm et al.,
2005; Uwumarongie et al., 2007). The investigated results obtained from this study support the
WHO recommendations as it provides scientific evidence that the wvarious plant parts of
Cassta nodosa have antimicrobial activity, The anthraquinones viz., emodin and rhein isclated
from this have demonstrated powerful effects against selected pathogenic bacterial and fungal
strains.

CONCLUSION

The phytochemical screening of the different parts of the plant Cassia nodosa revealed the
presence of two major anthraquinones viz. Emodin and Rhein. The antimicrobial activities of these
crude compounds showed a bread spectrum action towards range of bacterial and fungal strains
with the MIC values ranging from 1x107° to 1x107° mg mL™". The ability of these compounds to
inhibit the growth of tested microbial isolates has confirmed the effectiveness of C. nodosa for the
treatment of various human diseases caused by these pathogenic strains.

There are still many C. nodosa anthraquinones and their derivatives, whose pharmacoclogical
activities have not yet been investigated. It is possible that they may contain beneficial
pharmacological properties. Therefore, in vitro and in vive investigations regarding their effects
could provide insight into benefits of C. nodosa for future clinical management of many human
diseases. The synergistic effects of these different anthraquinones may partly explains their use
in combinational traditional medicines in Palestine against a number of infections for generations
{(Sakagami ef al., 2001; Ayo and Amupitan, 2004; Ayo ef al., 2007).
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