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Abstract 
 

This paper deals with the isolation and structural elucidation 

of a new compound (A), identified as 3-O--L-

rhamnopyranosyl-urs-12,18(19)-dien-28-oic acid-28-O--D-

glucopyranosyl(13)-O--D xylopyranosyl ester along with 
two known compounds Taraxerol (B) and Friedelin (C)  from 
the methanolic fraction of the tubers of the plant Gloriosa 
superba Linn. The isolated compounds so obtained from the 
methanolic fraction of the tubers of the plant were 
characterized and identified by various colour reactions, 
chemical degradations and spectral analysis. Plant extract was 
also utilized for Behaviour Despair Study in animal model by 
making use of Forced Swim Test and Tail Suspension Test; 
these tests reported antidepressant activity of the plant 
extract. 
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Introduction 
 
Gloriosa superba Linn.1-4 belongs to Liliaceae family. It is commonly known as ‘Kalihari’ in Hindi. It is naturally 
found throughout tropical India, ascending up to 7000 ft. on the hills. It has a wide variety of uses, especially in 
traditional medicine; its leaves are used to treat infection of round worm, tape worm, liver fluke and filaria. Its roots 
are topically applied to treat arthritic conditions, swellings of the joints, sprain and dislocations. Its tubers are also 
used as an agent to promote labour pain or to bring about abortions. Earlier workers5-8 has reported various 
constituents from this plant. This paper reports the isolation and structural elucidation of a new compound (A) 

identified as 3-O--L-rhamnopyranosyl-urs-12,18(19)-dien-28-oic acid-28-O--D-glucopyranosyl (13)-O--D 
xylopyranosyl ester along with two known compounds Taraxerol (B) and Friedelin (C) from the methanolic fraction 
of the tubers of the plant. Plant extract was also utilized for Behaviour Despair Study in animal model by making use 
of Forced Swim Test and Tail Suspension Test; these tests reported antidepressant activity of the plant. 

 

Experimental  

 

General experimental procedure  
 
All the melting points were determined on a thermoelectrical melting point apparatus and are uncorrected. The IR 
spectra were recorded in KBr disc on Perkin Elmer Spectrum RXI (4000-4500 cm-1). 1H NMR and 13C NMR spectra 
were run at 300 MHz and 75MHz respectively on Bruker DRX NMR Spectrometers using TMS as internal standard 
and Pyridine-d5 as solvent. Mass spectra run on Jeol SX-102 FAB Mass Spectrometer. 
  

Plant material 
Tubers of toxic plant Gloriosa superba Linn., were procured from in and around Saugor region and were 
taxonomically  authenticated by Taxonomist  Department of  Botany,  Dr. H.S. Gour  Central University, Saugor 
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(M.P.) India. A voucher specimen (AY-1001GS) has been deposited in the Natural Products Laboratory, Department 
of Chemistry, Dr. H.S. Gour Central University, Saugor (M.P.). 
  

Extraction and Isolation 
 
Air-dried and powdered tubers (4.5 kg) of the plant were extracted with 95% Ethanol (60-80oC) in a Soxhlet 
apparatus for one week. The total ethanolic extract was concentrated and successively partitioned with petroleum 
ether (40-60%), CHCl3, CH3COOC2H5, CH3COCH3 and CH3OH. The methanol soluble fraction of the plant was 
concentrated under reduced pressure to give a light brown viscous mass (3.15 gm). It gave three spots on TLC 
examination using chloroform : benzene : water (6:4:2) as solvent and I2 vapours as visualizing agent, indicating it to 
be a mixture of three compounds A, B and C. These were separated by column chromatography over a silica gel 
column using CHCl3: MeOH (1:9, 2:8, 3:7) as eluent and purified by preparative TLC, yielding compounds A, B and 
C. 
  

Study of Compound A  
 
It was crystallized from methanol to yield light brown crystals (1.25 gm) m.p. 262-264oC, m. f. C47H74O16, [M]+ m/z 
896 (FABMS); Found %: C 62.89; H 8.42; Calcd. % for m.f. C47H74O16: C 62.94; H 8.48; IR (KBr): 3430, 

2930,1734,1680,1381,1344,1028 cm-1; 1H NMR (300 MHz, pyridine-d5) (ppm):  3.49 (1H, dd, J 10.6, 3.8 Hz, H-3), 

5.31 (t, H-12), 1.82 (3H, s, H-29), 1.03 (3H, s, H-30), 0.94, 1.07, 1.12, 1.20, 1.26 (each 3H, s, Me x 5),  5.31 (1H, d, 
J 1.8 Hz, H-1'), 4.39 (1H, dd, J 1.6, 2.7 Hz, H-2'), 4.08 (1H, dd, J 2.3, 8.4 Hz, H-3'), 3.72 (1H, t, J, 8.7 Hz, H-4'), 3.93 
1H, m, H-5'), 1.19 (3H, d, J 2.4 Hz, H-6', CH3);  5.34 (1H, d, J 7.9 Hz, H-1''), 3.86 (1H, dd, J 7.5, 8.2 Hz, H-2''), 4.01 

(1H, d, J 8.4 Hz, H-3''), 4.03 (1H, s, H-4''), 3.68 (2H, d, J 9.9, H-5'');  5.69 (1H, d, J 7.5 Hz, H-1'''), 3.89 (1H, dd, J 
7.1, 8.2 Hz, H-2'''), 3.62 (1H, dd J 8.5, 4.7 Hz, H-3'''), 4.6 (1H, dd, J 4.6 , 2.9 Hz, H-4'''), 3.89 (1H, d, J 6.1 Hz, H-5'''), 

4.31 (2H, dd, J 12.7, 4.9 Hz, H-6''');  13C NMR (75 MHz, Pyridine-d5)  38.37 (C-1), 28.08 (C-2), 79.98 (C-3), 40.12  
(C-4), 56.13  (C-5), 19.21  (C-6), 35.02  (C-7), 38.72  (C-8), 48.13  (C-9), 37.92  (C-10), 22.98  (C-11), 126.83  (C-
12), 138.11  (C-13), 45.08  (C-14), 28.87 (C-15), 26.44  (C-16), 50.11 (C-17), 133.23 (C-18), 137.86 (C-19), 34.78 
(C-20), 31.03 (C-21), 35.67  (C-22), 28.87 (C-23), 16.89  (C-24), 16.04  (C-25), 18.78  (C-26), 21.91 (C-27), 174.27  

(C-28), 19.84  (C-29), 18.95  (C-30);  105.6 (C-1'), 84.15 (C-2'), 77.18 (C-3'), 70.74 (C-4'), 67.43 (C-5'), 17.92 (C-6', 

CH3);  102.36 (C-1''), 71.28 (C-2''), 80.4 (C-3''), 72.63 (C-4''), 69.21 (C-5'');  104.83 (C-1'''), 74.18 (C-2'''), 74.66 
(C-3'''), 70.28 (C-4'''), 76.13 (C-5'''), 60.74 (C-6'''). 

 
 
                                                                        Figure 1 Compound A 

 

Acid hydrolysis of compound A  
 
Compound A (450 mg) was dissolved in ethanol (20 ml) and refluxed with 25 ml of 10% H2SO4 on a water bath for 6 
hrs. The reaction mixture was concentrated and allowed to cool and the residue was extracted with diethyl ether.  The 
ether layer was washed with water and evaporated to dryness. The residue was subjected to column chromatography 

over silica gel column using CHCl3: MeOH (4:6) to yield compound A-I, identified as 3 hydroxyl-urs-12,18(19)-
dien-28-oic acid by comparison of its spectral data with reported literature values. The aqueous hydrolysate was 
neutralized with BaCO3 and the BaSO4 was filtered off. The filtrate was concentrated and subjected to paper 
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chromatography examination using n-Butanol: Acetic Acid: Water (BAW, 4:1:5) as solvent and aniline hydrogen 
phthalate as spraying reagent which showed the presence of L-rhamnose (Rf 0.36), D-glucose (Rf 0.17) and D-xylose 
(Rf 0.27), (Co-PC). 
 
Study of Compound A-I 
 
It had m.p.317-319oC, m.f. C30H46O3, [M+] m/z 454 (FABMS) Found %: C 79.34; H 10.09; Calcd.% for m.f. 
C30H46O3: C, 79.30; H, 10.13; IR (KBr): 3422, 2938, 1724, 1676, 1384, 1342 cm-1; 1H NMR (300 MHz, Pyridine-d5) : 

 3.46 (1 H, dd, J 10.4, 3.5 Hz, H-3), 5.34 (t, H-12), 1.82 (3H, s, H-29), 1.05 (3H, s, H-30), 0.92, 1.07, 1.14, 1.21, 

1.27 (each 3H, s, Me x 5);  13C NMR (75 MHz, pyridine-d5):   36.56 (C-1), 27.93 (C-2), 79.06 (C-3), 39.81 (C-4), 
56.42 (C-5), 18.63 (C-6), 35.14 (C-7), 39.36 (C-8), 48.51 (C-9), 37.62 (C-10), 23.47 (C-11), 126.53 (C-12), 138.16 
(C-13), 45.18 (C-14), 28.92 (C-15), 26.54 (C-16), 50.31 (C-17), 133.43 (C-18), 137.86 (C-19), 34.48 (C-20), 31.53 
(C-21), 35.60 (C-22), 28.47 (C-23), 16.79 (C-24), 16.34 (C-25), 18.28 (C-26), 21.14 (C-27), 174.67 (C-28), 19.51 (C-
29), 18.21 (C-30).  

 
 
                                                                           Figure 2 Compound A-I 

 

Permethylation followed by hydrolysis of compound A 
 
Compound A (30 mg) in MeI (10ml) and Ag2O (20 mg) in DMF (10 ml) was refluxed at room temperature for one 
day in 100 ml conical flask. The total reaction mixture was filtered and the residue was washed with DMF. The 
filtrate was concentrated under reduced pressure and treated with CHCl3 (25 ml) and washed with water. After 
removal of solvent a syrupy mass was found which was hydrolysed with 7% H2SO4 (5 ml) to give methylated 
aglycone and methylated sugars, which were separated by filtration and studied separately. The methylated sugars 
were identified as 2, 3, 4 tri-O-methyl-L-rhamnose (RG 1.02), 2, 3, 4, 6 tetra-O-methyl-D-glucose (RG 0.89) and 2, 4 
di-O-methyl-D-xylose (RG 0.68) (Co-PC and Co-TLC). 
  

Enzymatic hydrolysis of compound A 
 
Compound A (30 mg) was dissolved in MeOH (20 ml) and hydrolysed with equal volume of enzyme almond emulsin 
in a round bottomed flask fitted with air condenser. The reaction mixture was allowed to stand at room temperature 
for two days and filtered and kept for further studies. The hydrolysate was concentrated and subjected to paper 
chromatography examination using nBAW (4:1:5) as solvent system and aniline hydrogen pthalate as spraying agent 
which showed the presence of D-xylose (Rf 0.27) and D-glucose (Rf 0.17). Proaglycone on further hydrolysis with 
enzyme takadiastase yielded L-rhamnose (Rf 0.36) and aglycone identified as 3 hydroxy-urs-12, 18(19)-dien-28-oic 
acid. 
 

Study of Compound B  
 
It was crystallized from acetone to give light brown needle compound (300 mg) m.p. 285-286oC, m. f. C30H50O, [M]+ 
m/z 426 (FABMS), Found %: C 84.48; H 11.70; Calcd. % for m.f. C30H50O : C 84.51; H 11.74; IR (KBr):  3478, 

3054, 2995, 2860, 1647, 1472, 1386 cm-1; 1H NMR (300 MHz, pyridine-d5) (ppm):  5.47 (1 H, dd, J 7.7, 3.5 Hz, H-
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15), 3.14 (1 H, dd, J 11.3, 4.1 Hz, H-3), 1.13 (3H, s, CH3), 0.89 (3H, s, CH3), 0.82 (6H, s, 2CH3), 0.87 (3H, s, CH3), 

0.84 (3H, s, CH3), 0.73 (3H, s, CH3), 0.75 (3H, s, CH3); 
13C NMR : (75 MHz, pyridine-d5) (ppm):  37.1 (C-1), 27.4 

(C-2), 77.9 (C-3), 38.6 (C-4), 55.9 (C-5), 18.8 (C-6), 34.8 (C-7), 38.1 (C-8), 49.1 (C-9), 37.1 (C-10), 16.7 (C-11), 
35.9 (C-12), 36.8 (C-13), 157.2 (C-14), 116.1 (C-15), 35.7 (C-16), 37.9 (C-17), 48.3 (C-18), 40.7 (C-19), 29.0 (C-20), 
33.8 (C-21), 32.8 (C-22), 28.4 (C-23), 15.1 (C-24), 14.9 (C-25), 29.2 (C-26), 24.9 (C-27), 29.1 (C-28), 33.5 (C-29),  
21.6 (C-30). 
                                  

 
 
                                                                           Figure 3 Compound B 

 
Study of Compound C 
 
It was crystallized from methanol to give light yellowish needles (200 mg) m.p. 260-263oC, m. f. C30H50O [M]+  m/z 
426 (FABMS), Found %: C 84.48; H 11.70; Calcd. % for m.f. C30H50O: C 84.41; H 11.67; IR (KBr): 3428, 2935, 

2875, 1730, 1435, 1395, 1172, 1116, 1078 cm-1;  1H NMR (300 MHz, pyridine-d5) (ppm):  0.59 (3H, s, H-24), 0.84 
(3H, s, H-25), 0.86 (3H, d, H-23), 0.94 (3H, s, H-30), 0.96 (1H, m, H-22b), 0.99 (3H, s, H-29), 1.03 (3H, s, H-26), 
1.08 (3H, s, H-27), 1.15 (3H, s, H-28), 1.19 (1H, m, H-19b), 1.22 (1H, m, H-11b), 1.33 (1H, dd, H-19a), 1.26 (m, H-
6b), 1.28 (m, H-12b), 1.29 (m, H-15b), 1.31 (m, H-16b), 1.40 (m, H-7b), 1.38 (m, H-12a), 1.40 (m, H-8), 1.42 (m, H-
21b), 1.44 (m, H-11a), 1.46 (m, 22a), 1.47 (m, H-21a), 1.49 (m, H-7a), 1.59 (m, H-10), 1.54 (m, H-15a), 1.56 (m, H-
16a), 1.57 (m, H-18), 1.71 (1H, m, H-1b), 1.74 (m, H-6a), 1.87 (1H, m, H-1a), 2.13 (1H, q, H-4), 2.25 (1H, m, H-2b), 

2.37 (1H, qd, H-2a); 13C NMR : (75 MHz, pyridine-d5 ) (ppm):  22.7 (C-1), 41.9 (C-2), 212.8 (C-3), 58.7 (C-4), 42.5 
(C-5), 41.4 (C-6), 17.9 (C-7), 52.7 (C-8), 37.9 (C-9), 60.1 (C-10),  36.2 (C-11), 30.1 (C-12), 40.0 (C-13), 38.5 (C-14), 
32.6 (C-15), 36.2 (C-16), 29.8 (C-17), 43.2 (C-18), 34.7 (C-19), 27.8 (C-20), 33.1 (C-21), 39.3  (C-22), 6.2 (C-23), 
14.9 (C-24), 17.4 (C-25), 19.8 (C-26), 18.9 (C-27), 31.7 (C-28), 32.1 (C-29), 33.8 (C-30). 

                                                            
                                                                           
                                                                           Figure 4 Compound C 

 

Antidepressant activity 
 
The behaviour despair study was performed in order to investigate the ability of  herbal drug in elevation of 
suppressed mood .For this purpose two animal models,  Forced Swim Test9-11 developed by Porsolt et al.12, (1981) 
and Tail Suspension Test13-15 developed by Steru et al.16, (1985) were employed. The immobility displayed by rodents 
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when subjected to unavoidable stress such as forced swimming or tail suspension test is thought to reflect a state of 
despair or lowered mood, which are also thought to reflect depressive disorders in humans17-18. Phytochemical 
screening of Gloriosa superba Linn. revealed presence of sterols, tannins, carbohydrates and triterpenoid saponin19-21. 
Triterpenoids present in plants are able to cross blood brain barrier (BBB) due to their lipophilic nature and so it can 
be assumed that such steroidal compounds might also be responsible to elicit anti-depression and other neuro-
pharmacological activities at molecular level in CNS22-23. Thus it is likely that triterpenoid present in Gloriosa may be 
responsible for the observed antidepressant effect.  

 

Results and Discussion  
 
The methanolic extract of the tubers of the plant afforded a new compound A, m.p. 262-264oC m.f. C47H74O16, [M]+ 
m/z 896 (FABMS). It gave yellow color with Liebermann Burchard test confirming it to be triterpenoid saponin24-26 In 
the IR spectrum, a peak at 3430 cm-1 was assigned for hydroxyl group and 1680 cm-1 for double bond. In 1H NMR 

spectrum a double doublet at  3.49 (1H, dd, J10.6, 3.8 Hz) was assigned for H-3. A triplet at  5.31 was assigned for 

H-12. A singlet at  1.82 integrating each of the three proton intensity was assigned for H-29. Five signals at  0.94, 

1.07, 1.12, 1.20 and 1.26 (each 3H, s, Me x 5) confirmed the presence of five CH3 groups. A singlet at  1.03 was 

assigned for H-30. Three doublets at  5.31 (1H, d, J 1.8 Hz), 5.34 (1H, d, J 7.9 Hz), 5.69 (1H, d, J 7.5 Hz) were 
assigned to H-1', H-1'' and H-1''' of L-rhamnose, D-xylose and D-glucose respectively. The 13C NMR spectrum of 

compound A exhibited signals for double bond at  126.83 and 138.11 between C-12 and C-13 and at  133.23 and 

137.86 for double bond between C-18 and C-19 respectively. A signal at  79.98 suggested the presence of OH group 
at C-3 and a signal at  174.27 confirmed the presence of –COOH group at C-28. Thus the 13C NMR spectrum of 
compound A exhibited 47 signals, 30 of which could be assigned to the aglycone and 17 signals to the sugar moieties 
revealing the nature of compound A as bidesmosidic. 
  

Acid hydrolysis of compound A with ethanol and 10% H2SO4 gave compound A-I m.p. 317-319oC, m.f. 
C30H46O3, [M+] m/z 454 (FABMS). It responded to all the colour reactions of triterpenoids27-30. It was identified as 

3-hydroxy-urs-12, 18(19)-dien-28-oic acid by comparison of its spectral data with reported literature values31-32. 
  

The aqueous hydrolysate obtained after acid hydrolysis of the compound A was neutralized with BaCO3 and 
BaSO4 was filtered off. The filtrate was concentrated under reduced pressure and subjected to paper chromatography 
examination using n-BuOH: AcOH: H2O (4:1:5) as solvent and aniline hydrogen pthalate as detecting agent yielding 
L-rhamnose (Rf 0.36), D-xylose (Rf 0.27) and D-glucose (Rf 0.17) (Co-PC) 33. 
  

The sequence of the sugar residue in compound A was confirmed by its partial hydrolysis34 with Killani 
mixture35. Quantitative estimation36 of the sugars present in the hydrolysate revealed that the three sugars were 
present in equimolar proportions (1:1:1) indicating that the saponin consists of one molecule each of, L-rhamnose, D-
xylose and D-glucose. Periodate oxidation37 of compound A confirmed that the three sugars were present in pyranose 
form. 
 

Permethylation38 of compound A, followed by acid hydrolysis yielded methylated aglycone identified as 3-

hydroxy-urs-12,18(19)-dien-28-oic acid confirming that glycosidation was involved at 3 hydroxy position and at C-
28 position. The methylated sugars were identified as 2, 3, 4, tri-O-methyl-L-rhamnose (RG 1.02), 2, 3, 4, 6 tetra-O-
methyl-D-glucose (RG 0.89) and 2, 4, di-O-methyl-D-xylose (RG 0.68) suggesting that C-1''' of glucose was attached 
with C-3'' of D-xylose and C-1'' of D-xylose was linked to carboxylic group at C-28 position of aglycone. Thus the 

interlinkage (13) was found between D-glucose and D-xylose and also that C1'-OH of L-rhamnose was directly 
attached to C3-OH of aglycone. These linkages were further confirmed by 13C NMR spectral data. 
  

Enzymatic hydrolysis39 of compound A with enzyme almond emulsin liberated D-glucose (Rf 0.17) followed by 

D-xylose (Rf 0.27) by (Co-PC) and proaglycone identified as 3-O-[-L-rhamnopyranosyl]-urs-12, 18(19)-dien-28-

oic acid suggesting the presence of -linkage between D-glucose and D-xylose as well as between D-xylose and 
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proaglycone. Proaglycone was hydrolysed with enzyme takadiastase liberating L-rhamnose (Rf 0.36) and sapogenin 

revealing the presence of -linkage between L-rhamnose and aglycone. 
  

On the basis of above evidences, the structure of compound A was established as 3-O-[-L-rhamnopyranosyl]-

urs-12,18(19)-dien-28-oicacid-28-O-[-D-glucopyranosyl-(13)-O--D-xylopyranosyl] ester. 
 

Compound B was analyzed for m.f. C30H50O, m.p. 285-286oC, [M+] m/z 426. It was identified as Taraxerol by 
comparison of its spectral data with reported literature values40-41. 
  

Compound C was analyzed for m.f. C30H50O, m.p. 260-263oC, [M+] m/z 426. It was identified as Friedelin by 
comparison of its spectral data with reported literature values42-43. 
 

Antidepressant activity was evaluated by Behavior despair study in animal model. Forced swim test and Tail 
suspension test were employed to examine the effect of plant extract on mice and it was concluded from these tests 
that the plant extract showed antidepressant action on mice used for experiment.  
  

Conclusion 
 
Thus above evidences establish the presence of a new triterpenoid saponin  3-O-[-L-rhamnopyranosyl]-urs-

12,18(19)-dien-28-oicacid-28-O-[-D-glucopyranosyl-(13)-O--D-xylopyranosyl] ester along with two known 
compounds Taraxerol and Friedelin from the methanolic extract of the tubers of the plant,  Gloriosa superba. The 
plant extract when examined for antidepressant activity in animal model by making use of Forced Swim Test and Tail 
Suspension Test clearly indicated the potential for the use of these herbal drugs as an adjuvant in the treatment of 
depression. Further research however is required to gain closer insights into the exact mechanism of their action. 
 

Acknowledgements  
 
Authors are grateful to Head SAIF, Central Drug Research Institute, Lucknow (U.P.) India, for recording various 
spectral data. Head, Department of Chemistry, Dr. H.S. Gour Central University, Saugor (M.P .) for providing 
necessary laboratory facilities and would also like to thank Head, Department of Pharmacy, Adina institute of 
Pharmaceutical Sciences Saugor (M.P.) for providing facilities for animal study.   

 

References 

  
[1] L.V. Asolkar, K.K. Kakkar and O.J. Chakre, Second Supplement to Glossary of Indian Medicinal Plants, 

National Institute of Science Communication (CSIR) New Delhi, 1965, 330-331. 
[2] R.N. Chopra, S.L. Nayar and I.C. Chopra, Glossary of Indian Medicinal Plants, CSIR, New Delhi, 1956, 125-

126. 
[3] K.R. Kirtikar and B.D. Basu, Indian Medicinal Plants, Allahabad Popular Prakashan, 2nd ed., 1935, 2525-2526. 
[4] K.M. Nadkarni, Indian Materia Medica, Mumbai Popular Prakashan, 3rd ed., 1996, 579. 
[5] A. Maroyi and L.J.G. Vander Maesen, J. Med. Plants Res., 2011, 5(26), 6112-6121. 
[6] Y.K. Sarin, P.S. Jamwal, B.K. Gupta and C.K. Atal, Curr. Sci., 1974, 43, 87-90.  
[7] O.P. Suri, B.D. Gupta and K.A. Suri, Natural Products Letter, 2000, 15, 217-219.  
[8] R.S. Thakur, H. Potesilova and F. Santavy, Planta Medica, 1975, 3, 201-209. 
[9] R.D. Porsolt., Bertin and M. Jalfre, Arhives Internationals de Pharmacodynamic et Therapic, 1977, 327-336. 
[10] F.J. Cryan, R.J. Valentino  and I. Lucki, Neurosic Biobehav Rev., 2005, 29, 547-569. 
[11] D.B. Petit, F. Chenu  and M. Bourin,  J. Psychopharmacology, 2005, 177, 245-255. 
[12] R.D. Porsolt, Neurochemical, Behavioural and Clinical Perspectives, Ed. By S.J. Enna, J.B.  Malick, E. 

Richelson, Raven Press, New York, 1981, 121-139. 



Chemical Science Review and Letters                                                                                 ISSN 2278-6783  

 

Chem Sci Rev Lett 2014, 3(11),  698-704                                                               Article CS08204508                      704 

[13] S. Shafeen, S. Reddy, S. Arafath, S. Nagarjuna and P. Reddy,  Asian Journal of Pharmaceutical and Clinical 
Research, 2012, 5 (3), 47-50. 

[14] K. Mathews, D. Christmas, J. Swan and E. Sorrell, Animal models of depression: Navigating Through the 
Clinical Neurosci Biobehav Rev., 2005, 29, 503-513. 

[15] J.T. Litchfield and F. Wilcoxon, J. Pharmacol Exp. Ther., 1949, 96, 99-113. 
[16] L. Steru, R. Chermat, B. Thierry and P. Simon, Psychopharmacology, 1985, 85, 367-370. 
[17] H.D. Newwinger, African ethnobotany poisons and drugs, Chapman and Hall, London (U.K.), 1966, 941.  
[18] H.W.V. Clewer, S.S. Green, and F. Tutin, J. Chem. Soc., 1915, 107, 835-846. 
[19] S. Kaur, S. Kamboj and J. Sing Biochem. and Cell Biol., 2007, 85, 88-95.  
[20] A. Maroyi and L.J.G. Vander Maesen, J. Med. Plants Res., 2011, 5 (26), 6112-6121. 
[21] S. D. Muthukrishnan and A. Subramaniyan, RJPBCS, 2012, 3 (3), 111-117.  
[22] M.K. Aranowska and W.J. Cisowski, Chromato A. 1994, 675, 240-243. 
[23] B. Librowaski, R. Czarapki, A. Mendyk and M. Astrzebska, Pol.  J. Pharmacol, 2000, 52, 317-321. 
[24] G. Liebermann and H. Burchard, Chem. Soc. Ges., 1885, 18, 1804.  
[25] C.H. Sannie, Annual Biochem. Med., 1948, 9, 175. 
[26] R. Tschugajew, Chem. Zig., 1990, 24, 542.  
[27] D.H.R. Barton, J. Chem. Soc., 1951, 3, 1444.  
[28] L.F. Fieser and M. Fieser, Reagents for Organic Synthesis, NY John Wiley, 1966, 1147.  
[29] C.R. Noller, R.A. Smith, G.H. Morris and J.W. Walker, J. Am. Chem. Soc., 1942, 64.  
[30] E. Salkowaski, Hoppe. Seyl. Z., 1908, 57, 521.  
[31] R.N. Yadava and N. Chakroborty, Int. J. Chem. Sci., 2007, 5(2), 903-910.  
[32] Y.H.  Zhang, J.K. Cheng, Li Yang and D.L. Cheng, J. Chin. Chem. Soc., 2000, 49, 117-124. 
[33] E. Lederer and M. Lederer, Chromatography, 1957, 247-257. 
[34] T. Dutta and H.P. Basu, Indian J. Chem., 1968, 6, 471.  
[35] H. Killani, Ber. Dtsch. Chem. Ges., 1930, 63B, 2866.  
[36] S.B. Mishra and V.K.M. Rao, J. Sci. Ind. Res., 1960, VC19, 173.  
[37] E.L. Hirst and J.K.N. Jone, J. Chem. Soc., 1949, 3, 1659-1662.  
[38] R. Kuhn, H. Trischmann and J. Low, Angew. Chem., 1953, 67, 32.  
[39] C. Saunder and F.G. Mann, Practical Organic Chemistry, New York, Longman, 1946, 365. 
[40] M.I. Anjum, E. Ahmed, A. Jabbar, A. Malik, M. Ashraf, M. Moazzam and M.A. Rasool, J. Chem. Soc. Pak., 

2007, 29(6), 634-639.  
[41] Y.R. Deng, A.X. Song and H.Q. Wang, J. Chin. Chem. Soc., 2004, 51, 629-636.  
[42] A. Mann, K. Ibrahim, A.O. Oyewale, J.O. Amupitan, M.O. Fatope and J.I. Okogun, Amer. J. Chem., 2011, 1(2), 

52-55. 
[43] R.F. Chandler and S.N. Hooper, Phytochem, 1979, 18(5), 711-724.  
 

Publication History 

Received    08th   Aug 2014 

Revised 22nd   Aug 2014 

Accepted 15th    Sep 2014 

Online 30th    Sep 2014 

 

 
 
  
 

© 2014, by the Authors. The articles published from this journal are distributed to 
the public under “Creative Commons Attribution License ” 
(http://creativecommons.org/licenses/by/3.0/). Therefore, upon proper citation of 
the original work, all the articles can be used without any restriction or can be 
distributed in any medium in any form. 

 


