
Chapter 2 

TRITERPENOIDS FROM Schleichera oleosa OF DARJEELING 

FOOTHILLS AND THEIR ANTIMICROBIAL ACTIVITY 

Introduction 

Darjeeling hills and Tarai region of West Bengal are full of flora and more than 

6000 different plant species having medicinal value. The tribal medicinal practice in the 

above region provides the evidence of the utilization of medicinal plants by the local 

people as a folk lore. In this region peoples believing these medicinal plants more rather 

than as usual medicines. A good number of them, such as Schleichera oleosa. Psidium 

Ruajava. Risco.fza javanica, Xanthoxylum budrunga Dioscoria prazziri, Dysoxylum 

proceru etc. reported to synthesis terpenoids I triterpenmds in them. 

However despite their widespread existence in the vicinity of our University and 

their direct and indirect defensive activities, systematic study regarding their bioctdal 

activity has not been attempted so far. As a consequence of that the author has undertaken 

the present investigation on some of the medicinal plants to make a systematic study ot 

biocidal activity of the isolated triterpenoids as well as on some of the1r prepared 

derivatives (that will be described in the next part of the thesis). 

Schleichera oleosa, commonly known as Ceylon Oak belongs to the family of 

sapindaceae1 occurs naturally in the foot hills of Darjeeling and used in traditional 

medicine for a long time. It is generally used as analgesic, antibiotic and against dysentery 

1 il:q Oken is a well known medicinal plant [2] in the Teak forest of east Java and is also 

available this northern part of West Bengal India and 1s used as a commercial lac host for 

obtaining sticklac for production of seedlac/shellac [ 126]. In parts of southern India, 

Schleichera oleos a is a prominent bee plant for nectar and is used for production of kosum 

cake, and animal feed stock. The oil obtained from its seed , called Kosum oil or Macassar 

oil is traditionally used for the cure of itch, acne, burns, other skin troubles, rheumatism 

(external massage), hair dressing and premoting hair growth [127]. Very recently 

Mohapatra and Sahoo have reported the use of its bark along with water to treat 
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menorrhoea [1281
• Previous studies have revealed the presence of several bioactive 

triterpenoids in the extract of this plant as a whole. In an ongoing search for bioactive 

triterpenoids from Schleichera oleosa collected from the foothills of Darjeeling the 

benzene extract was selected for further investigation. Two novel triterpenoids, taraxerone 

and tricadenic acid were isolated from the benzene extract of the outer bark of Schleichera 

oleosa available in Darjeeling foothills. A preliminary study on their biological activities 

was also done against some fungal and bacterial specimen. The structure of these 

compounds was determined by chemical and spectral data and by comparison with the 

spectral data of the already reported compounds. This is the first report of the existence of 

taraxerone (A) and trichadenic acid A (B) in the above plant. 

Results and Discussion 

Isolation of the compounds 

The powdered plant material was extracted with benzene in a soxhlet apparatus for 72 

hours. The solvent was recovered that yielded a deep brown gummy residue. fhis crude 

benzene extract of the plant was then purified over a column of silica gel of 60-120 mesh 

usmg petroleum ether (PEJ ami PE-ethyl acetate (EA) with increasing concentratiOn nl the 

eluent. Four cnmponcnts were separated i A D) of which identified as taraxcrone (A i and 

trichadenic ac1d 1\ {B) along with betulmic acid and betulin (Cot deliuh plechl' ~n. 

expenmental). !'he structures of the compounds were determined based Pn lht~Jr chenw:ai 

and spectral data (IR, UV and NMR). All these compounds evaluated for the1r 

antimicrobial activities. 

Characterization of compound A (taraxerone) 

Compound A was crystallized from chloroform methanol mixture k· am1rd 

needle shaped crystals of m. p. 237-239°C. It showed I.R absorption at Vmax 3047.3, 

2924.8, 2851.6, 1708.7 (carbonyl gr.), 1375.2 and 955.2cm- 1
• 

1H NMR spectra (8, ppm) 

showed peaks between 0.82 to 1.21 ppm for eight tertiary methyls and at 5.51 ( dd, I H, J = 

8, 3.2 Hz) for the olefinic proton at C-15. All other peaks are for the presence of saturated 

methylene and methine protons. 13C NMR (8, ppm) spectra showed the presence of all 

the 30 carbons in which eight methyl peaks appeared at 28.I(C-23), 15.60(C-24), 
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14.26(C-25), 29.58(C26), 30.0(C-27), 29.88(c-28), 33.23(C-29) 21.4 (C-30); ten primary 

carbons at 40.65(C-l), 33.1(C-2), 33.59(C-6), 34.18(C-7), 35.12(C-11),36.69(C-12), 

41.4(C-19), 36.26(C-21 ),27.29(C-22) ; three secondary carbons at 55.8(C-5), 48.8(C-9), 

48.88(C-18) ; six tertiary carbons at 47.72(C-4), 37.83(C-8). 38.49(C-10), 37.6(C-13), 

33.89(C-17), 29.5(C-20) and two olefinic carbons at 157.7(C-14),117.0(C-15) ppm. The 

carbonyl carbon at C-3 appeared at 210.1 ppm. These data were found identical with 

already reported data for taraxerone [23, 50]. 

Characterization of compound B (trichadenic acid A) 

C'ompound B was isolated as a white solid. Crystallization from CHC1 3 ·· MeOH mixture 

afforded white needle shaped crystals ofm. p 294°C, [a] 0 = +25.0°. IR spectra exhibited 

peaks at Vmax 3300 cm-1 for OH group, and at 1685 cm- 1 for the carboxylic acid group (Fig. 

1 ), corresponding methyl ester has them. p. 200-201 °C 1H spectra showed the presence of 

six tertiary methyl groups that appear as singlets at o 0.81, 0.85 (d, 3H J =6Hz). 0.93, 0.99. 

1.11, 1.20 and a secondary methyl that appear as a doublet at 0.74 (d, 3H, J cc 7Hz); 3.76 

(s, 3H) for -COOCH3 group. Mass spectra of this compound suggested that its molecular 

mass is 458.58 (M.F.C30Hso03) having characteristic fragments observed at m/z: 458.38 

(1 00.0%). 459.48% (34.2%), 460.38%. The elemental analysis revealed that the compound 

contains 78.48% of C, 10.80% of Hand calculated for C 30H500 3 78.69%. I 0.92%. The 
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physical and spectral data of B found in complete agreement to those data published tor 

trichadenic acid Al30. 

Fig. 1 IR spectrum of trichademc acid 

B 

Characterization of compound C (betulinic acid) 

Compound C was isolated as white gummy solid (CHCh + MeOH) of m.p 299-301° IR 

spectrum has exhibited hydroxyl at Vmax 3610, 1020 cm-1 and exomethylene at Vmax 3060, 

1630, 880 ern·'. The 1H NMR spectrum (Fig. 2) revealed signals for five tertiary methyls 

iSH 0.65. 0.75. 0.90, 0.96 and 0.98, a vinyl methyl iSH= 1.97 (broad d. J -= 0.5 Hz), a 
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secondary carbinol OH= 3.16 (dd, J = 9.5 and 6.0 Hz) and oH = 2.95 (dd, J = 9.0, 6.0and 0.5 

Hz) an exomethylene group oH = 4.55 (lH, d, J = 0.4 Hz) and OH = 4.65(1H, d, J = 0.4 Hz). 

These data indicated a pentacyclic triterpenoid of betulinic acid, confirmed by comparison 

with already published data [126-127]. The 13C NMR spectrum (Fig. 3) of(C) showed six 

methyl group at eSc 27.9 (C-23), 15.4 (C-24), 16.2 (C-25), 16.3 (C-26), 14.6 (C-27), 19.6 

(C-30) and exomethylene group at eSc 150.0 (C-20), 108.8 (C-29) and a secondary carbon 

bearing hydroxyl at 8c 79.0 (C-3) and a carboxyl group at 8c = 180.6 (C-28) in addition to 

ten primary carbon atom, five secondary carbon atom and five tertiary carbon atom. These 

data were identical to those reported for hetulinic acid [ 158-161 l 
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Characterization of compound D (betulin) 

The pet. ether: benzene fractions of compound D was further purified by crystallization 

method using chiorof()rm and methanol as solvent to obtain colourless needles of D, m.p . 

.251-252°( and ja]n ~20°( CHCh). The HRMS exhibited the moleculer ion peak at mlz 

442.3562 The fR spectrum showed absorption hands at 3430(0H), 3070. 1635 and 880 

\terminal methylene groupL The 1 HNMR spectrum (Fig. 4 & 5) displayed signals due to 

-~L\ tf'rt1an mdhvl ~rnllp" at i) 0.6~, 072, fL80. 0.91. 0.97 and 0.99 (.~H. each s lt ?l!Stl 

.;;hp\ved J s1gnal due tn carhinolic proton at 0 3.25 (dd . .J·,(Ui. 1.2 HZl. Its chem1cal :->l11ti 

and coupling constant icd us to ass1gn ~)-· and equatonal configurauon hydroxy gr a! 

C ~ r\ further sigm!l at 0 ·'·91 (2H, s) could be assigned to the methylene carbon attached 

to a hydroxyl gr. The i
3CNMR assignments of various C atoms were substantiated by 

DFPT experiment The 13C NMR ((), ppml spectra <Fig. 6) showed the presence of all 

:he ;p carhnm m which s1x methyl peaks appeared at ?\( ?X() 1('. '-;) l 'i 9 I( -24 i l<• P 

(C-25), lX.3 (C-26). 15.3 (C-27), 20.8 (C-30) and exomethylene group at &c 150.0 (C-20). 

108.8 (C-29) and a secondary carbon bearing hydroxyl at &c 78.9 (C-3) and a in addition to 

ten primary carbon atom, five secondary carbon atom and five tertiary carbons. These data 

were identical to those reported for betulin [23, 50]. 
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Biocidal activity 

We studied both the in vitro antifungal and antibactenal activity of all isolated 

triterpenoids. Five diflerent fungal pathogens namely, Coiierorrichum came/lim:, Fusarium 

equiseti, Alternaria afternata. Curvularia eragrostidis, Colletrichum gloeosporzoides were 

used t()r the antifungal study and for antibacterial study E. Coli, B. Subtilis, S. aureus. 

Enterobactor were used as bacterial pathogen. Suitable strains of these organisms were 

procured from the microbiology laboratory of our institute. MICs (Minimum mhibJtor: 

concentration) of the triterpenoids agamst bacterial and fungal pathogen arc reported m 

table l & 2 respectively DMSO (Dimethyl sulfoxide) was used as solvent w prepare 

different concentrations of the triterpenoids. Solvent control (DMSOI was also maintained 

throughout the expenmem. All experiments were performed in Petn dishes and \Vere 

incubated at 37'\' for 48h. The bacterial growth was confirmed by a change of yellow w 

purple LOl1Htr Bacterial nutrient media \vas prepared by u-;mg agar. 

peptone m dtstllled watet and the pH nt the solutton (6.8 i.(l) was rtd1usttd. ( ulrUJ 

media for fungal strains were prepared by mixing in suitable proportions of potaw cxtracl 

dextrose and agar powder. All glass apparatus. culture media were autoclavcd before use 

The whole process was carried out in inoculation chamber. Additionally spore germination 

by wet chamber method was also used for determination of antifungal activity [108] (Table 

3). We compared the antifungal activities of the compounds with streptomycin and 

antibacterial activity with ampicillin, a ~-lactam antibiotic. 
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Table 1. MICs of compound A, B, C and D against different bacteria (Agar cup 

method). 

Compounds MIC in !J.g/mL against different strains of bacteria 

EC BS SA 
I 

EB 
l 

I I i I 
L----- ~-·-- ·--·---·---·--->----------------~----~---------------+----------------+---·---·-~----·--· --

A I 1 00 i < 1 00 I 1 00 i 1 00 
, I , 

I 150 I I 00 200 i 

I 140 I 1 oo 150 , 
, I 

I I 
1 J3o J 

i I 
l l 

Amp1ciiim ' 12X · 64 

B 100 

c 130 

D 100 

64 128 

140 120 

-------------------------1- ---- -----··-----------~----___,1______________ --~--......i·-~--- -----------------

BS- B. subtilis, EC- E. coli. SA- S. aureus, EB-Enterobactor, MIC- Minimum inhibitory 

concentration. 

Table 2. MICs of compound A. B, C and D against different fungi. (Agar cup method) 

~ ~~~~ -~~--~- --~---------- ------~- - -----~~~ -~ . --~ - --~---- ---- -~~ ~ 

~---------t---
1 A 1 

I i 
<5 

-~~..L-----------t---------t-----,-- --+----------< 

1 20 4o 10 · <s 
I 

' 
8 4.87 ··+0 19.5 

c 4.50 19.0 38 18 
I i , 

J
' 18.0 ll 38 17 I 

2.5 <2.5 2.5 1 
------- -----~-----___j___ 

25 
I 

I o 

I Streptomycin 1.25 2.5 

4.40 26 

CG- Colletrichum Gleosproides, FE- Fussarium equisitae, CE- Curvularia eragrostidies. 

AA- Alterneria alternata, CC- Callerotricheme camellie. 

60 



Table 3. Evaluation of antifungal properties of reported triterpenoids against five 

virulent pathogens by spore germination bioassay (wet chamber method) after 48 h of 

incubation [108]. 

J Fungal I Compounds 
\ \ 

l 
I 

1 pathogen 1 A B c D 
I I 

r~~----------+Pct-PI -AL5 --1-poa Pi AL5 __ _ 

i 
I 
I 

! I I . 

(j.lm) 
~-----------+ 
I 

(j.lm) 

I PGa Pl Al} ----T-PG3 -PI A-r::o-
1 ! 

i (Jtm) i (f-!m) 

I ~------------ ----1 

Icc 
I 

i 

1 oo 100 oo 
! 

05 95 4.5 I oo 95 04 I oo 96 05 · 

I i I 
I 

i FE 
I 

I 
I 
I 

00 100 00 00 100 00 
i 
I oo 100 03 

I 

i 00 100 04 
I 

l ! 

AA 

C(i 

CE 

00 100 00 

()() 100 1)0 

I (}') 96 (}6 
~ -

i 

i 

00 1 00 00 i 00 1 00 00 
l 

00 100 00 ()() 100 ()() 

()() l 00 00 00 95 00 

i 00 100 05 

i 00 96 ()() 

; 05 100 05 

CG- Colletrichum gleo5porioides, FE- Fussarium equisitae, CE- Curvularia eragrostidis, 

1\,L\- Alternaria alternate. CC- Calletotricheme camellie. PG-Percent germination, PI

Percent Inhibition, AI -Average genn tube length, 3Based on 200 spores, bBased on 25 

germ tubes. 

Discussions 

All the compounds showed prominent antimicrobial activities against the tested fungal 

and bacterial pathogens as were observed from the experimental results (Table 1, 2 & 3 ). 

In case of MICs against different bacteria, compound-A showed better activity 

against all the tested microorganisms (B. su/Jfilis, E. coli, S. aureus, Emerobactor) than 

that of compound B, C, D and their activity was compared with ampicillin. 
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Murillo- Alvarez eta!. [ 132] tested some isolated compounds which showed 

antimicrobial activity against Bacillus subtilis, Staphylococcus aureus, Streptococcus 

faecalis, Candida albicans and Escherichia coli. 

In case of MICs against five different fungi ( Colletrichum gloeo::,proides, Fusarium 

equiseti, Curvularia eragrostidis, Alternaria alternata, Calletotrichum camelliae) it was 

found that the activity of compound A is nearly comparable to Streptomycin and 

compound A and B showed better activity against all the microorganisms in comparison to 

C and D (Table 2). 

Kanauchi eta/. [ 1331 showed that the extract of cocklebur (X. strumarium) contains 

xanthatin, an antibacterial substance. Minimum inhibitory concentrations (MICs) of 

xanthatin were 12.5-1 00~-tg/ml against Bacillus sp. MICs of xanthatin were 25-100 1-lg/ml 

against Candida sp., Pichia sp., Saccharomycopsis sp. and Torula.spora sp. They also 

suggested that xanthatin from cocklebur leaf extract against Bacillus sp. and some film

fanning yeast may be used to prevent contamination in koji and during production of 

alcoholic beverages. Compound from Terminalia arjuna were found to be effective against 

Fusarium equiseti and other two pathogens by Digrak er al. [134]. The leaf extract of 

Clerodendrum viscosum completely checked the radial growth of the test fungus 

Curvularia lunata. The leaf extract 1:10 dilution was the most successful for the mhib1tion 

nf the test fungus in term of its growth (Parimelazhagan and Franc his ,[1 Yi]) 

ln the present study. four different compounds (A, B,C and D) have been tested to 

determine their efficacy against the five pathogens. Colletrichum gleosproides. FF

Fussarium equisitae. Curvularia eragrostidies, Alterneria alternata, Colletotrichum 

L·amellie Minimum inhibitory concentrations (MIC) were determined against the fungal 

pathogens, The objective of use of fungicides in the present study is to compare the 

efficacy of fungicides with that of botanicals. It was found that MlCs of compound A 

against different fungi was comparable to Streptomycin. Among the four compounds, 

compound A and B showed better activity against all the other microorganisms (Table 2). 

Raghavendra [ 136] compared the antifungal activity of alkaloid extract of Prosopis 

juliflora (Sw.) DC. (Mimosaceae) against A. alternata with synthetic fungicides viz., 

blitox, captan, dithane M-45 and thiram. They found that alkaloid extract was effective 

even at the dosage lesser than the synthetic fungicides. 
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ln case of antifungal activities against five virulent pathogens by spore germination 

bioassay it was found that compound B and D only showed germination against ( ··. 

camellie (5%) and C. eragrostidies (5%) at 100 ppm and 500 ppm concentration 

respectively. From the result it was found that all the compounds inhibited the spore 

germination against all the tested microorganisms and some compounds also have effect 

on the germ tube length elongation. 

initially 80 plant extracts (50% ethanolic) were screened in vitro for their 

antifungal properties against the four pathogens (F equiseti, C. gloeosporioides. A. 

alternata and P. theae) following spore germination technique. Spore germination is a 

determining factor for the pathogen during the early phase of host colonization (Egley. 

137). Use of alcoholic extracts for screening of antifungal properties has been reported by 

several authors (Shalini and Srivastava, [138]; Veljic et a!. [139]; Vukovic et al. [140]; 

Singh and Kamv,·aL [ 141 J). In the present study. benzene extract of compound A (from 

Schleichera oleo:w plant) was effective in controlling spore germmatwn ~ l 00% control) of 

CC, FE. AA, CG; similarly, compound B was effective against FE. AA. CC.J. CF. 

compound C was effective against CC FE, AA and compound D was effective agamst FE. 

AA. CA. About seventeen other plants have also shown antifungal potentiality (>80°/o 

mhibitinn\ against these 1wo pathogens Leaf extract of Datura mere/, )( strumurium and 

n s/ra;nnnium exhibited l 00% of inhihition of spore germmation of A ulternara. Spore 

germination of P theae was completely inhibited by leaf extract of Polyalthia /ong!/(Jlia. 

X. strumarium and D. stramonium. Many authors have reported the antifungal potentiality 

of several plant extracts through spore germination bioassay (Prusky et al. [142]: Rahmani 

cr a/ f143J; Abou-Jowdah era! !144]: Kim eta!. fl45l) showed that crude extracts of 

Xanthium strumarium inhibited zoospore germmat10n ot Phywphilwra drechslert. lhc 

causal agent of Atractylis rot, in vitro. 

Finally, it can be concluded that the present study will be extremely helpful to 

enrich the present knowledge about the structure activity relationship for these type of 

triterpenoid skeleton and also help the researchers to design newer generation of drugs 

based on such triterpene skeleton as well. 
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