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ABSTRACT
The stems oDoliocarpus dentatus (Kapadulla), a plant of the Guyana flora were
screened for natural product. Phytochemical scngemevealed the presence of
sterols, triterpenes, coumarins and reducing comg®dior the @H14 extract. From
the CHCI, extract, an off white solid crystallized and fuathchromatographic
purification yielded betulinic acid. The EtOAc extt showed the presence of
emodols, tannins, flavones, reducing compounds akdloid salt. Flash column
chromatography furnished Trigonelline as one ofrttagor fractions. Trigonelline has
never been isolated froroliocarpus dentatus. Emodols, Tannins, Flavones and
other reducing compounds were detected in the;GERHOH extract. For the
hydrolysed CHCH,OH extract, positive tests were noted for anthrasieles and
coumarins. Metal ion determination via Atomic Absorption Spestopy revealed
selective presence of metals in theCH,OH and EtOAc extracts. The structural
integrity of the two compounds isolated were esshbd via'H NMR, *CNMR,
DEPT-135,"H-'H COSY, HMQC and HMBC.

Keywords: Phytochemical screening; Solvent type extractsdrblysed ethanol extract;
Betulinic acid; Trigonelline.

INTRODUCTION

Natural products, the secondary metabolites oftplamd animals are of restricted
occurrence and are classified into major group$ sicsterols, triterpenes, flavones
aglycones, emodols (anthracenosides aglycones)mamns, coumarins lactone
derivatives, tannins (gallic), reducing compounsi®rols glycosides, cardenolides,
saponins and sapogenins etc. They vary widely ih bygpe and concentrations in
different parts of the plant and are found as mewnponents of plant tissues (Mann,
et. al, 1986., Mann, J., 1994). Medicinally, isetatnatural products after been
subjected to clinical trials can be used as droggHe treatment of canc@Crow et.
al, 2008),antimicrobial agents (Woldemichael, et. al, 2008geksar, et. al, 2008,
Prasad et. al, 201(ntitumor (Flores, et. al, 2010), antioxidant ag€Manga, et. al,
2006; Kukac, et. al, 2008; Nile, et. al, 2010)

Many pharmaceutical drugs synthesized to date aee td the mimic of
structures from isolated natural products, rath®antto total imagination and
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creativity of contemporary organic chemist. Forrapée, Cyanthiwigin F, a complex
bis molecule active against tumours was first isoldteth the Jamaica sea sponge
Myrmekioderma styx (Enquist, et. al, 2008). The diterpenoid taxol,tfisplated from
the bark of the yew tre€axus brevifolia has yielded two approved drugs for breast
and ovarian cancer (Hadlington, et. al, 2006) andatoes use saponins to defend
themselves against fungus attack (Sanderson, 200%®se compounds are now
synthesized by many Pharmaceutical companies wiltdw

Also, crude plant extracts can be subjected tormohtographic separation,
leading to the isolation, purification and strueluelucidation of new and unknown
bioactive natural products whose medicinal actieiéyn be compared with that of the
solvent type crude extract (Aponte, et. al, 200&nih, et.al, 2006; Wafo, 2010).
There are several reports on Phytochemical scrg€Aundu, et.al, 2007; Prasad, et.al,
2008; Rao, et. al, 2011)

Doliocarpus dentatus (Kapadulla), is a forested climber to 16m from the
diverse flora of Guyana. The stems and bark ard asea tea and have aphrodisiac
properties. The plant is often used as a tonic wather plants, i.e. Sasparilla
(Philodendron fragrantisssimum), Devil-doer @&rychnos), Cockshun $@milax
Schomburgkiana), Kupa-rope Clusia grandiflora) and Monkey-ladder Bauhinia
scala-simiae). A liqueur is produced from these plants and solcharket. The watery
sap from a freshly cut stem is drunk for the rebéfstricture or simply as a thirst-
guencher (White, et. al, 1992).

Present work deals with the phytochemical screeninthe GH14, CHClI,,
EtOAc, hydrolysed and non- hydrolysed §CHH,OH extract ofDoliocarpus dentatus
Also, the isolation and structural elucidation @ftdinic acid, Trigonelline and the
concentration of heavy metal ion content in the &t@nd CHCH,OH extracts are
reported.Doliocarpus dentatus was chosen, because of its folkloric values andesi
prior to this work, there is no documentation ofyfgichemical screening and
evaluation of heavy metal ion concentrationDadliocarpus dentatus extracts in the
literature. Also, Trigonelline has never been itadaromDoliocar pus dentatus.

The isolation and biological activities of some etltonstituents are noted.
For example, cytotoxic metabolites such as beuwliricid, nataloe-emodin,
bisnordihydrotoxyferine,2',4'-dihydroxy-6'-metho8y4-methylene dioxy dihydro
chalcone,2',4'-dihydroxy-4,6'-dimethoxydihydrocltade and 12- O-tetradecanoyl
phorbol-13-acetate were isolated from Peruwah ocar pus dentatus (Aponte, et. al.,
2008) Leishmanicidal triterpenes (betulinic acid, betudind betulinaaldehyde) and
lignans (as (+) pinoresinol, (+) medioresinol anlll{rioresinol B were also isolated.
The antiproliferative bioassay-guided fractionatioihDoliocarpus dentatus is also
reported (Sauvain, et. al, 1996).

MATERIALSAND METHODS

Instrumentation: Melting points were measured on a Geahaka modell500
version apparatus and are uncorrectétl.and *°C NMR, **C- DEPT 135 NMR,
COSY, HMQC and HMBC spectra were recorded on a &rubRX-500
spectrophotometer using CRGls the solvent. Chemical shifts are quoted ppm
with reference to TMS internal standard and cowgptianstants jJexpressed in Hertz
(Hz). HREIMS and EIMS were recorded on a KRATOS/A#EE-50 spectrometer.
Silica gel 60A (70-230 mesh, Merck) was used faslil column chromatography
(CC). Solvents: gHi14, CH.Cl,, EtOAc and NgSO, were purchased from Sigma
Aldrich Company (USA) and were redistilled prior use. Analytical TLC analyses
were done on precoated Kiesegel 6@,fMerck) plates and were 0.25 mm thick.
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TLC plates were viewed under a UV lamp, (Specteolibonglife Filter) and
developed chromatograms were visualized via insjgelying with iodine.

Plant Material: Doliocarpus dentatus (Family-Dilleniaceae) stems were collected
from a commercial planter in the interior (remoée@a of Guyana, a country with a
highly biodiversified forest. Stems were freed wiMe fungal and bacterial infection.
Products of microbial synthesis might result in edi¢chemical composition of the
plant material and inspection was important. Steweiee stored in plastic bags, sealed,
labeled and transported to the University of Guyahawas identified by a
Taxonomist at the Bio Diversity Centre of the Umsity. A voucher specimen (#
000418) is deposited in the herbarium of the Biwebsity centre. Stems were then
subjected to aerial drying for a week and werer lgteund into a fine powder (250g)
using a grinding mill, Arthur H. Thomas Co. model150611).

Plant extracts: The extraction was done in extraction jars at ambiemperature
using sequentially freshly distilledsB12, CH,Cl,, EtOAc and CHCH,OH. For each
solvent type, three extractions were done and eatthct was filtered and dried over
anhydrous Nzg50, and solvents removed wacuo to yield viscous oils and semi
solids. From the viscous GHI, extract, a solid crystallized out and was further
recrystallised using Ci€l,/Hexane yielding an off white solid. The physicature of
the GHi4, EtOAc and CHCH,OH extract was oil, red brown solid and a black
gummy material respectively.

Isolation of betulinic acid (F-hydroxy-20(29)-lupaene-28-ore-acid,s§14503): The
solid which crystallised from the GBI, extract was subjected to crystalization/
recrystalisation from CkCl,/Hexane, yielding an off white solid which was het
purified via flash column chromatography on silgel using the eluentgBl;/EtOAC
followed with gradient elution using increasing centration of EtOAc. Solvents
were removed irvacuo from the second major band, providing betulinicdags a
white crystalline solid with an#of 0.29 (GH14/EtOAc), m.p: 295296°C.

'H NMR (CDCl3 500MHz) &: 0.647 (s, Ch), 0.761 (s, Ch), 0.865 (s, Ch), 0.894
(s, CH) 0.929 (s, CH), 1.643 (s, Ch), 1.086-1.261 (m), 1.237-1.396 (m), 1.436-1.54
(m), 1.802 (m), 2.1 (m), 2.2 (m), 2.948 (m), 4.%6d¢ 1H), 4.689 (brd; 1H)*C
NMR : (CDCl3 500MHZ) &:177.71 (C-28), 150.79 (C-20) , 110.13(C-30), 722
3), 55.87(C-17), 54.34(C-5), 50.37(C-9), 48.98 @};147.08(C-18), 42.46 (C-14),
40.8 (C-8), 38.962 (C-1), 38.705 (C-4), 38.047(Q;137.18(C-10), 34.36 (C-7),
32.16(C-16), 30.55(C-15), 29.67(C-21), 28.57(C-22){.62(C-2), 25.53(C-12),
20.90(C-11), 18.42(C-6), 16.19(C-24), 16.28 (C-25§.19 (C-26), 14.85(C-27);
DEPT 135 (500MHz, CDCl3) 6:109.57 (CH), 77.22 (CH), 55.34 (CH), 50.37 (CH),
48.98 (CH),47.08 (CH), 42.46 (CH), 38.05(CH), 36.1&€H,), 32.16 (CH), 30.55
(CHy), 29.67 (CH), 28.57 (CH), 27.62 (CH), 25.53 (CH), 20.90 (CH), 18.42
(CHy), 16.41 (CH), 16.29 (CH), 16.19 (CH), 19.4 (CH) 14.85 (CH); HREIMS
m/z [M+] 457.68 (calcd for ggH4s03, 457.69

Isolation of Trigonelline, GH;NO,. The EtOAc extract was purified via flash
column chromatography on silica gel using LLH/EtOAc/Hexane as the eluent.
Solvents removal from fractions emanating from fifte band yielded Trigonelline
as a white solid. R :0.05 (CHCIJ/EtOAc/Hexane); m.p: 258 -259 °C
(Hydrochloride);'H NMR (500MHz) &: 4.44 (s, H-7), 8.08 (t, J = 7.6 Hz; H-6), 8.86
(d, J = 6.0Hz, H-5), 8.89 (d, J = 8Hz, H-4), 9.2) {-2); *CNMR (500MHz,
CDClj) &: 53.64 (C-7), 128.856 (C-4), 140.312 (C-3), 146.856-5), 147.215 (C-6),
147.96 (C-2), 167.203 (C-8REPT 135: 146.52 (CH), 145.75 (CH), 144.96 (CH),
127. 454 (CH), 48.06 (G# *H-'H COSY (CDCls, 500M HZz): H-2/H-4.H-5; H-4/H-
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5, H-6; H-5/H-4, H-6; H-6/H-4, H-5HSQC: H-7/C-7; H-6/C-6; H-5/C-5; H-4/C-4;
H-2/C-2;HMBC correlations: H-7/C-6,C-5; H-5/C-3,C-4,C-6, H-4/C-6,H-2/C-6, H-
2/C-2

Elemental analysesl1.0g of the dried solvent type extracts was dissbiv 10ml of
the requisite solvent. This was followed with tradidon of 1ml of 10% HNQ@ It
was shaken to ensure a uniform mixture and thenemag to 100ml mark.
Appropriate working standard solutions were pregdoe each element. The levels of
requisite metal elements (K, Cu, Fe, Mn, Co and¥eje determined using Atomic
Absorption  Spectrophotometry (AAS) method on a #&ari AAS 50
spectrophotometer. First the sample solution wpsated by a pneumatic nebulizer,
transformed into an aerosol, which was introduced & spray chamber, where it was
mixed with the flame gases and conditioned in a Wet only the finest aerosol
droplets (< 1Qm) entered the flame. On top of the spray chamddsurner head
produces a flame that is laterally long (usuall{@m) and only a few mm deep. The
radiation beam passed through this flame at itgdshaxis, and the flame gas flow-
rates was adjusted to produce the highest contemtraf free atoms. The burner
height was adjusted, so that the radiation beamsegathrough the zone of highest
atom cloud density in the flame, resulting in thghlest sensitivity. The concentration
(C) of each analyte in the solutions aspirated igasrded. (Harris, D.C., 1996)
Phytochemical screening for secondary metabolit€n each solvent type extract,
test for alkaloids, Saponin glycosides, CardenslideBufadionolides, Flavonoids,
Tannins, Polyphenolic compounds, Anthraquinones,an@genic glycosides,
Carbohydrates, Fixed oils, Fats, and Volatile eWsre carried out using standard
Phytochemical methods (Harbourne, et. al, 1988).

Glycosides A small amount of alcoholic extract was dissolved.iml of water and a
few drops of aqueous sodium hydroxide solution watded. A yellow colour was
taken to signify the presence of glycosides

Tannins;,_About 0.5g of extract was dissolved in 5 to 10mdbtilled water and was
filtered. A few drops of a 5% Feg$olution were added to the filtrate. A blue, blue-
black, green, or blue-green colour or a precipitaés taken as an indication of the
presence of tannins

Flavonoids A few drops of concentrated hydrochloric acid wadsled to a small
amount of an alcoholic extract of the plant matetramediate development of a red
colour was taken as an indication of the presehflavmnoids.

Sterolsand triterpenes

Liebermann-Burchard Reaction 10ml of the extract was placed in a test tube and
evaporated to dryness on a water bath. The residisedissolved in 1ml of acetic
anhydride and 1ml of chloroform. The solution wlasrt transferred to two clean dry
test tubes; one served as the reference tube. bPodnc. HSO, was added to the
other tube using a teat pipette. A violet ring i@sned at the two liquids, with the
supernatant becoming violet this indicates thegres of sterols and triterpenoids.
Carotenoids:(Carr-Price Reaction: 10ml of the extract was added to a test tube and
was evaporated to dryness on a water bath. Thisollased with the addition of 2-3
drops of saturated Sh{in CHCL to the residue. A blue-green colour eventually
changing to red indicates the presence of caradsnoi

Flavone Aglycones: Shibata’s Reaction or Cyanidiast 3ml of the extract was
evaporated to dryness in a water bath. The resmgethen dissolved in 1-2ml of
50% CHCH,OH while heating. A piece of magnesium ribbon ak8 drops of
concentrated HCI were added. A red or orange coiodicates the presence of
Flavone Aglycones.

Copyright © 2012, Journal of Natural Products, INDBY. Sudhanshu Tiwari, All rights reserved 8



R. C. Jagessar, et al., /Journal of Natural Products, Vol. 6(2013):05-16

Emodols (Anthracenoside and Anthracenoside AglychinBorntrager’'s Reaction:
1ml of 25% NH was added to 3ml of the extract in a test tublee fixture was then
shaken well. A red colour indicates the presendembdols. To 2ml of the extract in
a test tube, 1-2ml of 25% NHvas added while it was been shaken. A cherry-red
colour indicates the presence of anthracenosides.

Test for Coumarin and derivativeml of ether extract was evaporated to dryness.
The residue was dissolved in 1-2ml of water by ingatit was then divided in two
equal portions. To the non-reference tube, 0.5ml08 NH; was added and then the
tubes were viewed under UV light. The presencewd-green fluorescence indicated
the presence of coumarin. 4-5 drops of hydroxylarigdrochloride solution and
alcoholic KOH were added to the non-reference tekte until the pH was
approximately 8-9. The resulting solution was evapea to dryness. The residue
was dissolved and the pH was adjusted to 3-4 bingdd% HCI add 1-2 drops 3%
FeCk while being observed. A fast disappearing violdbar indicates the presence
of coumarin derivatives.

Alkaloids: 10ml of the extract was evaporated to dryness. fBs&due was then
dissolved in 1.5ml of 2% HCI. The solution wasided into two equal portions, one
served as a reference. 2-3 drops of Mayer’s reagaatadded to the non-reference
tube. The development of opalescence or a yellowisite precipitate indicates the
presence of alkaloids.

Mayer’s reagent:1.35g of mercuric chloride was dissolved in 60mivater, 5g of
potassium iodide was added to 10ml of water angtetil to 100ml. 0.85g of basic
bismuth nitrate was dissolved in a mixture of 4@ivater and 10ml of acetic acid.
8g of potassium iodide dissolved in 20ml of wated &domogenize was added. The
solution obtained was kept in a dark bottle for @&@nths.

Non-Hydrolysed Ethanol extract

Tannins: 1-2 ml of water was added to 0.5-1.0ml of the aottrand then 2-3 drops
diluted (3% FeG) solution was added to the mixture. A blackishebloolour
indicated the presence of Gallic tannins, whiler@egish-black colour indicates the
presence of catechol tannins.

Reducing compoundsl-2ml of water was added to 0.5ml of the extrhet@.5-1.0ml

of Fehling solution (1 and 2) were added. The mxtwas then heated in a water
bath. A brick red precipitate indicates the preseof reducing compound.

Alkaloids salt: 20 ml of the extract was evaporated to drynessmfa@ml of 10%
HCIl was added to the residue. 10% Nihs then added until pH of 8-9 was achieved.
The solution was placed into a separatory funndl extracted with a polar solvent.
The resulting extract was evaporated to dryness. résidue was then dissolved in
1.5ml of 2% HCI and divided into two portions; onas a reference. 2-3 drops of
Mayer’s reagent was added to the non-reference #eclopment of opalescence or
a yellow-white precipitate indicates the presencallaloid salts.

Hydrolysed ethanol extract2ml of 10% HCI was added to the 25ml extract to
hydrolyze the alcohol extract. The solution wadusefd for 30 minutes and then
allowed to cool. 10-12ml of ether was extractece¢htimes and the extracts were
combined. A spatula full of anhydrous 488, filter was added and left for the
following test.

Cardenolides (Cardiac Glycosides and Aglycones: HKezlee’s testdml of the ether
extract was evaporated to dryness. The residuedigaslved in 1-2ml methanol. 1-
2ml of alcoholic KOH was added to the mixture. 8bps of 1% alcoholic 3, 5-
dinitrobenzene was added and the solution was dheAtelisappearing violet colour
indicates the presence of Cardenolides.
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Saponins: 2ml of the ether extract was evaporated to dryneshe residue was
dissolved in 1ml water and shaken vigorously. Thiesence of saponins was
indicated by persistent foam (1cm in test tube).

Flavanosides:(Shibata’'s Reaction)5ml of ether extract was evaporated to dryness.
The residue was dissolved by heating in 1-2ml @650ethanol. Metallic magnesium
was added to the mixture followed with 5-6 dropaacddCl. The development of an
orange colour indicates the presence of flavanofidavanols gave a characteristic
red colour).

RESULTSAND DISCUSSION
Phytochemical screenings were done on thel;& CHCl,, EtOAc, CHCH,OH
extracts using standard phytochemical methods. @aérscreening involves the
separation of various classes of chemicals or comg® via successive and selective
extraction of different plant parts with the abm@avents of increasing polarity. The
more polar CHCH,OH solvent extracted the more polar natural proglubifferent
parts of the plant (stems, twigs, roots and barkyewscreened, because natural
products vary in both type and concentration ifiedént parts of the plant. Only the
stems oDoliocarpus dentatus were screened for natural products

It was noticeable that from the @El, extract, a solid crystallized out. Hence,
the extract was subjected to crystallization/reefisation using ChbCl,/Hexane,
yielding an off white solid which was further pued via flash column silica gel
column chromatography using @El,/EtOAc as the eluent and was obtained as the
second major band with an; Ralue of 0.29. The purified solid was found to be
betulinic acid, a lupene type pentacyclic tritempenarboxylic acid, Fig 1.0.
Phytochemical analysis also confirms the steromddlre of the compound and the
presence of the carbonyl moiety. It was charaadriasing modern spectroscopic
techniques’H NMR, **C NMR, DEPT-135H-'H COSY, HMBC and HMQC. The
'HNMR shows diagnostic peaks for the six methyls #mese resonate at 0.647,
0.761, 0.865, 0.894, 0.929 and 1.643 ppm. In amditmultiplets are seen at 1.086-
1.261, 1.237-1.396, 1.436-1.54, 1.802, 2.1, 2.2 20848 ppm and these arise from
either CH or CH protons. Two distinct broad doublets are seenGf and 4.56 ppm
and these arise from terminal alkene protons H*¥D.NMR spectrum revealed the
presence of thirty signals, arising from 30 carbohthe triterpene. Dept-135 NMR
indicates the presence of 11 £signals and six CH signals which are consistetit wi
the structure. The spectroscopic details are inrderce with literature (Sholichin, et.
al., 1980) and no further elucidation is requiregteh Phytochemical analysis also
confirms the steroidal nature of the compound dmel iresence of the carbonyl
moiety. Phytochemical tests were also done on tHgCG filtrate and reveal mainly
compound of a steroidal natuigetulinic acid has been shown to exhibit a varwty
biological activities such as the inhibition of hamimmunodeficiency virus (HIV)
replication in H9 lymphocyte cells, blockage of Hiype 1 entry into cells, and
inhibition of DNA polymerasep, anti-cancer, anti-protozoan effectéogeeswari,
et.al., 2005; Fulda, 2008; Kumar, et. al., 2010ald0 induces apoptosis in melanoma
cells (Kouzi, et. al., 2000)

The EtOAc extract revealed the presence of Emodbdsnins, Flavone,
reducing compounds and alkaloid salts. Trigonellfig. 2.0 was isolated as a white
crystal following solvent removal from one of thiereamatographic band after flash
column chromatography using EtOAc/Hexane followad gradient elution with
EtOAc/CH,Cl,. The spectral data are presented in Table, 26 HHNMR spectrum
for Trigonelline revealed a singlet for the H-2 famws at 9.20 ppm. H-4 proton is split
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by H-5 to yield a doublet (J = 8Hz) which is funtleplit by H-6 to yield a doublet of
doublet (J = 8Hz). H-6 protons resonate as a \ifgalet at 8.060 ppm. An H-7
proton is seen as a singlet at 4.44 ppm'H COSY experiment indeed revealed that
H-4 proton show cross peaks which are linked whthse of H-5 and H-6°CNMR
indicates that there are seven signals resultiogy fseven different types of carbon.
These resonate at 167.20, 147.96, 147.22, 146136931, 128.85 and 53.64 ppm.
Dept-135 established the resonance at 146.52, 485144.96 and 127.45 ppm to be
CH whereas the resonance at 167.20 ppm is dueet@atbonyl moiety. HMQC
established proton-carbon connectivity and revedles following: 53.64 (C-7),
128.856 (C-4), 140.312 (C-3), 146.359 (C-5), 143.2¢-6), 147.96 (C-2), 167.203
ppm (C-8). Trigonelline, an alkaloid which is wiglaistributed in terrestrial plants as
well as in marine invertebrates has been previoustfated from the algae,
Pterocladia capillacea (Wu, et. al., 1997). However, it has never beehated from
Doliocarpus dentatus. It is a zwitterion formed by the methylation of thérogen
atom of niacin (vitamin B and is a product of niacin metabolism that isreted in
urine. It has been proven to have anti-diabetiwitiets (Yoshinari, et. al., 2009). The
content and concentrations of trigonelline havenbsidied in leaves and fruits of
Coffea arabica at different stages of growth (Zheng, et al., 2004

A portion of the CHCH,OH extract was hydrolysed. Hydrolysis of the
CH3CH,OH extract will result in the conversion of funetad groups such as esters
into carboxylic acids, carbonyl groups into acetal®e hydrolysed C§CH,OH
extract revealed the presence of steroid, anthostges and coumarins. The non-
hydrolysed ethanol extract revealed the presencenafdols, tannins, flavones and
reducing sugars.

Phytochemical screening also indicates that niapn@ducts show different
propensity for solvent type extract. For exampterad and coumarins are present in
the solid that crystallized out of the gE, extract but not in the EtOAc extracts.
Likewise alkaloid salts are present in the EtOAtrat but not in the non-hydrolysed
CH3CH,OH extracts. Triterpenes are present in the hex@hkCl, extract and the
CHCl, filtrate but not in the EtOAc and GBH,OH extract.

TLC analyses indicate the presence of seven amd domponents for the
EtOAc and GHsOH extract respectively. The EtOAc andHsOH extracts were
developed using the eluents: EtOAc/Hexane agldsGH/Hexane respectively. The
R value for each compound is presented in Table 1.0.

The EtOAc and CECH,OH extract were analysed for heavy metals such as
K, Cu, Fe, Mn, Co and Zn. The concentration of ¢he®tals varies and in some cases
weren’t detected. For example, Mn weren’t detedateddoth EtOAc and CECH,OH
extract. Also, Fe was detected the EtOAc extrattniog in the CHCH,OH extract.
Fe is a component of metalloenzymes and is involvedmportant biocatalytic
processes such as the fixation of nitrogen, methmogenesis, oxidation, oxygen
storage and utilization in higher organisms. Zn nitadetected in the C}CH,OH
extract but in the EtOAc extract. In general, tbaegentration of transition metals was
higher in the EtOAc extract than in the &HH,OH extract. For example, the
concentrations of Cu and Fe in the EtOAc extractew8.68 and 5.36mg/L
respectively. For the GI€H,OH extract there were 4.36mg/L and not detected
respectively. A significantly high concentration 6b and Zn were found in the
EtOAc extract in comparison to the gEH,OH. For example, the concentration of
CO and Zn in the EtOAc extract was 806 and 750migg&pectively. For the
CH3;CH,OH extract, these were 1.37mg/L and not detecteD) (Kespectively.
Interestingly, the concentration of K, a non tréansi metal was 358mg/L in the
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CH3CH,OH extract compared with 90.1 mg/L in the EtOAcragt.

Heavy metals studied above viz Cu, Fe, Mn, Co andare important
micronutrients of plants, whereas K is an importanaicronutrient. These elements
play important roles in the plant biochemistry afigct the surrounding environment.
9% of eukaryotic proteins bind various metals afdo4of all enzyme catalysed
reactions involve metals such as Mg, Zn, Fe, Mn,@xn Cu, Ni, Mo, W, Na, K and
V (Kemsley, 2012). Copper is necessary for manyymrz processes, proper
photosynthesis, manufacture of lignin (cell wadgsy in grain production. Manganese
is necessary for building the chloroplasts. Manganéeficiency may result in
coloration abnormalities, such as discolored spaotthe foliage. Iron is necessary for
photosynthesis and is present as an enzyme cofaciaants. Iron deficiency can
result in interveinal chlorosis and necrosis. Ir@n not the structural part of
chlorophyll but very much essential for its syntee$otassium as macronutrients
regulates the opening and closing of the stomata yiotassium ion pump. Potassium
deficiency may cause necrosis or interveinal clslistoK” is highly mobile and can
aid in balancing the anionic charges within thenpldt serves as an activator of
enzymes used in photosynthesis and respiratiorasBioin deficiency may result in
higher risk of pathogens, wilting, chlorosis, browpotting, and higher chances of
damage from frost and heat.

Zinc a micronutrients is essential for optimum cgopwth. Their deficiency
causes various adverse effects on growth and wklctops. It is also involved in
formation of chlorophyll, carbohydrates, in sevedahydrogenises, proteinese and
peptidase enzymes. It promotes growth hormonesr(pard starch formation. It also
responsible for the biosynthesis of cytochrome:igmpnt and maintain plasma
membrane integrity and synthesis of leaf cuticleb&t has proven to be beneficial to
at least some plants, but is essential in othard) as legumes where it is required for
nitrogen fixation for the symbiotic relationship hias with nitrogen-fixing bacteria.
Protein synthesis d®hizobium is impaired due to Cobalt deficiency.

CONCLUSION
Natural products, betulinic acid and Trigonellinere isolated from the Gi&l, and
EtOAc extract ofDoliocarpus dentatus respectively Phytochemical screening of the
solvent type extract showed variation in Phytocloafsi and heavy metal ion
concentration (mg/L) in accordance with the solugpe extracts.

Acknowledgements: This research was financially supported by theversity of Guyana and the
University of the West Indies, St, Augustine campiisnidad and Tobago. Phytochemical screening
were done by GH under supervision, isolation otiligit acid, Trigonelline and structural assignment
of chemical shifts were done by RCJ. Structuratidiation by ARM. Atomic Absorption Analyses
were investigated at the Guyana Sugar Corpora@Y(SUCO). Dr. R. C. Jagessar thank the Royal
Society of Chemistry, RSC for funding to condua tholation and spectroscopic analyses of the two
isolates at UWI, St. Augustine, Trinidad and thevérsity of the West Indies, St. Augustine campus
for the provision of Bench space and NMR spectrp&cservices.

Copyright © 2012, Journal of Natural Products, INDBY. Sudhanshu Tiwari, All rights reserved 12



R. C. Jagessar, et al., /Journal of Natural Products, Vol. 6(2013):05-16

REFERENCES

Aponte. J., Vaisberg. A., Rojas. R., Caviedes. kwis, W., Lamas. G., Sarasara, C.,
Gilman. R., Hammond. G., (2008): Isolation of QGgtac Metabolites from
Targeted Peruvian Amazonian Medicinal PlaktdNat. Prod., 71(1): 102-105.

Audu, A.S., Mohammed. |., Kaitu. A. H., (2007): Ringhemical screening of the leaves of
Lophira lanceolata (Ochanaceael.ife Science Journal, 4 (4): 76-79.

Crow, J. M., (2008): Cancer drugs for the next decanveiled.Chemistry World, 32
(12): 21.

Enquist, J.A. Stoitz, B.M., (2008): Slick Synthetd a sea sponge structuxature, 453 (3):
1228.

Flores, G. R., Martinez, H. H., Tamez, P. G., @ueR. T., Licea, R. Q., Ramiro,
(2010): Antitumor and immunomodulating potentiaff Coriandrum sativum,
Piper nigrum and Cinnamomum zeylanicum. Journal of Natural Products (India), 3:
54-61.

Fulda, S., (2008): Betulinic Acid for Cancer Treatthand Preventionnt. J.Mal. ci. 9 (6):
1096-1107.

Hadlington, S., (2006): Taxol from Yew Treghemistry World, 3 (3): 16.

Harbourne, J. B. (1988): Phytochemical Methods, didg to Modern Techniques of
Plant Analysis”, * ed, New York, Chapman and Hall, 4-193.

Harris, D.C., (1996): Atomic Spectroscopy, Quaatie Chemical Analyses 3ed, W.H.
Freeman and Company, 494-516.

Hepeng, J., (2008): Boom and bust for antimalanidilistry, Chemistry World, Royal Society
of Chemistry, 6 (1): 25-27.

Jagessar, R.C.,Mohamed, A., Gomes, G., (2008): edauation of the antibacterial
and antifungal activity of leaf extracts oMomordica Charantia against
Candida albicans, Saphylococcus aureus and Escheria coli. Nature and
Science, 6 (1): 1-14.

Kemsley, J., (2012): Merging Metals into Proteomicisemical and Engineering News, ACS,
89 (50): 28-30.

Kouzi, S.A., Chatterjee, P., Pezzuto, J.M., Hamanid,., (2000): Biotransformation of the
Antimelanoma Agent Betulinic Acid biacillus megaterium ATCC 13368.Appl.
Environ. Micraobiol. 66 (9): 3850-3855.

Kumar, D., Mallick, S., Vedasiromoni, J.R., Pal B.Q2010) Anti-leukemic activity of
Dillenia indica L. fruit extract and quantification of betulinic eciby HPLC.
Phytomedicine, 17 (6): 431-435

Kukic, J., Popovic, V., Petrovic, S., Mucaji, P.iri€ A., Stojkovic, D., Sokovic, M.,
(2008): Antioxidant and antimicrobial activity ofnara cardunculus extracts.
Food Chemistry, 107 (2): 861-868.

Makanjuola, 0.Y., Dada, O.E, Akharaiyi, F.C., (2R1lQAntibacterial Potentials of
Parquetina nigrescens, extracts on Some Selected Pathogenic Bacteria.
Journal of Natural Products, India, 3 (15): 124-129.

Manga, H.M., Haddad, M. Pieters, L.,Penge.A.,, Lege J.Q., (2006): Anti
inflammatory compounds from leaves and root barklofiornea cordifolia.

Journal of Ethnopharmacology, 115 (1): 25-29.

Mann, J. (1986): Secondary Metabolisifi.eglition, Oxford University Press, Oxford,
1-23.

Mann, J, Davidson, R.S., Hobbs, J. B. BanthorpeYDHarbourne. J. B., (1994): Natural
Products, Their Chemistry and Biological Significan £' edition, Longman
Scientific and Technical Longman group, UK, 1-5.

Ma J., Starck S. R., Hecht S. M., (1999): DNA podyasep inhibitors from Tetracera
boiviniana. J. Nat. Prod, 62(12): 1660-1663.

Nile, H. S., Khobragade, C.N., (2010): Antioxideaxttivity and flavonoid derivatives of
Plumbago zeylanica. Journal of Natural Products, 3 (16): 130-133.

Copyright © 2012, Journal of Natural Products, INDBY. Sudhanshu Tiwari, All rights reserved 13



R. C. Jagessar, et al., /Journal of Natural Products, Vol. 6(2013):05-16

Prasad, N. R., Viswanathan, S., Devi. R. J, NaygkSwetha,C.V., Archana, R.B., N.,
Rajkumar. P, J. Rajkumar, J., (2008): PreliminBhytochemical screening and
antimicrobial activity ofSamanea saman. Journal of Medicinal Plants Research, 2
(10): 268-270.

Rao, B.D., Rao, K. P., Sumitra, J. D, Rao, R.ZD1(l): Phytochemical screening and
antioxidant evaluation of some Indiaadiginal plantsJournal of Pharmacy
Research, 4 (7): 2082-2084.

Sanderson, K., (2005): Fungus fighting tomatoesggar boostChemistry World, 2 (9): 19.

Sauvain, M., Kunesch, N., Poisson, J., Gantier,JJC.Gayral, P., Dedet, P. J., (1996):
Isolation of leishmanicidal triterpenes and lignafiem the Amazonian liana
Doliocarpus dentatus, Phytotherapy Research, 10 (1): 1-4.

Sholichin, M., Yamasari, K., Kasai, R., Tanaka, @©.1980): *C Nuclear Magnetic
Resonance of Lupane Type Triterpenes, Lupeol, Betahd Betulinic acid.
Chem. Pharm.Bull, 28 (3): 1006-1008.

Wafo, P., Ramsay, S., Kamdem, T., Zulfiquar, A.juln, S., Shamsun, N.K., Afshan, B.,
Karsten, K., Berhanu, M., Abegaz, B., Ngadjui, Thoudhary, M.l., (2010):
Duboscic Acid, A PotentJ-Glucosidase Inhibitor with an Unprecedented
Triterpenoid Carbon Skeleton froBuboscia macrocarpa. Organic Letters, 12 (24):
5760-5763.

White, D.A., Adams, C.D., Trotz, U.O., (1992): A ide to the Medicinal Plants of
Coastal Guyana, Commonwealth Science Council, Lond€SC Technical
Publication series. 225 (8): 111.

Woldemichael, M.G., Wachter, G, Singh, P. M., MaieM., William, Timmermann, N.
Barbara, (2003): Antibacterial Diterpenes fr@alceolaria pinifolia. J. Nat. Prod.,
66 (2): 242-246.

Wu, X., Skog, K., Jagerstad, M., (1997): Trigomadli a naturally occurring constituent of
green coffee beans behind the mutagenic activitypa$ted coffeeMutat. Res., 391
(3): 171-177.

Yogeeswari, P., Sriram. D., (2005): Betulinic A@dd Its Derivatives: A Review on their
Biological PropertiesCurrent Medicinal Chemistry, 12 (6): 657-666.

Yoshinari, O., Sato, H., lgarashi, K., (2009nti-diabetic effects of pumpkin and its
components, trigonelline and nicotinic acid, on d@kKakizaki rats. Biosci
Biotechnol Biochem, 73 (5): 1033-1041.

Zheng XQ., Ashihara H., (2004): Distribution, biosiyesis and function of purine and
pyridine alkaloids irCoffea Arabica seedlingsPlant Sci. 166 (3): 807- 813.

Copyright © 2012, Journal of Natural Products, INDBY. Sudhanshu Tiwari, All rights reserved 14



R. C. Jagessar, et al., /Journal of Natural Products, Vol. 6(2013):05-16

30

109.57

19.4 29.67

19

47.079

HO
HaC CHy 1842
24 23
28.565
16.19

Figure-1: betulinic acid with chemical shift assignment
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Figure- 2: Trigonelline with chemical shift assignment
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Table-1: Summary of Phytochemical screening analyses.

6(2013):05-16

Compounds A|B |C|D|E |F|G |H J|K|L

N-GeH14 - - - -]+ |+ - - -+ |+
I e T T I -+ |+

CH,CI, Solid

CH2C|2 - - - - + - - - - - +

Extract Filtrate

CH;CH,OHEXxtract| - + |+ | + + | - - - -

(Non- hydrolysed)

Hydrolysed - | - + - |+ S+ -

EtOAC + |+ | + + + | - |-

« A Test for Carotenoidl; B : Test for Emodols; CTest for Tannins; D : Test for
Flavones; E : Test for Steroid; F: Test for RedgcCompound; G : Test for
Saponins; H : Test for Anthracenosides; | : Test @ardenolides; J : Test for

; L: Triterpenes

Alkaloid Salt; K : Test for Coumarin

Table-2: Metal ion concentration (mg/L) for
Absor ption Spectroscopy (AAS).

EtOAc and CH;CH,OH extract using Atomic

Sample Description A B C D E F
EtOAc Extract 90.1 9.68 5.36 ND 806 75
CH3;CH,OH Extract 358 4.36 ND ND| 1.37 ND

¢ A: Potassium (K).; B: Copper (Cu); C: Iron (Fe); DahMyanese (Mn); E:

Copper (cu); F: Zinc (Zn).
¢ ND: Not detected

Table-3: R valuesfor components of EtOAc and C,HsOH extract using eluents

EtOAc/Hexane and EtOAc/C,HsOH) respectively.

EtOAcC Extract C,HsOH Extract
0.051 0.07
0.025 0.103
0.103 0.538
0.21 0.846
0.62 0.897
077 | -
08 | 0 -
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