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ABSTRACT

Calophyllolide, a4-phenyl pyranocoumarin isthe major component in the
seed of Calophyllum inophyllum. As the seed oil was reported to be
showing anti HIV activity, isolation of calophyllolide was attempted using
asimpleand efficient soxhlet extraction method. A new reverse phase HPLC
method was devel oped to check the extraction efficiency and purity of the
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isolated compound. Themethod wasvalidated asper | CH guidelines. Forced
degradation studieswere performed to ensure the specificity of the method.
The LOD and LOQ of calophyllolide was found to be 0.011% (w/w) and

0.034% (w/w) respectively in this method.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Calophylluminophyllum (also known as Tamanu
tree) is the most abundant species of the genus
Caophyllum belonging to the Clusiaceaefamilyty. The
seeds of Calophyllum inophyllum contain several
coumarinsand xanthoneswith antimicrobid properties?.
Cdophyllolideisthe ma or component presentinthe
seadsa ongwith saverd inophyllum such asinophyllum
A, B, C, D, Eand Pof whichinophyllum B and Pwere
foundto beinhibitorsof HIV-1reversetranscriptase®4.
Calophyllolidewasfound to exhibit sgnificant inhibi-
tory activity against Gram (+) Staphylococcusaureus.
Also caophyllolidehasbeen proved to beshowing sig-
nificant cytotoxic activity against nasopharynx cell
(KB)23% To further study the anti HIV property of
caophyllolideby varioussynthetic structurd modifica
tiond®7, aresearch study was undertakeninitially to
isolateand characterizethema or component, calophy-

[lolide present in the oil (Figure 1). A normal phase
methodol ogy with three silicacolumnsin serieswas
found reported recently for the screening of anti HIV
inophyllumsby HPLC-DAD!®9, A smplereversephase
HPLC method was devel oped to facilitatetheisolation
process. To our knowledge asthereisno reverse phase
HPLC method reported sofar for calophyllolide.

EXPERIMENTAL

General

Agilent 1100 HPLC with Photo Diode Array
(PDA) detector was used for devel oping the method
andfor anayzing the samples. UV spectraof thecom-
ponentswereextracted from the PDA detector. NMR
spectrawere recorded using CDCI, as solvent on a
Varian NMR system spectrophotometer equipped with
a5mm multinuclear probe operating at 500 and 125
MHz for *H and *C NMR respectively. TM Swasused


mailto:kalyanaramanl@rediffmail.com;
mailto:lkalyanaraman@gmail.com

84 An anti microbial and cytotoxic coumarin from Calophyllum inophyllum

Full Paper ce—

NPAIJ, 6(2) June 2010

CHs
Figurel: Sructureof Calophyllolide

asinternal standard and chemical shiftswerereported
ind values inppm. Mass spectrawererecorded using
API 4000 QTRAP mass spectrometer equipped with
an ESl interfacein pogitiveionization mode.

Material

Calophyllum inophyllum fruits were collected
from coastal region of south Tamil Naduin India. The
harvested fruitsweredried and the nutswere extracted.
Thenutswerethendried in shadeinthinlayersover a
period of about two months. Then the seeds were
crushed to get acoarse powder.

Extraction and isolation

Soxhlet extractionwascarried out for about 5 hours
using 50g of the seed powder each with 250ml of sol-
vent. The solvent extract wasfurther purified by col-
umn chromatography packed with silica, n-hexaneand
ethyl acetate (8:2) were used as e uentsfor the purifi-
cation. The collected fractions were pool ed together
and concentrated in Buchi rota evaporator under
vacuum at room temperature. The collected fractions
wereanalysed by HPLC.

HPL C method development

The HPLC method was developed by using an
YMC Pack ODS-A column of 100mm length and
4.6mm ID with 3 particle size. A mobile phase com-
position of water and acetonitrileinthe gradient mode
was used. Theinitial mobile phase composition was
kept as 90% water and 10% acetonitrileand linearly
increased to 90% of acetonitrile over aperiod of 50
minutes. A UV detector at 254nm wasused for moni-
toring the peaks. Calophyllolidewasfound to elute at
about 36 minutes as sharp peak in this method (Fig
2A). Theruntimewasfixed as 70 minutesfor monitor-
ing the possiblenon polar impuritiesduring the extrac-
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tion. Later onit wasreduced to 50 minutes. A 7:3 mix-
ture of acetonitrileand water was used asdiluent for
dissolvingthesamples.
Method validation
Specificity

Specificity istheahility of themethod to measure
theanayteresponseinthe presence of itspotentia im-
purities. Stressstudieswere performed for calophyllolide
to providean indication of the stability-indicating prop-
erty and specificity of the proposed method. Intentiond
degradati on was attempted with a stress condition of
UV light (254nm), heat (60°C), acid (1N HCI), base
(0.1N NaOH) and oxidation (5.0% H.,0,) to eval uate
the ability of the proposed method to separate
caophyllolidefromitsdegradation product. For heat
and light studies, study period was 10 days whereas
for hydrolytic, acid, base and oxidation, it was 24 h.
Peak purity test was carried out for the calophyllolide
peak by using PDA detector in stress samples.
Precision

The precision of the related substances method
verified by repestability and by intermediate precision.
Repeatability was checked by injecting six individual
preparations of calophyllolide. %RSD of area for
caophyllolideand eachimpurity was calculated. The
intermedi ate precision of the method was also eval u-
ated usngdifferent analyst and performingtheandysis
ondifferent days.

Limits of detection (LOD) and quantification
(LOQ)

LOD and LOQ for impuritieswere determined by
measuring Sgnal-to-noiseratio of 3:1 and 10:1, respec-
tively, by injectingaseriesof dilutesolutionswith known
concentrationsof ca ophyllolide™?, Precision study was
dsocariedouta LOQ leve byinjectingsix individud
preparaionsof ca ophyllolideand cd culatingthe% RSD
of thearea.

Linearity

Linearity test solutionswere prepared by diluting
stock solution of ca ophyllolideto therequired concen-
trations. Thesolutionswere prepared at Six concentra-

tionlevelsfrom LOQ to 150% of the sample concen-
tration.
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Figure2: HPL C chromatogramsof calmz)phyllolidepurified (A) and seed powder (B)

TABLE 1: Summary of for ced degradation sudies

a0

TABLE 2: Regression and precision data

Stress condition % Degradation Par ameter Result
Oxidative degradation 4.3% LOD (w/w) 0.011%
Acid degradation 4.2% LOQ (w/w) 0.034%
Base degradation 47.4% Regression equation (y)

Thermal degradation ND Slope (b) 49127
Photol ytic degradation ND Intercept (a) 282858
ND-Not detected Correlation coefficient 0.999
Robustness Precision (% RSD) 1.57%
Intermediate precision (% RSD) 0.30%

To determine the robustness of the developed
method, experimenta conditionsweredeliberately a-
tered and the resol ution between calophyllolideandits
impuritiesandtailing factor for calophyllolidewerere-
corded. The actud flow rate of the mobile phasewas
1.0mL/min. To study theeffect of flow rateon thereso-
lution, flow was changed by 0.1 units from 0.9 to
1.1mL/min.

Solution gtability

Solution gtahility of caophyllolideanditsimpurities
wascarried out by leaving thesamplesolutionsintightly
capped volumetric flasks at room temperaturefor 438
h. Content of impuritiesweredetermined for every 12
hinterval up to the study period.

RESULTSAND DISCUSSION

Soxhlet extr action

The seed powder wasinitialy analysed by HPLC
and wasfound to contain about 20% of calophyllolide
by areanormalization method (Figure 2(B)). Soxhlet
extraction of calophyllolidefrom the seed powder was
carried out using various solvents such as n-hexane,
ethyl acetate, acetone and ethanol. The solventswere
chosen initially considering the non polar nature of
caophyllolide. n-Hexane and ethyl acetate werefound
to be the best solvent for selectively extracting
caophyllolidefollowed by acetone and ethanol . About
125mg of calophyllolide wasisolated by this proce-

durefrom about 50g of seed (2.5mg/g) using n-hexane
and ethyl acetate as solvent by soxhlet extraction,
whereas about 122 mg (2.4mg/g) and 52mg (1.1mg/g)
respectively from acetoneand ethanol solvents. Theop-
timum duration of soxhlet extraction wasfound to be
about 5 h. Further extension of extraction timebeyond
5h hasnot resulted in any substantial increasein the
content of calophyllolide. Thepurity of theisolated com-
pound wasfound to be about 99% by HPLC.

Structureconfirmation

Themassof theisolated ca ophyllolidewasfound
tobem/z 416. The structurewas confirmed by *H, *C
and 2D NMR techniques (*H-H COSY, HSQC and
HMBC). Theobservationswerematchingwiththere-
ported literature values.

HPL C method devel opment

Initially amobile phase composition of phosphate
buffer with various pH rangefrom 2.0to 7.0 and ac-
etonitrilewereattempted. Ascaophyllolidewasessen-
tialy non polar, therewas no muchimpact of pH of the
mobile phase on the separation of impurities. Soitwas
decided to usewater asthe agueouscomponent in the
mobile phase. Methanol was checked for itssuitability
for organic component. But dueto thehigher back pres-
sure generated by the mixing of water and methanol,
acetonitrilewasfixed as organic component. Thede-
vel oped HPL C method was abl e to separate various
other components present in the solvent extract from
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cdophyllolide.
Resultsof forced degradation studies

Caophyllolidewasfound to degrade significantly
in base hydrolysis. LC/MS analysis of this major
degradant in thebase hydrolysi s showed amass of m/
z 434 with an addition of 18 massunits. Mild degra-
dation was observed in acid and peroxide stress con-
ditions. Calophyllolidewasfound to be stable under
photolytic degradation and hydrol ytic conditions. PDA
detector was empl oyed to check and ensure the ho-
mogeneity and purity of calophyllolidepeak inall the
stressed sample solutiong™. Theresultsaretabul ated
inTABLE 1.

Validation of themethod
Precision

The% RSD of caophyllolideand impuritiesinthe
precison study and theintermediate precison sudy was
within 2.0 % confirming good precis on of themethod.
The% RSD vauesare presented in TABLE 2.

L imitsof detection and quantification

Thelimit of detection and limit of quantificationfor
calophyllolidearetabulatedin TABLE 2.
Linearity

Linear cdibration plot was obtained over thecali-
bration rangestested, i.e. 25% to 150%. The correla
tion coefficient obtained for calophyllolidewas 0.999.
The aboveresult showsthat an excellent correlation
existed between the peak areaand the concentration
of calophyllolide proving the correctness of areanor-
malization methodology for ng theimpurity con-
tent.

Accuracy

Theaccuracy of the method was confirmed during
method devel opment by changing the sample concen-
tration and ensuring asimilar impurity content. Further
evauation of accuracy by physical spiking could not be
donedueto nonavailability of isolated impurities.

Robustness

Inthedeliberatevaried chromatographic condition
of flow rate, the resol ution between al pairsof com-
pounds was greater than 2.0 and tailing factor for

caophyllolidewaslessthan 1.2.
Solution stability

No significant changeswere observedinthe con-
tent of impuritiesduring solution stability experiments.
The sol ution stability experiment dataconfirmsthat the
samplesolutionsused during andysiswassteblefor 48 h.
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