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ABSTRACT

Four different parts (flower, stem, root and leaves) of Crotalaria pallida
were subjected to isolation of coumarins using microwave assistaed
extraction method. Better results were obtained in two heating cycles of 5
min, 100°C. Four different identification tests was proved the presence of
coumarins based on colour devlopment. Each extractswere analyzed with
HPLC procedure and chromatographic analysis proved the coumarin
presence. Theflower extracts having coumarinsstrongly inhibited the HIV
replicating enzymes (a-glucosidase, B-glucosidase, a-glucuronidase,
reverse transcriptase and protease). The results sugested that MAE is
good for extraction of coumarins, HPLC and other tests confirmed the
presence of coumarin and these extracts also strongly inhibited the HIV
replicating enzymes. The Crotalaria pallida coumarin can be used as
drug to control the HIV replicationin AIDS management.
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INTRODUCTION

A number of anti-HIV drugsused in conventiona
AlIDStherapy areavailableinthemarket, unfortunately
theadmini stration of these compoundsclinicaly tothe
AIDS patients exhibited serious side effects?. Asthe
data shows, rapid spread of AIDS epidemic and ap-
pearanceof HIV srainresistancetothecurrently avail-
abledrugssuggeststhat an effectiveand durable che-
motherapy is required inheritably for its treatment.
Theuseof innovative combinationsof drugshaving di-

versemechanisms of anti-HIV activity®223 and con-
tinuous need for aternativeinhibitorsarea so needed
to be devel oped progressively. New anti-HIV agents
with such activitiesmay beidentified through avariety
of approaches, oneof isthrough the being screening of
natural products.

Plant products have attracted attention aspossible
anti-HIV drugs, targeted on the specific steps of the
vira lifecycle, such asvira attachment and entry as
well ason essential enzymesand proteinsthat play a
roleduring viral genometranscription areidentified?.
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Theapproved medicationscurrently in usearemainly
restricted to target thetwo viral enzymes, Proteaseand
Reverse Transcriptase (RT). Theseinhibitorsarevery
expensive and this has led to a globa demand for
broader, safer and al so cheaper medicationg?4.

HIV protease has been suggested as a potential
target for AIDS therapy for along time/'832, |ater it
was shownthat aframe-shift mutationsin the protease
region of the pol-gene prevented cleavage of the gag
poly protein precursor, which isessential for themuta:
tion of the HIV particles. Blockage of HIV protease
leadsto theformation of immaturenoninfectiousviri-
ong*. The HIV aspartic protease (HIV-PR) 1isa
key enzymeintheviruslifecycleand wasearlier per-
ceived asapromising therapeutic target and itsinhibi-
tion has become successfully used in the treatment of
AIDS.

Glycohydrolaseenzymesarefoundinthe Golgi ap-
paratus of eukaryotic cells. Theseareresponsiblefor
glycosylaionof proteins. Inhibition of theglycohydrolase
enzymeshasbeen found to decreasetheinfection caused
by HIV virion, asthe HIV glycoproteins are highly
glycosylated™. Reversetranscriptaseisan enzymethat
readsthe sequenceof HI viral RNA nucleic acidsthat
have entered the host cell and transcribesthe sequence
into complementary DNA. Without reverse tran-
scriptase, theviral genome cannot beincorporatedin
tothehost cell; asaresult avirus cannot reproduce.
Reversetranscriptaseisthereforethe principal target
enzymesof antiretroviral drugsareusedto treat HIV
infected patients®*. Reversetranscriptaseis convert
RNA to DNA for replication, HIV proteaseis mutates
in help inmutation in protease region of pal-gene, a
glucosidase is converts glycogen to glucose and b-
glucoronidase catalyses the breakdown of complex
carbohydrates. These four important enzymes are
presentinHI virusleadsfor replication, mutation, bresk-
ing glycogen and carbohydratesin HIV patient.

Crotalaria pallidaisan annual, erect herb, upto
150 cm tall, tap root, white or brown and system
grooved, solid and glabrous. Nove antimicrobid pep-
tidesfrom C. pallida have shown strong antimicrobial
activity!® and lectinwasidentified®. Other speciesof
Crotdariahaveshown variousfolk and ayurvedic medi-
cinesfor blood purifier, anemia, psoriasis®, cancer ac-
tivityl*9. And few species of Crotalaria have shown
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presence of coumarin?27, The Crotalaria pallida ex-
tracts have shown the presence of various bioactive
phytochemicalsand thesecompoundsa so showed sg-
nificant inhibition of proteaseactivity!3.

Coumarinfrom different plants are possess anti-
cancer™, anti-HIVE and antidiabetic*?. Theaim of
thework isthe development of arapid, reliable and
reproduci blemethod of extraction of coumarinand O-
coumaric acid from different parts of C. Pallida by
using microwave assisted extraction method (MAE).
Martino et a.?Y have reported that for coumarin ex-
tractionisreliable and morereproduciblefrom MAE
fromMdlilotusofficinalis. Waksmundzka-Ha hosand
Brachet et d. havereported that theapplication of MAE
to the extraction of secondary metabolites from the
plants.

To the best of our knowledgefrom literature sur-
vey, no reports on MAE of coumarin from the plan
material Crotalaria pallidafrom determination of the
content of coumarin and O-coumaricacid, HPLC pro-
cedure suitablefor the determination and i dentification
of coumarininthesuitableandinvitroanti-HIV stud-
iesby inhibition of four important enzymesare respon-
sbleforvird replication.

MATERIALSAND METHODS

Plant material

Plantsof Crotalaria pallidaAiton were collected
inApril, 2011 in natural population at flowering stage
from Shridevi Institute of Engineering & Technol ogy,
Tumkur, Indiacampus.

Thefreshly cut plantswere sorted out, driedinthe
drying room with active ventilation at room tempera-
ture (24-26° C) until constant weight. All thedifferent
partswere ground with ablade mill to obtain ahomog-
enous drug powder. The drug material wasstoredin
closedjarsand preserved in dark conditionsinthere-
frigerator. The humidity value of the sampledid not
changeduring the storage.

Chemicals

All solventsfrom Spectrum Reagentsand Chemi-
casPvt. Ltd, Cochin, Keraa, India, pepsin, a-glucos-
dase, b-glucoronidase, reverse transcriptase from
Sigma-Aldrich, Bangdore, India
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Extraction

Eachindividual plant partswere used in the ex-
traction followed by methodol ogy as described by
Martino et a.,!?. Microwave assisted extraction was
performed using aclosed vessel system (GMS 17M
07 WHGX SOLO Microwave) and setting the mi-
crowave power at 100 W. 0.2 g of the powdered
drug wereplacedinto theextraction vessel in addition
with solvent up to volumeof irradiation after extrac-
tion time had el apsed, the vessels were allowed to
cool temperature before opening. Hereweused, two
different temperatures, one or two cyclesfor 5min
for al themethanol extracts.

| dentification of coumarinintheextracts
Test 1

3 ml of methanol extract was evaporated to dry-
nessin avessel and theresidue wasdissolved in hot
distilled water. It wasthen cooled and divided into two
test portions, one wasreference, second wasthetest.
To the second test tube, 0.5 ml of 10 NH,OH was
added. The occurrence of intense/fluorescence under
UV lightisapodgtivetest for the presence of coumarins
and derivatives. Theexperiment wascarried out for all
the experimentsin threereplicates™d.

Test 2

5 ml of the extract was evaporated to drynessand
theresiduewasdissolvedin2ml of digtilled water. The
aqueous solution was divided into two equal partsin
test tubes. One part was the reference. To the other
test tube, 0.5 ml of 10% ammoniasol ution wasadded
and thetest tubeswere observed under UV light indi-
cated. The occurrence of abluish green florescence
under UV light indicated the presence of coumarin de-
rivatives's,

Test 3

To the concentrated al coholic extract of drug few
dropsof acoholic FeCl ,solution was added. Forma-
tion of deep green colour, which turned yellow on ad-
dition of conc. HNO,, indicates presence of coumarins,

Test 4

Theal coholic extract of drugwasmixed with 1IN
NaOH solution (one ml each). Development of blue-
green fluorescenceindicates presence of coumarins.
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HPL C analysis

Coumarin and o-cumaric acid were quantified by
high performanceliquid chromatography—ultraviolet di-
ode array detection (HPLC-UV/DAD). A Jasco sys-
tem (Japan) consisting of aPU-1580 pump andaMD-
1510 detector (1 = 275 nm) was used. Sample solu-
tionswereinjected using a Spectra System auto-sam-
pler AS3000. Experimental datawere acquired and
processed by Borwin PDA and Borwin Chromatograph
Software. Chromatographic separationswere carried
out using aLiChrosorb RP-18 column (250mmx4.6
mm, 7_m Merck, Germany) and asecurity guard RP-
18 column (LiChrocart® 4-4 Purospher®, 5 m). The
mobile phase consisted of water with ortophosphoric
acid 1:10,000 (solvent A), methanol (solvent B) and
acetonitrile (solvent C). The starting mixture (80%A,
5% B and 15% C) wasmodified asfollows. in20 min
themobile phase composition became 65%A, 20% B,
15% C and was kept constant for 10 min; in thefol-
lowing 10 min the mixture composition came back to
theinitial eluting system. Theflow ratewasset at 0.7
mi/min.

All mixtures obtained by microwave assisted ex-
traction were centrifuged for 5 min at 3000 rpm
(Centrifugette 4206 ALC, Milano, Italy), and before
injection each samplewasfiltered with 0.45_mGHP
membrane, in order to removethesolid residue. The
injectionvolumewas5 _|. Each determinationwascar-
ried out intriplicate. Quantitative determination of the
considered phytocomponentsin the extractswas per-
formed using externa standardsby meansof six points
calibration curve. Recovery wasinvestigated by add-
ing about 3.0 mg, 1.5 mg and 8.0 mg of coumarin, and
o-coumaric acid respectively, to 1 g of drug powder.
The obtained samplewasthen accurately mixed, ex-
tracted and analysed. 91% of coumarin, and 89% of
o-coumaric acid wererecovered.

Invitroanti-HIV activity

Glycohydr olase enzyme assay

Glycohydrolase enzymesarefound in the eukary-
otic host cells Golgi apparatusand areresponsiblefor
glycosylaionof proteins. Inhibition of theglycohydrolase
enzymes has been found to decreasetheinfectivity of
theHIV virion, astheHIV envelop proteinsare highly
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glycosylated during thelife cycle of thevirus. aGlu-
cosidase has been found to be partly responsiblefor
theglycosylation of HIV gp1207.

Tomeasuretheinhibition of theglycohydrolaseen-
zymes, a.-glucosidase and 3-gluoronidase were used
with their corresponding substrates p-nitrophenyl-a-
D-glucopyrranose and p-nitrophenyl--D-glucuronide
ina96 well microlitre platein acolorimetric enzyme
based assay!” the substrates and enzymes were dis-
solved in their appropriate 50 mM buffers (2-
morpholinoethanesul phonic acid monohydrate-NaOH,
pH 6.5, for a-glucosidase and 3-glucuronidase and
sodium acetate, pH 5.6, for 3-glucosidase). Thefinal
enzyme was 200 pl and contained 2 mM substrate,
~0.25 png enzyme and the different parts methanol MAE
extractsat 0.2 mg/ml separately. Thereaction wasal-
lowed to proceed for 15 min at 25°C before termina-
tion with 60 pl 2M glycine-NaOH, pH 10 and mea-
sured theabsorbance at 412 nm for samples.

HIV reversetranscriptase (RT) assay

Theeffect of methanol MAE extractson reverse
transcription wastested using anon-radioactive HI V-
RT colourimetric ELISA kit. The protocol outlinedin
thekit wasfollowed using 2 ng of enzymeinawell and
incubated the reaction mixturefor 2h at 37°C. Extracts
weretested at 0.2 mg/mi 4,
Enzymepepsininhibition assay

Pepsin hasaquite closeresemblancein proteolytic
activity with HIV-1 protease one key enzyme of HIV-
1 lifecycleasboth of them belong to same aspartate
enzymefamily'?®, Thisenzymewas used as substitute
of HIV-1 protease to check out anti-HIV activity of
plant extractsinthe present investigation®2.

Wefollowed the method of Aoyagi and Singh et
a .33, for thisassay, 50 ug pepsin, 800 ig hacmoglobin
and different parts extracts were taken in 500 pl of
reaction mixture. Themixturewasallowed to incubate
at 370C, after 20 min, 700 ul of 5% TCA was added
to stop thereaction. It wasthen centrifuged at 14, 000
gfor 5minand the supernatant was collected. Optical
Density (OD) wasrecorded spectrophotometrically at
280 nm. Separate blankswere used or both positive
and negative control aswell asfor sample. For positive
control enzymeand substrate were taken and followed
the above procedure and for negative control lopinavir
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wastaken asawell knowninhibitor of both pepsin and
HIV-protease. Each samplewastakenintriplicate, so
thisassay givesreproducibleresults.

RESULTSAND DISCUSSION

We used microwaveass sted extraction procedure
inorder toisolate coumarin and o-coumaric acid from
C. pallida by usingtheratio samplewe ght/sol vent con-
stant with avalue of 0.05 g/ml. Threereplicateswere
maintained for dl the partsextraction.

Theextractionswere performed employing as ex-
traction solvents 50% (v/v) agueous MtOH at two dif-
ferent temperature (50 and 100) in oneand two cycle.
Thebest results were obtai ned empl oying 80% aque-
ous methanol. Being the amount of the two
phytocomponent aredifferent sgnificantly.

Based onreportsof Martino et a2 identified mi-
crowave assisted extraction is suitable to isolate or
yielded more coumarin by using closed vessdl system
after trying other methods and they al so reported that
theother two methods are unsatisfactory. From our find-
ings, coumarin and o-coumaric acid yieldswere ob-
tainedin 5 min of two cyclesat 100°C and the percent
of coumarinsis varies on parts. The flower extract
yielded more coumarin compared to stem, root and
leaves (TABLE 1). From MAE, the short extraction
timeisrequired and allowed agood extraction of cou-
marin without any degradation problem. Similar results
wereobtained from Mdlilotus officinalisusing ethanol
solvent(,

TABLE 1: Effect of microwaveassisted extractionson yield
of coumarin and O-coumaric acid from different parts of
Crotalaria pallida

o-coumaric acid®
(mg/g)+SD

1.226+0.068

Temperature CyclesX Coumarin®
(°c) minutes  (mg/g)+ SD

1x5  3.141+0.031

Extracts

50

2x5 3.622+0.074 1.663+0.071
Flower
100 1x5 3.576+0.053 1.142+0.076
2x5 3.881+0.082 1.224+0.058
50 1x5 2.885+0.057 1.164+0.047
2x5 3.224+0.054 1.347+0.023
Stem
100 1x5 3.011+0.087 1.024+0.059
2x5 3.443+0.044 1.161+0.051
1x5 2.541+0.058 1.004+0.063
Root 50

2x5 2.658+0.061 1.221+0.043
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Temperature CyclesX Coumarin® o-coumaric acid®

Extracts (°c) minutes  (mg/g)+ SD (mg/g)+SD
1x5 2.779+0.074 1.313+0.038

100 2x5 2.882+0.068 1.461+0.052

1x5 2.116+0.063 1.012+0.021

>0 2x5 2.312+0.023 1.232+0.053

Leaf 1x5 2.086+0.040 1.119+0.027
100 2x5 2.168+0.026 1.227+0.057

aDetermined by HPLC, 50% (v/v) aqueous methanol, SD:
standard error

All MAE extractionswere subj ected to know the
presence of coumarin using different methods of
Jagessar and Cox[™@, Inal thefour different identifica-
tion methods confirmed the presence of coumarinand
courmarin related compounds(TABLE 2). Thisresults
of findingsgiving strong evidence of coumarin presence.
Presence of coumarinin plant extractswas screened!*
using different plant. Thisconfirms MEA methodis
yielded more coumarin.

TABLE 2: | dentification of coumarin(s) from different parts
of extractsin different experiments

Extracts

F ower
Stem
Root
L eaf
o-coumaric acid
Coumarin

1: test 1, 2:test 2, 3:test 3, 4:test 4, +:presence

+ o+ + o+ + 4|k

+ o+ + 4+ o+
+ o+ + o+ + 4| w
+ o+ + + + +|A

+

All the flower and stem methanol extracts of
Crotalariapallidashowed significant inhibition of RT
wasobserved. No sgnificant activity wasobserved with
root and leaf (Figure 1). Theflower (83%) and stem
(80%) MAE methanol extractsshowed highest RT in-
hibitory activity compareto root (64%) and | eaf (64%)
whereas standard zidovudine 300 has shown 81%. Al-
most all extractsinhibitedthe RT at varied range. This
report is confirmed with the earlier reports?4. Yu et
al .*9 havereviewed the coumarinsimportanceininhi-
bition of vird replication and cell cycle. Dharmaratne et
a.™ haveclearly identified thecoumainwerefoundto
beinactiveinboththe HIV-1 RT and wholevirussys-
tems.

Many plant extractswere ableto inhibit thethree
glycohydrolase enzymes already reported”4. More
inhibition of three enzymeswas observed from flower

(74% for a-glucosidase, 63% for b-glucosidase and
76% for a-glucuronidase) followed by stem whereas
leaf and root extracts al so showed moreinhibitory ac-
tivity (TABLE 3). Hanett etd. and Collinset d. have
reported that plant extracts showed theinhibitory ac-
tivity of theseenzymes. Theinhibitory effect isdueto
presence of coumarinintheextract. Our MAE extracts
of Crotalaria pallida having more coumarin are pos-
sbly inhibited theseenzyme activitieseffectively.

80 -
70 -
60 -
50 1
40 -
30 -
20 4
10 4
0 ' T v : T

Leaf

Zidovudine
300

Figurel: Effect of plant extracts (200 ug/ml) on theactivity
of recombinant HIV rever setranscriptase

Flower Stem Root

TABLE 3: Inhibition of glycohydrolases (percent) in the
presenceof plant extractsat 200 pg/ml concentration

Per cent inhibition

Extracts

a-glucosidase  B-glucosidase  a-glucuronidase

Flower 74 63 76
Stem 75 59 75
Root 62 52 60
L eaf 64 47 63
Zidovudine 300 81 80 81

Themethanol flower and stem extractsexhibited
stronginhibition of pepsin proteaseenzyme. Strong in-
hibition was noticed in methanol flower and stem ex-
tract. Theroot and | eaf extractshave showed negligible
toxiceffect (TABLE 4).

TABLE 4: Effect of Crotalaria pallida coumarin constitu-
entson HIV proteaseinhibition

Extracts Absorbance
Flower 0.2630+
Stem 0.2449+
Root 0.0039+
L eaf 0.1126+
Contraol with lopinavir 0.0016+
Contral (without any extract/inhibitor) 0.4212+

Our resultshave showed proteaseinhibitor activity
and phytochemical screening showed the presence of
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many active compounds due to presence of
coumaring®’,

Thestructureof thedimeric enzymeof HIV-1-PR
superficially resemblesthat of other aspartic proteases
such as pepsin*®>*4, However, whereas pepsin exists
asa326-res duemonomer, with two differing domains
forming acleft containing the active site, HIV-1-PR
formsasimilar groovein theinterface betweenitstwo
99-residue subunits. Asin pepsin, HIV-1-PR hastwo
highly mobilearms of about 10 residues each, which
surround and anchor the substratein theregion of the
activesite. Theflapsthemselvesarenot necessary for
enzyme activity, though the absence of flapsreduces
enzymatic activity>,

The Crotalaria pallida coumarin extracts have
pepsin enzymeatic activity that correlatesHIV protease
inhibitor activity. Thepreviousreports suggested that
thereareclosestructura and functiona smilaritiesbe-
tween pepsnand HIV protease. Theplant extractshave
showed inhibitory activity of pepsin enzyme, may be
theseextractsinhibit the activity of HIV protease. Our
results, themethanol of stem and flower have proven
potential inhibition of the pepsin enzymeactivity dueto
coumarin congtituents, may beour extractshave strong
inhibitory activity of HIV protease. Many Smilar works
hasbeen donewith plant extracts*838, Thecurrent study
can gppend onemoreadternative HIV proteaseinhibi-
tor to solvethe problem especialy arresting the HIV
replication. But, it needsfurther characterization of ac-
tivemoleculesinthe extracts, purification and mode of
actiononHIV replicationisneeded.

Quantification was performed by comparing the
chromatographic peak areasfor extracted samplesus-
ing HPLC (Figure 2 and 3). The assignments of the
HPL C peakswere confirmed by comparison of reten-
tion timeswith authenti c standards as mentioned by
Mortino et a .14,

In conclusion, thisstudy showstheimportance of
MAE inextraction of coumarinfrom Crotalariapallida
and showed inhibitory activity against enzymessuch as
glycohydrolases, HIV-RT and pepsin. The potential
mechanismfor thedinically seenimprovement of AIDS
sufferswhen administered with flower and stem extract
of Crotalaria pallida retained theinhibition of HIV-
RT. Other identification methods confirm the strong
presence of coumarinand HPLC datagiven clear evi-

—— Regdular Peper

dencethat strong presence of coumarin. Purification of
theactiveingredient coumarinwill allow moreconclu-
sivedataregarding the mechanism by whichimproves
genera hedth statusof HIV positive patients.
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Figure?2: Chromatographic profile coumarinspeaks:. (1)
coumarin: 15.653; (2) o-coumaric acid:19.414 in flower
extract
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Figure 3: Chromatographic profile coumarinspeaks:. (1)
coumarin: 15.624; (2) o-coumaric acid:19.381 in stem ex-
tract
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