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ABSTRACT

Thelipid lowering and antioxidant activity of rohitukine a pure compound
isolated from the stem bark of the Dysoxylum binectariferum has been
studied in triton and cholesterol fed hyperlipidemic rats (in vivo). Serum
lipidswere found to be lowered by rohitukine (at 200 mg/kg.) intriton WR-
1339 induced hyperlipidemiain experimental animals.. Chronic feeding of
this compound (at 100 mg/kg) in animals simultaneously fed with high fat
diet (HFD) for 30 days caused lowering in the lipid and apoprotein levels
of very low density (VLDL) and low density lipoproteins (LDL) and in-
creased high density lipoprotein (HDL). Rohitukine activated lipolytic
enzymes in plasma and liver lipids. The hypolipidemic activity of the
rohitukine is mediated through increased faecal bile acid excretion and
enhanced plasma lecithin-cholesterol acyl transferase activity. This mol-
ecule showed potent antioxidant and oxygen free radical scavenging ac-
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tivity (in in vitro studies).

INTRODUCTION

Atherosclerosis and associated complicationsis
now themgor cause of myocardia morbidity and mor-
tality worldwide. Elevated leve of plasmaconcentra-
tion of cholesterol especially low density lipoprotein
(LDL) andtriglyceridealong with freeradicasoxida
tivestressarerecognized asleading causein thedeve -
opment of atherosclerosisand coronary heart diseases.
Several drugs are being used in the treatment of
dydipidemia Treatment of hyperlipidemiausing statins
has been used to decrease serum level s of cholesterol
andtriglyceride. Statin such asatrovastatin, lovastatin,
fluvadatin, amvadtatin, and pravastatinae HM G-CoA
reductaseinhibitirswhich act by inhibiting cholesterol
synthesisand up regulate LDL receptorsin liver. How-
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ever common side effects of statins are myositis,
arthragias, gadirointestind upset and devated liver func-
tion test. Thusthereisaneed of the therapeutic ben-
efitsof several antididlipidemic drugswhilesimulta-
neoudy reducing the severeside effects.
Theinvolvement of hydroxyl freeradicas(OH) has
been found to be a major causative factor for
peroxidative damageto lipoproteinswhich isrespon-
sbleforinhibitionand progression of atherosclerosisin
hyperlipidemic subjects. Hyperlipidemiamay dsoin-
duce other abnormalitieslike oxidation of fatty acids,
leading to the formation of ketone bodiesaswell as
masking liver and muscleresstancetoinsulinwhichini-
tiatesthe progress of diabetesin patients?. Further-
more dueto hyperglycemia, increasesin nonenzymic
glycosilation occurs, accompanied with glucoseoxida
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tion and these reactions being catalized by Cu?* and
Fe** resultinginformation of O* and OH radicaswhich
further accelerates the risk of cardiac diseases in
dydipidemic patients®. Oxidation isoneof thedestruc-
tive processes wherein it breaks down and damages
various molecules. Oxygen viaitstransformation pro-
duces reactive oxygen species (ROS) such as super-
oxideshydroxyl radical sand hydrogen peroxide. They
provideuncontrolled reactiong¥. Molecular oxygenis
anessentid component for al living organisms, freeradi-
cd satack andinduce oxidative damageto variousmol-
ecules including proteins, lipids, lipoproteins and
DNA®8, Thebody possesses several defense systems
comprising enzymesand radical scavengerd. Some
of them congtitute therepair systemsfor moleculesthat
are damaged by freeradica 99. Antioxidantsare com-
poundsthat act asinhibitors of the oxidation process
and arefoundtoinhibit oxidant chainreactionsat small
concentrationsand there by diminatethethresat of patho-
logical processes®. Phenolic compoundspresentinthe
medicina plantshave been reported to posses power-
ful antioxidant activity!¥. Flavonoidsareamajor class
of phenolic compound present inthemedicina plants
and arefound to have apotential rolein prevention of
variousdiseasesthrough their antioxidant activity!”.

Dysoxylum binacteriferumisfound in the West-
ern Ghats of India. Crude extracts of this plant were
foundto be highly effective against ovarian and breast
cancer®, Few previous studies showed that the anti-
cancer activity of of thisplant. Sincerohituking®. was
recently established to possess antiestrogeni c effect in
adult femalerats™?. Lipid lowering activity aswell as
antioxidant property of rohitukinewas doneaccording
to methodology giveninliterature-16

MATERIALAND METHODS

Collection of theplant material

The stem bark of thisplant was collected and iden-
tified by the Botany Division of theInstitutefrom the
Andaman coast of India. The voucher specimen (No.
8091) hasbeen kept in the herbarium of the Institute.

Preparation of extract/fractions/compound

Air-dried powdered plant material (1.0 kg) was
extracted with distilled ethanol, concentrated under re-
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duced pressureand further fractionated into four frac-
tions. From the chloroform fraction, aknown alkaoid
rohituking® { 5,7-dihydroxy-2-methyl-8- [4-(3-hy-
droxy-1-methyl)-piperidinyl]-4H-1-benzopyran-4-
one)} wasisolated.

Bioassays

Rats(CharlesFoster strain, maleadult, body weight
100-150 g) were kept inaroom with controlled tem-
perature (25-26 °C), humidity (60-80%) and 12/12
hourslight/dark cycle, (light onfrom 8.00amto 8.00
pm) under hygienic conditions. Animals, which were
acclimatized for oneweek before starting the experi-
ment, had free accessto the normal diet and water ad
libitumn.

Thelipidlowering activity of D. binacteriferum
extract wasevaluated in tritan treated hyperlipidemic
rats. Theratsweredivided into control, triton treated
and triton plusextract treated groups containing Six rats
ineach group. Inthe acute experiment tritan WR-1339
(SigmaChemicad Company, S. Louis,M O, USA) was
administered (400mg/kg) by intraperitonia injectionfor
18 h. Rohitukineand Gemfibrozil (CiplaLtd. Bombay,
India) were macerated with 0.2% agueousgum acacia
suspension andfed ordly Simultaneoudy withtritanin
thechronic experiment. Hyperlipidemiawas produced
by feedingwith highfat diet (Novo Dordisk, Denmark)
onceaday for 30 days. Drugswereadministered oraly
(100 mg/kg.) s multaneoudly with cholesterol indrug
treated groups. Control animalsrecei ved same amount
of norma saineor groundnut oil. At theend of experi-
mentsratswere fasted overnight and blood waswith-
drawn. Theanimalswerekilled and theliver was ex-
cisedimmediately.

Superoxideanions(O?) weregenerated enzymati-
cally by Xanthine (160 mM), Xanthine oxidase (0.04
U) and nitro blue- tetrazolium (320u M) in the absence
or presence of rohitukine (100 and 200 pg /ml) in 100
m M phosphate buffer (pH 8.2) wassonicated well in
phosphate buffer before use. Thereaction mixturewas
incubated at 37°C and after 30 min thereaction was
stopped by adding 0.5ml glacid aceticacid. Theamount
of formazoneformed was measured spectrophotometri-
caly. Inanother set of experiment effect of thiscom-
pound onthegeneration of hydroxyl radicals(OH) was
studied by non enzymic reactants. Briefly OH was gen-
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erated inanon- enzymic system comprising deoxyri-
bose (2.8 mM) FeSO,. 7H,0O (2.0 m M) sodium ascor-
bate (2.0 mM) and H,O, (2.8 mM) in50mM KH,PO,
buffer, pH 7.4 to afinal volumeof 2.5ml. Theabove
reaction mixture, in the absence or presence of test
sample (100 pg/ml and 200 pg/ml) was incubated at
37° Cfor 90 minutes. Therohitukinewasa so studied
for inhibitory actionagaing microsomd lipid peroxidation
invitro by non- enzymicinducer. Referencetubesand
blank werea so run smultaneously. Md ondia dehyde
(MDA) contentsin both experimental and reference
samples were estimated spectrophotometrically by
thiobarbituric acid method as mentioned above. Allopu-
rinol, Manitol, and a- tocopherol were used as stan-
dard drugsfor superoxide hydroxylation and microso-
md lipid peroxidation.

Plasmalecithin: cholesterol acyl transferase (LACT)
activity*tl, and Post heparin lipolytic activity (PHLA)

wereassayed’?, Serum wasfractionated into very low
density lipoprotein (VLDL), low density lipoprotein
(LDL) andhigh dengty lipoprotein (HDL) by polyanimic
precipitation methods™®. Serumaswell aslipoproteins
wereanalysed for their total cholesterol (TC), phos-
pholipids (PL), triglyceride (TG) and protein by stan-
dard proceduresreported earlier(*419,

Liver was homogenised (10% w/v) in cold 100
mM phosphate buffer, pH 7.2 and used for the assay
of total lipolytic activity of thelipid extract of each
homogenate was used for the estimation of TC, PL,
TG and protein. Therat faeceswere collected from
all groupsthroughout 30 days and processed for the
estimation of cholic acid and de-oxy cholic acid™¢.
Datawere analyzed using student’s t-test. Hyperlipi-
demic groupswere compared with control and plant
extract treated hyperlipidemic. P<0.05 was consid-
ered assgnificant.

TABLE 1: Lipidlowering activity of rohitukineintriton treated hyperlipemicrats.

Experimental Schedule Total Cholesterol®  Phospholipid? Triglyceride® Protein®
Contol 88.72+5.37 90.33+8.00 85.40+6.14 7.33+0.26
Triton treated 254.66+20.14"" 220.44£16.147  245.81+20.23"  15.18+1.10

(+2.87F) (+2.87F) (2.80F) (2.07F)
Triton + Rohitukine 190.88+13.68™" 168.27+" 188.37+14.237"  12.00+0.78"
(-29) (-23) (-23) (-21)
Triton+Gemfibrozil (standard Drug) 1.65+13.00"" 140.10+£10.177°  160.20+14.117"  11.08+0.66™ "
(-35) (-33) (-35) (-27)

Unit: a. mg/dl b. g/dL; Values are mean + SD from 6 rats “"P< 0.001, ""P< 0.01. Tritan group compared with control, triton and

drug treated compared with triton.

TABLE 2: Effect of rohitukineand Gemfibrozil on blood lipidsand lipolytic enzymesin hyperlipidemicrats.

Parameters Control Cholesterol treated Cholesterol and rohitukinetreated Cholesterol and Gemfibrozil treated

Serum

Total Cholesterol 86.66+5.48  258.11+20.62" 190.44+13.88™" 170.84+13.69™"
(+2.97F) (-26) (-34)

Phospholipid?® 83.47+6.00 239.22+19.39"" 180.27+14.48™" 166.66+10.82""
(+2.86F) (-25) (-30)

Trigliyceride?® 106.88£9.00 201.93:14.44"" 148.21+5.59" 128.37+7.88""
(+1.88F) (-26) (-36)

Protein® 6.38+0.17  12.27+1.00" 8.98+0.17" 8.00+£0.47""
(+2.85F) (-27) (-35)

VLDL

Total Cholesterol @  8.32+0.40 32404220 25.00+1.50"" 21.37+1.62"
(+3.89F) (-23) (-34)

Phospholipid? 15.00+0.48  31.24+2.00" 27.00+1.64" 20.14+2.00"™"
(2.08F) (-26) (-35)
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Parameters Control Cholesterol treated Cholesterol and rohitukinetreated Cholesterol and Gemfibrozil treated

Triglyceride® 40.37+2.82  90.87+6.82" 72.30£4.00" 65.12+5.37
(+2.25F) (-23) (-28)

Apoprotein® 6.40+0.38  12.64+0.87 9.40+0.38"" 9.00+0.27""
(+1.97F) (-25) (-28)

LDL

T Cholesterol 13.44+0.62  63.27+5.12"" 48.77+2.62"" 43.72+4.00"
(+4.70F) (-23) (-38)

Phospholipid? 12.64+1.00  44.12+2.87" 34.00+2.12" 29.14+2.17"
(+3.49F) (-22) (-33)

Triglyceride® 15.28+1.00  35.17+2.61°" 25.38+2.00"" 24.88+1.62""
(+2.30F) (-27) (-29)

Apoprotein® 17.00£1.14  30.27+1.88"" 23.00£1.00" 21.00£1.60"
(+1.78F) (-24) (-30)

HDL

T Cholesterol 46.38+4.00  36.17+2.40 43.37+2.88" 44.0043.16°
(-22) (+17) (+18)

Phospholipid?® 39.00£3.00  29.38+2.17 33.80+2.14° 34.66+2.81
(- 25) (+13) (+15)

Triglyceride® 16.14£1.00  12.00£0.78"" 15.17+1.00" 16.00+0.79™"
(- 26) (+21) (+25)

Apoprotein® 170.33+13.62 122.62+10.14"" 141.24+12.44" 150.39+14.00"
(- 28) (+13) (+18)

Plasma LCAT activity® 70.30+4.84  35.69+2.44" 50.31+3.82"" 52.77+5.00""
PHLA? (- 49) (+29) (+32)

18.00£1.17  11.00+£0.62"" 14.00+0.79™ 14.48+1.01°"
(-38) (+21) (+24)

Units: a. mg/dl serum, b. g/dL serum, c. n mol cholesterol released /h/l plasma, d. n mol free fatty acid formed /h/ml plasma;
Values are mean + SD from six animals; “"P<0.001, ""P<0.01, "‘P<0.05; Cholesterol treated compared with control, cholesterol
and drug treated with triton only.

TABLE 3: Effect of rohitukineand Gemfibrozil on hepaticlipidsand faecal bileacid excretionin hyperlipemicrats.

Parameters Control Cholesterol treated Cholesterol and rohitukinetreated  Cholester ol and Gemfibrozil treated
A Liver
LPL activity® 132.22+10.60  73.30+5.69 83.66 +8.00 89.27 +5.77"
(-44) (+12) (+18)
Total cholesterol®  7.00+0.25 12.17 +1.00"" 9.11+0.37" 8.80+£0.40""
(+1.73F) (-25) (-28)
Phospholipid® 24314200  40.18+3.12"" 28.66+1.60"" 26.92+2.00™"
(+1.65F) (-28) (-33)
Triglyceride® 11.23+0.77  16.68+1.10"" 13.1140.69™ 12.00+1.00™"
(+1.48F) (-21) (-28)
Protein® 152.88+13.18 220.84+13.92"" 178.80 +14.42™"" 165.50 £14.00""
(+1.44F) (-19) (-25)
B Faecal bileacids
Cholic acid" 85.73+6.89 50.22 +3.78™" 69.92 46.00"" 67.004£6.10""
(-41) (+28) (+25)
Deoxycholicacid®  55.77+5.00  25.10+2.00"" 38.80+3.00"" 44.89+3.12""
(-55) (+54) (+44)

Unit: a. n mole freefatty acid for med/h/mg protein, b. mg/g, c. ng/g; Values are mean £SD of six animals; ""P<0.001,
"P<0.01,"P<0.05. Cholester ol treated group compar ed with control and cholester ol plusdrug treated gr oup compar ed with
cholesterol treated.
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TABLE 4: Effect of rohitukineon thegener ation of super oxideanions, hydroxyl radicalsand lipid per oxidation in microsomes.

Test compound Conc of compounds (ug/ml) superoxideanions® (O,) hydroxy! radicals’(OH")

Microsomal lipid per oxidation®

Control 180.24+13.79 94.90+6.82 98.28+7.00

Rohitukine 100 144.39+10.30"" 70.18+5.00"" 80.20+5.72"
(-20) (-26) (-18)

200 114.30+8.30"" 60.27+3.87"" 70.33+2.88""
(-37) (-36) (-28)

Standard drug 200 85.20+6.14"" 45.57+2.89" 53.33+3.14"
(-53) (-52) (-46)

Units a. nmoal for mazonefor med/min. b. n mol M DA for med/h/mg protein; Each valueismean + SD of six values **P< 0.001,
"P<0.01. Experimental data compared with contr ol experiment.

RESULTS

Effect of rohitukinein triton induced hyperlipi-
daemia

Theacuteadminigtration of triton WR-1339 caused
amarked increasein the serumlevelsof TC (+2.87
F), PL (+2.44 F), TG (+2.87 F) and protein (+2.07
F). Treatment with theseextract caused reversd inthese
levelsof TC (-25%), PL (-23%), TG (-23%) and pro-
tein (-21%). Thelipidlowering activity of rohitukinein
the hyperlipidemic rats was comparable to that of
Gamfibrozil.

Effect of rohitukineon lipid composition in serum
lipoproteinsand liver

Thedatashowed that theadministration of HDFin
ratsincreased their serumlevelsof TC, PL and TG by
2.97,2.86and 1.88fold respectively. Feeding with these
extract and Gemfibrozil reversed thelevel sof these se-
rum lipids (26, 25 and 27%) in cholesterol and extract
treated animals. Theanaysisof hyperlipidemic serum
showed amarkedincreaseinthelevelsof lipidsand
gpoproteinscongtituting B-lipoproteins and theseeffects
were pronounced for VLDL-TG (-23%) and LDL-
TC (-22%). Treatment with these extract and
Gemfibrozil agnificantly reduced theselevelsof VLDL
lipids (-28%) aswell asLDL-TC (-38%), PL (-33%),
TG (-29%) and apo-L DL (-30%) respectively in hy-
perlipidemicrats. At the sametimethe decreased lev-
elsof HDL-lipidsand apo-HDL intheseanima swere
partially recovered. Theincreased levelsof TC, PL,
TGandprotein(1.73, 1.65, 1.48and 1.44 F) inliver
of cholesterol fed ratswere observed to belowered by
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ther treetment with thiscompound.
Effect on lipolytic enzymes

HDF feeding caused theinhibition of plasmalL CAT
(-49%) and PHLA (-38%) respectively and total li-
polytic activity (-44%) in liver. Treatment with these
extract and Gemfibrozil partially reactivated theseli-
polytic activitiesin plasmaand liver of hyperlipidemic
rats.

Effectson faecal excretion of bileacids

FeedingwithHDF caused asignificant decreasein
faecal excretion of cholicacid (-41 %) and deoxycholic
acid (-55%) and theselevel swere shown to be recov-
ered by thetreatment with rohitukine (+28% and *54%)
and gemfibrozil (+25 and +44%) in HDF and extract
fedanimas.

Antioxidant activity of rohitukine

The antioxidant activity of thiscompound was
evaluated by generating freeradical s[superoxideions
(02), hydroxyl radicals (OH"), microsomal lipid
peroxidation] in vitro with absence and presence of
this compound. The scavenging potential of the
rohitukineand the standard drug alopurinol a 200 ug/
ml against formation of superoxideions(02) shownin
TABLE 4. Thiscompound showed potent i nhibition of
antioxidant activity at 100 pg /ml and 200 ug /ml by -
20% and -37% respectively. Manitol wastaken asstan-
dard drug in order to compare the hydroxyl radical
(OH") scavenging potential of thiscompound, manitol
showed -53% hydroxyl radicalsscavenging activity at
200/pg /ml., rohitukine showed -37 % activity at 200ug
/ml concentration and -20 % activity at 100 pg /ml re-

Spectively.
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Themicrosomal lipid peroxidation scavenging ac-
tivitiesof therohitukinewas studied. &-tocopherol was
taken as standard drug which showed -46% activity at
200ug/ml concentration where as this compound ex-
hibited potentia inhibition -28% at the same concen-
tration.

DISCUSSION

Rohitukinefrom D. binacteriferumand Gemfibrozil
both cause asignificant decreaseinthe serumleve of
lipidsintritoninduced hyperlipidemicratsand thismodel
has been successfully used for theevaluation of lipid
loweringactivity of rohitukineintherats"8, Thepresent
invetigationwith HDFfed hyperlipidemicanimasshows
that rohitukine couldincreasethelevel of HDL by in-
creasingtheactivity of LCAT, which play akeyrolein
lipoprotein metabolism. Theincrease of the receptor
mediated catabolism of LDL aswell asthelipolyticac-
tivityinliver andthelevel of blood HDL-TC followed
by the decrease of B-lipoprotein lipids and the sup-
pression of hepatic lipids by these extract are of great
utility for regressing atherosclerosis™d. Thestimulation
of LDL catabolism by these extract in hyperlipidemic
anima smay bedueto asignificant decreaseintheleve
of serum and tissue lipids. The compound may also
enhancethesynthesisof LDL apoprotein (Apo B) as
well asreceptor protein to accel eratethe turnover of
cholesterol. Increased synthesis of receptor protein
decreased therate of hepaticlipid synthesisandinhibi-
tion of oxidativemodificationin LDL may regulatethe
cholesteral level inthebody.

Thesuperoxideanions, hydroxyl radicals, and hy-
drogen peroxide are continuously generated insdethe
human body as a consequence of exposure to exog-
enouschemica sand/ or anumber of endogenous meta
bolic processesinvolving redox enzymesand bioener-
getics electron transfer. Owing to the ROS overpro-
duction and/ or inadequate antioxidant defense, thereis
upsurge of ROS and thisculminatesin oxidative stress.
Itisquiteinteresting to notethat plantshave good anti-
oxidant ability and are safer then the synthetic antioxi-
dants. Theantioxidant activity can beattributed to vari-
ousmechanismlikeprevention of chaininitiation, bind-
ing of transition metal ion catayst, decomposition of
peroxides, reductive capacity and radical scavenging
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activity.

Hyperlipidemiaisoneof theimportant risk factors
involvedin thedevel opment of cardiovascul ar diseases.
Atherosclerosis and congestive heart diseases are
strongly associated with disordersof lipid metabolism
and plasmalipoproteins. Triton WR-1339 treated rats
are considered to be an usefull acute hyperlipidemic
model associated withinactivelipoprotein lipasg??.
Triton WR-1339 act as asurfactant to block the up-
takeof lipoproteinfromthecirculation by extrahepatic
tissuesresultinginanincreaseintheleve of circulatory
lipoproteing?. Thisextract wasfound to beenriched
inflavonoidsandit isreported that flavonoidsarefound
tobeinhibit HM G- CoA reductase activity.
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