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ABSTRACT

In the present study, methanolic extract (MEZJ) from Ziziphus jujuba mill leaf powder was evaluated for its
hypocholesterolaemic and hypotriglyc-eridaemic activities using Triton WR-1339 induced hyperlipemic rats as
experimental model. Hyperlipideamiawas devel oped by intraperitonial injection of Triton (200 mg/kg body weight).
Theanimalsweredivided into Group-I : Animalsreceived 1% CMC, p.o Group - I1: Animalsreceived Atrovastatin 30
mg/kg, p.o Group -111 : Animalsreceived MEZJ at 125 mg/kg, p.o Group -1V : Animalsreceived MEZJ at 250 mg/kg,
p.o Group - V: Animalsreceived MEZJ at 500 mg/kg, p.oAll the animalswere treated with their respective extracts/
drug twice aday orally according to their groups for seven days. On the seventh day all the animalswere deprived
of food and water at libidumfor 18 hours. Triton WR-1339 at the dose of 350 mg/ kg wasinjected intraperitoneally
to al therats. After the triton injection blood was collected immediately from all the animals through retro orbital
puncturetechniqueat varioustimeintervalslike 0 hr, 6 hr and 24 hr respectively. Serum was separated by centrifug-
ing the blood the supernatant was used for the following investigations. Total cholesterol, LDL, Glucose, Triglyc-
eride, Glutathione Nitrite and Glutathione peroxidase (GPx) by standard procedures. The MEZJ treated animals at
doses (125, 250, 500 mg) showed significant (P<0.05, P<0.01, P<0.001) protection against el evated cholesterol levels
when compared to control group of animals. And also a better response over the other parameters mentioned
above. Thereforetheincreased enzyme activitiesresulting from the treatment with MEJZ may prevent the oxidative
damage by detoxification reactive oxygen species and inhibiting lipid peroxidation thus reducing hyperlipidemia.
Further studies are required to isolate the active principle present in Zizphus jujuba Mill and evaluate its pharma-
cological activity, which may give apotential hyperlipidemicdrug.  © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

The plant Ziziphus jujuba mill is a small
subdeci duoustree with dense spreading crown grows
up to aheight of 6 m. The color variesfrom black to
grey or brown belonging to thefamily - Rhamnacese.
Theplant hasbeen used invariousalmentslikehbilious-
ness and headache (Root). Bark: to treat diarrhoea.
Leaves: biliousness, diarrhoea, antipyretic, reduce obe-
gty. Itisused asanthemintic. Fruit: Theripefruitiscool-
ing, indigestible, aphrodisiac and tonic. useful infever
and for wounds and ul cers. Theunripefruit removes

“vata” and causes ‘“kapha”. It also increases thirst, less-
ensexpectorationand biliosness. Thedry fruitislaxa
tive and appetiser, removesimpuritiesformblood, a -
laysthirst. Thefruit issaid to bemucilaginous, pectoral
and styptic. According to folklore claim, the plant
Ziziphus jujuba mill is used in the treatment of hy-
perchol esterolemia. But thereexistsno evidencerel at-
ingtothemodern scientific methodsof evauation. Hence
the present study isaimed to develop adrug from plant
origintotreat hypercholesterolemia. Thispilot study is
aimed at proving the plants hyperchol esterolemic ac-
tivity using stlandard experimenta anima modd.
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MATERIAL

Plant collection and authentication

The plant material of Zizyphus jujuba was col-
lectedin and around Chennai inthemonth of July 2007.
The plant was identified and authenticated by Plant
Anatomy Research Centre (PARC), Chennai. The
voucher specimen of the plant wasdeposited at Plant
Anatomy Research Centre-Chennai.

Extraction

Thefreshleaf wasdried under shade and coarsely
powdered. The powder was passed through a40-mesh
sieve and was subj ected to continuous maceration in
methanol (90%v/v). Thefiltratewasdistilled under re-
duced pressureusing arotaflask evaporator until al
the solvent had been removed to givetheextract. The
yiddis5.7% w/w. The extractswereused for prelimi-
nary phytochemical screening. Themethanolic extract
(MEZJ) wasdoneused for the pharmacol ogica stud-
ies

The methanolic extract was administered to the
animal sby dissolving each timewith 1% CMC.

Experimental animals

Adult Wistar rats of either sex weighing 180-250¢g
were used inthe pharmacologicd studies. Theanimals
weremaintained inday and night rhythminawell-ven-
tilated room. Thetemperaturewasmaintained at 22 +
1°C with humidity at 55 + 5 %. They were fed bal-
anced rodent pelleted diet from Poultry Research Sta-
tion, Nandanam, Chennai-35, and tap water ad libi-
tumthroughout theexperimental period. Theanimals
were housed for oneweek, prior to theexperimentsto
acclimatizetolaboratory temperature. Theexperimen-
td protocol was approved by the Ingtitutional Animal
EthicsCommittee|AEC

Procedure

Theratsweredivided into five groups each group
conssting of six anima sand treated asfollows. Group
-1 : Animalsreceived 1% CMC, p.o Group - 11: Ani-
malsreceived Atrovastatin 30 mg/kg, p.o Group-I1l :
Animasreceived MEZJat 125 mg/kg, p.o Group -1V
: Animalsreceived MEZJ at 250 mg/kg, p.o Group- V:
Animalsreceived MEZJat 500 mg/kg, p.oAll theani-
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malsweretreated with their respectiveextracts/ drug
twiceaday orally accordingto their groupsfor seven
days. Ontheseventh day al theanima swere deprived
of food and water at libidumfor 18 hours. Triton WR-

1339 at thedose of 350 mg/ kg wasinjected intraperi-

tonedlly to all therats. After thetriton injection blood
wascollectedimmediatdy from al theanima sthrough
retro orbital puncturetechniqueat varioustimeinter-

vaslikeO hr, 6 hr and 24 hr respectively. Serum was
separated by centrifuging theblood at 1500 rpm for 10
minutes and the supernatant was used for thefollowing
investigations. Totd cholesterol wasassayed in serum
by usingastandard tota cholesterol kit method™. LDL

was assayed in serum by using a standard LDL kit
method. Glucose was assayed in serum by using a
standard glucose kit method ¥, Triglyceridewas as-

sayed in serum by using a standard triglyceride kit
method¥.Glutathi one content was estimated by 0.25
ml of serum wasadded to equa volumeof icecold 5%
TCA. The precipitate wasremoved by centrifugation
at 4000 rpmfor 10 minutes. To 1 ml aiquot of super-

natant, 0.25 ml of 0.2 M phosphate buffer, pH 8.0 and
0.5ml of DTNB (0.6 mM in 0.2 M phosphate buffer,

pH 8.0) was added and mixed well. The absorbance
wasread at 12 nm using spectrophotometer. Theval-
ues were expressed in pg/dl serum®, Estimation of

Nitrite was assayed by taking 0.2 ml of 10% homoge-
natefollowed by addition of 1.8 ml of sdlineand 0.4 ml

of SSA for protein precipitation. The precipitate was
removed by centrifugation at 4000 rpm for 10 minutes.

To 1 ml aiquot of supernatant, 2 ml griessreagent was
added and mixedwdll. Themixturewasdlowed to stand
for 20 minutes under dark conditions. Thecolour in-
tensity of thechromogenwasread at 540 nmi®. Super-
oxide dismutase was assayed by taking 0.05 ml of se-
rum followed by addition of 0.3 ml of sodium pyro-
phosphate buffer (0.025M, pH 8.3), 0.025ml of PMS
(186 uM) and 0.075 ml of NBT (300 uM in buffer of

pH 8.3) Thereaction was started by addition of 0.075
ml of NADH (780 uM inbuffer of pH 8.3). After incu-
bation at 30°C for 90 seconds, the reaction was stopped
by addition of 0.25ml glacid aceticacid. Thenthere-
action mixturewas stirred vigoroudy and shaken with
2.0ml of n-Butanol. Themixturewasalowed to stand
for 10 minutesand centrifuged. 1.5 ml of n-butanol done
was served asblank. The colour intensity of the chro-
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- . Group Total Cholesterol (mg/dl)
i " Ohr 6 hr 24 hr
oo I 456+25 1821 +4.3 4493 +22.6
—_ il oEeR 1 50.2+5.7 1311 £35* 2282 +£17.1*
B : nam Il 356+107 1689 +3.6%440.4 +23.9°
‘E”: d IV 396+196 1565 +3.6" 354.5 +33.6"
I | i 2 . \% 40.8+1.21 130.9 +4.7* 308.2 + 31.5*
. =I : 1 Comparisons were made between: Group | vs I, 111, 1V, V,
o Values are expressed as mean + SEM of 6 animals, Sym-
w0l o I ’ - bols represent statistical significance: * - P < 0.001, * - P <
- 0.01, @ - P < 0.05
G- C e em e Gev
Figurel: Total cholesterol level in serum
HDL - Cholesterol (mg/dl)
Group 0 hr 6 hr 24 hr
T | 511+6.8 539+42 40.2+164
— :E :: 1 515+28 89.6+4.3* 107.7+12.9*
= 0 sl Il 455+57 505+4.2" 559+72"
£ \Y; 499+71 652+84% 67.7+34.79
: v 544+41 69.3+134" 88.6+304"
Comparisons were made between: Group | vs I, 111, 1V,
V, Values are expressed as mean + SEM of 6 animals,

& - Hil

L
4_P<

Symbols represent statistical significance: * - P < 0.001,

0.01, @- P < 0.05

Figure2: HDL - cholesterol level in serum

mogen wasread at 560nm. Enzymeactivity (1 Unit) =
50 % inhibition/minute™. Glutathioneperoxidase (GPx)
was assayed by taking 200 ul of trisHCL buffer (0.4
M), 0.4mM. EDTA adongwith 100 ul of sodium azide
and 200 ul of enzyme preparation (hemolysate) and
mixed well. Thereafter, 200 ul of reduced glutathione
solution (2mM) followed by 0.1ml H,O, were added
Theoverdl reaction wasarrested by adding 0.5 ml of
10% TCA.. The precipitate was removed by centrifu-
gation at 4000 rpm for 10 minutes. The absorbance
wasread at 12 nm using spectrophotometer. Thenon-
enzymatic reaction rate was correspondingly assessed
by replacing the enzyme sample by buffer. Theresults
areexpressed asnmoles/min/litre serum. GPx = GSH
consumed/Min/ Litré®. Themethod involved heating
of biologica sampleswith0.8 ml saline, 0.5ml of BHT
and 3.5ml TBA reagent for 11/2 mininaboiling water
bath. After cooling, thesol ution was centrifuged at 2,000
rpm for 10 min and the precipitate obtained was re-
moved. Theabsorbance of the supernatant was deter-
mined at 532 nm using spectrophotometer against a
blank that contained dl the reagentsminusthe biol ogi-
ca sample. Thevaueswereexpressedin nmol /dl se-

rumf.
Satistical analysis

Thedatawere expressed asmean+ SEM. Results
were analyzed statistically by one-way ANOVA fol-
lowed by Dunnet’s ?t’ test. The difference was consid-
ered significantif p<0.001.

RESULTS

On preliminary phytochemica screening of metha:
nol extractsof Ziziphusjujuba Mill showed presence
of various phytochemical congtituents. Themethanolic
extract showed the presence of alkaloids, phenals, fla-
vonoids, saponins, glycosides, and terpenes. But car-
bohydrates, steroids, protein, tannins, gumsand muci-
lage were absent.

Anti-hyperlipidemic study: Total Cholesterol The
MEZJ treated animals at doses (125, 250, 500 mg)
showed significant (P<0.05, P<0.01, P<0.001) pro-
tection against el evated chol esterol levelswhen com-
pared to control group of animals. The standard drug
treated group also showed significant (P<0.001) in-
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LDL-Cholesterol (mg/dl)
Ohr 6 hr 24 hr
I 37.89+2.22 335.41+25.06 550.64+28.36
I 45.,65+7.05 203.78+16.18* 314.03+29.13*
Il 33.36+2.66 262.15+6.01"° 547.25+40.45"°
IV 47.89+4.49 270.28+21.77" 366.61+20.59"
V  40.22+2.65 239.52+16.46" 343.29+45.17"
Comparisons were made between: Group | vs I, 111, IV, V,
Values are expressed as mean + SEM of 6 animals, Sym-

bols represent statistical significance: * - P < 0.001, # - P <
0.01

Group

Figure3: LDL - cholesterol level in serum

NAAN
i

. Glucose (mg/dl)
Ny i " ]l: Group Ohr 6 hr 24 hr
e lico= § | 30.13+1.6 8144432  129.91+12.4
= "‘ mEHR | ] 35.54+2.6 97+6.7* 94.35£7.0*
R B24 HR 1] 37.14+24  88.19+3.9"°  14258+3.0M°
E [« \Y 37.36+2.6  83.71+4.1"  130.21+8.3"
B . 1 it % 41.7+19  83.2046.7°  109.3+7.7°
» | Comparisons were made between: Group | vs I, III, 1V, V,
S T ey Values are expressed as mean = SEM of 6 animals, Symbols
represent statistical significance: * - P < 0.001, # - P < 0.01
Figure4: Glucoselevel in serum
g Triglycerides (mg/dl)
s Group Ohr 6 hr 24 hr
I 120.68 +2.7 789.45+98.9  1027.25+38.8
= 1 151.48+2.8 554.17+87.0* 255.51+72.4*
F Il 133.75+6.5 851.17+33.6"° 1017.12+86.6"°
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creasein cholesterol levelswhen compared to control.
(Figurel)
HDL

TheMEZJtreated animal s at doses (250, 500 mg)
showed significant (P<0.05, P<0.01) protectionin HDL
levelsagaing theincreaseintritontreatedrats. Thestan-
dard drug treated group also showed significant

(P<0.001) protectionin HDL levelswhen compared
to control. (Figure 2)

LDL
TheMEZJtreated animal s at doses (250, 500 mg)

IV 141.41+2.7 657.77+120.4% 774.71+80.52
V  169.98+6.1 655.51+56.2% 357.77+86.4"

Comparisons were made between:

Group | vs I, I11, 1V, V,

Values are expressed as mean + SEM of 6 animals; Sym-
bols represent statistical significance: * - P < 0.001, # - P <
0.01, @- P <0.05

Figure5: friglycerideslevel inserum

showed significant (P<0.05, P<0.01) protectioninLDL
levelswhen compared to control. The standard drug
treated group also showed significant (P<0.001) re-
ductioninLDL levelswhen compared to control. (Fig-
ure3)

Total glucose

TheMEZJtreated animal s at doses (250, 500 mg)
showed significant (P<0.05, P<0.01) changesin glu-
cose level swhen compared to control. The standard
drug treated group al so showed no significant changes
inglucoselevel swhen compared to contral. (figure4)
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i os -1 Group | I 11 I\ \

= os-n i GSH

g W mc-m T (nm/mg of 36.3+ 2.976.7+ 6.9*92.58+ 8.57104.42+7.7" 73.57+ 6.4
g | BG - iF protein)

% fw{ BG-V Comparisons were made between: Group | vs I, Il1, 1V, V; Val-
= .r ues are expressed as mean £ SEM of 6 animals; Symbols repre-
€ la sent statistical significance: # - P < 0.01, @ - P < 0.05

c

Group

Figure6: Reduced glutathionelevelsin liver

Group [ I 11 [\ \

Nitrite/nitrate

(ng/mg of
protein)

173.34 86.51+
+170 131

52.87 +
6.1%

61.79+
7.1@

715+
4.0*

nm/mg of protein

= ## A A A B & B K K H

Group

units/min/mg of protein

Group

Comparisons were made between:
Values are expressed as mean + SEM of 6 animals; Symbols
represent statistical significance: * - P < 0.001, * - P < 0.01, @
-P<0.05

Group | vs I, I, 1V, V;

Figure7: Nitatecontentinliver

Group SOD(unitg/min/mg of protein)

| 8.10+ 0.5

1 12.72 +0.7*

1] 10.50+ 1.4*

\Y 13.30+ 1.2°

\ 15.85+ 1.7°
Comparisons were made between: Group | vs 11, I, IV,
V; Values are expressed as mean £ SEM of 6 animals;

Symbols represent statistical significance: * - P < 0.001, *
-P<0.01

Figure8: Superoxidedismutaselevelsin liver

Triglycerides

TheMEZJtreated animals at doses (250, 500 mg)
showed significant (P<0.05, P<0.05) protectionin cho-
lesterol levelswhen compared to control. The standard
drug treated group al so showed significant (P<0.001)
reductionincholesterol levelswhen compared to con-
trol. (Figureb)

Reduced glutathione

TheMEZJtreated anima sat doses (125, 250, 500
mg) showed significant (P<0.01) protectionin glu-
tathione level swhen compared to control. The stan-

dard drug treated group also showed significant
(P<0.001) protection in glutathionelevel swhen com-
pared to control. (Figure6)

Nitrate

The MEZJtreated anima sat doses (125, 250, 500
mg) showed significant (P<0.05, P<0.01, P<0.01) pro-
tectionin nitratelevel swhen compared to control. The
standard drug treated group al so showed significant
(P<0.001) protectioninnitratelevelswhen compared
tocontrol. (Figure7)
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Group

GPX (um/min/mg of protein)

I
I
I
v
V

0.02 + 0.005

0.08 + 0.008*
0.01+ 0.008“®
0.04 + 0.007*
0.09 + 0.013"

Comparisons were made between: Group | vs I, 111, IV,
V; Values are expressed as mean + SEM of 6 animals;
Symbols represent statistical significance: *-P<0.001, # -

P <0.01, N.S

Figure9: Glutathioneperoxidaselevelsin liver

Group TBARS (ng/mg of protein)
I 202.07 £ 19.6
I 143.51 + 14.2*
1] 207.20+ 10.9"
v 168.87 + 18.7*
v 110.97 + 15.7*
Comparisons were made between: Group | vs I, II1, 1V,

V; Values are expressed as mean + SEM of 6 animals;
Symbols represent statistical significance: * - P < 0.001, *

-P<0.01

Figure10: TBARSIevelsin liver

Superoxidedismutase (SOD)

TheMEZJtreated anima sat doses (125, 250, 500
mg) showed significant (P<0.01) increasein SOD lev-
els when compared to control. The standard drug
treated group a so showed significant (P<0.001) pro-
tectionin SOD level swhen compared to control. (Fig-
ure8)

Glutathioneperoxidase

TheMEZJtreated animals at doses (250, 500 mg)
showed significant (P<0.01) increasein SOD levels
when compared to control. The standard drug treated
group a so showed significant (P<0.001) protectionin
SOD levelswhen compared to control. (Figure9)

TBARS

TheMEZJtreated anima sat doses (125, 250, 500
mg) showed significant (P<0.01) protectionin TBARS
levelswhen compared to control. The standard drug
treated group a so showed significant (P<0.001) pro-
tectionin TBARS levelswhen compared to control.
(FigurelQ)

DISCUSSION

Scientific evauation of The plant Ziziphusjujuba

Mill using standard experimenta anima modd reveded
the antihyperlipidemic nature of the plant Ziziphus
jujubaMill leef extractsagainst triton induced hyper-
lipidemiainrats. Triton WR-1339isone of the many
well known non-ionic detergentsthat inducethedeva
tion of plasmacholesterol andtriglyceridelevelsby in-
creasing the hepatic cholesterol biosynthesis. Itasoin-
creasestheHM G-CoA reductase activity intheliver.
TheTriton WR-1339 model hastherefore been exam-
ined not only as screening methodsfor hypolipidemic
agents, but also asameansfor elucidating lipid me-
tabolism %, Inthisstudy thewhen thetritonisadminis-
teredthelipidlevels(total cholesterdl, triglycerideand
LDL) inal theratsweredevated. Theincreased lipid
levelsintherats plasmawere expressed as hyperlipi-
demicratsinthisstudy. The MEJG significantly de-
creased thelevelsof tota cholesteral, triglyceridesand
LDL intheTritoninduced hyperlipidemicratsinadose
dependant manner™. Thelevel of HDL isgenerally
inversaly correlated with therisk of cardiovascular dis-
easein both human and laboratory anima studies, and
increased HDL decreasethe devel opment of athero-
sclerosis. Thus, anincreaseinthe HDL leve by supple-
mentation withthe M EZJmay beresponsible, in part,
for theanti-atherosclerotic effect inanimals.
Sinceagreat part of thecholesterol inthebody is
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synthesized de novo, mostly intheliver, the search for
drugstoinhibit cholesterol biosynthesishaslong been
pursed asameansto lower thelevelsof plasmacho-
lesterol. Ashighlevelsof cholesterol arecorrdated with
anincreased occurrence of atherosclerosisthetherapy
for hypercholesterolemiaisfocused mainly oninhibi-
tion of the sdective cholesteral biosynthesispathway in
theliver. Theenzyme, HM G-CoA reductase, catayzes
therate-limiting reaction on the mevalonate pathway
and actsearly on thisbiosynthetic pathway. Inhibitors
of cholesterol biosynthes's, for instance, particularly
thosethat inhibit HM G-CoA reductase, arewiddy used
to lower the cholesterol level. The effectiveness of
HMG-CoA reductase inhibitorsto decrease plasma
cholesteral levelsin animasand humansiswell docu-
mented*2. Chol estyramineincreasesthe production of
bileacid fromtheileumandinhibit its passive absorp-
tioninthecolon, resultingin thestimulation of HM G-
CoA reductase activity. In this present study, adminis-
trationwiththe MEZJ s gnificantly inhibited theHM G-
CoA reductase enzymesactivitiestoward chol esterol
bi osynthesisin cholestryramine-fed mice. Our results
also show that the HM G-CoA reductase activity was
increased in Triton WR-1339 induced hyperlipidemic
rats, whishisin agreement with reportsof other studies
made*¥. However, suchincreased activities of hepatic
HM G-CoA reductase were decreased after adminis-
tration of MEZJin dose dependent manner. Based on
theseresults, it isproposed that MEZJadministration
involved suppression of endogenous cholesterol bio-
synthesisby inhibiting the activities of hepatic HM G-
CoA reductase. The possibility existsthat the MEZJ
might have unregulated the hepatic L DL receptor. Thus
increasing thecholesterol clearance, Inwhich casethe
mechanism still remainsto be e ucidated through fur-
ther studies. Itispossible, that in addition to up regula-
tion of the hepatic LDL receptor, the suppression of
endogenouscholesterol biosynthesisby theMEZJlim-
itedtheavailability of cholesterol totheliver for VLDL
production4.,

Ontheother hand, the administration of theMEZJ
suppressedtheincreased TBARSIeve inhyperlipidemic
rats. As hypercholesterolemialeadsto theincreased
production of oxygen freeradicals. It exertsits cyto-
toxic effect by causing lipid peroxidation, resultingin
theformation of maondialdehyde (MDA). Determin-

Natural Products

inglipid peroxidation viathe TBARSIeve providesan
indirect measurement of antioxidetivedeficit. A decrease
inlipid peroxidation leadsto areductioninthearteria
wall cholesterol content. Thus, the reduction of lipid
peroxidation is associated with a decrease in the
arthrosclerosis caused by hyperlipidemia™.

It seems from the results that the MEZJ had an
antioxidativeeffect and counteractive effect against hy-
perlipidemiato someextent. Therefore, our resultsdem-
onstratethat, in addition to lowering cholesterol, the
MEZJa so helpedininhibitinglipid peroxidation and
theoxidation of lipoproteininhyperlipidemicrats.

The plasmaNO concentration was decreased in
thehyperlipidemic modd . Endothdlia-derived NO ex-
ertsvasodilatory, growth regulatory and anti-inflamma:
tory effects, thus being an important regulator of car-
diovascular homeostats s. However, oxidatively modi-
fied LDL activitiesendothelia cell, leadingto an dter-
ation of thefunctional and structural integrity of theen-
dothdlia barrier, thusresulting in endothdia dysfunc-
tion, namely the production of oxidativestressduring
LDL oxidation. Theinactivation of NO, and theinhibi-
tor of NO synthesis by nitric oxide synthetase (NOS),
Thereduced level of NO production inthe hyperlipi-
demicratswasgradudly increased by pretrestment with
the MEZJ*9. Thismay have been dueto enhancing the
detoxi cating enzymes by supplementatingtheMEJZ in
theliver anditsantioxidant effect. Indeed trestment with
theMEJXZ resultedinanincreaseintheactivitiesof CAT
and GPx. SOD playsaimportant rolein protecting the
cdlsfrom oxidative damage by converting superoxide
radicasinto hydrogen peroxide. Theresulting hydro-
gen peroxideisfurther metabolized by CAT and GPX,
where by CAT detoxifies hydrogen peroxideand GPx
catdysesthedestruction of hydrogen peroxideand lipid
peroxide*,

Thereforetheincreased enzymeactivitiesresulting
from thetreatment with MEJZ may prevent the oxida-
tive damage by detoxification reactive oxygen species
and inhibiting lipid peroxidation thus reducing hyper-
lipidemia. Further studiesarerequired toisolatethe
active principle present in Zizphus jujuba Mill and
evauateitspharmacol ogicd activity, whichmay givea
potentia hyperlipidemicdrug.
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