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In the present study, curcumin from Curcuma longa was screened for neuroprotective activity using
ethanol as a model of brain injury. Oral administration of curcumin to rats caused a significant reversal
in lipid peroxidation, brain lipids and produced enhancement of glutathione, a non-enzymic antioxidant
in ethanol intoxicated rats, revealing that the antioxidative and hypolipidaemic action of curcumin is
responsible for its protective role against ethanol induced brain injury. Copyright# 1999 John Wiley &
Sons, Ltd.
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INTRODUCTION

Spices form an important class of food adjuncts and are
used to enhance the sensory quality of food (Gusataffson
et al., 1978). Among themCurcuma longaalong with its
primary constituent curcumin is known for its antioxidant
and cytoprotective role. Recent studies show that some of
the biochemical effects of spices are due to their active
principles.

Turmeric (Curcuma longaLinn, family: Zingibera-
ceae) has been used as a colouring agent and food
additive in Indian culinary preparations from time
immemorial (Huanget al., 1994). The active antioxidant
principle in Curcuma longa has been identified as
curcumin (Choiuet al., 1983). The beneficial effects of
turmeric which is credited with therapeutic properties
have been postulated to be due to curcumin, which has
many pharmacological activities such as antiinflamma-
tory (Srimal and Dhawan, 1973), anticancer (Huanget
al., 1994), antioxidant properties (Soudaminiet al., 1992)
and inhibition of lipid peroxidation.

The central nervous system is one of the primary target
organs which is most impaired by alcohol. Cognitive
impairment and behavioural disturbances are also very
prevalent, and for the most part are due to the disruption
of central nervous system integrity (Tarter and Alterman,
1984). Ethanol is a powerful neurotoxin and several
neurological syndromes have been documented in
alcoholics (Freund, 1985). Acetaldehyde produced by
the oxidation of ethanol may play a critical role in

mediating its pharmacological actions on the central
nervous system by penetrating the ventricular walls and
stimulating the release of catecholamines in the lateral
hypothalamus (Spivak and Amit, 1987).

In the present communication, we have assessed the
neuroprotective activity of curcumin against alcohol
toxicity by monitoring the lipid peroxidation and brain
lipid levels. We have also assessed the level of
glutathione in the brain of alcoholic rats fed curcumin.

MATERIALS AND METHODS

Experimental animals. Male albino rats of the Wistar
strain (body weight 150–170g) bred in Central Animal
House, Rajah Muthiah Medical College, were used in this
study. The animals were fed on pellet diet (Hindustan
Lever Limited, Mumbai) and waterad libitum.

Chemicals. Curcumin was purchased from CDH(P)
Limited, Mumbai. Ethanol was purchased from E.
Merck, Darmstadt, F.R. Germany. All other reagents
used were of analytical grade.

Experimental procedure. The rats were divided into
two groups.

Group I: Control rats (rats given laboratory diet�
glucose solution). Equicaloric to ethanol.

Group II: Rats given ethanol 25% (absolute ethanol
diluted to 25%) 5 mL each i.e. 9.678 g ethanol/kg body
weight using intragastric tube. After a period of 1 month.
group II was redivided into two groups.

Group IIa: Rats given 25% ethanol at the dosage
mentioned above.

Group IIb: Rats given 25% ethanol and curcumin
(80 mg/kg body weight) mixed with alcohol.
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Histopathological assessment.Animals were perfused
with 10% formalin, by meansof cardiacpunctureand
thenthe brain wasremovedandstoredin formalin. The
stored brains were sectioned using a microtome,
dehydratedin graded alcohol, embeddedin paraffin,
sectionedandstainedwith haematoxylinandeosin.

Biochemical screening. After overnight fast animals
were killed by decapitation.The brain wascollectedin
ice cold containersfor variousestimations.Thecontent-
of thiobarbituricacidreactivesubstancesin thebrainwas
estimatedby the method of Nichans and Samuelsson
(1968)andreducedglutathionein tissuewasdetermined
by the method of Beutler and Kelley (1963). Lipid
extractionfrom thebraintissuewascarriedoutaccording
to the procedureof Folch et al. (1951). The total
cholesterolwas estimatedby the methodof Zak et al.
(1953),phospholipidsby the methodof Zilversmit and
Davis (1950) and free fatty acids by the method of
Folholt andLund (1973).

Statistical analysis. Statistical analysis was done by
Student’st-testandvalueswereexpressedasmean� SD
(BennettandFranklin,1954).

RESULTS

Table1 showsthehistopathological changesin thebrain
afteralcoholtreatment.It showsvacuolesin theneurofil
andsomespongiform like changes(statusspongiosis)in
the brain.Therewasalsomicrodysplasia.In the caseof
curcumintreatment,thechangesweremuchreduced.

The levelsof TBARS, cholesterol,phospholipidsand
free fatty acidswereincreasedsignificantly in the brain
after alcohol treatment.The levels of theseparameters

werenearnormalaftercurcumintreatment(Table2).The
level of reducedglutathionewasdecreasedsignificantly
in the brain of rats fed alcohol (Table 2). The
administration of curcumin restored the levels of
glutathioneto nearnormal.

DISCUSSION

In our previousstudy we haveobservedthat curcumin
offers protectionagainstalcohol inducedchangesin the
levelsof serumlipid andmarkerenzymes(Rajakrishnan
et al., 1998),the indiciesof hepaticdysfunction.

Acutealcoholicintoxicationleadsto cerebralconges-
tion,oedema,petechialhaemorrhages(Butterworthetal.,
1993)andwhencardiovasculardegenerationis present,
in particularcerebralarteriosclerosiswith hypertension,a
toxic doseof alcoholmay leadto massivehaemorrhage
or infarction (Allsop andTurner,1996).

In our presentstudywe havealsoobservedchangesin
the brain of alcohol treatedanimalssuchasvacuolesin
the neurofil and spongi form like changes(Fig. 2) as
reported earlier by Pieffer et al. (1979). Curcumin
administrationresultedin areductionin theabnormalities
(Fig. 3). Ethanol is a substantialsourceof energythat
exceedsthe energycontentof carbohydratesor proteins
and accounts for half an alcoholic’s caloric intake,
causing malnutrition, including deficienciesof folate,
thiamineand other vitamins (Lieber, 1995) which may
causelesionsin thebrainleadingto memoryimpairment
(Butterworthet al., 1993).

The pathologicalchangeswe observedmay be dueto
theabovementionedfactors.Administrationof curcumin
decreasesthe pathologicalchangescausedby alcohol
therebyprotectingthe brain from the adverseeffectsof
alcohol.

Thebrain,dueto its high rateof oxygenconsumption,
high phospholipid content with polyunsaturatedfatty
acids,low levels of vitamin E and seleniumdependent
glutathioneperoxidaseactivity is more susceptibleto
peroxidativechanges(SureshKumarandMenon,1993).

The increasedlevels of thiobarbituric acid reactive
substancesin thebrainof ratsfed alcoholmaybedueto
the oxidation product of ethanol,acetaldehyde,which
may stimulatethe releaseof catecholamines,which in
turn producesuperoxideradicals(Halliwell andGutter-

Table 1. Histopathological changes in brain of control,
alcohol and alcohol� curcumin treated rats

Microscopic observations Control Alcohol
Alcohol�
curcumin

Vacuole in neuro®l Absent Present Reduced
Spongi form like changes Absent Present Reduced

Table 2. Levelsof cholesterol,phospholipid, free fatty acids,TBARS and reducedglutathione in brain of control, alcoholand
alcohol� curcumin treated rats

Parameter Control(Group I) Alcohol(Group IIa) Alcohol� curcumin(Group IIb)

Cholesterol (mg/100 g tissue) 1531.93� 41.22 2031.08� 64a 1654.18� 41.70aA

Phospholipid (mg/100 g tissue) 1845.46� 102.46 2795.08� 146.26a 2011.49� 111.26cA

Free fatty acids (mg/100 g tissue) 26.69� 3.25 53.08� 6.95a 39.865� 7.28bB

TBARS (mM/100 g tissue) 1.293� 0.123 2.983� 0.180a 2.408� 0.209aA

Reduced glutathione (mg/100 g tissue) 96.00� 12.42 42.39� 3.82a 65.09� 5.89aA

Values are mean� SD from 6 rats in each group.
Groups IIa and IIb compared with Group I
ap< 0.001.
bp< 0.01.
cp< 0.05.
Group IIa compared with Group IIb
Ap< 0.001.
Bp< 0.01.
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idge, 1985). In this contextThomaset al. (1985) have
demonstratedthatsuperoxidecanpromotethereleaseof
iron from ferritin which is rich in thebrain(Halliwell and
Gutteridge,1985).This releaseof iron may causelipid
peroxidation.Lipid peroxidation results in membrane
disorganizationby peroxidizing mainly PUFA, with a
decreasein membranefluidity (Yamadaetal., 1985).The
uncontrolledperoxidationof biomembranescanthuslead
to a profoundeffecton themembranestructureandmay
alsobe responsiblefor thedefectiveneurotransmission.

On curcumin administration the levels of TBARS
decreasedsignificantly in the brain of rats fed alcohol.
Thismaybedueto theantioxidantpropertyof curcumin.
The antioxidant property of curcumin (diferuloyl
methane)maybedueits phenoliccharacter.

Glutathione,(g-glutamyl cysteinyl glycine) a tripep-
tide, conjugatespotentially toxic electrophilicxenobio-
tics and is thereforean important defencemechanism
against certain toxic compounds. If the levels of
glutathionein a tissueare lowered,then the tissuecan
be shown to be more susceptibleto injury by various
chemicalsthat would normally be conjugatedto GSH.

GSH, being the most important biomolecule against
chemically inducedcytotoxicity, can participatein the
eliminationof reactiveintermediates(Nordmann,1994).

In our presentstudy the levels of glutathionein the
brain decreasedin alcohol treatedrats. The decreased
glutathionecontentmay be due to increasedutilization
for scavengingthe toxic intermediatesformed from
ethanol.Curcumintreatmentcausedan enhancementin
theGSHcontentof thebrain.

Studies have shown that cytochrome P4502E1 is
present in specific areasof the brain (Sohda et al.,
1993)andthis systemmetabolizesethanolandproduces
acetaldehyde,which hasstriking effects on the central
nervoussystem. In this context Oetari et al., (1996)
indicate that curcuminpossessesan inhibitory property
towards cyt P-450 in addition to its well-known
antioxidant activity which may explain the enhanced
level of GSHin brain.

Ethanolis a powerful inducerof hyperlipidaemiaand
causeschangesin the metabolismof serumand tissue
lipids (Rajakrishnanet al., 1997). Our presentstudy
showsthatthereis anincreasein thelevelsof cholesterol,
phospholipidandfree fatty acids.

Theincreasein thelevelsof cholesterolmaybedueto
anincreasein theactivity of hydroxymethylcoenzymeA
(HMG-CoA) reductaseactivity, theratelimiting enzyme
in thecholesterolsynthesis.

Alcohol permeatesthe membranesandfluidizesthem
(Lieber, 1995).The increasein phospholipidcontentin
thebrainof ratsfed alcoholmaybedueto anincreasein
the fluidity of the membranedue to an increasein
peroxidation.In this context,TaraschiandRubin (1985)
have demonstratedthat there is an alteration in the
membranephospholipidin thebrain.

The levels of free fatty acids(FFA) increasedin the
brainof alcoholtreatedrats.Thehigherlevelof freefatty
acidsin thebrainmaybedueto extractionof FFA from
theplasma.In this context,anincreasedconcentrationof
FFAsin theplasmahasbeenobserved(Kaffarink, 1978).
Alterationsin membranesaturatedandunsaturatedfatty
acidsin brain membranehavealsobeenobserved(Sun
andSun,1985).The increasedFFA contentin the brain
mayalsobedueto increasedperoxidationof braintissue.

Curcuminadministrationto ratsfed alcoholshoweda
reduction in the level of cholesterolin the brain, the
mechanismexplaining this may be either due to a
decreasein absorptionor dueto the mobilizing capacity
of curcuminfrom extrahepatictissueto liver whereit is
catabolized(Soudaminiet al., 1992).Curcuminadmin-
istration also decreasedthe levels of phospholipidand
free fatty acids.This maybedueto theprotectiveeffect
of curcuminagainstalcohol inducedmembranedamage
therebypreservingthe membraneintegrity of the brain
from adverseeffectsof ethanol.

Thus curcumin plays a major role in preventing
ethanolinducedchanges,in thebrain.
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Figure 1. Control rat brain H and E� 200.

Figure 2. Alcohol treated rat brain H and E� 200.

Figure 3. Alcohol� curcumin treated rat brain H and E� 200.
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