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ABSTRACT

Curcumin is a compound whose anti-ischemic propertire well established in previous works. Thisdystu
investigates the effect of curcumin on four mar&arymes for ischemia whose activities increasesgéhemic
conditions.Animals were classified into three greu@roup 1 was kept as sham-operated control. Gsdupnd 2
were induced cerebral ischemia by Bilateral Comr@amnotid Artery Occlusion for 30 min followed by ezfusion
for three hours. Group 3 was treated orally withuaqus curcumin suspension (100 mg kg body weight) 24h
prior to ischemic insult.Mitochondrial and cytosolfractions were separated from a portion of th&altdrain
extract. Levels of the products of lipid peroxidat{LPO) and the activity levels of each of the&ROS inhibiting
enzymes were measured for each fraction of thaeb@®aseline levels of LPO and the inhibiting enzynactivities
were significantly elevated in group 2 vs. groupk(@.05) after ischemic insult. In group 3 animaigjther of the
four enzyme activities reported an increase as tgesaobserved in group 2.0nly in case of NADH Osédand
Succinate Dehydrogenase enzymes did their actilétyels fall below the baseline, after curcumin
treatment.Curcumin helps to significantly check R@S production in both cytosolic and mitochondfrakttions.
The result may indicate a significant prospectigke rof curcumin to play in designing future managetiregimen
towards cerebral ischemia in human beings; onlgradievising a perfect dose of the said drug.
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INTRODUCTION

Stroke is the world’s second leading cause of nityrtaesulting around 6,000,000 deaths annually {erebral
ischemia is a kind of stroke; an ischemic conditidrere the brain or parts of the brain do not rezenough blood
flow to maintain normal neurological function [2.erebral ischemia causes a reduction in oxygenlgupphe
brain, which leads to drop in the cellular ATP dyinthesis [3]. Due to the decreased ATP conceatrsticellular
levels of calcium is increased, sinte loss of cellular high-energy compounds virtualiyninates three of the four
mechanisms of cellular calcium homeostasis [4].e Elevation of CA dependent enzymes viz., phospholipase,
proteases, nucleases, W& ATPases and Adenylate Cyclase leads to disorgamizaf neurons and finally exerts
irreversible damage to neuronal cells [5]. Thewliséd N&K™ gradient leads to reverse glutamate transpoitig@ff
in affected neurons and astrocytes, and depolanizaicreases downstream synaptic release of ghtaé].The
elevation of these afore said enzymes leads tofdhmation of free radicals. These free radicalsehdeen
implicated in neuronal death in acute CNS injurg @hronic neurodegenerative disorders [7]. Afteh&mnia and
reperfusion, elevation of conjugated diene levéfsd peroxidation and cell damage were reportectha rat
cerebral cortex region [8].

Cerebral ischemia-reperfusion injury has long beensidered as an ideal laboratory model for cetedirake
which occurs by occlusion of the carotid arteryidaled by embolus formation (embolic-ischemic stijokad
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subsequent thrombus (thrombotic-ischemic strokefremebro-vascular haemorrhage (haemorrhagic strfg{e)
Toxic reactive oxygen species (ROS) are generatedta oxidative stress in ischemia reperfusionrinfd0] and
exert a potential threat to neuronal survival [Ajtioxidants are now being looked upon as a ciediterapeutic,
against solemn neuronal loss, as they have cafyahilicombat by neutralizing free radicals [12]. fWasuch
antioxidants occur in plants and products derivezinf them [13]. Such phyto-antioxidants being présen
abundance are always a better alternative for sisgEys compared to their synthetic alternatives.eRtly various
plant products have been tried to sort out cerebchlemia in effective and sustainable ways [14jtc@min, the
active principle ofCurcuma longahas been tested for its role to prevent the oidaattack during cerebral
ischemia and reperfusion in Sprague-Dawley (SDjnadel [14—19]

Curcumin [L,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadi@jiediong is a polyphenol derived from the
rhizome of turmeric Qurcuma longa Zingiberaceae). It possesses diverse anti-inflatorg and anti-cancer
properties following oral or topical administratigg0—22]. Apart from its potent antioxidant capgcj23], its
mechanisms of action in preventing cerebral ischawperfusion injury include inhibition of sevecall signalling
pathways at multiple levels, effects on cellulazyames, immuno-modulation and effects on angiogenesireased
mitochondrial biogenesis and cell-cell adhesiorj.[Z#e ability of curcumin to affect gene transtiop [25] and to
induce apoptosis [26—28] in preclinical models ilely to be of particular relevance to chemopreintand
chemotherapy in patients. It is also known to @ turcumin can affect the expression and actwits variety of
enzymes, such as cyclooxygenase [29], lipoxygefg§eglutathione-S-transferase [31] and cytochrd&0 [32].
An attempt to verify the extent of changes occgrrdue to the activity of curcumin on lipid peroxida and
activities of ROS inactivating enzymes viz. CataladADH Oxidase and Succinate Dehydrogenase hasthken
in this experiment. The process of lipid peroxidatidepends entirely on the activity of the Lipidréédase
enzyme. This process has a significant positiveetation with the levels of ROS present in the {&8]. Catalase is
a common enzyme found in nearly all living orgarésexposed to oxygen. It catalyses the decomposiifon
hydrogen peroxide to water and oxygen [34]. It igeay important enzyme in protecting the cell froxidative
damage by ROS via dose-dependent suppression ofaime [33]. NADH oxidase proteins are cell surface-
associated and growth-related hydroquinone (NADKYases with protein disulphide—thiol interchangivdty
[35]. They are also responsible for the carcinogéwss of cellular growth control [36] and are anficof antioxidant
machinery of the plasma membrane associated witB B€pgradation [37]. The mitochondrial electron-$gzort
chain is the main source of ROS during normal nadisim [38] and its rate is increased in a varietyathologic
conditions including hypoxia [39], ischemia [40]daneperfusion [40]. Succinate Dehydrogenase is razyrae
complex, bound to the inner mitochondrial membrahenammalian mitochondria and many bacterial céllse
activity of this enzyme was assayed as it is thg enzyme that prevents the production of ROS itoafiondria
[41].

Previously, a rise in activity levels of these famzymes has been proved to be specific markerseimbral
ischemia [42—-44]. It has also been discovered ¢hatumin can effectively prevent the occurrencasohemia
[16,45]; but the specific mechanisms of such atoads still not understood. Here, a unique appohas been
taken in understanding this mechanism by verifglmgeffect curcumin has on these four enzymesgoctircumin
can be used as a prophylactic measure in potéstiamia patients. The activity levels of these fenzymes viz.,
Lipid peroxidase, Catalase, NADH oxidase and Lipiefoxidase were measured in cerebral tissues aofi-sha
operated control, ischemic and curcumin-treated&Dnodels. This experiment may help to clarify apyrelation
between curcumin treatment, rate of lipid peroxaatand activity of these ROS inactivating enzymes.

MATERIALS AND METHODS

2.1. Chemicals used
The chemicals used for the experiment were obtdioed the Sigma-Aldrich Corporation, USA.

2.2. Animal experiment

A total of 45 female Sprague-Dawley rats weighitgut 300 gm. were used. Rats were sub-divided timtee
randomly-assigned groups, each group of 5 animadsthe whole experiment was replicated three tinkést
group was kept as sham-operated control. Seconghbgrere used as untreated control for cerebrakmsé and
reperfusion (30 min. ischemia and 3 hours repesfiysiThe last group was treated orally with aquetwsumin
suspension 24h prior to ischemic insult. The dofecurcumin was 100 mg per kg of body weight [18].
Investigators responsible for surgical procedured drug treatments were appropriately blinded. it
assessments were also performed by investigatomdebl to the groups for which each animal was assigAll
experimental procedures were approved by the unistital Animal Ethics Committee which is in accanda to the
guidelines as stipulated by theCommittee for thep®se of Control and Supervision on ExperimentsAaimals
(CPCSEA), India.
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2.3. Induction of global cerebral ischemia

Animals were anaesthetized bp. injection of urethane (35 mg Kgand made ischemic by Bilateral Common
Carotid Artery Occlusion for 30 min. Blood flow wasstored and after 3 hours rats were killed byagdeation
[46]. Rat brain was isolated immediately and swefaosed with ice cold saline (0.9 percentNaCl sofh). The
subarachnoid membrane was removed gently and #ie Wwas dissected into several coronal sectiorfsagion of

it was used to isolate mitochondria. The rest p&the brain was homogenized in 0.05 mol/L phosphmtffered
saline with a Teflon coated homogenizer.

2.4. Isolation of mitochondria from rat brain and preparation of cytosolic fraction

Dissected rat brain from experimental animals wamogenized (10 percent w/v) in extraction buffentaining
0.02 mol/L HEPES-KOH, 0.01 mol/L KCI, 0.0015 molMgCl,, 0.001 mol/L EDTA, 0.001 mol/L EGTA, 0.001
mol/L DTT, 0.0001 mol/L PMSF and centrifuged at §50r 5 min in Sorvall High Speed Cold Centrifuge4eC;
resulting supernatant was further centrifuged &0g0for 20 min. A part of this supernatant was katpt26C for
enzymatic and biochemical studies. The remainingg@owas centrifuged at 18000g in Sorvall SM2%rait 4°C.
The supernatant (cytosolic fraction) was collected kept at —2C. The pellet was resuspended in 500 pl of
extraction buffer and again centrifuged at 1800fYg20 min. Finally the mitochondria were resuspehitie200 pl
extraction buffer and kept at <ZDuntil used.

2.5. Protein estimation method

Estimation of protein concentrations was done wWithhelp of QuantiPfBicinchoninic Acid Assay Kit, from the
Sigma-Aldrich Corporation, USA; with SystronfcsUV-VIS Double Beam Spectrophotometer (Type—2203)
[manufactured by Systronics India Ltd].

2.5.1. Lipid peroxidation level

The content of malondialdehyde (MDA), a final protwof lipid peroxidation, was determined using thethod
described by Dhindsd al.[47].A 0.5 ml aliquot of extract was added to JohRO percent (v/v) trichloroacetic acid
and 0.5 percent (v/v) thiobarbituric acid. The miet was heated in a water bath at®%or 30 min. After cooling
down to room temperature and centrifuged at 10,G00d.0 min, the supernatant was read for absokand32
and 600 nm. The absorbance for nonspecific alisorptt 600nm was subtracted from the value at 532Fime
amount of MDA was calculated using the adjusteddimnce and the extinction coefficient 155 (mol/cjn* [48].
Specific activity is expressed as units per midigrof protein.

2.5.2. Catalase activity

Catalase activity was measured using the meth@hahce and Maehly [49]. The reaction solution (Xphtained
0.05 mol/L phosphate buffer (pH 7.0), 0.015 mol/kOxland 0.1 ml of enzyme extract. Reaction was imtaby

adding the enzyme extract. Due to the linear deadihabsorbance at 240 nm within the first 3 mhgrgges of the
absorbance were read every minute. Specific agliviexpressed as units per milligram of protein.

2.5.3. NADH Oxidase activity

NADH oxidase activity was determined, using the et of Morrét al[50]. The disappearance of NADH
measured at 340 nm in a reaction mixture contaifi®@5 mol/L Tris-Mes buffer (pH 7.2), 0.001 molKCN to
inhibit low levels of mitochondrial oxidase actiyitand 15QuM NADH at 37°C with stirring. Continuous recording
over two intervals of 5 min each were taken. A imitllar extinction coefficient of 6.22 was used tetefmine
specific activity. Specific activity is expresseslumnits per milligram of protein.

2.5.4. Succinate dehydrogenase activity

Succinate dehydrogenase activity was measured tistngnethod of Slater and Bonner [51]. 1.0 ml obgghate
buffer, 0.1 ml of EDTA, 1.0 ml of KCN were addeddamade up to 2.9 ml with water. The extinction Bdm was
noted and then the reaction was started by additie@mzyme and followed the change in extinctionrduthe first
two minutes. Initial rates were taken as a meastigetivity. A blank rate (all reagents except snate) must be
determined separately. Concentration of potassimicyaniderates can be measured by following dazetion at
420nm € =1.03x10 cm). The enzyme activity is expressednéts per milligram of protein.

2.6. Statistical Analysis

The presence of any significant differences betwleractivity values of the four enzymes for theeéhsets of rat
brain tissues tested was checked by performingvemeanalysis of variance (ANOVA) followed by Tukégsts;
with the help of R (version 3.2.3) [52]. A P val@eg5 was considered to be statistically significant
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RESULTS

The mean activity values for the four enzymes \Viipid peroxidase, Catalase, NADH oxidase and Swtei
dehydrogenase are given with their standard devigtiin Table 1. There was a statistically sigaificdifference
(P<0.05) in enzyme activity between each grouphains-operated control (C), ischemic (Is) and curecutreated
(D) rat brain tissues for every enzyme. So, thaltésdicates that curcumin treatment affects ttiévaies of all the
enzymes studied.

Table 1: Enzymatic profile.The total (t), mitochondial (mt) and cytosolic (c) fractions of the four @zyme'’s activities (in
Units/mg/minute) in sham-operated control(C), ischeic (Is) and curcumin-treated (D) rat brain tissuesare provided. (all values are
expressed in mean £ S.D.)

LIPID PEROXIDASE CATALASE NADH OXIDASE | SUCCINATE DEHYDROGENASE
t 5.16*+ 0.19 80.51*+ 0.61 32.03*+ 2.09 -
C | mt 2.30*+ 0.25 35.52*+ 0.65 17.94*+ 0.78 4.48* 48.
6.50*+ 0.23 26.61*+ 0.47 22.58*+1.39 -
t 6.13*+ 0.47 193.24* + 2.0§ 42.80*+1.44 -
Is [ mt 2.48*+ 0.27 46.98*+ 0.99 32.11*+1.12 5.17*+Q.1
c 8.11*+ 0.30 40.35*+ 0.93 38.78*+ 0.52 -
t 5.36*+ 0.09 61.66*+ 0.55 37.35*+0.70 -
D | mt 2.33*+ 0.26 43.56*+ 1.39 23.93*+0.74 2.94*+8.1
c 7.10*+ 0.16 22.46*+ 1.66 24.98*+ 0.47 -

The values represented by (*) differ significafitdtween C, Is and D brain tissue samples (P<0.05)

The total activity levels of Lipid Peroxidase (FigulA) between ischemic and curcumin-treated ratgeh
experienced a drop of about 13 percent. The indocif cerebral ischemia does not have much efiethe activity
of the mitochondrial fraction of this enzyme; caugsa mere eight percent rise in activity.

The total activity levels of Catalase (Figure 1B¥tveeen ischemic and curcumin-treated rats haveriexped a
massive drop of about 68 percent. The mitochondi@aition of this enzyme has experienced a modetateease
of about seven percent in its activity. Here athe, cytosolic fraction plays the main role as d@re experiences an
increase of about 52 percent upon induction ofdasuh, as well as a decrease of 44 percent uporurimc
treatment. Also another interesting fact aboutaitsivity is that, after treatment with curcumin ttstal activity
decreases about 23 percent below its total colgvel of 80.51 (+ 0.61) U/mg/min.

As Succinate Dehydrogenase is present only in mmitodria; hence there is no further division of ativity
(Figure 1C). Its activity levels between ischemnd a&urcumin-treated rats have experienced a huge alr about
43 percent. After treatment with curcumin its aityidecreases about 34 percent below its contxallef 4.48 (+
0.18) U/mg/min.

The total activity levels of NADH Oxidase (FigureD)]L between ischemic and curcumin-treated rats have
experienced a drop of about 13 percent. The cysoplafraction of this enzyme underwent a drasthikition in
curcumin-treated rats showing a drop of about 3®@qreé and an escalation of about 72 percent upcmeric
insult. Due to cerebral ischemia, the activitylwd tytoplasmic fraction of this enzyme undergoespid increase.
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Figure 1: Comparative histogram showing total (t) £ytosol+ mitochondria], mitochondrial (mt) and cytcsolic (c) fractions of the four
ischemic stress related enzymes’ activities in caot (C), ischemic (Is) and curcumin-treated (D) ratbrain tissues along with their
respective standard deviations

DISCUSSION

Cerebral ischemia-reperfusion injury occurs mosile to hypoxic conditions created in the brainugssdue to
reduced blood flow [2]. This reduced blood flow,timn, causes oxidative stress in the brain tissuesto reduced
supply of oxygen and metabolites. Due to this akigastress, ROS are produced in the brain tisEL@s which
cause heavy neuronal damage [11] leading to thepteyms of cerebral ischemia. Thus, treatment of disease
actually focuses itself on effectively reducing R®S concentrations. For this purpose, use of abauntioxidants
has gained a significant role. Our study focusesuah a phyto-antioxidant curcumin, derived from thizome of
Curcuma longa

Previous studies regarding the activity of curcurhawve pointed out its specific neuro-protectiveicaidant
functions [23]. Since the mechanism via which tkischieved is still unknown; its role on variouwgmes are
being checked. We have further added on to thiskehy examining the role of curcumin on the dtitg of Lipid
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Peroxidase, Catalase, NADH Oxidase and Succinateydbegenase. Upon induction of cerebral ischenfia, t
activity level of these enzymes increases signitigaover control (Figure 1).

The increase in Lipid Peroxidase activity causee tducerebral ischemia [42], has been further pfavigh the help

of this experiment. Due to increased rate of lipégdoxidation, the concentration of cytosolic RO&l& increased.
This increased ROS level is in turn related tohigher activity of the Catalase and NADH oxidaseyeme, which

has to degrade ROS molecules before they caussesioyis damage.

Curcumin actually down-regulates the activity dfthe four enzymes studied. The retarding actionwtumin on
lipid peroxidation [15—16] has also been suppoltgdur results. However, the actual mechanism laibiting their
action is not yet known; which can either be byibiting their transcription [53-54], thereby decsiwy their
concentration within the cell or it may act as ahibitor to the enzyme’s function [55] and in tumducing its
effective concentration in the cell cytoplasm.

The Lipid Peroxidase, NADH Oxidase and Catalasgmes are most affected in their cytoplasmic fractgy both

ischemic induction and curcumin treatment. Afterccumin treatment, lipid peroxidase activity has emgbne a
significant decrease; which has further translatéal the reduced formation of ROS in brain tissuegain, due to
decreased ROS levels, the activities of the cyiogmction of Catalase and NADH oxidase have asoreased
significantly. Thus, we can say that ROS conceiatnain the cytoplasm undergoes significant increapen

induction of ischemia and is substantially chec&gdr curcumin treatment.

Cerebral ischemia also results in increased prastuctf mitochondrial ROS [40], which can be estiethby the
observed increase in Succinate Dehydrogenase tgcfiie main source of this ROS is not the membigrid
peroxidation but the mitochondrial electron-trangpchain [38]. Succinate Dehydrogenase is the nR@dS
inactivating enzyme in the mitochondria, since otieer two do not show much of a change in theioatbndrial
fractions upon ischemic insult or curcumin treattné#ere also, curcumin shows its effect by decrepghe
mitochondrial ROS production which in turn decreaSeiccinate Dehydrogenase activity. The exact nmésmmaof
preventing this is not well understood; hence frrtiesearch regarding this subject is needed.

Another interesting find was that Catalase and iBate Dehydrogenase are inhibited by curcumin i sudegree,
that they become hypoactive. their activity falls below that observed in contrblenceforth, a suitable dose of
curcumin must be determined before assigning itasffa drug capable of mediating recovery from cafeb
ischemia-reperfusion injury.

This work can be further translated into making elaesearch about perfecting the dose of curcuetired for
prophylactic measures against ischemia. The daseldibe such as to not significantly bring downéffects on
Lipid Peroxidase and NADH Oxidase activity, butla same time, keeping the drug from causing aveibition
of Catalase and Succinate Dehydrogenase enzymes.

CONCLUSION

Our results extend past observations made on cumcom quite a few fronts, regarding its role inealhting
cerebral ischemia by controlling the ROS levels. Ndge determined that curcumin affects mostly yieptasmic
fraction of the lipid peroxidase enzyme, whichunnt decreases the level of cytoplasmic ROS. Thisedsed ROS
level translates into the lower activities of thgtosolic ROS inactivating enzymes like Catalase &#DH
Oxidase. Curcumin also effectively controls theatiitondrial ROS generation, thereby bringing doven ahtivity
of Succinate Dehydrogenase after treatment. Thdtseimdicate that curcumin plays a vital role ite@ation of
any neural damage due to cerebral ischemia repanfusjury by preventing lipid peroxidation, whidhereby
regulates ROS levels in brain cells and activitytled cytoplasmic as well as mitochondrial ROS iivating
enzymes. Finally, the results also suggest a pingile of curcumin in future management regimewards
cerebral ischemia in humans.
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