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Introduction
rdCerebral oxidative injury is the 3  most familiar leading factor of death 

and senile dementia all over world. The diminished supply of oxygen 
and glucose to the parts of the effected brain during cerebral ischemia 
initiates bioenergetic failure leading to oxidative strain, inflammation 
and dysregulated blood-brain-barrier (BBB) that ultimately causes 

[1]brain cell dying.  In cerebral ischemia, the production of ATP becomes 
hampered resulting in defective ions leakage across the cell 
membrane, neurotransmitters such as dopamine and glutamate -
release, phospholipase activation, phospholipids hydrolysis, 
arachidonic acid release, and reactive nitrogen and  oxygen species 
(RNS and ROS) elevation that altogether lead to apoptotic and necrotic 

[2,3]cell death.  In pathogenesis of cerebral ischemia-reperfusion, loss of 
neuronal mitochondrial membrane integrity promotes oxidative stress 
through enormous productions of ROS and RNS that overpower the 
counter defence of the brain cells and succumb to irreversible 

[4]damage.  Oxidative injury worsens when blood flow to brain regions 
i.e. cerebrum, cerebellum, hypothalamus and especially hippocampus 

[5,6]is refurbished during reperfusion.  

Hence, it becomes needed to administer exogenous potential 
antioxidants as drugs to scavenge free radicals and to counter brain 
ischemia-reperfusion -inducted oxidative damage. But simple 
antioxidants therapies are not the proper approaches to attenuate 
cerebral ischemic damages as most of drugs when introduced into the 
body become diluted into the systemic circulation and also cannot 
traverse the BBB owing to their insolubility and poor bioavalability. 
Therefore, it is needed to grow a device which could impart a raised 
pool of antioxidant to the affected areas of the brain cells for their entire 
protection with reduced drug toxicity against oxidative insult.  
  
Liposome and nanocapsule, the familiar accepted forms of drug-
vehicle by virtue of their non-immunogenic, nontoxic, biodegradable 
and continuous drug liberating capability in the living framework, 
might be considered as therapeutic tools in combating cerebral 

[7-9]oxidative damage.   
  
At present, there are no effective ischemia preventive agents that may 
be useful for treating cerebral injury. Melatonin, quercetin, CDP-
choline and ascorbate have been experimented in several studies as 
vesicular potent antioxidants applied against cerebral ischemic 

[7-9, 10]injuries signifying a reliable outcome.

Cerebral injury
Cerebral ischemic injury occurs as a result of an oxygen occlusion 
within a blood vessel for supplying blood to the brain through embolus 
or thrombus formation or cerebrovascular hemorrhage. The 
obstruction in the blood vessel occurs due to the development of 

gradual cholesterol deposits lining the vessel-wall that refers either to a 
thrombus i.e. blood clot developed at the clogged part of the vessel or 
to a blood clot formed at another location such as embolism in the 
circulatory system, whereas, cerebrovascular hemorrhage takes place 
due to rupturing of a weakened blood vessel for uncontrolled 
hypertension.

Oxidative stress
Blockage of arteries causes anoxic stage in brain cells reducing high-

[11]energy phosphate amounts.  The resultant membrane depolarization 
triggers glutamate to increase calcium-overload in the neurones which 

[12] + 2+are pivotal for death.  Enhanced intracellular ADP, Na  and Ca  
induce mitochondria to generate ROS, vulnerable for brain cells as 

[13]containing lower levels of endogenous antioxidants.  During 
ischemia, increased activity of nitric oxide synthase (NOS), increment 

2+in the intracellular Ca  level, efflux of glutamate at synapses, and 
triggering of N-methyl-D-aspartate receptor (NMDAR) play a critical 
role for the deleterious function of NOS in making neurodamage. 
Moreover, ischemia conducts to the production of superoxide through 
the activation of nicotinamide adenine dinucleotide phosphate hydride 
(NADPH) oxide synthase (NOX), cyclo-oxygenase (COX), xanthine 
oxidase (XO), and the mitochondrial electron transport chain leakage, 

[14-16]with also other mechanistic involvements.  The peroxynitrite, 
formed by the combination of superoxide and NO, and other ROS, 
destroy the DNA with actuating poly (ADP-ribose) polymerase-1 
(PARP-1), a DNA repair enzyme, to convert β-nicotinamide adenine 
dinucleotide (NAD+) into long poly ADP-ribose and nicotinamide 
(NA). The over-activity of PARP-1, in turn, depletes cellular NAD+ 
levels by the impairment of glycolysis and mitochondrial respiration 
leading to energy failure, ATP fasting, and subsequently neuronal 

[17]damage.  In addition, oxidative strain may also be evaluated by 
estimating oxidized bio molecules such as lipids, nucleic acids, 
proteins, nuclear factor erythroid 2-related factor 2 (Nrf2), and 8-
hydroxy-2-deoxyguanosine (8-OHdG). Lipohydroperoxide 
(conjugated diene) derived from polyunsaturated fatty acids due to 
lipid peroxidation after having ischemia, alters cell membrane fluidity, 
enhances membrane permeability and reduces membrane ATPase 
activity, leading to brain cell injury. 
  
The augmented productions of nitric oxide, peroxynitrate and 
superoxide occur in the surrounding of blood vessels after reperfusion 
takes place. Matrix metalloproteinases get activated by ROS and 
disrupt collagen and laminis in the basal lamina by distorting the 

[18]unification of BBB and the vascular wall permeability.  Secondary 
oxidative damage appears as a consequence of brain edema directing 
to reduced blood perfusion and inflammation during reperfusion due to 

[19,20]huge ROS and leukocytes influx into the injured cerebral region.  

Brain stroke is the main reason for health disability and mortality among aged pupils worldwide. Mitochondrial 
dysfunction, due to oxidative stress during cerebral ischemia-reperfusion, exerts inflammations and damages to the 

neurones of the brain. Free form of antioxidant is basically inefficient for the treatment of cerebral ischemia as blood brain barrier remains in 
between systemic blood and brain interstitial fluid. Furthermore, the affectivity of antioxidant compounds may be hindered by their poor 
permeability, low solubility and enhanced rate of efflux from the effected cells. Therefore, different active compounds encapsulated in various 
vesicles have been investigated in vivo to prevent brain ischemia. Our review, on the methods applied for the preparation, characterization, and 
efficacy of vesicular active drug compounds -delivery, has demonstrated a promising aspect, especially for nanoencapsulation in the treatment of 
cerebral ischemia against oxidative cell death with higher biological effectiveness and least side effects.
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Generation of free radicals
-Oxygen (O ) is converted to reactive O  species, such as O , H O  and 2 2 2 2 2

–OH by its univalent reduction.

- -O  + e  → O  Superoxide radical2 2
- +2O  + 4H  → 2H O  Hydrogen peroxide2 2 2

- .H O  → OH + OH Hydroxyl radical2 2
2+ .In the presence of Fe , H O produces the very active species OH by 2 2 

the Fenton reaction mentioned below:
2+ 3+ . -Fe  + H O  → Fe  + OH + OH2 2

Mechanism of lipid peroxidation
Cell possesses large amount of poly unsaturated fatty acids receptive to 
free radical attack as the double bonds within membrane allows 

.removal of hydrogen atom by ROS such as OH. The fatty acyl radicals 
formed in poly unsaturated fatty acids undergo molecular 
rearrangement to form more stable conjugated diene which can 
crosslink fatty acids within cellular membrane. This process of auto 
oxidation of fatty acid occur involving three sequences – 1. Initiation, 
2. Propagation, and 3. Termination.
  
In a lipoperoxide free lipid system, the initiation of a peroxidative 

.sequence points out to the attack of a OH having abstracting capability 
of a hydrogen atom from a methylene group (-CH -) with very high 2

mobility. The attack generates ROS from polyunsaturated fatty acid 
while carbon radical formed inclines to stabilize by molecular 
arrangement for forming a conjugated diene.
  
In propagation, conjugated dienes, under aerobic condition, are 

.capable of binding with O  for forming a peroxidal radical, LOO , 2

having also the ability to abstract H from another adjacent lipid 
molecule causing an autocatalytic chain reaction.
  
Formation of H O  in termination stage is generally gained by the 2 2

reaction of a peroxyl radical with α-tocopherol, the principal lipophilic 
chain breaking molecule in the cell membrane. In addition, any kind of 
lipid free alkyl radicals may react to a lipoperoxide for forming non-
initiating and non-propagating species (Figure 1).

Fig 1. Mechanism of lipid peroxidation.

Defence mechanisms
To counter ROS, the body has evolved several methods to deactivate 
them, before they can cause tissue damage by two ways: 

1. Primary defence against ROS, 2. Secondary defence against ROS
  
For primary defence against ROS, superoxide dismutase (SOD), 
catalase and peroxidase, the antioxidant enzymes lead to catalytic 
removal of ROS. Cu and Zn containing SOD participate in scavenging 
superoxide in the cytosol whereas Mn carrying SOD in the 
mitochondrial matrix. Glutathione peroxidase catalyses reduced 
glutathione (GSH) and hydroperoxide to oxidized- glutathione 

rddisulphide (GSSG) and the reduced hydroperoxide, 2/3  of which is 
r dcytosol ic  and 1/3  mitochondrial .  Catalase  located in 

microperoxisomes or peroxisomes, catalyses the breaking up of H O  2 2

.to H O and O preventing cells from oxidative injury by OH and 2 2, 
[21]H O .  2 2

  
For secondary defence against ROS (Figure 2), micro molecules react 
with free radicals to make another scavenger radical compound for 
producing lesser harmful antioxidant radical species. Generally, 
reduced glutathione, ascorbate and α-tocopherol function as cellular 
antioxidants while α-tocopherol, existed in plasma lipoproteins and 
cell membrane, acts as a chain breaker antioxidant. At first, when α-
tocopherol radical is generated, it migrates to the membrane surface 
and becomes regenerated to α-tocopherol by the reaction with 
ascorbate. The eventual ascorbate radical can be reconverted to 
ascorbate by the reduction with GSH, involved in direct ROS 
scavenging and the productive GSSG can be reconverted to GSH via 
NADPH-glutathione reductase activity.

Fig 2. Secondary defence mechanism.

In this aspect, in the presence of catalytic iron and copper ions, 
.ascorbate, despite of its antioxidant capability, may produce OH 

.-owing to its metal reducing capability which is similar to O  2
[ 22 ]generation together with H O  while ascorbate (0.2-4 mM) may take 2 2

.-part as a cellular reducer to exchange O  in Heber-Weiss reaction. 2

Thus, these antioxidants can participate in combined form to function 
as cellular antioxidant.
  
Furthermore, lipid peroxidation can be regulated at the initiative stag 
through quenching singlet oxygen or scavenging free radicals while 
the propagatory chain reaction may be interrupted through scavenging 

[23]of peroxyl radicals by the phenolic components (AOH).

Sources of free radicals in cerebral ischemia
ROS generation from mitochondria  

The role of mitochondria as apoptotic signal transducer and central 
integrator is significant during the ischemic onset due to diminished 
glucose level and oxygen supply in the neuronal cells causing electron 

[24]leakage and reducing intermediates accumulation to produce ROS.  
Free radical generations become higher during the state IV metabolic 
stage of mitochondria manifested by low ADP, ATP synthesis and 

+electron flow, low oxygen consumption and high NADH / NAD  ratio 
[25]in contrast to stage III.  Due to lack of ADP, succinate-derived 

electrons can reversibly be transported to complex I to produce 
increased oxygen levels correlated as the major pathophysiologically 

[26]relevant mitochondrial ROS-generating site.  

.  Mitochondrial nitric oxide (NO ) acts significantly as modulator of 
.ROS generation because of existing few reactive NO  redox metal 

centres in the electron transport chain for mitochondrial oxygen 
consumption due to inhibition of cytochrome c (cyt c) oxidase 

[27,28]activity.  
  
An update has demonstrated the participation of p66Shc protein for 
mitochondrial ROS generation to form cyt c-molecular complex by 
abstracting electrons to reduce oxygen for forming O . The inter-2

mitochondrial membranous P66Shc, becomes responsible for 
downstream p53 target as well as indispensable for the enhanced ROS 
generation, cyt c release, mitochondrial trans-membrane potential 

[29]dissipation and apoptosis.  In mitochondria-dependent apoptosis, 
molecular signalling activates the apoptotic activators and effectors -

[30]liberations i.e. apoptosis-inducing factors or cyt c to cause cell death.  

Xanthine oxidase, the source of ROS

Ischemic damages, occurred due to oxidative stress during cerebral 
reperfusion, emerge because of mitochondrial disbalance causing 
seize in the oxidative phosphorylation and inducting energetic 
equilibrium-breakdown i.e. increase in the levels of hypoxanthine, 

[31,32]inosine and adenosine.  Basically, xanthine dehydrogenase 
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converts hypoxanthine to uric acid and xanthine, and thus itself can be 
transmuted to xanthine oxidase (XO) by utilizing oxygen as electron 

[33]receiver to generate anions.  In hypoxia, XO metabolizes xanthine 
.-and hypoxanthine to produce O  and H O   related to oxidative stress 2 2 2

[34]to cause cerebral injury during ischemia-reperfusion.  

NADPH oxidase
The membrane bound NADPH oxidase (NOX) enzyme, found in 
leukocytes and vascular tissues, is judged to be a pivotal factor for 
anomalous ROS burst during ischemic insult. Triggered NADPH 

.-oxidase reacts with enhanced O  production to produce hydroxyl 2
[35]radical, and peroxynitrite with the nitric oxide interaction.  NOX2 

and NOX4, the NOX isoforms, located hugely in the hippocampus  
CA1 and cerebral cortex, take part chiefly in oxidative stress-

[36-38] 2+persuaded brain cell death during ischemia-reperfusion.  Ca  influx 
via NMDAR, activates PKCζ and phosphorylates p47phox and 
triggers its translocation inducing the activation of NOX enzyme, the 

.-primary source of O  generation after the activation of neuronal 2
[39]glutamate receptor for excitotoxic damage.  

NO synthases
Nitric oxide (NO) takes part in ROS mediated inflammation which is 
depended upon cellular source of NO and various isoforms of the nitric 

[40,41]oxide synthase (NOS) after having ischemic cerebral injury.  
Neuronal system contains three types of NOS while endothelial NOS 
(eNOS) keeps up the cerebral blood flow, inducible NOS (iNOS / 
NOS2) and neuronal NOS (nNOS / NOS1) may produce more NO by 

[42]well defined stimuli in glial cells.  After cerebral ischemic insult, NO, 
liberated immediately from eNOS, promotes calcium dependent 
vasodilation and inhibits microvascular aggregation and adhesion as a 

 [43]protective mechanism  while NO production by over-activated 
nNOS and eventual release by de novo iNOS expression contribute 
maximal to the cerebral injury. NO also produces highly reactive 
peroxynitrite, involved in late neurotoxicity. The initial increase in NO 
after the onset of cerebral ischemia-reperfusion occurs by the 
activation of nNOS, governed by the intracellular calcium 

[44]signalling.  Furthermore, iNOS when activated by cytokine 
upregulation after cerebral ischemic impose, contributes its greater 
activity to brain cell injury in the NF-kB-dependent way than that of 

[45]nNOS suggesting as the prime target on endothelial damage.  

Oxidative stress-induced inflammation 
Inflammation takes place in the recovery after ischemic brain injury 

[46]which may worsen the ischemic state.  It is intermediated by 
cytokines, leukocytes and microglia, having pro-inflammatory 
characteristics with destructive or promoting consequences as ROS 

[47-49]generation.  The inflammatory mediators, induced by ROS, utilize 
leukocytes to attach the vascular endothelial cells augmenting their 
assembly. Therefore, leukocytes, having superoxide-generating 
system and NADPH oxidase, are infiltrated into the ischemic regions 
from the systemic circulation within hours after the onset of brain 

[50,51]ischemia.  Likewise, myeloperoxidase carrying neutrophils, 
-generate highly reactive hypochloric acid with the participation of Cl  

[52]and H O  implicated in the cerebral ischemic pathogenesis.  2 2

Moreover,  dendritic glutamatergic neurons derived COX-2 becomes 
highly-activated and accumulated in microglia, astrocytes, neuron, 
vascular and inflammatory cells invading the brain to cause cellular 
damage during cerebral ischemia probably due to a mechanism of 

2 +COX-2-dependent glutamate excitotoxicity mediated Ca  
[53]dysregulation.

Pathways for neuronal cell death
Initially, ROS can attack directly on proteins, nucleic acids, lipids and 
other cellular macromolecules and subsequently, in the signalling 
leading to apoptotic cell death after induction of brain ischemia (Figure 

[54,18]3).  Mitochondria maintain the key contribution during apoptosis 
by liberating cyt c from the inter membranous space to the cytoplasm. 
Cyt c combines apoptotic protease activity factor 1 in the cytosol and 
makes a multimeric complex with the participation of dATP. This 
complex recruits procaspase-9 which becomes triggered by 
autocleavage. The upstream triggered caspase-9 initiates and activates 
caspases- 3,2,6,8 and 10 while the enforcer caspase-3 strikes the cell 
framework, resulting apoptosis by cleaving substrate proteins e.g. 

[55-57]PARP and causing remarkable damage to DNA.  Furthermore, 
mitochondria-derived activators of caspases like Bid, Bax and Bim 
which are released from mitochondria, neutralize the activity of 
inhibitor proteins and promote the caspase activation by disrupting 
mitochondrial membrane potential and actuating the cyt c release 

[58,59]through the permeability transition pore.

Fig 3. Pathways for neuronal cell death and its inhibition.
 
p53, the tumor suppressor gene, mediates apoptosis while it makes 
bond to specified transcripts and DNA sequences such as BH3-
interacting domain death agonist (Bid), Bcl-2-associated X protein, 
pro-apoptotic protein genes, and p53-upregulated modulator of 

[60]apoptosis (PUMA).  In this concern, apoptotic stimuli may 
translocate p53 to the mitochondrial membrane by forming a 

[61]repressive complex with preventive Bcl-X  after cerebral ischemia.  L

PUMA, thus, makes bond directly to antagonize anti apoptotic Bcl-2-
associated X protein and Bak activity, and induces caspase activation 
resulting mitochondrial dysfunction with the maintenance of a critical 

[62]role as mediator of apoptosis induced by various stimuli.  

The p53 signalling is also correlated to neuronal apoptosis via a 
downstream PIDDosome protein, i.e. p53-induced death domain 
(PIDD) and pro caspase-2. The p53-induced caspase-2 triggering via 
PIDDosome -caspase-2, promotes cellular apoptosis by the activation 

[63]of Bid monitored during cerebral ischemia.  
  
Recent studies have revealed that adiponectin, the hormone, has a role 
in the pro-apoptotic signalling connected to p38 mitogen-activated 
protein kinase (p38MAPK) and AMP-activated protein kinase 

[64](AMPK) after having cerebral ischemia.  

Excitotoxic damage after ischemia 
2+Oxidative stress, glutamate excitotoxicity and intracellular Ca  

imbalance are interlinked to a series of biochemical cascades occurred 
[65]after cerebral ischemia.  The reduced ATP production following 

+ischemia contributes to bio-energetic stress resulting decreased Na  / 
+ + +K  ATPase activity and imbalanced neuronal Na  and K  levels i.e. an 

+ +increase in intracellular Na  instead of K  causing membrane 
[66] 2+depolarization.  Mitochondrial Ca  homeostasis is maintained by the 

2+ +Ca  ATPase membrane activity through calcium uniporter and Na  / 
2+ [67] 2+Ca  exchanger.  The increased amount of cytosolic Ca  create 

cellular stress by over-accumulating in the mitochondrial matrix, 
ensuing mitochondrial disorder, swelling, permeability transition, and 
the cell death factors release as well as producing more ROS involved 

[67,68]in cell death signalling.  The spontaneous neurotransmitter 
glutamate release from synaptic vesicles, and its assembly in the 
extracellular spaces after the onset of cerebral ischemia, is mediated by 

2+ +the elevated cytosolic Ca  level through Na  / glutamate transporters 
promoting neurotoxic injury where glutamate makes the 

+disarrangement of Na  levels with the membrane depolarization, and 
- [69,66,70]the subsequent influx of H O and Cl .  The osmotic gradients are 2

developed owing to the influx of H O into the neuronal cells while their 2

swellings form an edema that enhances intracranial pressure after the 
onset of cerebral ischemia-reperfusion. Thus, a coordinated interlink 

2+exists among free radical generation, rise in Ca  levels, and glutamate 
accumulations during hypoxia / re-oxygenation due to the fall in ATP 

2+levels having inability to translocate accumulated Ca  into the cytosol 
[71]through membrane ATPases.  The enhanced level of extracellular 

glutamate also interferes with the cystine uptake via the cystine / 
glutamate antiporter. The reduced cystine level in the neuronal cells 
conducts to the intracellular glutathione (GSH) decrement causing 
severe cellular oxidative damage by generating ROS after ischemic 

[72]insult.  

Role of drugs as antioxidant for ischemic therapy
  The endogenous antioxidant status in brain tissue after having 
ischemia reperfusion, especially in ageing, become low showing poor 
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antioxidant defence mechanism against free radicals-induced injury. 
Therefore, it is essential to introduce biological antioxidant to protect 

[73-75]injuries from free radical attack in ischemia.  However,  
endogenous antioxidant therapy is not a fruitful perspective to 
encounter the cerebral ischemic injury as free radicals generated by 

[76]ischemia-reperfusion lead to their rapid consumption and depletion.  
In this concern, it is needed to administer potent exogenous 
antioxidants as drug for free radical scavenging to check cerebral 
ischemia-reperfusion inducted oxidative stress specially for aged 
individuals. Quercetin, CDP choline, ginkgo biloba and melatonin, 
studied earlier, are known as strong free radical scavengers which are 

[8,9,77,78]useful for combating ischemic injuries.  

Vesicles as drug carrier 
Most of the drugs cannot traverse BBB owing to their low oral stability 
and insolubility, and also for their dilution in the systemic circulation. 
Therefore, it is needed to develop a strategy for delivering raised pool 
of drug in the brain area for entire neuronal cells protection in 
combating oxidative damage. Liposome- or poly lactide nanocapsule- 
mediated drug targeting to brain cells is important not only for their 
non toxic nature, biodegradability, smaller sizes, non immunogenicity, 
sustained drug-releasing ability and both hydrophobic and hydrophilic 
drug carrier capability but also for assisting the encapsulated drug to 

[9,8]reach the effected tissue significantly.  Furthermore, because of the 
existence of mannosyl/fucosyl receptors on the neuronal cells -surface, 
sugar-grafted vesicles become efficient in the neuronal site specific 

[9]drug targeting for protecting cerebral ischemic damage.  

Targeting of vesicles
Vesicles may be targeted in the brain cells by passive and active 
targeting. In passive targeting, natural anatomical structures and 
physiological process of the host are taken into consideration, 
directing in vivo distribution and disposition, while passive targeting 
of vesicles may be facilitated by their alteration of composition, 

[7]surface charge, and size.  In active targeting, there is chemical or 
physical modifications of vesicular surface which help the vesicles to 
be targeted towards a particular cell basically through a receptor 
mediated endocytosis for glycoside or glycolipid bearing vesicles and 

[9,79]antibody or peptide grafted vesicles.

Efficiency of vesicular drugs 
Drug delivery to the neuronal cells, is challenging as it has to cross 
BBB located at the brain capillaries with an accumulation of various 
cell types such as microglias, endothelial cells, astrocytes and 
pericytes. After ischemia, vigorous decrements in blood flow in the 
core cerebral lesions cause cells death within minutes. The up-
regulation of cell adhesion molecules and the activation of cytokines, 

[80]sucs as TNF-α and IL-1 have been monitored in cerebral ischemia.  
Lymphocytes usually penetrate the BBB and releases mainly metallo-

[81,82]proteinases which in turn contribute to open BBB.  Owing to this 
opening, adhesion and migration of monocytes, macrophages and 
neutrophils, take place in the injury-site for altering the BBB- function 

[83,84]and structure.
  
As BBB imposes a lot of confinements in the process of drug targeting 
towards brain cells, most of the drugs, e.g. antibiotics and anti 
carcinogenic agents, designed for the treatment of brain diseases, 

[85]cannot pass the BBB.  
  
At present, central nervous system disorders depict the most frightful 
circumstances in the biomedical science owing to the BBB-hurdle for 
the transport of a drug. Different carriers, such as, niosomes, 
nanoparticles, microspheres and liposomes, are used to keep up their 
concentrations at a therapeutic desired range to enhance half-lives, 
solubility, permeability and stability for delivery of drug to brain 
through BBB. Accordingly, vesicles have been configurationally 
acclimatized to transport various drugs, enhance delivery 
effectiveness and decline side effects through proper targeting. 
Liposome- or poly lactide- nanocapsule- mediated drug delivery to 
neuronal cells has a significant importance as efficient among other 

[8,9]delivery devices, especially during cerebral ischemia-reperfusion.  

Importance of characterization for vesicles
Liposomes composed of phosphatidyl ethanolamine (PE), cholesterol, 
dicetyl phoaphate (DCP)/stearyl amine and drug, and nanocapsules 
made up of poly-lactide-co-glycolide, didodecyl dimethyl ammonium 
bromide (DDAB), drug and / or poly ethylene glycol (PEG) were 
characterized by scanning electron microscopy (SEM) / transmission 

electron microscopy (TEM) and atomic force microscopy (AFM). 
Based on rigidity and size of vesicular composition in the biological 
system, t  of liposome was found comparatively less than 1/2

[7]nanocapsule.  Our earlier studies observed by using SEM/TEM and 
AFM demonstrate that the size of nanocapsules (6-100 nm) was 
smaller than liposomes (60-200 nm) while both possessed a spherical 

[7]shape.  Topological AFM analysis illustrated lesser heights of 
[7]nanocapsules (~2 nm) compared to liposomes (~4 nm).  Although 

both liposomes and nanocapsules were spherical, nanocasules were 
[7]narrower in size compared to liposomes indicating more t .  1/2

It has also been observed that the encapsulation efficiency as well as 
loading of a drug was lesser in nanocapsules in comparison to 

[7]liposomes.  In our previous study, the concentration of drug release 
from colloidal nanocapsule in PBS and rat plasma was estimated 
where a sharp release of drug component was observed at 24 h 
followed by sustained release, but for liposomal formulation, a pattern 

[7]of steady release was monitored  because of more rigidity of poly-
lactide than lipid molecules in biological system.

Effect of vesicular drugs against ischemia-reperfusion induced 
ROS generation in different rat brain zones 
Intracellular ROS level was estimated in different regions of brain 

[9]mitochondria.  The over-production of ROS causes damage in 
macromolecules and activates different pathways. The ROS, 
produced, are determined by using the membrane-permeable 
fluorescent probe (5-(and -6)-chloromethyl-2´, 7´-dichloro-
dihydrofluorescein diacetate acetyl ester (CM-H DCFDA). The 2

uncharged H DCFDA readily diffuses through the membrane bi-layer 2

and becomes hydrolyzed by intracellular esterase to yield trapped 
H DCF inside the cell. Then H DCF becomes oxidized to highly 2 2

fluorescent dichloro fluorescein (DCF) by H O  or other peroxides 2 2

generated in the cells, which correlates the fluorescence intensity to be 
proportional to the amount of H O  produced by the mitochondria of 2 2

different brain zones of both aged and young rats. The increased ROS 
production in mitochondria by the cerebral ischemia-reperfusion 
–induction was reduced significantly by liposomal drug treatment and 
maximally by mannose grafted liposomal / or nanocapsulated drug 

[8,9]treatments.  

Effect of vesicular drug on ischemia-reperfusion induced lipid 
peroxidation
Conjugated diene in the brain- mitochondria and homogenate lipid-
membrane of young and aged rats was estimated by extracting in 
chloroform:methanol mixture (2:1, v/v). The extracted lipid was 
evaporated to dryness and re-dissolved in n-cyclohexane for assaying 

[8,9]at 234 nm.  The increment of peroxidized lipid in the brain cell and 
mitochondrial membrane occurred in cerebral ischemia-reperfusion 
was reduced by the treatments of liposomal and nanocapsulated / or 

[8,9]mannosylated liposomal drugs.  

Effect of vesicular drugs on ischemia-reperfusion induced 
endogenous antioxidant level 

[8,9]The cytosolic fraction  of rat brain homogenate was used to 
determine the level and activities of GSH, SOD, catalase, GST, GPx 
and GR. The alteration of the antioxidant defence levels, occurred by 
the initiation of cerebral ischemia-reperfusion, was reduced by the 
treatment of liposomal drug whereas maximum reduction was 
monitored by the treatment of nanocapsulated /or mannosylated 

[8,9]liposomal drug.  

Effect of vesicular drug on ischemia-reperfusion induced cerebral 
edema
The cerebral edema, occurred by the ingress of plasma water into aged 
and young rats brain in ischemic condition, was quantified and 

[9]demonstrated as water content percentage in the whole brain.  Thirty 
minute cerebral ischemia performed by occlusion of the bilateral 
common carotid artery following 30 minute reperfusion resulted a 
marked enhancement in the brain water-content of aged and young rats 
which was protected significantly by the pre-treatment with 
mannosylated liposomal drug suggesting improvement of edema-

[9]formation induced by cerebral ischemia.

Effect of vesicular drug on ischemia-reperfusion induced proteins 
and / or genes associated in signal transduction 
Cyt c, associated weakly with the brain cell mitochondria-inner 
membrane, is released to cytosol playing a crucial role in inducing cell 

[9]death signalling after having brain ischemia.  The  cyt c -release was 
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restricted by pre-treating the young and aged rats with mannosylated 
[9]liposomal drug subjected to ischemia-reperfusion.  

  
The inducible nitric oxide synthase (iNOS) that produces toxic nitric 
oxide (NO), is over-expressed in cerebral ischemia and develops brain 

[8]pathologies through production of transcriptional genes.  In our 
earlier study, ischemic insult with reperfusion for 30 min, 24 h and 72 h 
demonstrated the up-regulation of iNOS protein expression and its 
significant down-regulation by nanocapsulated drug especially in the 

[8]hippocampus region of both aged and young rats.
  
Caspase-3, an interleukin-1β-converting enzyme-like protease, is 
known to play a key role in initiating apoptosis while its activated form 
cleaves and inactivates proteins such as PARP, histone H1 in 

[86-88]maintaining processes for neuronal integrity.  Ischemic induction 
following reperfusion of 30 min, 24 h and 72 h showed an increment of 
caspase-3 activation and its down-regulation by prior nanocapsulated 
drug treatment, minimizing the activation of caspase-3 signaling 
especially in hippocampal area of both young and aged rats (Figure 

[89-91,8]3).

Future aspects for ischemic therapy 
The physiopathology of cerebral ischemia focuses a series of complex 
and interconnected mechanisms providing potential molecular targets 
as a therapy. The pathway of nuclear factor erythroid 2-related factor 2 
with antioxidant–response element (Nrf2-ARE) has been recently 
reported as the main cellular defence system under oxidative strain 
while activated Nrf2 targets antioxidant –response element genes for 
maintaining redox-homeostasis and influencing the inflammatory 
responses such as glutathione peroxidase, heme oxygenase and 1-
ferritin activities. It has been demonstrated that a lot of natural and 
synthetic potent molecules have been used to induce the activity of 

[92]Nrf2 for protecting the brain cells against ischemic insult.  
  
A lot of antioxidants like NXY-059, Vit E and C as free radical 
scavenger to target cellular mitochondria, have been investigated to 
improve the antioxidant defences against cerebral ischemia, but failed 

[93-96]to demonstrate suitable outcomes.  It may be for the disparities 
between experimental and clinical investigations i.e. the 
discriminations in subjects i.e. rodents vs. humans, therapeutic 
window i.e. within 6 h post ischemia vs. pre or post treatments, age i.e. 
69 years vs. juvenile animals and comorbidity i.e. 77% hypertension, 
46% cardio-embolic ischemia, 33% ischemic heart disease and 25% 
diabetes vs. healthy animals. Therefore, further investigations of the 
therapeutic windows and usage of aged animals with comorbidities 
may direct the fruitful translation to clinical usage.
  
In this context, simple treatment of drug as antioxidant may not be also 
effective approach to combat ROS-generated oxidative stress because 
of its dilution in the circulatory system. Moreover, most of the drugs 
are toxic, lipophilic, poor bio-stable and cannot cross BBB barrier. 
Therefore, liposomes and nanocapsules encapsulated with drug, 

[7]recognized as drug carriers, have been investigated in earlier studies  
while colloidal poly (lactide-co-glycolide) nanoparticles having 
smaller sizes, longer shelf life, higher cellular uptake and longer drug 
releasing capability have demonstrated as better biological efficient 
vehicle compared to liposomes for encapsulating small quantity of 
drug and their maximal target to specific site of interest to overcome 

[7]the barriers in animal study  which needs future clinical 
investigations.    

Conclusions
Oxidant-overproduction has provided evidences as the chief 
contributing factor in the pathophysiological process after occurring 
brain ischemia and reperfusion. The biochemical cascades as well as 
signal transductions, activated by oxidative strain, have been focussed 
for the future target in ischemic therapy by aiming the attenuation of 
the oxidative stress effects. Both of ROS and RNS, and NOX induce 
cerebral damage following different biochemical signals which offer 
various targets for ischemic therapy. The complex mechanisms 
interconnected in the pathogenesis of cerebral ischemia and the 
development of unique antioxidant therapies to combat the disease has 
been implicated on the basis of the involvement of oxidative strain in 
ischemic insult. In this context, vesicular drugs have been evaluated by 
their more / maximum ameliorating biological efficacies compared to 
free drugs evolved in the destructive neurochemical signalling that are 
controlled with oxidative stress mechanisms in cerebral ischemia.
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