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Abstract

Purpose: Free radicals such as hydroxyl and peroxide are contributing factors to neuronal
destruction in cerebral ischemia. Alpha-lipoic acid (ALA) is one of the potent known
antioxidants. Preparation of ALA niosomes allows IV injection and can increase bioavailability
and penetration into the central nervous system (CNS).

Methods: Film hydration method was used to prepare different niosomes composed of Span®,
Tween®, and cholesterol at different molar ratio. ALA and niosome-forming compounds were
dissolved in chloroform, before removing the organic solvent by rotary evaporator. Animals
were randomly divided into four groups: Sham, control group, intravenous (IV) injection of
empty niosomes plus intraperitoneal (IP) injection of ALA solution, and finally, IV injection
of ALA niosomes. Rats were subjected to deep anesthesia before inducing cerebral ischemia,
then, their internal common carotid arteries were clamped for 15 min and reperfusion was
done for 30 min. Niosomal ALA was injected intravenously just before declamping.

Results: Mean volume diameter of the prepared niosomes was between 4.36 + 0.82 and 19.95
+ 1.21 pm in different formulations. Encapsulation efficiency percent (EE%) of ALA in the
selected formulation, Span60/Tween60/cholesterol (35:35:30 molar ratio), was 94.5 + 0.2, and
59.27 + 5.61% of ALA was released after 4h. In the niosomal group, the rate of reduction in
complications of cerebral ischemia such as histopathologic changes and acute damage (from
score 3 to 1) in CNS was higher than other groups.

Conclusion: The obtained results show that niosomes can be used as effective drug delivery

systems for ALA in cerebral ischemia.

Introduction

Cerebral ischemia is one of the major causes of mortality
worldwide. Cerebral ischemia reperfusion (I/R) injury is
also one of the major causes of permanent physical and
other irreversible disabilities.! Eighty percent of strokes are
related to the cerebral ischemia.>* Sixty percent of cerebral
ischemia are thrombotic, and 40% are embolic.* The only
drug approved by the Food and Drug Administration
(FDA) for use in acute ischemic stroke is Alteplase (t-
PA; tissue plasminogen activator); however, as drug side
effects, it can increase the risk of bleeding and some of
the more dangerous complications.>® Therefore, many
attempts have been made to protect brain tissue after
cerebral I/R injury with fewer side effects.

One of the influential factors in neuronal destruction in
cerebral I/R injury is the formation of free radicals such as
hydroxyl and peroxide.® Studies have shown that the use
of antioxidants could reduce the complications of cerebral

I/R injury.® In animal studies, the use of antioxidants has
been shown to reduce the damage of cerebral ischemia
and, the results indicate a positive role of these agents in
reducing I/R injury.’

Alpha-lipoic acid (ALA) is one of the lipophilic
vitamin-like potent antioxidants,® also known as thioctic
acid.’ In 1951, ALA was first defined as a coenzyme in
the Krebs cycle.'® ALA is made from octatonic acid under
the influence of lipoic acid synthase. The ALA (R isomer)
is found in low amounts in vegetables, tomato, red meat,
liver, and animal’s kidney."" In human studies, the oral
form of ALA has been investigated. A study by Shay et
al has reported no adverse effects of ALA in a dose of 4.2
g/d for two years.”> ALA is effective in studies of various
diseases, including diabetic neuropathy, cardiovascular
diseases, oxidative stress, and relative inflammatory
diseases such as Alzheimer’s and dementia, multiple
sclerosis, rheumatoid arthritis, and asthma."*'¢ Its positive
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effects on weight loss has also been reported.’ In animal
studies, the intraperitoneally used ALA and Etanercept
for reducing cerebral I/R injury has been studied, and its
positive effects on peripheral tumor necrosis factor alpha
(TNF-a) and downregulation of microglial activation
have been observed."”

The rate and extent of antioxidant’s access to the brain
influence their effects on the central nervous system
(CNS).”® Lipid-based vesicular systems can provide
increased bioavailability, penetration into the CNS, and
controlled therapeutic activity.”

The use oflipid-based vesicular systems for increasing the
bioavailability of antioxidants, and their physicochemical
stability has been studied.”® Niosomes, as an important
class of lipid-based vesicular systems, with unique benefits,
have attracted much attention as the high-potential drug
delivery carriers over the past 35 years. Because of high
stability, low cost of vesicle forming constituents, and easy
formulation methods, niosomes are a good alternative for
liposomes.?! Niosomes can be used for a variety of drugs
and substances such as anti-Alzheimer’s, anti-cancer,
antioxidant, and antibiotic drugs through various routes
of administration such as oral, intravenous injections,
and topical.*** Niosomes are considered as carriers
that allow the intravenous administration of lipophilic
molecules and their crossing through blood-brain barrier
(BBB), which lead to increased CNS drug uptake.?* One
mechanism proposed for better transport of niosomes
through the BBB is their interaction with LDL receptors.”
Previous studies have shown increased penetration of
niosomal formulations of drugs such as methotrexate and
doxorubicin.?*

There are several methods to prepare non-ionic
surfactant vesicles (niosomes) such as thin film hydration
(hand shaking), reverse-phase evaporation, ether or
ethanol injection, dehydration rehydration, direct heating
and sonication of lipids, and microfluidic hydrodynamic
focusing method. Thin film hydration method is the most
common procedure used for niosome preparation. In this
method, all lipids and lipid soluble drugs are dissolved in
an organic solvent, usually chloroform. Then, the solvent
is evaporated under vacuum and lipid film is hydrated
by aqueous phase containing components soluble in
water at a temperature higher than the phase transition
temperature of the used surfactants.?

In this study, ALA niosomes were studied based on
their morphology, particle size analysis, encapsulation
efficiency, physical stability, and in vitro ALA release.
Finally, in vivo induction of I/R brain injury and the
protection of ALA niosomes were also investigated on the
basis of the great importance of niosomes properties on
their performance in animal studies.”

Materials and Methods
Materials
ALA and cholesterol were purchased from Sigma-

Aldrich Company (USA). The nonionic surfactants used
as vesicle-forming materials containing sorbitan esters
(Span™ 20, 40, and 60) and polyoxyethylene sorbitan
esters (Tween™ 20, 40, and 60) were obtained from Fluka
Company (Switzerland). All organic solvents and the
other chemicals were of analytical grade and obtained
from Merck Chemical Company (Germany).

Preparation of ALA niosomes

Niosomal suspensions were formulated by the previously
reported film hydration method.”” ALA niosomes were
prepared using equimolar percent of the same surfactants
hydrocarbon chain (C,, C,, and C Span/Tweens
mixture) and different molar ratios (m.r.) of cholesterol
according to Table 1. ALA, surfactants, and cholesterol
were dissolved in chloroform; the organic solvent was
removed in a rotary evaporator (Heidolph, Germany) at
60°C. Then, normal saline was added to the dried lipid
film and rotated at 180 rpm and 60°C for 30 minutes. The
formed lipid vesicles were stored at room temperature
for 24 hours in borosilicate glass vials, and then, in a
refrigerator for more studies. The final concentration of
ALA in niosomes was 10 mg/mL.

Characterization of ALA niosomes

Morphologic study of niosomes

The shape of niosomes as round and tubular ones, the type
of vesicles as multilamellar vesicle (MLV), unilamellar
vesicle (LUV), and small unilamellar vesicle (SUV), the
aggregation of vesicles and separation of constituents’
particles were morphologically characterized by a light
microscope (Leitz, HM-LUX3, Germany) equipped by a
digital camera with 400X magnification.

Size analysis

Mean volume diameters (d,, ), vesicle size distribution
and “span” of particles population were calculated by
static laser light scattering (Malvern MasterSizer 2000E,
UK) technique. The span that represents dispersity
(from almost monodisperse to highly polydisperse) was
calculated by Eq. (1):

Span= (dv9o B dv1o)/dv50 1)

Table 1. Composition of different niosomal formulation containing ALA
Name Constituents of lipid phase Molar ratio
F1 Span20/Tween20/Cholesterol 25/25/50
F2 Span20/Tween20/Cholesterol 30/30/40
F3 Span20/Tween20/Cholesterol 35/35/30
F4 Span40/Tween40/Cholesterol 25/25/50
F5 Span40/Tween40/Cholesterol 30/30/40
F6 Span40/Tween40/Cholesterol 35/35/30
F7 Span60/Tween60/Cholesterol 25/25/50
F8 Span60/Tween60/Cholesterol 30/30/40
F9 Span60/Tween60/Cholesterol 35/35/30
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whered , and d , are cumulative 90 and 10% undersize

volume size distribution, respectively.

Physical stability of prepared formulations

To evaluate niosomal physical stability, formulations were
kept at 4-8°C. Size analysis was done by statistic laser
light scattering method at some defined time intervals
including 1 week, 1 month, and 3 and 6 months after
preparation of niosomes.

Encapsulation efficiency percent (EE%)

Free ALA was separated from the encapsulated drug
by dialysis method.*® Briefly, one mL of niosomal
formulation in cellulose acetate membrane (Visking tube,
MW cut off 12 KD) was exposed to 200 mL of water and
ethanol (80:20 v/v%) during 4 hours at room temperature.
Permeated free drug concentration was determined by the
electrochemical method in the dialysate. The entrapped
amount of ALA was also determined after adding one
ml of isopropyl alcohol into niosomal suspension in
dialysis bag content for disruption of niosomal bilayers.*
Encapsulation efficiency (EE%) was determined using Eq.

(2):

CEVIC
EE % =—"2"%__x100 (2)
encap +CF
where Ce"mp and C, denote the amount of ALA

encapsulated in niosomes and free amount of ALA,
respectively.

Determination of ALA concentration

The method used for ALA determination was previously
described.* Briefly, by some modification, a three-
electrode system including modified carbon paste
electrode (MCPE), platinum wire, and Ag/AgCl (3 M
KCl) employed as the working, counter, and reference
electrodes, respectively, was connected to Autolab
PGSTAT204-Metrohm  potentiostat/galvanostat  for
electrochemical investigations. To fabricate the MCPE,
a specific ratio of graphite powder and paraffin oil was
poured into a mortar and mixed by grinding. Five percent
w/w of ZnFe O, nanoparticles and 10.0% w/w of 1-butyl-
3-methylimidazolium tetrafluoroborate as a conductive
binder was added. The square-wave voltammetry
(SWV) technique was employed for the quantitative
determination of ALA concentration using the phosphate
buffer solution of 0.1 M for pH adjustment at 6.3.

In vitro release of ALA from niosomes

The release rate was evaluated using all-glass Franz
diffusion cell at 37°C. Cellulose acetate dialysis tube
(Visking tube, MW cut off 12 KD) was used as the
membrane, after 24 hours hydration in recipient phase,
water, and ethanol (80:20 volume %). The volume of the
receptor compartment was 15 mL. Samples were taken
at 0, 15, 30, 60, 120, 180, and 240 minutes near stirring

magnet followed by replacing the fresh solvent in the
receptor phase, and cumulative released percent was
plotted against time.

Different kinetic models, including zero order, first
order, Higuchi, Peppas, and Hixson-Crowell were assessed
to determine the best kinetic model for releasing ALA
niosomes.*?

In vivo study
Twenty male Wistar rats (220-270 g) were used in this
study. Animals were kept at a temperature of 20-22°C,
12/12 h dark/light cycle and had free access to food and
water (ad libitum) before surgical procedures. Animals
were anesthetized via intraperitoneal (IP) injection of
diazepam (5 mg/kg) and ketamine (87 mg/kg) cocktail. To
induce cerebral I/R injury, their internal common carotid
arteries were clamped by Bulldog Clamp for 15 minutes,
and then, reperfusion was established for 30 minutes.
Animals were randomly divided into four groups: Sham
(group I), control group (group II), receiver of intravenous
empty niosomes and intraperitoneal (IP) injection of
ALA solution (group III), intravenous recipient of ALA
niosomes (group IV), (n = 5). Animals in the sham
surgery group underwent most of the surgical procedures
involved but their internal common carotid arteries were
not clamped as a control to eliminate the effect of pre-
clamping surgery procedure on the brain injury.
Niosomes containing ALA (50 mg/kg) were injected
intravenously immediately before releasing the clamp
in group 1. In group II, the equivalent volume of empty
niosomes intravenously and the equivalent concentration
(50 mg/kg) of ALA in ethanol and propylene glycol
mixtures were injected IP.

Histopathology
Animals were sacrificed by intravascular anesthetic
agent high dose injection 30 min after reperfusion was
performed. The brains were removed and fixed in 10%
buffered formalin for at least 24 hours. The specimens
were blocked and embedded in paraffin wax; 5 um
sections were obtained. The sections were stained with
hematoxylin and eosin (H&E) for histopathologic scoring
by light microscopy examination.

To semi-quantitatively assess the number of affected
neurons (Table 2) in the hippocampus, the number

Table 2. Histopathological scoring of affected neurons numbers and
hippocampus acute damage neurons

Numbers of affected .
Score Score of cerebral tissue acute damage
neurons

0 Normal Normal

Normal nucleus, scalloping at the

1 Few affected neurons .

cytoplasmic boarder

Nuclear shrinking, smeared nuclear-
2 Many affected neurons . &

cytoplasmic detail

Shrunken neuron with no nuclear-
3 All neurons affected

cytoplasmic detail
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of Eosinophilic neurons were counted under light
microscopy by a veterinary pathologist who was blinded
to the experimental groups. Those cells showing a distinct
nucleus and nucleolus were defined as viable normal
neurons.

Another histopathological assessment (Table 2) was
also performed to investigate the quality of hippocampal
neurons. The scales of this study allow the evaluation
of I/R injuries that occur as a function of effect post-
ischemia, as well as the rate of damage severity.

Statistical analysis

Statistical significance was determined by Kruskal-Wallis
test and Mann-Whitney test using SPSS software (SPSS
for Windows, Version 20, IBM, SPSS Inc.). Statistical
significant level was considered at P < 0.05.

Results and Discussion

Niosomes morphology

Span’ and Tween’ can be known as the most widely applied
surfactants used for niosome preparation. The hydrophilic
head groups of amphiphilic molecules make water-
mediated interactions counter the previously formed force,
finally result in bilayer formation. Cholesterol is known to
abolish the gel to the liquid phase transition of niosomes,
resulting in less leakiness of the vesicles and improved
niosomes stability by forming hydrogen bonds between
the hydroxyl group of cholesterol and the oxygen at the
ester groups, or with the other functional oxygen groups
of used surfactants.’* All used nonionic surfactant and
cholesterol compositions at different molar ratios formed
niosomes. The number of formed lipid vesicles was more
remarkable in some Span/Tween 20 (ST20) niosomes (F1
and F3) and all Span/Tween 60 (ST60) formulations (F7,
F8, and F9); therefore, these formulations were chosen for
further studies as shown in Table 3. As shown in Figure I,
and also, on the basis of the size analysis results, most of
lipid vesicles are as MLVs in the presence of cholesterol,
which was predictable for film hydration method.

Size analysis and physical stability of ALA niosomes

Mean volume diameters (dv_, ) of the selected formulation
of ALA niosomes prepared with different compositions
are presented in Table 3 and the size distribution
curve of formulation F9 of ALA niosomes is shown

in Figure 2. Particle size distribution is one of the most

essential characteristics in the examination of physical
stability. The particle size distributions curve of the
formulations were mostly Log-normal. In the formulation
F9, this curve had the slightest change after six months,
indicating appropriate physical stability of the formulation.
The mean span of different prepared formulations is also
presented in Table 3. The mean volume diameter of liquid
state ST20 niosomes was larger than that of gel state ST60
ones (Table 3, P< 0.01). This can be attributed to higher
hydrophilic-lipophilic balance (HLB) of ST20 compared
to ST60 surfactants. This finding was also obtained in
our previous research on insulin niosomes.”” Yoshioka et
al* explained this finding as a decrease in surface energy
with increasing hydrophobicity (low HLB), resulting in
the smaller vesicles at the same cholesterol ratio. Agarwal
et al¥ also reported that the mean size of primaquine
phosphate-loaded niosomes showed a regular increase
with increasing HLB from Span 85 (HLB 1.8) to Span 20
(HLB 8.6). Nowroozi et al*® obtained the same finding in
the preparation of Brij 72, Tween 60, and Span 60 niosomes.
On the other hand, it was shown that cholesterol had
more effect on ordering surfactant molecules in niosomal
bilayers of ST20 vesicles than ST60 one according to their
span values of size distribution curves (Table 3).

Increasing cholesterol molar ratio from 30 to 50 led
to larger niosomes in both ST20 and ST60 formulations
(Table 3, P< 0.01). Based on the amphipathic nature of
cholesterol molecules and reducing the curvature of
lipid bilayers following cholesterol content increment,
a more thermodynamically stable vesicle is established
by forming larger niosomes.* However, the most stable
formulation was F9, which is composed of amphiphiles
with C,, hydrocarbon chains and 30 cholesterols molar
ratio content (Figure 2).

The span indicates the broad particle size distribution
diagram and is expressed along with the dv,, of any
formulation. Increasing the span indicates an increase
in the distance between the dv , and dv,, toward dv,, .
For any formulation at first, maybe particles with smaller
diameters join together and decrease the difference
between the dv , and dv,,, then, with the joining of
medium-sized particles and the formation of larger
particles, this number increases. F9 has more stable,
lower diameter change and according to the dv,_, span is
decreasing in 6 months for this formulation.

50%

Table 3. Mean volume diameters (dv50%) and encapsulation Efficiency percent of ALA in selected niosomal formulations

dvso% (pm) £ SD

Mean span (obtained by Eq. 1)

Formulation name

%EE (Mean + SD; n=3)

1 week 1 month 3 months 6 months 1week 1 month 3 months 6 months
F1 19.95+1.21 45.71+2.31 138.03+1.87  208.1+6.12 1.44 2.00 1.79 1.36 86.1+0.3
F3 10.00+1.13 34.67+1.81 52.48+2.70 60.25+2.11 2.18 1.96 1.72 1.73 82.3+0.5
F7 10.60+1.61 8.70+1.08 11.48+1.38 13.18+1.65 3.15 3.03 3.60 3.55 90.5+0.2
F8 11.20+1.84 11.68+1.91 15.31£2.3 17.37+1.88 2.60 2.68 3.10 5.65 89.1+0.6
F9 4.36+0.82 3.31+0.89 3.50+0.91 4.61+1.01 241 2.80 3.04 2.81 94.5+0.2
544|  Advanced Pharmaceutical Bulletin, 2022, Volume 12, Issue 3
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Figure 2. Physical stability of F 9 formulation kept at 4-8°C at 1 week,
Tmonth, 3 and 6 months.

Encapsulation efficiency

For quantitative determination of ALA, the SWV
technique was used. This technique is known as a simple
and efficient tool to quantify a large number of drugs,
physiologically active substances, and other important
chemicals. It also provides elegant methods to get access
to relevant kinetic and thermodynamic parameters related
to many lipophilic compounds and antioxidants such as
ALA.

Figure 3 revealed an adequate linear response over the
ALA concentration range of 1-100 (M versus the observed
electro-oxidation current. The linear regression equation
for the obtained calibration curve is expressed as below:

IP (10 7A)=0.0349C, , +0.6315 (R*=0.9774) (3)

After separating unentrapped ALA by dialysis method,
concentration of drug encapsulated in the selected
niosomal formulations was evaluated and the obtained
EE% is presented in Table 3. Encapsulation and release of
the drug from vesicular formulations such as niosomes and
liposomes significantly depend on the physicochemical
properties of the drug, bilayer formation amphiphiles, and
cholesterol content. ALA is intercalated in lipid bilayers
with high efficiency (higher than 82.3 + 0.5%, Table 3) due
to its lipophilic structure (LogP 2.75). Similar EE% was
also reported by Zhao et al*® in chitosan-coated liposomes.
The EE% of ALA in the niosomal formulations of ST20
and ST60 decreased with increasing cholesterol content,
which may be due to the competition of cholesterol and
hydrophobic compounds for incorporation into the

\ '.'O‘ s RE O R0

Figure 1. Optical micrographs of ALA niosomes (x400 magnification): (a) F9, (b) F1.

bilayers of lipid vesicles.”" In general, as the hydrocarbon
chain length of used surfactants increases, the EE% of
lipid soluble drugs such as carvedilol® and flurbiprofen*
is increased. In this study, ST60 niosomes with C, alkyl
chain also depicted more EE% compared to ST20 with C ,
hydrocarbon chain (Table 3).

In vitro release studies

Based on morphology, size distribution, and drug
encapsulation efficiency of the prepared niosomes,
formulations F1 and F9 were selected for release of
ALA; the results are shown in Figure 4. After 4 hours,
F1 and F9 have 54.13 + 3.91 and 59.27 + 5.61% release

5 -

4 4 y = 0.0349x+ 0.6315
R2=10.9774

<
=~ 3
: A
fan [
- /
§ 11
=
=
Q
11 'y
0+ T T T T -

0 20 40 60 80 100
ALA concentration (unM)

Figure 3. Plot of peak current as a function of ALA concentration. Inset
shows the square wave voltammetry of modified carbon paste electrode in
phosphate buffer solution (pH 6.3) correspond to different concentrations of
ALA including: 1, 5, 10, 20, 50, 100 uM.
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10 +
0

0 60 120 180 240 300
Time (min)

Figure 4. Cumulative release percent in F9 and F1formulations (mean + SD,
n=3)

Advanced Pharmaceutical Bulletin, 2022, Volume 12, Issue 3 | 545



Raeisi Estabragh et al

of drug content, respectively. The release kinetic data of
Formulation F9 were fitted to different models by the
regression coefficient of determination (R?). Parameters
values of relevant kinetics models are presented in Table 4.
The best model fitted with release data was Higuchi (R* =
0.9914 and K = 3.9128), which showed the prominent
diffusion mechanism of ALA through lipid bilayers.*
To confirm diffusion mechanism, the data were fitted
into Korsmeyer-Peppas model, and non-Fickian release
explained the main mechanism of ALA delivery according
to n value (0.60, 0.45 < n < 0.85).

Incomplete delivery of ALA from niosomes could be
attributed to reducing release driving force, concentration
gradient, in Franz diffusion cell.** This pattern of release
from niosomes was reported for tioxolne,* naltrexone
HCL* and caffeine.”” Furthermore, chemical interactions
such as hydrogen bonding could be one of the incomplete
or low release of encapsulated compound.*®

In vitro release data are often used for delivery ranking
of encapsulated compound, and also, for predicting the
release kinetic model or fitting with existing models.*’
This discrepancy is due to the large biologic membrane

Table 4. Histopathological evaluation of affected neuron numbers subsequent
to cerebral I/R injury.

Score of affected neuron Score of cerebral tissue acute

Group numbers damage
! 0(0) 0(0)

1 2 (2-3)¢ 2 (2-3)7
1] 2(2-3)¢ 3(2-3)¢
v 1(0-1)° 1(1)*

(@) and (b) letters show significant difference (P< 0.05) in comparison with
sham and control groups, respectively.
Scores in parentheses indicate the distribution of animal scores in each group.

pool present in human body cells, into which drugs can
distribute after in vivo administration. However, in some
studies, this method could be used in vitro correlation
release data and in vivo behavior of the used formulation.*

Animal studies

Histopathological scores taken after cerebral I/R injury are
reported in Table 4. The hippocampus sections of group
I revealed the normal neural cell structure without any
signs of cytoplasmic scalloping or shrinking (Figure 5a).
The histopathologic scores of the affected neuron number
and acute damage in this group were considered zero
(Table 4).

The shrunken neurons with the disappearance of
cytoplasmic detail related to cerebral I/R injury were
seen extensively in groups II and III. These animals
exhibited macrophages and astrocytes around necrotic
hippocampal regions. Relative to group I, groups II and
III had significantly fewer viable cells and most of them
were affected by I/R injury at hippocampus sections
(Figure 5¢, d) (P < 0.05). Tissue inflammation and
degenerative changes were cleared in all tissue samples
of groups (II, I, IV) with different levels. The animals in
group IV showed neuronal loss by I/R injury cytoplasmic
eosinophilia and nuclei pinkies, but it had a significant
difference with groups II and III in viable cell count and
damage amount (Table 4). It could be related to treatment
used in the present study.

The complication of cerebral ischemia is one of the
main reasons that leads to mortality, permanent and
irreversible disability (1). Various factors such as primary
cerebrovascular embolism or subsequent brain injury
are the main causes of ischemia in the brain.” However,

Figure 5. The rat’s hippocampus sections stained with hematoxylin and eosin. (a) Normal nucleus neural cells; (b) Normal nucleus with scalloping at the
cytoplasmic boarder; (c) Nuclear shrinking neural cell, along with smeared nuclear-cytoplasmic detail; (d) Shrunken neuron with no nuclear-cytoplasmic detail.
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intertwined pathophysiological ~processes such as
apoptosis, necrosis, and autophagy due to the release of
free radicals from ischemic area following reperfusion are
the main factors of tissue damage in I/R injury.>*

In the Lapchak study, the use of antioxidants reduced
the complications of cerebral ischemia.® For example,
de Sales et al,”® used ascorbic acid (vitamin C) as an
antioxidant in an animal model of cerebral I/R injury and
the obtained results showed the neuroprotective effect
of it. However, vitamin C as a water soluble antioxidant
has a low capability to pass through BBB. On the other
hand, lipid soluble antioxidants such as ALA cannot be
IV injected to provide a high concentration in damaged
brain tissue. Lipid vesicles such as niosomes can be used as
targeted drug delivery systems to CNS, due to the enhanced
penetration effect into the brain tissue.**** Varshosaz et al’
showed the benefits of niosomal formulation of vitamins
C and E in reducing the adverse effects of brain ischemia
in an animal model.

ALA is considered as an ideal antioxidant due to its
unique properties such as rapid absorption, antioxidant
effects in both its reduced and oxidized forms, and its
ability to chelate free metal ions.'** The positive effects
of ALA in the treatment or reduction of injuries caused by
various disorders such as neurovascular, cardiovascular,
metabolic, urogenital, and ischemic injuries in various
organs have been proven in previous studies.”® For
example, ALA inhibits oxidative stress-induced apoptosis
in brain injury with possible involvement of the Nrf2
pathway.”” ALA also reduces the effects of ischemia on
cardiomyocytes by reducing the autophagy of heart tissue
cells.”> In the study of Wu et al,'”” ALA and Etanercept
were used to protect cerebral I/R injury. Turkyilmaz et al*®
reported that treatment with ALA (50 mg/kg/d) can reverse
some adverse effects of valproic acid such as reducing total
antioxidant capacity by decreasing glutathione, superoxide
dismutase, catalase and increasing lipid peroxidation led
to brain injury. In acute phase, ALA therapy can protect
the brain against I/R injury and improve neurological
functions with modulating mTOR signaling pathway.*
Also, ALA and Ginkgo biloba significantly reduced
pro-inflammatory mediators such as TNF-a and IL-
1B, and improved the serious harmful effects of silver
nanoparticles on BBB and neurons function. ALA showed
a novel therapy to stabilize the integrity of BBB, due to
its antioxidant, anti-inflammatory, and anti-apoptotic
functions.” Capability of surfactants to form bilayers and
the presence of cholesterol, as the main sterol in biological
membranes, in niosomal structure leads to the use of this
type of lipid vesicles for transport of different materials
such as pramipexole® and rivastigmine® through BBB. The
results of the present study also showed that the prepared
niosomal formulation of ALA capable it to be intravenously
administered and increase the pharmacological effect of
ALA compared to other group that receive free ALA. IV
administration of ALA niosomes (50 mg/kg) diminished

shrunken neurons and significantly increased viable cells
compared to the other groups in the rat model of cerebral
I/R injury (Table 4 and Figure 5¢, d) (P < 0.05). Based on
the cerebrospinal fluid osmolarity levels, a similar result
was observed when ALA therapy successfully reduced
brain edema after traumatic injury.'

Conclusion

According to the results of this study, utilized Span/Tween/
cholesterol mixtures could form stable ALA niosomes and
the selected formulation (Span60/Tween60/Cholesterol,
35:35:30 m.r.) was successfully used for treatment of
cerebral I/R injury in the rat model. The results were
promising for further In Vivo applications of ALA
niosomes in brain injuries and neurodegenerative diseases
induced by oxidative stress and free radicals production.
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