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ABSTRACT e Among the two drug delivery systems, CuSLNs were found to be more
Background: Aluminum is a potent environmental toxin and protective compared to CuMgONPs.

its increasing entry exposes human beings to its neurotoxicity.

Objective: The authors investigated the efficacy of delivery systems Curcumin

(magnesium oxide nanoparticles [MgONPs] and solid lipid nanoparticles
[SLNs]) for curcumin in protecting aluminum-induced neurotoxicity in
albino rats. Materials and Methods: Albino rats were divided into six
groups (n = 6), Group | served as control; Group Il Al treated; Group Il
curcumin loaded MgONPs (CuMgONPs); Group IV Al + CuMgONPs; cummanTs

Group V curcumin loaded SLNs (CuSLNs); Group VI Al + CuSLNs. After the l AlEl:EHO
treatment period, i.e., 30 days the animals were sacrificed and biochemical
tests were performed to assess the cholinergic damage followed by
histological observation of brain regions (cerebral cortex and cerebellum).
Results: In cholinergic analyses, it was observed that aluminum-induced
alterations in ACh and acetylcholine esterase were reversed with i . =
concomitant administration of CuMgONPs and CuSLNs. The therapeutic i’f I . l . ' .

§ %l

potential of CuMgONPs and CuSLNs was also observed in histological
analyses of brain regions treated with aluminum. Among these two drug
delivery systems, CuSLNs administration was found to be more potential
compared to the CuMgONPs in treating aluminum induced neurotoxicity.
Conclusions: By using drug delivery systems, MgONPs and SLNs, the
problem of low bioavailability of curcumin can be controlled. This will be a
promising agent to treat neurodegenerative disorders such as Alzheimer’s
disease with the potentiality to cross the blood-brain barrier. However, PE— PER—— Fep— Pe—
CuSLNs has showed a more protective effect on altered cholinergic system (Cerevrat Corteny (Cerevettumy (Cerevrat Corte) (Cerevettum
and tissue damage compared to CUMgONPs.
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loaded magnesium oxide nanoparticles, curcumin loaded solid lipid Abbreviations Used: CUMQONPS3 Curcumlin loaded magnesium oxide
nanoparticles, histological analyses nanoparticles; CuSLNs: Curcumin loaded solid

lipid nanoparticles; Ach: Acetylcholine; AChE: | Access this article online
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e Aluminum induced alterations of neurotransmitters (Ach and AchE) and tissue
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characterized by Milobedzka in 19100, it was synthesized and
confirmed in 1913 which was grouped under polyphenol compound
by Lampel'?, and in 1910 it was extensively used in East Asia as
a medicine to treat liver and gall-bladder diseases, inflammatory,
rheumatic conditions and anorexia, etc.!” and also curcumin plays a
pharmacological role in treating various disorders such as autoimmune,
cardiovascular, neoplastic, pulmonary and neurodegenerative disorders.
(14171 Curcumin is a more potent scavenger than vitamin E!'®! that fights
against NO-based free radicals"** and protects cell membrane®*
with the neuroprotective events such as anti-inflammatory, antioxidant
and immunomodulatory properties.’?"?* It was reported that curcumin
regulates the B-amyloid accumulation®?! and restores the damaged
neurotransmitters (ACh and AChE)®%! in mouse brain against
aluminum-induced cognitive dysfunction. Regardless of the remedial
perspective of curcumin, the drawbacks of its usage include rapid
metabolism, low gastrointestinal absorption are the factors that are
minimizing the curcumin bioavailability, and clinical efficacy.

Nanotechnology has become a very promising field to the
pharmaceutical and medical fields through drug release systems. By
reducing the phytomedicine (Curcumin) to its nanosize, alters the
surface properties and enhances the bioavailability of phytomedicine.
The efficacy of nano curcumin can be enhanced by encapsulating
into nanocomposites as drug delivery vehicles for effective delivery
of curcumin to the targeted tissue by a synergistic mechanism.
The present study explores the use of inorganic magnesium oxide
nanoparticles (MgONPs) and organic solid lipid nanoparticles (SLNs)
as nanocarriers, with the outcome of comparative studies were carried
out between both the drug vehicles for effective delivery of curcumin.

MgONPs are odorless, non-toxic white powder forms of nanoparticles
that are used for hydrophobic Curcumin delivery because of its
biocompatibility, biodegradability, and relatively low cost. Owing
to the significant importance of carrier materials, magnesium the
fourth most abundant essential mineral in the body, with excellent
biocompatibility than other nanocarriers. It has been widely used as an
antacid, antibacterial agent, an approved drug, and food additive with
high drug loading capacity that acts as a safe nanocarrier for curcumin
delivery.” This can be obtained mainly by precipitation of magnesium
hydroxide,***! Sol-gel method,***! and sonication method."**

SLNGs are organic nanocarriers typically exists in the range of 50-1000 nm in
size and consist of a biocompatible and biodegradable solid lipid core with
entrapped hydrophobic or lipophilic drug and an external surfactant shell
that can be sustained in various physiological systems. These are developed
as a substitute to colloidal drug delivery systems such as polymeric
nanoparticles and liposomes®! to overcome difficulties such as cytotoxicity,
drug leakage, and high production cost. Moreover, SLNs possess desired
features such as low toxicity, large surface area, prolonged drug release,
superior cellular uptake, improve solubility and bioavailability of hydrophilic
and lipophilic bioactive drugs®-” through controlled and targeted drug
delivery.”® To increase the solubility, stability, and bio-distribution of
SLNs, PEG was used which provides a hydrophilic stearic barrier around
SLN by attaching covalently to the nanoparticle surface thereby resulting
in formulations with increased stability during storage and applications™!
and also with increasing the circulation half-life without affecting its activity
during transportation and absorption into the body.

In the present study, we report the use of MgONPs and SLNss for efficient
delivery of curcumin against Al-induced neurotoxicity in albino rats.

MATERIALS AND METHODS

Chemicals and reagents

Curcumin (SRL Scientifics), MgClz, and NaOH from Merck and
Hi-media, stearic acid from Sd Fine Chem., Ltd., Mumbai, flaxseed
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oil form a local market of Tirupati, Tween 80 (polysorbate 80) and
Polyethylene glycol (PEG 4000), Acetyl thiocholine iodide, Aluminum
Chloride (AICI,6H,0) were purchased from Hi-media and Sigma
Aldrich companies of India

Synthesis of curcumin loaded magnesium oxide
nanoparticles

For the Synthesis of CuMgONPs, the optimized concentrations
were taken as per our previous report.””) About 2.5 mg of optimized
concentration of curcumin was dissolved in ethanol as it is insoluble in
water. This curcumin solution was added to the aqueous 25 mM MgCl,
hexahydrate solution and NaOH was added dropwise under continuous
stirring at room temperature, the addition of NaOH was stopped at
pH 12 for reduced particle size according to our previous reports.
The complex formation was depicted by color change from yellow
to reddish-brown/orange color based on the pH of the solution. The
solution generates CuMg(OH), which acts as a precursor of CuMgO,
was centrifuged at 10,000 rpm for 10 min. The collected precipitation
was washed with ethanol to remove impurities and formed pellet was
calcinated at 100°C-300°C, which gives the reddish-brown powder form
of CuMgONPs.

Formulation of curcumin loaded solid lipid
nanoparticles by high-speed homogenization

The solid lipid (stearic acid) was melted at a temperature >75°C and
curcumin was dissolved in the melted lipid with continuous stirring
maintaining the same temperature as the lipid or organic process. The
aqueous phase containing surfactant and co-surfactant was also heated to
75°C and gradually applied to the lipid process with continuous stirring,
The two-phase system is then homogenized at 20,000 rpm for 30 min™!
using a high-speed homogenizer. To yield CuSLNs, the homogenized
suspension was freeze-dried. All formulations were prepared in triplicates
to obtain optimum concentrations that have been standardized through
preliminary experiments. The finalized formulation with good stability
and particle size has been used for the targeted delivery of curcumin.

Experimental design for animal studies

Experimental model - Wistar strain male albino rat.

Selection and procurement of experimental
animals

Male Wistar strain albino rats were selected for the current investigation.
Healthy adult albino rats of 12-month age group (360 + 5 days
and weight 250 = 15 g) were procured from certified vendors
(Sri Venkateswara Traders, Bengaluru, India) for this study. The
animals were acclimatized in the lab for 7 days. They were housed in
polypropylene cages (47 cm x 34 cm x 20 cm) containing sterile paddy
husk as bedding and maintained at 22°C-25°C regulated temperature
with a light/dark cycle (12 h/12 h). The rats were fed with standard rat
chow (Sai Durga Feed and Foods, India) and water ad libitum. Animals
were equally randomized into groups; each group contains six animals
for investigation.

Experimental design

Experimental protocols were approved by the institutional ethical
committee (CPCSEA Registration Number: 1677/PO/Re/S/2016/
CPCSEA/dt. 6/05/16.

Treatment period: 30 days.

Route of administration: Oral administration (AlCll CuMgONPs, and
CuSLNs).

381



SWATHI GANNA, et al.: Targeted Delivery of Curcumin Using MgONPs and SLNs: Attenuates Aluminum-Induced Neurotoxicityin Albino Rats

Group-I: Control: Rats in this group were administered with saline (0.9%)
solution.

Group-II: Al treated group: The animals were treated with Aluminum
Chloride (AICL) (100 mg/kg bwt/day).

Group-III: CuMgONPs administered group: Curcumin loaded MgONPs
were administered (0.5 mg/kg bwt/day) to the rats.

Group-1V: Al + CuMgONPs treated group: Aluminum Chloride (AICL,)
+ Curcumin loaded MgONPs were concomitantly administered to the
animals (100 and 0.5 mg/kg bwt/day).

Group-V: CuSLNs administered group: The rats were administered with
Curcumin loaded SLNs (50 mg/kg bwt/day).

Group-VI: Al + CuSLNs treated group: Aluminum Chloride (AICL,)
+ Curcumin loaded SLNs were administered simultaneously to this
group (100 and 50 mg/kg bwt/day).

Isolation of brain regions and preparation of tissue
homogenates

After completion of the treatment period, i.e., 30 days, the animals were
sacrificed by cervical dislocation, and the brains were rapidly dissected
out on ice plate. Tissue homogenates of (cerebral cortex, cerebellum)
were prepared by adding 50 mM phosphate buffer containing 0.1 mM
EDTA to brain regions and homogenized using homogenizer at 10,000
rpm for 20 min, and resultant supernatant was used for further
biochemical analyses.

Biochemical assays
Cholinergic analyses

Cholinergic dysfunction was estimated in terms of ACh content and
acetylcholinesterase (AChE) activity.

Acetylcholine content

ACh content was estimated by the method of Hestrin as given by
Augustinson.*! Each brain tissue was boiled in hot water-bath for
10 min to arrest the AChE activity. Tissues were homogenized in 2.0 mL
of distilled water and 1.0 mL of alkaline hydroxylamine hydrochloride
was added, followed by 1.0 mL of 1:1 hydrochloric acid solution. It was
mixed vigorously and centrifuged. Supernatant was collected, and 0.5
mL of 0.37 M ferric chloride was added. The brown color developed was
read at 540 nm. The ACh content was expressed as it moles of ACh/g wet
weight of tissue.

Acetylcholinesterase activity

AChE activity was assayed by the method of (Ellman and Courtney
1961)."1 The reaction mixture contains 270 WU moles of sodium
phosphate buffer (pH 8.0), 10 u moles of DTNB, 1.5 u moles of acetyl
thiocholine iodide, and 100 pu moles of 2% brain homogenate. The initial
absorbance of the reaction mixture was recorded at 412 nm in a UV-vis
spectrophotometer before the addition of acetyl thiocholine iodide. After
15 min incubation at room temperature, the yellow color developed was
read at 412 nm. A molar extinction coefficient of 4.12 x 102 was used to
calculate the enzyme activity. The AChE enzyme activity was expressed
as 1 moles of acetylthiocholinehydrolyzed/mg protein/hr.

Histopathology

Histopathological observation of brain regions was performed in
both control and treated groups by using a Phase contrast microscope
(Humason, 1972).* Brain regions were rinsed with a physiological
saline solution (0.9% NaCl) to get rid of blood and debris adhering to
the tissues and fixed in 10% formalin for 24 h. All the fixative traces were
removed through washing under running tap water. After dehydrating
through a graded series of alcohols, the tissues were cleared in methyl
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benzoate, embedded in paraffin wax. Sections were cut at 6 m thickness
and stained with hematoxylin®*® and counterstained with eosin (dissolved
in 95% alcohol). After dehydration and clearing, sections were mounted
with DPX and observed under microscope.

Statistical analyses

Mean * percent changes, ANOVAM! and Bonferroni post hoc test
for comparisons were performed using SPSS package programming
techniques on “Intel Core 2 Duo Processor” of personnel computer. All
values of “t” <5% and 1% levels (P < 0.05, P < 0.01 and P < 0.000) were
considered statistically significant.

RESULTS

Acetylcholine content

In the present study, obtained results in Al treated group showed
that ACh levels were decreased in the cerebral cortex (-50.65%);
cerebellum (-52.5%). ACh decline was more pronounced in cerebellum
compared to cortex region. Whereas synchronous administration
of CuMgONPs with Al treatment showed increased ACh levels,
cerebral cortex (12.22%); cerebellum (25.54%) compared to Al alone
treated group. Co-administration of Al + CuSLNs has ameliorated the
effect of Al with more significant refinement of ACh levels, cerebral
cortex (31.59%); cerebellum (41.78%) compared to Al + CuMgONPs
treated group. Effect of CuMgONPs alone administered group cerebral
cortex (29.27%); cerebellum (33.52) and CuSLNs alone administered
group cerebral cortex (43.16%); cerebellum (50.65%) have showed
normal range of ACh levels in brain regions of albino rats which were
almost similar to control group. From the above results, it was found that
significant refinement of ACh content was observed in Al + CuSLNs
treated group compared to the Al + CuMgONPs group, as shown in
Figure 1.

Acetylcholinesterase levels

AChE levels of the Al administered group showed a reduction in AChE
levels, cerebral cortex (—31.56%); cerebellum (-28.55%) compared
to control. Whereas co-administration of CuMgONPs along with
Al has showed increased AChE levels, cerebral cortex (19.54%);
cerebellum (16.65%) compared to Al alone treated rats. Al + CuSLNs
group has showed significant refinement of AChE levels, cerebral
cortex (24.39%), cerebellum (21.74%) compared to Al + CuMgONPs
treated group. CuMgONPs alone administered group cerebral
cortex (28.75%), cerebellum (26.03%) and CuSLNs alone treated group

Acetylcholine Content (ACh)

M Cerebral cortex

M Cerebellum

H moles of Acetylcholine/gm wet weight of

Figure 1: Effect of curcumin loaded magnesium oxide nanoparticles
and curcumin loaded solid lipid nanoparticles on acetylcholine content
in different brain regions (cerebral cortex: Cerebellum) of albino rats
exposed to Al
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cerebral cortex (30.69%), cerebellum (28.34%) have showed the normal
ACHhE levels compared to control group. It was clearly demonstrated that
from the above results, CuSLNs has effectively recovered the AChE levels
in Al + CuSLNs group compared to Al + CuMgONPs treated group, as
shown in Figure 2.

Histopathological examination of brain regions of albino rats:

Cerebral cortex

Histopathological examination of cerebral cortex region of control
group rats showed intact neurons (NEU) and normal architecture. Al
treated group showed degenerative changes and vacuolization along
with pericellular edema with distorted neural cell bodies were observed
Whereas co-administration of Al + CuMgONPs, showed reduced
vacuolization (RV), perineuronal edema and gliosis compared to Al
treated group. Whereas co-administration of Al + CuSLNs group showed
noticeable improvements with normal neurons and intact nucleus and
astrocytes with no vacuolization and degenerated neurons could be
observed. CuMgONPs and CuSLNs alone administered groups have
shown regular morphological exterior which is almost similar to control
group as shown in Figure 3.

Cerebellum

Histology of cerebellum exhibited normal middle Purkinje cell
layer (MPKCL) in the control group. Al treated group showed
degenerative changes in MPKCL with vacuolization (V). Whereas
Co-administration of CuMgONPs with Al, restored the degenerative
changes of Purkinje cell layer and granular layer (GL) compared to Al
treated group. Al + CuSLNs treated showed more improvement in the
architecture of cerebellum with reduced degenerative changes of MPKCL
and RV between the cells present in GL. Both CuMgONPs and CuSLNs
alone treated groups showed normal GL and MPKCL as in similar to the
control group, as shown in Figure 4.

From the above histopathological studies, it was observed that Al caused
degenerative changes and vacuolization in neurons were reduced by
Synchronous administration of CuMgONPs (Al + CuMgONPs) and
CuSLNs with Al (Al + CuSLNs) reduced the degenerative changes and
vacuolization in all brain regions. But the neuroprotective effect of
CuSLNs was more in restoring the degenerative changes compared to
CuMgONPs against Al induced neurotoxicity.

Acetylcholinesterase activity (AChE)
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Figure 2: Effect of curcumin loaded magnesium oxide nanoparticles
and curcumin loaded solid lipid nanoparticles on acetylcholine esterase
activity in brain regions (cerebral cortex: Cerebellum) of albino rats
exposed to Al
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DISCUSSION

Alzheimers disease (AD) is an age-associated progressive
neurodegenerative disorder observed in Patients with AD due to
exposure to toxic metal like aluminum present in the atmosphere. It
affects brain development depending on the route of intake, time, and
level of exposure® and causes dysfunction of the central cholinergic
system that plays an important role in cognitive, learning, and memory
functions.? The enzyme, AChE, is one of the major components of the
cholinergic system in the central and peripheral nervous system which
acts on ACh, a neurotransmitter associated with learning and memory,
is degraded by the enzyme AChE, terminating neurotransmission at
cholinergic synapses and also plays a role during morphogenesis in the
onset of neurodegenerative diseases.*’!

In the present study, ACh levels were also decreased with Al exposure
compared to control, which demonstrated that significant neocortical
deficits in the enzyme responsible for the synthesis of ACh and ChAT
(choline acetyltransferase) would lead to the terminated physiological
action of the neurotransmitter®**!! and also the metabolism of acetyl-coA
was disturbed by Al exposure which leads to a reduction in the formation
of ACh.%3]

In the present study, decreased AChE levels were observed in
Al-intoxicated albino rats as Al (III) causes disturbances in cholinergic
neurotransmission by interacting with the peripheral sites and secondary
structure of AChE, finally decreasing its activity. AChE activity measured
in the present study was observed to be decreased after 30 days of Al
exposure, these results are in agreement with previous reports of
decreased AChE activity Lakshmi et al. due to the biphasic effect of Al on
ACHhE activity, shows increased activity observed up to 14 days followed
by inactivation of AChE activity at 60 days of Al treatment causing the
direct result of losing cholinergic input./**>¢!

Previous reports suggested natural polyphenolics are used to ameliorate the
altered cholinergic levels where curcumin acts as a potent antioxidant with
anti-inflammatory effect and a thus may have a role as neuroprotectant used
for prevention and treatment of AD, because of its potential compound of
curcumin has the penetrating ability on the central nervous system*”**!
and attenuates the neuropathological changes in the hippocampus and
inhibited apoptosis.”® Besides the efficiency of curcumin in treating a wide
variety of human diseases,"” low aqueous solubility, rapid metabolism, weak
gastrointestinal absorption, alkaline pH degradation are the factors that
minimize the bioavailability of curcumin which limited its use in treatments.

With the progression of nanomedicine and advancement of using
natural products which can provide feasible and interesting solutions to
discover the new drug design challenges, that serve as an inspiration for
drug discovery with desired physicochemical properties at the nanoscale
level and their targeted release®®! using several drug delivery systems
have been studied, to increase the drug specificity, diagnostic accuracy,
reduced toxicity and increased bioavailability in the organism.[*! There
are several drug delivery systems successfully employed in recent times,
for the successful delivery of drugs to its target sites. Hence the Nano
based drug delivery systems are currently been studied that will facilitate
the modified release of the active ingredients in the body.
Nanotechnology provided a way for hydrophobic drugs through
nanocarrier mediated drug delivery with the use of inorganic
(CuMgONPs) because of its biocompatibility, biodegradability and
relatively low cost with high drug encapsulation with minimum drug loss
during circulation are desirable features of inorganic nanoparticles, and
organic-based (CuSLNs) nanocarriers have become one of the alternatives
to enhance the bioavailability and clinical effectiveness of curcumin.

According to the findings of previous studies, the toxicity of NPs toward
micro-organisms is increased as the concentration of MgO increased.
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Figure 3: Histology micrographs of Cerebral cortex, after h and e staining showing normal neurons (NR NEU), congestion of blood vessels peri nuclear
spaces, reduced vacuolization observed in Al treated and (curcumin loaded magnesium oxide nanoparticles) and (curcumin loaded solid lipid nanoparticles)
treated groups with (a) control (b) Al treated group showing degenerative changes in the normal neurons (NR NEU), congestion of blood vessels and
vacuolization (v) around the neurons and pericellularedema (c) curcumin loaded magnesium oxide nanoparticles showing normal morphology; (d)
Al + CuUMgONPs also showed reduced vacuolization with restored neurons, (e) curcumin loaded solid lipid nanoparticles showing intact neurons with
normal exterior. (f) Al + CuSLNs has showed appreciable improvements with normal neurons and intact nucleus with no spongiosis. Scale bar = 100 um is

same for all the micrographs

164661 Ty contrast, Ge et al. reported the noncytotoxicity of MgO NPs in low
concentrations below 200 pg/ml was confirmed by other researchers.*”
Lai et al. showed that the treatment of brain cancerous cells with MgO
NPs did not show any effect on the survival rate until concentrations
were higher than 50 pg/mL.**! Considering all the previous reports
beneficial or adverse effects of MgONPs were dependent on particle
composition, particle concentration, particle size surface area of NPs,[*!
duration of the exposure time”” and nature of the biological target and
compactness of them”! are important factors to portrait MgONPs as
toxic or safe products. By previous in vitro findings and in vivo toxicity
investigation, MgO nanoparticles at concentrations lower than 250 ug/
ml were found to be safe concentration. In the present study, we have
used the 500 pug/ml of CuMgONPs has proved the effective delivery
observed with significant elevation in the degree of ACh and AChE levels.
ACh of cerebral cortex (12.22%); cerebellum (25.54%), AChE levels of
cerebral cortex (19.54%); cerebellum (16.65%) by Al + CuMgONPs
treatment has showed significance of (P < 0.000) compared to Al alone
treated group. So balancing the cholinergic levels by CuMgONPs has a
good correlation with the increase of total antioxidant levels and toxic
effects of increased concentration of MgONps above 200 ug/ml are
reversed by loading with curcumin which is a potent antioxidant and
neuroprotective agent.

The use of MgONPs acts as Curcumin carrier because of its
antiapoptotic, antioxidative, and antidiabetic effects in rat pancreatic
islets” and Mg in its metal form has neuroprotective effects and
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reduced LPO after spinal cord injury in rats.”” Curcumin loaded
SLNs (CuSLNs) have been used as suitable drug delivery systems
for enhancing the bioavailability of curcumin in agreement with the
previous reports of Kakkar et al.™

In the present study, we have made use of an organic-based drug carrier
to compare with the inorganic drug carrier system to investigate
through which system effective delivery of the hydrophobic curcumin
taking place. To overcome poor pharmacokinetics of curcumin, we
proposed the formulation of curcumin loaded SLNs (CuSLNs) with an
ability to penetrate the blood-brain-barrier (BBB) because of its lipidic
nature and small average particle size enhances the bioavailability
of Curcumin with 32-155 times from developed CuSLNs"*7% by
bypassing the liver which is a major site of curcumin degradation such
that attains long circulation time. The presence of surfactant (Tween
80) on the surface of CuSLNs provides a high affinity between lipid
particles and intestinal membrane, which improves the absorption by
the GI tract.

In the present study, the Al + CuSLNs (50 mg/kg) treated group showed
enhancing the declined levels of ACh of the cerebral cortex (31.59%);
cerebellum (41.78%), and AChE levels of the cerebral cortex (24.39%),
cerebellum (21.74%) concerning Al treated group with a significance
of (P < 0.000) compared to Al treated group.

However, CuMgONPs and CuSLNs co-administration with Al showed
significant improvement in the overall histoarchitecture of both the

Pharmacognosy Research, Volume 12, Issue 4, October-December, 2020
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Figure 4: Histology micrographs of Cerebellum stained with H and E,
of (a) control group showing middle Purkinje cell layer; (b) Al showed
degenerative changes of Purkinje cell layer; (c) curcumin loaded
magnesium oxide nanoparticles treated group showing normal
neuroglial cells and middle Purkinje cell layer with vacuolisation observed
in molecular layer; (d) Al + CuMgONPs treated group showing cerebellum
with mild degenerative granular layer with reduced vacuolization with
normal purkinje cell layer and molecular layers than Al treated group. (e)
Curcumin loaded solid lipid nanoparticles treated group showing normal
appearance of Purkinje and molecular layers resembling the control
group (f) Al + CuSLNs showing noticeable improvements in restoring the
damage compared to Al + CuMgONPs treated group. Scale bar = 100 um
is same for all the micrographs at x40

cerebral cortex and cerebellum may be accredited to the neuroprotective
role of curcumin.

Among Al + CuMgONPs and Al + CuSLNs, Curcumin administered in its
highly bioavailable from CuSLNs completely reversed the induced alterations
compared to CuMgONPs because of the presence of flaxseed oil a richest
plant-based source of antioxidants with long-chain omega-3 fatty acids in the
form of DHA in the formulation of CuSLNs exerts a neuroprotective effect
on synapse supporting electrical signaling which helps nerve cells to release
neurotransmitters that promotes learning and memory, regulate the level of
reactive oxygen species by activation of cellular antioxidant enzymes.”*””!

CONCLUSION

The present study indicates that Al caused significant neurocholinergic
damage, which was observed by ACh, and AChE activities and tissue damage
by histology studies of the cerebral cortex and cerebellum of albino rats
compared to control. CuMgONPs and CuSLNs alone treated groups did not
show any alterations in cholinergic levels, which are almost near to the control
group. Al + CuSLNs treated group has shown more refinement in declined
ACh and AChE levels because of its small size and lipidic nature, which is
more compatible with the BBB compared to Al + CuMgONPs treated group.
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