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Herbal Extract Nano-formulation for
Huntington’s disease Treatment
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Abstract

The hallmark of Huntington’s disease (HD), an autosomal dominant genetic disorder, is degeneration of neurons
of central nervous system (CNS). Tranquilizers, antipsychotics, antidepressants, and monoamine depletors are
among the often utilized in treatments. These medications, however, are unable to stop the behavioral, cognitive,
and psychotic disorders linked to HD. Moreover, their long-term negative effects restrict their continuous use. Still,
due to their limited drug solubility and penetration to the target site, herbal medicines are unable to advance the
phase of clinical investigation. Herbal formulation and extracts that show potential in neurotoxic HD models must
have their active ingredients and underlying mechanisms of action thoroughly investigated. Several plants that are
known to be CNS-active medications, such as Bacopa monnieri, Ginkgo biloba, Panax ginseng, Cannabis sativa,
and Curcuma longa L. were listed as the most promising anti-HD options. In the past few decades, it has been a
paradigm shift in research toward the creation of nanoformulations based on herbal medications that can improve
their permeability through blood-brain barrier and bioavailability. This review addresses the phytomedicines
investigated against HD, current clinical studies on herbal medications used only for HD treatment, and the
possible neuroprotective effects of these drug’s nanocarriers.

Key words: Huntington’s disease, nanoformulations, herbal extracts, neurodegenerative disorder,
nano-phytomedicines

INTRODUCTION

very year, neurodegenerative disorders
Eafﬂict millions of people globally.

The progressive degeneration and
malfunction of neurosis are characteristic
of neurodegenerative illnesses.  Protein
degradation,!? different  environmental
variables,?! mitochondrial problems,! genetic
background,>® odd protein accumulation

first exon of the disease, the IT15(Htt) gene, which codes for
the protein huntingtin (Htt), contains an autosomal dominant
mutation known as the unstable expanded cytosine-adenine-
guanine triplet repeat.l'"! This mutation causes HD and results
in a mutant polyglutamine (polyQ) strand of variable length
at the N-terminus of the mutant huntingtin (mHtt).'” This
malfunction has a role in how HD’s clinical symptoms
manifest. Behavioral and mental health problems are
treated with a traditional therapy approach since there is no
treatment to case off the progression of neuronal damage.*!?!

in neurons,” etc. are some of the causes of
neurodegenerative disorders.!® However, one of
the main issues with neurodegenerative diseases
is aging.”

Huntington’s disease (HD) 1is autosomal-
dominant neurodegenerative disorder that
is inherited genetically and affects muscle
coordination. It results in a progressive
degeneration of neurons, chorea, cognitive
impairment, motor ataxia, dystonia, and
psychological problems.® The majority of
affected individuals have symptoms between
the ages of 35 and 45 in their mid-adult years,”
while the condition may start earlier in life.
The illness’s unusual jerky, uncontrollable
writhing motions are known as Chorea.!'” The
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In the central nervous system (CNS), this may result in the
loss of neurons and the degradation of neurotransmitters.!
Affected individuals typically pass away 15-20 years after
experiencing their initial symptoms.!'Y Patients with HD have
a variety of biochemical changes, including downregulation
of y-aminobutyric acid (GABA) and acetylcholine (ACh),
also a decrease in the enzymes that produce substances,
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namely, glutamate decarboxylase and choline-acetyl
transferase, respectively.!'*!>1% According to studies, among
the non-pharmacological treatments for HD which are most
effective are therapy, genetic counseling, and palliative
care.l® It has also been noted that the suicide rate among HD
patients and those who care for them is higher than that of the
general community. This disparity was attributed to suicide
that was reasonable and unrelated to mental illness.!'”! Only
3—7 people/100,000 are affected by HD globally, and 20 out
of every 100,000 are carriers.["”

Even after HD’s genetics were identified 20 years ago,
the pathophysiology remains poorly understood, and
no effective treatment has yet to be found. According
to studies, there are not many therapy options available
to address HD’s cognitive, psychological, and motor
symptoms.[¥] Tetrabenazine, the sole medication for chorea,
is recognized for its drawbacks, including adverse effects
and drug interactions.'”) Efficacious treatment for early
HD symptoms has been described for mood stabilizers and
selective serotonin reuptake inhibitors.[!32021]

NATURAL NEUROPROTECTIVE DRUG

Complex mixes of organic compounds and phytoconstituents,
such as alkaloids, flavonoids, glycosides, saponins, fatty
acids, sterols, and terpenes, are found in herbal medicines.
Certain herbal medications contain phytoconstituents that
have demonstrated pharmacological efficacy in mitigating
HD symptoms. Traditional Indian herbal medicines have
been utilized to treat a variety of nervous system disorders.
The Sanskrit word vatavyadh (neuropathic illness) describes
this condition. Vata is the energy that surrounds the body; any
disruption to this flow is referred to as VatalVyadh. At the end,
it causes chorea, weakness, hypersensitivity, and dementia.??

Several innovative technologies have been developed in
the last few decades with the specific goal of delivering a
vast array of different chemicals and bioactive molecules to
mitochondria. The advancement of intracellular penetration,
pharmacological effects distribution at the target location,
and drug pharmacokinetic profile, have been made possible
by these nanotechnology.”! A lot of focus has been placed on
creating effective drug delivery systems using materials that
are nanoscale (sizes ranging from 1 to 100 nm), which can
pass through various biological barriers, prevent drugs from
deactivating too soon, which enhances their pharmacokinetic
profile, and promote the distribution of the target molecules
at the target site and internalization.? Numerous
investigations are conducted to create nanoformulations of
natural chemicals, however, it is still unclear if the activity of
the nano-encapsulated substance is similar to that of the raw
material. Numerous studies have addressed this.

The herbal medicines and natural compound nanoformulations
are compiled in Table 1.
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Rauwolfia alkaloid reserpine*”* and the belladonna root and
its alkaloids®**!l and the have been shown to be beneficial
in the treatment of HD in some early literature. The use of
botanic and products containing from herbs has garnered
more attention recently in regards to both the avoidance and
mitigation of HD.

The rhizome of Curcuma longa L. (Zingiberaceae) is the
source of curcumin, a dietary polyphenol having an good
safety profile that has significant value as an antioxidant,
anti-inflammatory, and anti-cancer agent.*>*31 According to
Sandhir et al., in vivo HD model, curcumin-encapsulated
solid lipid nanoparticles (C-SLNs) reduced mitochondrial
dysfunction and improved neuromotor coordination.l**!
In the treatment of spinal cord injury,“¥ traumatic brain
injury,* bipolar disorder, % Parkinson’s disease (PD)"" etc.,
curcumin’s neuroprotective impact has also been shown.
Curcumin had inadequate pharmacokinetics, with limited
absorption, minimal bioavailability, and rapid bodily disposal,
despite its remarkable therapeutic capabilities. Different NPs,
nanomicelles, nanocapsules, and nanoliposomes were created
to increase Curcumin’s pharmacokinetics and bioavailability
to address these flaws.[**] Chronic treatment of curcumin has
been reported in one study to continually raise body weight
and increase succinate dehydrogenase cell enzyme activity in
rats given with 3-nitropropionic acid (3-NP).[*! Furthermore
to its potent antioxidant properties, curcumin’s reversed 3-
NP-induced cognitive and motor deficits suggest that it might
be useful in treating HD.[*”

Bacopa monnieri (BM), also known as Herpestis monniera
or Brahmi, is a member of the Scrophulariaceae family. 1t is
known as Medhya rasayana in Ayurveda and is found all over
the Indian subcontinent.**52 It improves memory and is used
to treat anxiety, insomnia, and epilepsy.’**¥ Tri-terpenoid
saponins, such as dammarane and bacosides A and B, are the
plant’s important chemical constituents.5* Apart from these
important constituents, it also contains additional saponins,
such as N1 and N2,jujubogenin, pseudojujubogenin,>”
bacopaside I-V, X, and bacopa saponin A-G.5¥ The herb also
contains monnieri, herpestine, and brahmine.% In addition,
it lowers levels of free fatty acids, malondialdehyde, and
reactive oxygen species (ROS).) By improving thiol-
related antioxidant compounds and antioxidant enzyme
activity, oral ingestion of BM’s leaves powder has been
shown to lower basal concentrations of various oxidative
indicators and indicate a considerable antioxidant capacity.
Dietary supplements containing BM have been proven to
offer significant protection against the oxidative harm that
neurotoxins in the brain can produce.’ Due to its above
protective impact against neural dysfunctions caused by
stress, BM has also been demonstrated to be beneficial in the
treatment of HD.[? In rats, 3-NP-induced HD was reduced
by CSLNs. Antioxidant enzyme activities (such as SOD and
glutathione) were significantly increased in rats treated with
CSLNs, whereas lipid peroxidation, protein carbonyls, ROS,
and mitochondrial swelling were significantly reduced.?!




Table 1: Nanoformulations of herbal compounds

Nanoformulations Herbal compound Method Activity Reference
Nanoparticles Curcumin PLGA particles loaded Pro-inflammatory [25-30]
with curcumin using the activity
emulsion-diffusion-evaporation
method
NPs encapsulated with curcumin by
nanoprecipitation
Polycationic cross-linking through
emulsion polymerization and
ionotropic pre-gelation encapsulated
curcumin using alginate, chitosan,
and Pluronic polymers
Nanoparticles Panax ginseng Silver and Gold nanoparticles Scavenge free [31,32]
produced by green synthesis using radicals and Boost
extract of Ginseng root prepared by immunity, energy,
high-energy ball milling vitality
Polymeric Curcumin Solid dispersion method Improve [33]
Nanomicelles Bioavailability
Nanofiber Curcumin Curcumin-loaded cellulose Pro-inflammatory [34]
acetate fibers synthesized through activity
electrospinning
Solid lipid NP Curcumin curcumin-encapsulated SLN Reduced [35]
mitochondrial
dysfunction and
improve neuromotor
coordination
Nanoparticles cannabidiol Cannabidiol Coated by learning, memory and [36]
Nano-Chitosan reduces Ap plaque
formation

The genus cannabis comprises flowering plants such as
Cannabis sativa (often known as hemp or ganja) and allied
species that are indigenous to South and Central Asia. Within
the CNS, the cannabinoid (CB) system is widely distributed
and regulates a different kind of neurophysiological functions,
including pain, hunger, and cognition. Isolated from cannabis,
phytocannabinoids target endogenous CB molecules as well as
the G-protein coupled CB receptors CB(1) and CB(2).13) The two
primary constituents of C. sativa are A(9)-Tetrahydrocannabinol
(A-9-THC) and cannabidiol (CBD).* In 3-NP-intoxicated
rat models of HD, botanical extracts rich in A(9)-THC and/or
CBD (1:1) inhibited GABA deficit and altered the expression
of neural and biochemical markers.’ In various preclinical
HD models, CBs functioned as disease-modifying drugs and
reduced hyperkinetic symptoms due to their, neuroprotective,
anti-inflammatory, and neuroregenerative qualities. A clinical
trial for Sativex®, a mixture of CBD and/or A(9)-THC, is almost
ready to begin against HD.[! CBD and/orA(9)-THC have shown
opposing effects on psychopathology and human neuronal
function in one study.* CBD was discovered to stimulate
the paralimbic and limbic regions of the brain, but A(9)-THC
seemed to have potential effects on other parts of brain./*”

For over 2,000 years, Panax ginseng (PG) root, a herb that has
been utilized as a tonic in Japan, China, and Korea to revive
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and replenish an appropriate body metabolism.'*®! Asian and
American ginseng (Panax] quinquefolium L.) belong to the
Araliaceae family and are the very common species of PG.
Due to its neuroprotective properties, PG is used to treat
and prevent neurodegenerative illnesses such PD, AD, HD,
strokes, and signs of depression.l®’ The active ingredients in
PG are ginsenosides, saponin glycosides, triterpenoids, and
tetracyclic dammarane."®’! The effect of ginsenosides in
preventing NDs like HD, PD, and AD has been the subject of
several studies published in recent years. In addition, several
of the clinical trials on PG and its components, gintonin,
and ginsenosides showed positive findings, indicating
its safety.l’? Through the inhibition of excitotoxicity and
excessive Ca2+ influx into neurons, it aids in the reduction
of lipid peroxidation. It helps to improve cognitive function
by maintaining neuronal structural integrity and cellular ATP
concentrations hence it may effectively help in HD."! It has
been observed that ginsenosides Rb3 and Rg1 protect cortical
neurons from glutamate-induced cell death by blocking
Ca2+ influx through glutamate receptors.” Saponins,
which are N-methyl-D-aspartate (NMDA) glutamate
antagonists, are found in ginseng. They lessen the amount of
intracellular Ca2+ influx in the hippocampal region, which
inhibits glutamate-type NMDA receptors and lessens HD
symptoms.[’¥ Ginsenosides Rb3, Rbl, and Rd demonstrated




Table 2: Formulation of phytoconstituents and duration of study

Phytoconstituents Formulation and Animal Model, No. of Duration Results and Reference
composition Animal, Dose (mg/kg) applications
Curcumin SLNs formulated with 20 female Wistar Rat, 7 days Oral bioavailability of [35]
lecithin taurocholate, 40 mg/kg p.o. curcumin was enhanced
Steric acid, Curcumin by SLNs and evaluated
its neuroprotective
effectiveness against HD
caused by 3-NP
poly (trehalose) Polymeric nanoparticle  Transgenic mice 56 days  Polymeric nanoparticles [82]
formulated for HD 0.4 mg/mL and increased the trehalose
corresponding to 50 uM 84 days  BBB permeability for
Trehalose, i.p. Neuroprotective effects
Thymoquinone SLN formulated with 48 Albino male rats, 15days Thymoquinone’s [83]

with doseTQ-SLNs
(40,80 mg/kg) p.o.,
TQ-SLNs

(10, 20 mg/kg),

lecithin taurocholate,
Thymoquinone, Steric
acid

bioavailability, absorption
and solubility were all
enhanced by SLNs. In
addition, it improved

drug payload and
prolonged drug release
abilities. Thymoquinone
in SLNs thus functions
as an inhibitor

for 3-NP-induced
degeneration and
inflammation.

a neuroprotective effect on 3-NP-induced striatal neuronal
damage.!™

NEED OF NOVEL DRUG DELIVERY OF
NATURAL NEUROPROTECTIVE DRUGS

Although there is no doubt that herbal drugs have excellent
neuroprotective properties, they are limited by factors like
low bioavailability, poor aqueous solubility, and absence of
permeability across the blood-brain barrier (BBB). However,
it had been demonstrated that modern drug delivery methods
enhance therapeutic stability, effectiveness, bioavailability,
and brain permeability (BBB)®’1 The herbal drugs while
also minimizing their adverse effects feat that are difficult
to accomplish with traditional drug delivery systems.[’”-”®
Due to their smallest particle size (below 200 nm), which
allows them to pass BBB endothelial cells by transcytosis,
herbal constituents derived nanoparticles have been found
to minimize first-pass metabolism and improve their
bioavailability. Receptor-mediated transcytosis can be
improved by lactoferrin receptors, transferrin receptor ligands,
albumin transporters, or glucose transporter 1 (GLUT1).[7%8%
Numerous research have demonstrated that plant extracts
or their active ingredients improve pharmacokinetic
characteristics like Cmax and AUC, which increases the
oral bioavailability of the product. As a result, they are now
capable of treating several kinds of NDs, such as PD, HD,
and AD. It is significant to highlight that the information that

Asian Journal of Pharmaceutics ¢ Jul-Sep 2024 « 18 (3) | 790

is currently available about the formulation of nanoparticles
for the treatment of HD is restricted to pre-clinical research.
However, given that NDDS has been successful in treating
neurodegenerative disorders other than HD, it is expected
that they will also be successful in treating HD. To treat HD,
it is imperative to investigate delivery systems that have
been filled with the aforementioned phytoconstituents and/or
extracts. However, certain studies that had proven to treat HD
are covered in following section of this review.

POLYMERIC NANOPARTICLES

Polymeric nanoparticles have a particle size that is about
between 10 and 1000 nm. Both nanospheres and nanocapsules
can be created from them. A matrix system makes up
nanospheres. The medicine is inserted into the polymeric
membrane-filled cavity of a nanocapsule.®!! According
to Debnath et al., trehalose was successfully delivered by
increasing the BBB permeability using poly(trehalose)
nanoparticles. It has been found that poly(trehalose)
nanoparticles exhibit greater potency in comparison to
trehalose molecules. In an in vitro investigation, they were
discovered to prevent polyQ aggregation in HD150Q cells.
Poly(trehalose) nanoparticles repressed mHTT genes and
decreased polyQ levels and amyloid aggregation, as shown
by immunoblot and Dot blot analyses.

Formulation of phytoconstituents and duration of study with
results and application is given in Table 2.




ington’s disease

SLNS

SLNs are composed of a solid lipid matrix stabilized by
physiological lipids and emulsifier molecules. The process
of homogenization, which reduces size of drug particles by
applying high pressure and temperature due to mechanical
and thermodynamic stress, is used to prepare SLNs.[?485
SLNs are very biocompatible and work well as nanocarriers
to increase the bioavailability of medications. High pressure
homogenization allows for the creation of SLNs with sizes
ranging from 0 to 1000 nm. By endocytosis, those between
the sizes of 120 and 200 nm can readily pass through the
BBB’s endothelial cells.®® When SLNs bind to a ligand
(such as apolipoprotein E), their brain permeability can be
increased.®”) The low entrapment efficiency and low drug
loading capacity of SLNs are its limitations. Sandhir ez al.
showed that C-SLNs demonstrated efficaciousness against
3-NP-induced HD rats in one of their investigations. In this
trial, a medication at doses of 20 mg and 40 mg/kg was taken
orally for 7 days. The homogenization process was used to
prepare C-SLNs. Curcumin, lecithin taurocholate, and steric
acid were employed in this formulation. The formulation
demonstrated neuroprotective effects against neurotoxic
(3-NP) that were considerably dose-dependent. In addition, it
significantly increased the striatum’s levels of mitochondrial
cytochrome and spontaneous locomotor activity in total
photobeam counts of 3-NP-induced HD animals.?**!

The pharmacological activity of thymoquinone (TQ) has been
mentioned by the authors in another investigation. In addition to
being a potent antioxidant, it prevents neuroinflammation. The
drug has low solubility, which results in decreased drug absorption
and bioavailability prohibited it from showing its desired effect
in the in vivo trial. As a result, the drug cannot concentrate in
the targeted area (the brain) to the necessary level.®! TQ-SLNs
were obtained by Ramachandran ef al. to increase the drug’s
brain permeability and bioavailability.*** The homogenization
process was used to prepare TQ-SLNs. Polymerase chain
reaction was used to test the inflammatory response, and
TQ-SLNs demonstrated anti-inflammatory properties. It was
discovered that Interleukin-1 beta, tumor necrosis factor alpha,
IL-6, COX2, and iNOS are among the inflammatory mediators
that TQ suspension and TQ-SLNs had suppressed.

NANOLIPOSOMES

Herbal drugs encapsulated in nanoliposomes may be
ableavoid a first-pass metabolism, cross the physiological
membrane barriers of the body, and increase oral
bioavailability due to a submicron dimension of vesicles.
Ligand-based nanoliposomes (like GLUTI, lactoferrin,
and transferrin) prepared by surface modification methods
have proven to distribute multiple proteins, antibodies and
peptides.®! Ligands facilitate the liposomes’ transcytosis-
induced BBB penetration. Through passive diffusion,
nanoliposomes can reach the brain and release medicines
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that are entrapped there by an energy-dependent process or
passive efflux.®) Liposomes’ short half-life is a drawback
since it makes it simple for the medication to be metabolized
by oxidation and hydrolysis.”” The impact of curcumin-
loaded peptide nanoliposomes produced from apoprotein
E (Apo-E) on HD was investigated by Francesca et al. The
thin film hydration approach has been used to generate the
liposomes by loading Apo-E into a dispersion of bovine
brain sphingomyelin (Sm), 1,2-stearoyl-sn-glycero-3-
phosphoethanolamine-N- [maleimide (poly (ethylene
glycol)-2000)] (mal-PEG-PhoEth), and cholesterol (Chol).
PDI, zeta potential, and particle size of the produced
liposomes were 0.187, —=19.41 £ 0.09 mV, and 132 + 10 nm,
respectively. Rat brain endothelial cells were used in the
in vitro cell line investigation. According to the results of
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay, there was no cytotoxicity shown
by the curcumin-nanoliposomes. Confocal laser scanning
microscopy was used to detect the cellular uptake of the
fluorescently labeled liposomes, which had been labeled
with a fluorescent dye. It was discovered that liposomes did
not possess cellular intake of fluorescence and membrane
accretion in lack of surface functionalization. By interactions
with low-density lipoprotein receptors through a unique
amino acid sequence in the Apo-E sequence, curcumin-
nanoliposomes improved in the treatment of HD. Curcumin
was transcytosed across the BBB without being impacted by
lysosomal degradation. Thus, the acquired data showed that
BBB targeting by ligand-based nanoliposomes succeeded in
avoiding drug degradation.l!

CONCLUSION

Globally, ND prevention is crucial for the elderly population.
In this case, phytoconstituents serve as innovative medical
treatments. Numerous activities, including anti-proliferative,
antioxidant, anti-inflammatory, and anti-apoptotic properties,
have been described for herbal medications. It has also been
found that several of them lower synaptic AChE levels. As a
result, they might provide a useful substitute for the synthetic
drugs which are now used for treating HD. The review
highlights a number of clinical and preclinical studies that
demonstrate significant improvements in the treatment of HD
symptoms. Due to their low solubility and pharmacokinetic
characteristics, herbal drugs’ efficacy has not been well
investigated despite having great therapeutic promise. The
better bioavailability or direct targeting of natural drugs to
particular cells in various nanocarriers, such as polymeric
nanoparticles, nanoliposomes, and SLNs, has demonstrated
extremely good efficacy in treating HD. This has additionally
aided in reducing their dosage and toxicity. Poor drug
loading in the formulation, lesser processing stability of
herbal pharmaceuticals, and difficulties scaling up the low
stability of nanoformulations and process, are the main issues
facing the formulation of herbal drug-loaded nanoparticles.
Therefore, it is crucial to consider these matters before




initiating pre-clinical research. For their entry into the market,
comprehensive clinical research is necessary after obtaining
successful pre-clinical reports.
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