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LAYERED DOUBLE HYDROXIDE-LEVODOPA NANOCOMPOSITE

By
AMINU UMAR KURA
October 2014

Chairperson: Sharida Fakurazi, PhD

Institute: Bioscience

Levodopa is the drug of choice in the treatment of Parkinson's disease (PD), a
neurodegenerative disorder with no direct fatal outcome. However, peripheral
metabolism and poor brain delivery when given alone is a setback of levodopa in PD
management. Layered double hydroxide (LDH) is an inorganic nanocomposite that
harbors drug between its two layered sheets. It has sustained, continuous and slow
release ability, proven to be biocompatible and less toxic in most cases than
conventional drug systems. Here, an organic—inorganic nanocomposite material
containing levodopa was synthesized to evaluate for a sustain release and decrease
toxicity potential. The resulting nanocomposite was composed of the organic
moiety, levodopa, sandwiched between Zn/Al-LDH inorganic interlayers. The basal
spacing of resulting nanocomposite was 10.9 A. Estimated loading of levodopa in the
nanocomposite was approximately 16% (w/w). A Fourier transform infrared study
showed that the absorption bands of the nanocomposite were characteristic of both
levodopa and Zn/Al-LDH, and that the intercalated organic moiety in the
nanocomposite was more thermally stable than free levodopa. The resulting
nanocomposite showed sustained-release properties, caused better viability of
fibroblast (3T3) cells than pure levodopa after 72h of exposure.

Further coating of Tween-80 of the levodopa-LDH nanocomposite was achieved
through the oxygen of C=0 group of Tween-80 with the layered of levodopa-LDH
nanocomposite. The X-ray diffraction technique indicates that the Tween-levodopa-
LDH nanocomposite was an aggregated structure. From the thermogravimetric
analysis data, the loading of Tween-80 coating on the surface of levodopa-LDH
nanocomposite was 5.4%. The release of levodopa from Tween-levodopa-LDH
nanocomposite was slower compared to that from levodopa-LDH nanocomposite,
presumably due to the retarding and shielding effect. A dopaminergic cell line
(PC12) showed improved viability with Tween-80 coated levodopa-LDH
nanocomposite treatment by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay.



Levodopa-LDH nanocomposite demonstrated lesser dose and time-dependent
toxicity on a dopaminergic cell (PC12) compared to pristine levodopa. The
cytoskeletal structure of PC 12 was preserved at the 1Cso concentration of the
nanocomposite 178.67+2.6 pg/mL and pure levodopa 49.37+1.2 pg/mL. Metabolism
of the nanocomposite was shown via levodopa metabolite (HVA) release from the
treated neuronal cell (PC12).

Acute oral toxicity study of nanocomposite on Sprague Dawley rats at a dose of 2000
mg/kg produced neither mortality nor toxicity after 14 days of treatment. Animal
treated with nanocomposite gained weight (p<0.05). Biochemical analysis of renal
and liver functions showed no significant difference between rats treated with
nanocomposite and the controls. There was neither any gross lesion nor histo-
pathological change observed in various organs.

Repeated dose study with nanocomposite at 5 mg/kg and 500 mg/kg for 28 days
showed no sign or symptom of toxicity. Body weight gain, feeding, water intake,
general survival, and organosomatic index were not significantly different between
control and treatment groups. The differences in AST/ALT of 500 mg/kg levodopa-
nanocomposite (0.32£0.12) and 500 mg/kg LDH-nanocomposite treated rats
(0.34+0.12) were statistically significant (p<0.05) compared to the control
(0.51+0.07). The histology of liver, spleen and brain were found to be of similar in
morphology in both control and experimental groups. The kidneys of 500 mg/kg
treated rats treated with 500 mg/kg body weight of levodopa-nanocomposite or
LDH- nanocomposite were found to have slight inflammatory changes, notably
leukocyte infiltration around the glomeruli. The ultra-structure of the neurons from
the substantia nigra of nanocomposite-treated rats was similar to those receiving only
normal saline.

An anti-Parkinsonian drug (levodopa) was successfully intercalated into the inter-
layers of zinc aluminium nanodelivery system via co-precipitation method. The
nanocomposite was shown to be safe in animal at single 2000 mg/kg dose taken
orally, but some changes were noted in the kidney and liver after repeated dose
treatment with 500 mg/kg body weight of the nanocomposites. Further assessment
through chronic toxicity study is needed to determine the safety profile of long term
treatment with the nanocomposite.
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Levodopa adalah ubat pilihan terbaik dalam rawatan penyakit Parkinson (PD) yang
merupakan penyakit neurodegenerasi yang tidak membawa maut ini. Walau
bagaimanapun, antara halangan yang menyebabkan levodopa sukar untuk di uruskan
adalah akibat metabolisme periferal dan penghantaran levodopa yang sangat sedikit
apabila diberikan di dalam kuantiti yang tinggi. Hidroksida berlapis berganda (LDH)
adalah nanokomposit bukan organik yang mana dadah berada di antara dua lapisan.
la memiliki keupayaan untutk melepaskan dadah dengan kadar yang berterusan dan
perlahan, yang mana akan meningkatkan penyerapan dadah oleh sel, terbukti
memiliki kesesuaian biologi dan kurang toksik dalam kebanyakan kes berbanding
sistem dadah konvensional. Di sini, satu bahan organik-tak organik nanokomposit
yang mengandungi levodopa telah disintesis dengan menggunakan kaedah langsung.
Nanocomposit yang terhasil adalah terdiri daripada moieti organik, levodopa, yang
diapit di antara lapisan tak organik Zn/Al-LDH. Jarak basal nanocomposit yang
terhasil adalah 10.9 A. Anggaran muatan levodopa dalam nanocomposit adalah kira-
kira 16% (w/w). Kajian menggunakan Fourier Transformasi Inframerah
menunjukkan bahawa jalur penyerapan nanocomposit itu adalah terdiri daripada ciri
kedua-dua levodopa dan Zn/Al-LDH, dan moieti organik terinterkalasi dalam
nanokomposit itu lebih stabil secara termal berbanding levodopa yang tidak
diinterkalasi. Nanocomposit yang terhasil menunjukkan pelepasan dadah dengan
kadar yang berterusan dan perlahan, peningkatan viabiliti sel-sel fibroblast (3T3)
berbanding dengan yang terdedah kepada levodopa selama 72 jam.

Seterusnya, ledopa-LDH nanocomposit yang disalut oleh Tween-80 dipermukaan
luar telah diperolehi melalui oksigen dari kumpulan C=0O dengan lapisan
nanokomposit dopa-LDH. Teknik pembelauan sinar-X menunjukkan bahawa
nanokomposit Tween-dopa-LDH ialah struktur beraggregasi. Dari analisis
termogravimetrik, muatan lapisan Tween-80 pada permukaan nanokomposit dopa-
LDH adalah sebanyak 5.4%. Pembebasan levodopa dari pada nanokomposit Tween-
dopa-LDH menunjukkan pembebasan lebih perlahan berbanding dengan pelepasan
dari nanokomposit dopa-LDH, akibat kesan perlindungan. Sel dopaminergic (PC12)
menunjukkan viabiliti yang lebih baik apabila dirawat dengan nanokomposit dopa-
LDH vyang disalut Tween-80 seperti yang dikaji oleh aktiviti dehidrogenase
mitokondria (MTT assay).



Nanokomposit Levodopa-LDH menunjukkan kurang ketoksikan yang bergantung
pada dos dan masa ke atas sel dopaminergic (PC12) berbanding levodopa. Struktur
sitoskeletal PC 12 adalah tidak berubah pada kepekatan 1Cs, nanokomposit dan
levodopa. Penerimaan sel dan metabolisme nanokomposit adalah melalui metabolit
levodopa (HVA) yang dilepaskan daripada sel neuron yang dirawat (PC12).

Setelah 14 hari pemerhatian, ketoksikan oral akut nanokomposit pada tikus Sprague
Dawley pada dos had 2000 mg/kg tidak mengakibatkan kematian mahupun tanda
ketoksikan. Haiwan yang dirawat dengan nanokomposit mengalami penambahan
berat badan secara berterusan sepanjang tempoh kajian, terbukti jauh lebih tinggi
daripada berat badan haiwan pada awal kajian (p <0.05). Analisis biokimia untuk
fungsi buah pinggang dan hati tidak menunjukkan perbezaan yang signifikan antara
tikus yang dirawat dengan nanokomposit dan kawalan. Tidak wujud luka mahupun
perubahan histo-patologi yang dapat diperhatikan pada organ-organ.

Nanokomposit dengan dos berulang pada dos 5 mg/kg dan 500 mg/kg selama 28 hari
tidak menyebabkan sebarang tanda atau gejala ketoksikan. Penambahan berat badan,
makan, pengambilan air, kelangsungan hidup umum, dan indeks organosomatik tidak
menunjukkan perbezaan yang nyata antara haiwan kawalan dan yang menerima
rawatan. Aspartate aminotransferase (AST) dalam 500 mg/kg nanokomposit-
levodopa (169 = 30 U/L), 5 mg/kg nanokomposit-levodopa (172 + 49 U/L) dan 500
mg/kg nanokomposit-LDH (175 + 25 U/L) telah meningkat terutamanya berbanding
dengan kawalan (143 £5 U/L), tetapi perbezaan ini adalah tidak signifikan (p> 0.05).
Walau bagaimanapun, perbezaan nisbah AST/ALT 500 mg/kg nanokomposit-
levodopa (0.32 + 0.12) dan 500 mg/kg nanokomposit-LDH (0.34 + 0.12) adalah
signifikan secara statistik (p <0.05) berbanding dengan kawalan (0.51 £ 0.07).

Histologi hati, limpa dan otak didapati bahawa kedua-dua kumpulan eksperimen dan
kawalan memiliki morfologi yang sama. Tikus yang dirawat menggunakan 500
mg/kg nanokomposit-levodopa dan nanokomposit-LDH didapati mengalami sedikit
perubahan di bahagian ginjal terutama infiltrasi leukosit di sekitar glomeruli. Ultra
struktur-neuron dari substantia nigra daripada kumpulan yang dirawat dengan
nanokomposit adalah sama dengan kumpulan yang hanya menerima air garam.
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CHAPTER 1
INTRODUCTION

Parkinson's disease (PD) is a neurodegenerative disorder characterized by
impairment/death and degeneration of dopaminergic nerve in the sustantia nigra region
of the brain leading to decreased dopamine in circulation (1, 2). The loss of dopamine
causes the nerve cells of the striatum to fire out of control, leaving patients unable to
direct or control their movements in a normal manner. A balance between dopamine
and acetylcholine (chemical transmitters) is essential in controlling muscules movement,
as dopamine is excitatory, while acetylcholine is inhibitory (3). This disease usually
progresses to severe incapacitation within 10 - 20 years after onset, especially in the
most elderly patient. It can seriously impair quality of life in any age group affected.
The patient becomes increasingly dependent on family support. The physical and
emotional burden of this disease on family members cannot be underestimated (1). In
the United Kingdom, Parkinson's disease affects more than 1:1,000 of the general
population rising to one per cent of the elderly population, and two per cent over the age
of 80 years (2). The four cardinal features of PD are; tremor at rest described as pill
rolling, cogwheel rigidity, especially at elbow joint, akinesia/bradykinesia and postural
instability.

Additional motor symptoms are, flexed posture and freezing (motor blocks), while non-
motor symptoms include autonomic dysfunction, neuropsychiatric problems in the form
of mood disturbances, cognition, behavior or thought alterations, sensory and sleep
difficulties, are also seen in some patients (4). There is no definitive cure for
Parkinson's disease, treatment generally aimed at reducing the symptoms, and thus, the
treatment plan is individualized based on presentation at time of diagnosis. Treatment is
recommended as soon as symptoms are interfering with daily life.

Medications, surgery, and lifestyle modification alone or in combination, is applied for
the treatment of Parkinson’s disease. Medications used in the treatment of Parkinson's
disease aimed at increasing dopamine levels in the brain or mimic the action of
dopamine (5). A lining covering the brain and isolating it from the rest of the body, the
blood brain barrier (BBB), prevents the entrance of dopamine into the brain. A pro-drug
called levodopa capable of crossing this barrier is given usually in combination with
carboxylase inhibitors like carbidopa to prevent its peripheral metabolism. The
carboxylase inhibitors minimize the peripheral breakdown of levodopa and are
responsible for decreasing the doses needed before levodopa reaches the brain (6, 7).
Other medications for PD include bromocriptine, pramipexole, and ropinirole. These
are dopamine agonist also acting on dopaminergic receptors. Other, medications in used
include anticholinergic agents (e.g., benztropine), monoamine oxidase B inhibitors (e.g.,
selegeline), and amantadine (8). Despite the barrage of side-effects like nausea,
dyskinesia and the development of response fluctuation, levodopa in combination with a
decarboxylase inhibitor (carbidopa) remains the best agent in the symptomatic
management of the disease (7).

Prior to the introduction of levodopa, PD caused severe disability or death in 25% of
patients within 5 years of onset, and 65% in the next 5 years, and in 89% of those who

1



survived for 15 years. The mortality rate from PD is 3 times that of the general
population matched for age, sex, and racial origin. With the introduction of levodopa,
the mortality rate dropped approximately 50%, and longevity was extended by several
years. This change in prognosis was thought to be due to the symptomatic effects of
levodopa as no clear evidence suggests that levodopa stems the progressive nature of the
disease (8, 9).

Problem Statement

Levodopa (LD) is still the drug of choice in the symptomatic treatment of Parkinson’s
disease. However, long-term treatment with LD is, often complicated by the
development of various types of motor response as well as drug-induced dyskinesias. It
is widely believed that reducing pulsatile stimulation of dopaminergic neurons will
reduce the risk of levodopa-induced dyskinesia (LID). Crossing the brain blood barrier
(BBB) by levodopa is another hurdle. Currently it is used in combination with another
agent (carbidopa) to aid in crossing the BBB and decreases its peripheral metabolism.

Justification

Layered double hydroxide (LDH) is a nanodelivery system that is generally
biocompatible, making them an acceptable alternative drug delivery system. They
possess a high intrinsic pharmacological activity compared with conventional drugs and
local sustained release property, transcytosis of drugs across tight epithelial and
endothelial barriers including the blood brain barrier. Layered double hydroxide can
deliver macromolecular drugs to intracellular sites of action, and it is relatively easy to
synthezise and manipulate as drug delivery material. ~ Nano-biotechnology in drug
delivery is encouraging, particularly in the area of brain drug delivery, local sustained
release; improved delivery of poorly water-soluble drugs, targeted delivery of drugs in a
cell- or tissue-specific manner.

General Objective:

. To assess the toxicity potential of zinc aluminuim LDH intercalated with
levodopa in vitro and in vivo model.

Specific Objectives
1. To synthesize and characterize zinc-aluminum nanocomposite containing
levodopa
2. To modify the synthesized nanocomposite using a surfactant for possible

brain delivery



3. To determine the cytotoxicity potential of ZnAl nano-composite containing
levodopa on a fibroblast (3T3) and dopaminergic cell line (PC12).

4, To study the biochemical and pathological effects of nanocomposite
containing levodopa following acute and sub-acute rat model.

Hypotheses of the study were;

1. A zinc aluminium nanocomposite intercalated with levodopa will have a
sustained, control release ability.

2. A nanocomposite containing levodopa will have higher thermal stability,
decreses toxicity on cells and animal models.

3. Surface coating of zinc aluminium nanocomposite with tween-80 will increase
the chance of levodopa delibery across the blood brain barrier.
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