REVIEW OF ANTI PARKINSONIAN EFFECTS OF ACE INHIBITORS DEMONSTRATED IN
VARIOUS ANIMAL AND CLINICAL STUDIES
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ABSTRACT
Parkinsons’ disease is the second most common neurodegenerative disorder of the world characterized by involuntary muscle movements. It occurs due to degeneration of
dopaminergic neurons in substantianigra and deficiency of dopamine in neostriatum. Brain Renin angiotensin system has been identified which is distinct but similar to
peripheral renin angiotensin system. It comprises of angiotensin I to IV as mediators; pro-renin receptor, AT1 AT2 and AT4 receptors. Angiotensin converting enzyme (ACE)
and AT1 receptor have been identified in substantianigra. Increased activity of ACE and their pro-inflammatory role have been demonstrated in animal models of parkinsons’
disease. Anti-inflammatory action of certain ACE inhibitors and Angiotensin Receptor Blockers (ARB’s) in Parkinson induced neurons have also been demonstrated in animal
models. The preceding findings have also been identified in some clinical studies.
Key words: ACE Inhibitors,Anti Parkinsonian effects, Animal Studies,Clinical studies.
INTRODUCTION
Parkinson’s disease, also referred to as “Paralysis Agitans” is a
neuro-degenerative motor disorder characterized by involuntary
movements in skeletal muscles. Parkinsons’s disease (PD) is the
second most common neurodegenerative disorder affecting 0.3%
of world population. [1] Degeneration of dopaminergic neurons in
substantianigra and deficiency of dopamine in neostriatum is the
pathology seen in PD. Functional balance between dopaminergic
and cholinergic neurons is lost in PD as a result of which
cholinergic transmission becomes hyperactive leading to
involuntary movements in skeletal muscles.
RENIN ANGIOTENSIN SYSTEM IN BRAIN
Renin angiotensin system (RAS) has been identified in brain
which is quite distinct yet similar to renin angiotensin system seen
peripherally. Angiotensinogen serves as the precursor for
angiotensin I. This cleavage of angiotensin is brought about by
renin. (pro) renin receptor [(P)RR] has been identified in this brain
RAS which binds to renin and pro-renin. Binding of renin and prorenin to [(P)RR] results in increased formation of angiotensin I. [2]
Angiotensin converting enzyme hydrolyzes Angiotensin I to
Angiotensin II, which is the major role playing peptide. Angiotensin
II is also formed directly from angiotensinogen by cathepsin G, a
unique pathway seen only in brain RAS. [3] Aminopeptidases
convert Angiotensin II to Angiotensin III which is further converted
to Angiotensin IV. It has been debated that Angiotensin IV also
has major neurotransmitter role in brain along with Angiotensin II.
[4]
Angiotensin II acts mainly on AT1 and AT2 receptor subtypes. [5]
AT1 recpetors are present densely in hypothalamus and
brainstem while AT2 receptors have been identified in neonate
brain. [6] Angiotensin IV acts on AT4 receptor which is an insulin
regulated aminopeptodase. (IRAP). [7]
ROLE OF RENIN ANGIOTENSIN SYSTEM IN PARKINSON’S
DISEASE
Identification of Angiotensin Converting Enzyme (ACE) and AT1
receptors in substantianigra, caudate nucleus and putamen of
human and rat brain suggest central activity of angiotensins
modulating dopamine release. Reduction of angiotensin receptors
has been associated with degeneration of nigrostriatal
dopaminergic neurons in PD. Angiotensin II via AT1 receptors
activate NADPH dependent oxidases. The major contributor in
pathogenesis of Parkinsons Disease, oxidative stress is induced

by Angiotensin II via AT1. Rodriguez-Pallares et al., 2008
demonstrated 6-hydroxydopamine induced dopaminergic cell
death, generation of superoxide in neurons and microglia, NADPH
oxidase mRNA expression via Angiotensin II in rat mesencephalic
cultures. [8] Rey etal., 2007 conducted an in vivo study where 6hydroxy-dopamine injected intravenously resulted in bilateral
reduction in number of dopaminergic neurons and terminals. [9]
Angiotensin II injected singly did not induce any significant effect.
When Angiotensin II was injected along with 6-hydroxydopamine
toxic effect of the latter was enhanced. Grammatopoulous et al.,
2007 compared Angiotensin IV with Angiotensin II and found the
latter to be moderately effective in Parkinsons Disease models
when compared to Angiotensin II. [10] Allen et.al., 1992 measured
decreased AT1 receptor binding in substantianigra and striatum
in post mortem brains of Parkinsons Disease patients. It has also
been shown in various studies that ACE metabolizes bradykinin
and modulates inflammation in brain. [11]
pathway leading to synthesis of chemokines, cytokines and
adhesion molecules which play important role in inflammatory cell
migration into regions of tissue injury. [12]
AT2 receptor is found in several fetal tissues including brain. AT2
receptor expression decreases as the animal matures. AT2
receptor levels in striatum and substantianigra is low in adult
mammalian brain. AT2 is involved in cell proliferation,
differentiation and tissue regeneration. A study demonstrated that
Angiotensin II on AT2 caused differentiation of precursors cells
into DA neurons. [13] AT2 has also been demonstrated to inhibit
NADPH oxidase activation. Rodriguez-Pallares et.al., 2008
discussed that Angiotensin II treated 6-OHDA lesioned rats
increased Dopamine cell death. This could be due to
comparatively higher numbers of brain AT1 compared to AT2. [14]
The effect of chronic hypoperfusion in rats was studied and it was
found that striatal DA levels, number of dopaminergic neurons
were reduced. Additionally highest AT1 receptor expression was
found in substantianigra and AT2 expression was lower in these
chronic hypoperfused models.
ACTION OF ACE INHIBITORS AND ANGIOTENSIN
RECEPTOR BLOCKERS IN PARKINSONS DISEASE
In a clinical study done by Lopez-Real et.al., 2005 it was found
that ACE inhibitors exerted certain antioxidant properties in
several tissues hence it has been argued that ACE inhibitors
could suppress oxidative stress, the major role player in
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Parkinsons Disease. [15] In the experiment by Rey et.al., 2007
described above, when rats were treated with AT1 antagonist
before 6-hydroxydopamine induced oxidative stress and
degeneration. [16]
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A clinical study revealed that hypertensives also suffering from
Parkinsons Disease treated with perindopril showed improved
motor responses to DA precursor 3,4-dihydroxy L phenylalanine.
[17] This finding was further supported by an experimental study
where elevated striatal dopamine levels were seen in perindopril
treated mice. [18]
In MPTP treated animal models and 6-OHDA rat models, ACE
inhibitors offered protection against dopamine neuron loss. [19]
The most likely mechanism explained for this protective action is
reduced synthesis of Angiotensin II which acts at AT1 thus
suppressing NADPH oxidase complex activation and inhibiting
hypoperfusion
experiment in rats, dopamine neuron loss was prevented by oral
candesartan. Candesartan also attenuated AT1 expression in the
above experiment. [20]
DISCUSSION AND CONCLUSION
From the above experiments and observations, it is now very
clear that the brain renin angiotensin system has important role in
parkinsons disease. Angiotensin II and AT1 receptors play key
role in pathogenesis of PD. This opens a new field for research in
anti-parkinsonian drugs. The current available treatments for
Parkinson Disease are largely symptomatic and have no
significant disease retarding or reversing or prophylactic
properties. ACE Inhibitors and Angiotensin Receptor Blockers
have shown their anti-parkinsonian effects in above described
experiments. Hence more animal and clinical studies are required
for having a disease retarding ACE inhibiting compound for PD
which should be cerebroselective affecting only parkinson’s
pathology and not disturbing the peripheral haemodynamics.
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