Deprenyl - extending lifespan 
  by James South MA
Deprenyl is a drug that was discovered around 1964-65 by Dr. Joseph Knoll and colleagues.  It was originally developed as a “psychic energizer,” designed to integrate some amphetamine-like brain effects with antidepressant effects. (1)  Also known as L-deprenyl, (-)-deprenyl, and selegiline, deprenyl has been intensively researched over the past 36 years - many hundreds of research papers on deprenyl have been published.  Knoll has stated that deprenyl “...is an exceptionally lucky modification of PEA [phenylethylamine], an endogenous ... member of the family to which also the transmitters noradrenaline and dopamine belong.” (13)  Deprenyl has shown a unique and exciting pharmacologic/clinical profile.  It is the only potent, selective MAO-B inhibitor in medical use.(1)  Deprenyl is a “catecholamine activity enhancer.” (2)  Deprenyl has been shown to protect nerve cells against a wide (and growing) number of neurotoxins. (3,4)  Deprenyl has also been shown to be a “neuroprotection/ neurorescue agent” when nerve cells are exposed to damaging or stressful conditions. (5)   
Deprenyl has become a standard treatment for Parkinson’s disease. (6)  Deprenyl is also useful in treating drug-resistant depression. (8,9)  In aged rats, deprenyl has proven to be a highly effective “sexual rejuvenator.” (10)  Deprenyl also shows promise as a cognitive enhancement agent. (10)  Deprenyl has also proven in four different rat studies and one dog study to be an effective life-extension agent, even increasing the “technical lifespan” in Knoll’s rat experiments. (11,12) and these are just some of deprenyl's  reported benefits.  
DEPRENYL: MAO-B  INHIBITOR EXTRAORDINAIRE  
By 1971 Knoll had shown that deprenyl was a unique kind of MAO inhibitor - a selective MAO-B inhibitor, without the “cheese effect.”  To fully appreciate what this means, some technical background is necessary.    
Some of the most important neurotransmitters in the brain are the monoamine transmitters: serotonin, dopamine and noradrenalin.  After being secreted into the synaptic gap, where one neuron connects to another, many to the transmitter molecules are reabsorbed by the secreting neuron and then disposed of by enzymes called “monoamine oxidases” (MAO).  This prevents excessive levels of transmitters from accumulating in the synaptic gap and “over-amping” the brain.  However, with aging MAO activity significantly increases in the human brain, often to the point of severely depressing necessary levels of monoamine transmitters. (1)  In the 1950s the first antidepressant drugs to be developed were MAO inhibitors.  By the 1960s however, MAO inhibitors  began  to drop out of medical use due to a dangerous side-effect - the so-called “cheese effect.”  When most MAO inhibitors are used in people consuming a diet rich in a substance called “tyramine,” a dangerous, even fatal, high blood pressure crisis can be triggered.  Tyramine is found in many foods, including aged cheeses, some wines, beans, yeast products, chicken liver and pickled herring, to name just a few. (23)  
By 1968, further research had shown that there were two types of MAO-A and B.  It is primarily intestinal MAO-A that digests incoming tyramine.  Most of the MAO inhibitors that have been used clinically inhibit both MAO-A and MAO-B, thus setting up the danger of the cheese effect by inhibiting intestinal and brain MAO-A,  allowing “toxic” tyramine levels to accumulate.  Deprenyl is unique among clinically used MAO-Is.  At normally used clinical dosages (10-15 mg/day), deprenyl is a selective MAO-B inhibitor, so it doesn’t prevent intestinal MAO-A from digesting dietary tyramine. (1)  In addition, deprenyl has the unique ability to prevent tyramine from getting into noradrenalin-using nerve calls, and it’s only when tyramine enters noradrenalin nerve cells that control arterial blood pressure that it triggers the “cheese effect.” (1) Deprenyl thus has a dual “safety lock” in preventing the “cheese effect,” making it far safer than other MAO inhibitors.  At doses over 20-30 mg/day, however, deprenyl does start to significantly inhibit MAO-A , so there is some risk of the “cheese effect” at these higher (rarely clinically used) doses. (1) 
MAO-A enzymes break down serotonin (5-HT) and noradrenalin, and to a lesser extent dopamine.  MAO-B breaks down dopamine and the “traceamine” phenylethylamine (PEA).  At doses of 5-10 mg per day deprenyl will inhibit MAO-B about 90%. (1)  It was initially presumed that deprenyl would increase synaptic levels of dopamine in dopamine-using neurons, and this lead to its use to treat Parkinson’s disease in the late 1970s, Alzheimer’s disease in the 1980s-90s, and depression starting in the late 1970s.  In his 1983 paper on the history of deprenyl's  clinical benefits to its unique MAO-B effects. (1) 
Yet many experts have questioned whether deprenyl's  MAO-B inhibition can significantly increase synaptic dopamine levels. (14, 15)  This is due to the fact that MAO-B is found only in glial cells in the human brain, non-nerve cells that support, surround and feed the brain’s billions of neurons. (1)  And whether there is any exchange of dopamine between these glial cells and the dopamine-using neurons is still an unanswered question.  It is commonly believed that it is MAO-A in dopamine neurons that breaks dopamine down.  By the 1990s Knoll believed he had discovered the “real basis” of deprenyl's  being a MAO-B inhibitor. (2)    
Yet as will be made clear shortly, even if deprenyl's originally hypothesized mode of action - directly increasing synaptic dopamine levels through MAO-B inhibition - is false, deprenyl's  MAO-B inhibition still provides part of its benefit.  
DEPRENYL: CATECHOLAMINE   ACTIVITY ENHANCER  
During the 1990s Knoll’s deprenyl research took a new direction.  Working with rat brain stems, rabbit pulmonary and ear arteries, frog hearts and rats in shuttle boxes, Knoll discovered a new mode of action of deprenyl that he believes explains its widespread clinical utility.  (2, 16)  Knoll discovered that deprenyl (and its “cousin”, PEA) are “catecholamine activity enhancers”.   
Catecholamines refers to the inter-related neurotransmitters dopamine, noradrenalin, and adrenalin.  Catecholamines are the transmitters for key activating brain circuits - the mesolimbic-cortical circuit and the locus coeruleus.  The neurons of the mesolimbic-cortical circuit and locus coeruleus project from the brain stem, through the mid-brain, to the cerebral cortex.  They help to maintain focus, concentration, alertness and effortful attention. (17)  Dopamine is also the transmitter for a brainstem circuit - the nigrostriatal tract - which connects the substantia nigra and the striatum, a nerve tract that helps control bodily movement and which partially dies off and malfunctions in Parkinson’s disease. (1)  
When an electrical impulse travels down the length of a neuron - from the receiving dendrite, through the cell body, and down the transmitting axon - it triggers the release of packets of neurotransmitters into the synaptic gap.  These transmitters hook onto receptors of the next neuron, triggering an electrical impulse which then travels down that neuron, causing yet another transmitter release.  What Knoll and colleagues discovered through their highly technical experiments is that deprenyl and PEA act to more efficiently couple the release of neurotransmitters to the electrical impulse that triggers their release. (2, 16) 
In other words, deprenyl (and PEA) cause a larger release of transmitters in response to a given electrical impulse.  It’s like “turning up the volume” on catecholamine nerve cell activity.  And this may be clinically very useful in various contexts - such as Parkinson’s disease and Alzheimer’s disease, where the nigrostriatal tract and mesolimbic-cortical circuits under-function (1, 17), as well as in depression, where they may be under-activity of both dopamine and noradrenalin neurons. (18,19)    
Knoll’s research also indicates that after sexual maturity the activity of the catecholamine nervous system gradually declines, and that the rate of decline determines the rate at which a person or animal ages. (10,20) 
Knoll therefore believes that deprenyl's catecholamine activity enhancers effect explains its anti-aging benefit. (10, 20)  Knoll also believes that deprenyl's catecholamine activity enhancer activity is independent of its MAO-B inhibition effect, because in rats he has shown catecholamine activity enhancer effect at doses considerably lower than that needed to achieve MAO-B inhibition.  
Knoll’s work indicates that PEA is also a catecholamine activity enhancer substance. (16)  PEA is a trace amine made in the brain that modulates (enhances) the activity of dopamine/noradrenalin  neurons. (16, 21)  Autopsy studies have shown that while deprenyl increases dopamine levels in Parkinson patient brains by only 40-70%, deprenyl increases PEA levels 1300 - 3500%! (14, 22)   PEA is the preferred substrate for MAO-B, the MAO that deprenyl inhibits.  Paterson and colleagues have shown that PEA has an extremely rapid turnover due to its rapid and continuous breakdown by MAO-B. (21)  Thus deprenyl's catecholamine activity enhancer activity has a dual mode of action.  At low, non-MAO-B inhibiting doses, deprenyl has a direct catecholamine activity enhancer activity.    
At higher, MAO-B inhibiting doses, deprenyl creates an additional catecholamine activity enhancer effect, due to the huge increases in brain PEA levels that deprenyl causes, PEA also being a catecholamine activity enhancer substance.  Many authors have pointed out the probable dopamine neuron activity enhancing effect of PEA in Parkinson patients taking deprenyl. (14, 15, 22)    
Knoll’s discovery of PEA’s catecholamine activity enhancer effect now explains this PEA dopamine-enhancing effect.  
DEPRENYL: THE NEUROPROTECTOR  
Deprenyl has been shown to protect nerve cells from an ever-growing list of neurotoxins.  Some of these neurotoxins can actually be produced within the brain under certain conditions, while others come from the environment or diet.  
MPTP is a chemical first identified as a contaminant in synthetic heroin.  In the 1980s young men using synthetic heroin suddenly developed a Parkinson-like disease.  It was then discovered that the MPTP was taken up by glial cells surrounding nigrostriatal neurons, where it was converted by glial MAO-B enzymes into the real toxin, MPP+.   The nigral neurons then absorbed MPP+ into their mitochondria, where MPP+ poisoned the mitochondria, killing the dopamine-using neurons.(15)    The MAO-B inhibiting dose of deprenyl (10 mg/day) has been shown to prevent MPTP from being converted to the neurotoxin MPP+.(4)  And as Lange and colleagues note, “Compounds with a chemical structure similar to MPTP include both natural and synthetic products (e.g. paraquat) that are used in agriculture!” (15)  
6-hydroxydopamine (6-OHDA) is a potent neurotoxin that can spontaneously form from dopamine in dopamine-using neurons. (11, 13)  6-OHDA may then further auto-oxidize to generate toxic superoxide and hydroxyl free radicals and hydrogen peroxide. (11, 13)  Knoll’s research has shown that pre-treatment of striatal dopamine-neurons with deprenyl can completely protect them from 6-OHDA toxicity. (4, 11, 13)   Even in those not suffering from Parkinson’s disease, the nigrostriatal neurons are the fastest aging neuron population in the human brain - an average 13% loss every decade from the 40s on. (1, 13)  Knoll and others believe that 6-OHDA neurotoxicity is a key cause of this “normal” nigral death, and that deprenyl may be “just what the doctor ordered” to retard this debilitating downhill neural slide.  
DSP-4 is a synthetic noradrenalin nerve toxin.  In rodents deprenyl has been shown to prevent the depletion of noradrenalin in noradrenalin-using neurons and noradrenalin-nerve degeneration that DSP-4 causes. (4)  AF64A is a cholinergic toxin - it damages brain cells that use acetylcholine.  Deprenyl pre-treatment has been shown to protect cholinergic neurons from AF64A toxicity. (4) 
Deprenyl has also protected human nerve cells from peroxynitrite and nitric oxide toxicity.  Peroxynitrite is formed naturally in the brain when nitric oxide reacts with superoxide radical.  Peroxynitrite causes “apoptosis”, a programmed “suicide” cell death that can be triggered in neurons by various agents.  deprenyl was found to inhibit peroxynitrite-caused apoptosis, even after the deprenyl was washed from deprenyl pre-treated cells. (3)  
Methyl-salsolinol is another MAO-B produced endogenous neurotoxin.  Salsolinol is a tetra-hydroisoquinoline produced from the interaction of dopamine and acetaldehyde, the first-stage breakdown product of alcohol.    
Once formed, salsolinol can then be further modified by MAO-B to generate methyl-salsolinol. deprenyl's  MAO-B inhibiting activity can prevent the DNA damage caused by this toxin. (3, 4)
By inhibiting MAO-B, deprenyl reduces the toxic load on the brain that is routinely produced through the normal operation of MAO-B. MAO-B digests not just dopamine and PEA, but also tryptamine, tyramine and various other secondary and tertiary amines. (15)  
As noted earlier, PEA is the substance MAO-B is most efficient at digesting, so that the half-life of PEA is estimated at only 0.4 minutes. (21)    
This continuous high level breakdown of PEA (and other amines) produces aldehydes, hydrogen peroxide and ammonia as automatic MAO-B reaction products, and they are all toxins. (4)  Thus by reducing age-elevated MAO-B activity, deprenyl reduces the toxin burden on dopamine/noradrenalin neurons (where PEA is primarily produced).  
“...L-deprenyl provides neuroprotection against growth factor withdrawal in PC12 cells, oxidative stress in mesencepahalic neurons, and the genotoxic compound, Ara C, in cerebellar granule neurons, and against axotomy-induced motoneuronal degeneration and delayed neuronal death in hippocampus after global ischaemia.” (24) And these are just some of the many reports in the scientific literature on deprenyl's  versatile neuroprotection.  
DEPRENYL: PARKINSON’S DISEASE  
Parkinson’s disease is one of the two major neurodegenerative diseases of the modern world - Alzheimer’s disease is the other. Parkinson’s affects up to 1% of those over 70, a lesser percent of those 40-70, and rarely anyone below 40. (23)  Parkinson’s is caused by a severe loss of dopamine-using nigrostriatal neurons, with symptoms manifesting after 70% neuronal loss, and death usually ensuing after 90% loss. (23)   
The physiologic role of the nigral neurons is the continuous inhibition of the firing rate of the cholinergic interneurons in the striatum. (13)  When the nigral neurons fail in this negative feedback control, voluntary movement and motor control is “scrambled,” leading to the typical Parkinson’s symptoms: shuffling gait, stooped posture, difficulty initiating movement, freezing in mid-movement, and the “shaking palsy.”  By the late 1960’s the standard treatment for Parkinson’s was the amino-acid precursor of dopamine, L-dopa. The L-dopa increased the dopamine levels in the few remaining nigrostriatal neurons in Parkinson’s patients (80% of brain dopamine is normally located in nigral neurons (11), thus at least partially restoring normal movement and motor control.   
However by 1980 A. Barbeau, after analyzing results of 1052 Parkinson’s patients treated over 12 years, wrote that “long-term side effects are numerous.... although we recognize that levodopa is still the best available therapy, we prefer to delay its onset until absolutely necessary.” (1)  
Deprenyl became a standard therapy to treat Parkinson’s by the late 1970’s.  In 1985 Birkmayer, Knoll and colleagues published a paper summarizing the results of long term (9 years) treatment with L-dopa alone or combined with deprenyl in Parkinson’s. (25)  They found a typical 1 to 2 year life extension over the average 10 years from L-dopa onset until death in the L-Dopa/deprenyl group. The 1996 DATATOP study found that “To the extent that it is desirable to delay levodopa therapy, deprenyl remains a rational therapeutic option for patients with early Parkinson’s.” (26)  In a 1992 paper Lieberman cited 17 studies supporting the claim that “... with levodopa-treated patients with moderate or advanced Parkinson’s... the addition of selegiline [deprenyl] is beneficial.” (6)  Thus by the 1980s-1990s deprenyl had become a standard Parkinson’s therapy, used either to delay L-dopa use, or in combination with L-dopa. Yet in 1995 a report published in the British Medical Journal seriously questioned the use of deprenyl in combination with L-dopa to treat Parkinson’s. (27)  
The UK-Parkinson’s Research Group study followed 520 Parkinson’s patients for 5-6 years. Several hundred patients initially received 375 mg L-dopa, while several hundred others received 375 mg L-dopa plus 10 mg deprenyl daily.  After 5-6 years, the mortality rate in the L-Dopa/deprenyl group was almost 60% higher than in the L-dopa only group.  The study authors therefore recommended deprenyl not be used in Parkinson’s treatment.  Yet the UK-Parkinson’s study is the only one ever to find increased mortality with deprenyl use in Parkinson’s, and the study has been severely criticized on multiple grounds by various Parkinson’s experts. In response to the study, the British Medical Journal published 8 letters in 1996 criticizing the study on various methodological and statistical grounds. (28)  And a 1996 Annals of Neurology article by 4 Parkinson’s experts provided an exhaustive analysis of the British Medical Journal study, raising many questions and criticisms. (29)  One key criticism is that the UK-Parkinson’s study was open label and patients could be reassigned to treatment groups during the study. 52% of the L-dopa group and 45% of the L-Dopa/deprenyl group changed treatment groups, yet the allocation of end points (deaths) was based on patients’ original drug assignment, regardless of which drugs the patient was actually taking at time of death!  When the death rate was compared only between those remaining on their original drug assignment, there was no statistically significant difference in mortality between the L-dopa and deprenyl/L-Dopa groups.  
Another criticism leveled against the UK study is based on the dosage of L-dopa.  It is generally accepted that deprenyl reduces L-dopa need by about 40%. (14)  Thus, to achieve bio-equivalent L-dopa doses, the deprenyl/L-Dopa group should have only received 225 mg L-dopa, compared to 375 mg in the L-dopa only group.  As evidence that the initial L-dopa dose was too high in the deprenyl/L-Dopa group, after 4-5 years the median L-dopa dose remained at 375 mg in the deprenyl group, while it had increased to 625 mg in the L-dopa only group.  And a growing body of evidence has shown L-dopa to be neurotoxic in Parkinson’s patients. In a 1996 review paper, S. Fahn briefly reviews 20 in vitro and 17 in vivo studies showing L-dopa to be toxic, especially in neurologically compromised, oxidant-stressed individuals, such as Parkinson’s patients. (30)  Thus if there were any real increased mortality in the deprenyl/L-Dopa group in the UK study, it is more likely due to L-dopa toxicity than deprenyl.  This is further borne out by a 1991 study by Rinne and colleagues, who studied 25 autopsied Parkinson’s brains. (31) When they compared the substantia nigra of 10 patients who had received L-dopa plus deprenyl with 15 patients who had received L-dopa only, they discovered that there were significantly more nigral neurons remaining in the deprenyl/L-Dopa brains, i.e. the deprenyl had actually acted to preserve nigral neurons from L-dopa toxicity. Olanow and co-authors conclude their paper reviewing the UK study: “It is our opinion that the evidence in support of discontinuing selegiline [deprenyl] in levodopa-treated patients, because of fears of early mortality, is not persuasive. Accordingly, we do not recommend that selegiline be withheld in Parkinson’s patients based solely on the results of the UK study.” (29)  
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