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Blood pressure control in PD: 
 

78 y/o female, PD for 12 years, on 

sinemet, weakness, recurrent falls, distal 

radius fracture, miserable! 





Objectives 

• Blood pressure regulation abnormalities in PD 

• Neurogenic OH 

• Selective post-ganglionic sympathetic 

denervation  

• Mechanisms 

• Biomarkers of disease process – PD Risk  

• Future prevention and disease-modifying 

intervention  





How do we establish a 

neurogenic nature of OH in PD? 



Circulation 2011 



Clinical Autonomic Lab 

• Beat to beat BP 
monitor 

• ECG 

• Forearm blood flow 

• Plasma CA 
measurements 
(HPLC) 

• Neuroimaging 
(MIBG or FDA PET) 



HEMODYNAMIC RESPONSES TO ORTHOSTASIS
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Lessons from Primary Chronic 

Autonomic Failure Syndromes 

• PAF 

• MSA 

• PD+NOH 



Goldstein, D. S. et al. Hypertension 2003;42:136-
142 

BP responses to the Valsalva maneuver in a control patient 
and in patients with OH associated with PAF, MSA, and PD 



W h e r e   i s   t h e   L e s i o n ? 

P r e - G a n g l i o n i c 
  

P o s t - G a n g l i o n i c 
  





Sympathetic Noradrenergic Tests 

Microdialysate DHPG 

Tyramine 

Isoproterenol  

Plasma DHPG & NE  

Trimethaphan 

Yohimbine 
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PLASMA CATECHOLS (pg/mL) 
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NE RESPONSES TO ORTHOSTASIS
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DHPG RESPONSES TO TYRAMINE
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NE RESPONSES TO ISOPROTERENOL
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 Low cardiac    I-MIBG in PD, not MSA.
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 Cardiac     I-MIBG in PD123

123

 Heart-selective, independent of AF, related
to severity of PD & age.



6-[   F]Fluorodopamine18

F
HO

HO

18

NH2

Goldstein et al., Circulation 1990;81:1606-1621
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Goldstein et al., J Am Coll Cardiol 1993;22:1961-1971.

Fate of 6-[   F]Fluorodopamine18

CONJUGATION, PROTEIN & CELL BINDING
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P E T   S c a n n i n g   i n   A u t o n o m i c   F a i l u r e 

Goldstein et al., N Engl J Med 1997;336:696-702. 
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PET Scanning in Autonomic Failure 
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Putamen DA Depletion: Biochemical Sine Qua Non of PD 

All patients with PD have markedly decreased putamen DA.  

Kish et al., N Engl J Med 1988;318:876-880 
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DelleDonne et al., Arch Neurol. 2008;65:1074-1080 

75% 

Kordower et al., Brain 2013;136:2419-2431 

79% 





So far… 

DA deficiency in CNS 

NE deficiency in periphery 

Catecholamines –  

the smoking gun 



The Quest Begins with a Paradox 
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All of the neuronal 

metabolism of 

dopamine 

passes through 

DOPAL, 

which is toxic.  
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Is Vesicular Sequestration Decreased in PD? 



Is Vesicular Sequestration Decreased in PD? 

Goldstein et al. JCI 2011;121:3320-3330 



Goldstein et al. JCI 2011;121:3320-3330 

Is Vesicular Sequestration Decreased in PD? 



Goldstein et al. JCI 2011;121:3320-3330 

Is Vesicular Sequestration Decreased in PD? 



Goldstein et al. JCI 2011;121:3320-3330 

Is Vesicular Sequestration Decreased in PD? 



Visualization of Decreased Vesicular Sequestration 

Denervation 

Denervation 
+ 

Dec. Vesic. Storage 

Comparison of 18F-dopamine vs. 11C-methylreboxetine 
scans visualizes decreased vesicular storage in vivo 

Goldstein et al. (unpublished) 



JCI, 2011 



Goldstein et al., J Neurochem 2013;126:591-603  
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Low DA:DOPA ratios indicate decreased vesicular sequestration 
of cytoplasmic DA in PD putamen. 

DAC 

Is Vesicular Sequestration Decreased in PD? 
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Goldstein et al., J Neurochem 2013;126:591-603  

0.007 

D
O

P
A

L
:D

A
 

0 

0.05 

0.1 

0.15 

0.2 

CONTROL PD 

14 

14 

We obtained post-mortem neurochemical evidence for 
DOPAL buildup with respect to DA in PD putamen.  

Is DOPAL Built Up in PD Putamen? 
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We used a novel post-mortem neurochemical approach to assess vesicular 
sequestration in cardiac sympathetic nerves in PD.  

Goldstein et al .J Neurochem 2014 (PMID 24848581) 

Is Vesicular Sequestration Decreased in PD? 
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By all 5 indices, PD patients have a vesicular sequestration-to-

oxidative deamination shift in sympathetic nerves. 

Goldstein et al .J Neurochem 2014 (PMID 24848581) 

Is Vesicular Sequestration Decreased in PD? 
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Is ALDH decreased in PD? 
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Goldstein et al., J Neurochem 2013;126:591-603  

From assays of DOPAC and DOPAL, we obtained post-mortem 
neurochemical evidence for decreased ALDH activity in PD putamen.  

Is ALDH decreased in PD? 
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Is DOPAL Built Up in PD Putamen? 
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Does DOPAL Oligomerize Alpha-Synuclein? 
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DOPAL potently oligomerizes  -synuclein. 
Divalent metal cations augment the oligomerization. 

Jinsmaa et al. Neurosci Lett 2014;569:27-32 

Does DOPAL Oligomerize Alpha-Synuclein? 



DOPAL-Synuclein Interactions 

DOPAL and -synuclein as nodes in a pathophysiologic nexus 
Goldstein et al. Pharmacol Ther 2014 (PMID 24945828) 
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Concepts of Scientific Integrative Medicine 



Prevention and disease 

modifying intervention? 



PD-Risk project 

 



The PDRisk Study 

                                   Goals 
 
Determine whether people with statistical risk factors 
have biomarkers of catecholamine deficiency. 
 
Determine whether people with abnormal biomarkers 
develop PD during several years of follow-up. 
 
Risk factors: family history of PD, decreased 
sense of smell, dream enactment behavior, 
orthostatic intolerance (≥3 to be eligible)  



PDRisk Study Progress to Date 

312 Eligible 

74 Screened at NIH CC 

27 Inpatient biomarkers testing 

18 ≥18 mo. follow-up or completed 





Jain & Goldstein, Neurobiol Dis 2012;46:572–580 

How Can One Test for Slowing of Neurodegeneration? 



How Can One Test for Slowing of Neurodegeneration? 

Tx 

Placebo 



Conclusions 

• Catecholamine depletion in PD is determined 

by denervation and decreased vesicular storage.   

• Decreased vesicular storage and decreased 

ALDH tend to build up up DOPAL, which is 

toxic and oligomerizes alpha-synuclein.   

• The catecholaldehyde hypothesis and concepts 

of scientific integrative medicine lead to novel, 

testable treatment and prevention strategies. 


