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Tertiary Pharmacology Review 
 
By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO 
NDA: 203202 
Submission date: September 23, 2011 
Drug: droxidopa 
Sponsor: Chelsea Therapeutics, Inc. 
Indication: Treatment of neurogenic orthostatic hypotension 
 
Reviewing Division: Division of Cardiovascular and Renal Products 
 
Background Comments: 
The pharmacology/toxicology reviewer and team leader in the Division of 
Cardiovascular and Renal Products reviewed the nonclinical information for 
droxidopa and found it adequate to support approval from a 
pharmacology/toxicology perspective for the indication listed above.   
 
Discussion: 
The applicant conducted two carcinogenicity studies in rats and mice. These 
studies were reviewed by the Division and the Executive Carcinogenicity 
Assessment Committee. The Committee found that the studies were acceptable 
although the mouse study was conducted with a suboptimal duration of 80 
weeks. The Committee concluded that there were no drug-related neoplasms in 
either study.  
 
Droxidopa had some relatively mild and reversible adverse effects on fetuses in 
Sprague Dawley rats. Shortening of gestation was also noted in rats. The 
reviewer and team leader suggest pregnancy category C. No impairment of 
fertility was noted in rats. 
  
The pharmacologic class for droxidopa has been discussed. One possible term 
for describing droxidopa may be catecholamine. The review team would need to 
determine whether this term is clinically meaningful.  
 
One potential toxicity concern that was raised in the pharm/tox review was for the 
neurotoxicity of one of the metabolites of droxidopa, DOPEGAL. Although 
neurotoxicity of DOPEGAL has been reported in the literature, there has been no 
particular indication of neurotoxicity in the nonclinical studies although these 
studies may not have been targeted or sensitive enough to detect subclinical 
effects. Additional animal studies could be conducted, as suggested, to further 
investigate the potential for DOPEGAL neurotoxicity. However, such information 
may not change the clinical use of droxidopa for this indication. The absence of 
neurotoxicity in humans may also support the use of droxidopa without additional 
nonclinical data on DOPEGAL neurotoxicity. However, given the underlying 
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neurological condition in many of these patients (e.g., Parkinson's Disease), it 
may be difficult to detect additional neuronal loss. 
 
Conclusions: 
I concur with the Division pharmacology/toxicology recommendation that this 
NDA can be approved without additional nonclinical studies. I have discussed the 
nonclinical portions of labeling with the pharm/tox supervisor. Additional labeling 
edits may be made. 
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Date:  March 4, 2012 
 
From:  Donald N. Jensen, D.V.M., Division of Cardiovascular and Renal Products 
 
To:  File, NDA 203,202 
 
CC:  Lyudmila Soldatova, Ph.D., Tom Papoian, Ph.D, D.A.B.T.,  

Kasturi Srinivasachar, Ph.D.  
 
Subject:  Toxicological assessment of impurities in drug substance, NDA 203,202, 

 method 
 
Summaries 
 

  
• Proposed limit of  is acceptable. Discussion and calculations provided below. 
 

 
• Proposed limit of  is not acceptable. Discussion and calculations provided below.  
• Please indicate to the sponsor that their calculation for a Permissible Daily Exposure (PDE) 

in the January 30, 2012, NDA amendment should be modified to set factor F3 to  (for a 
study during which drug exposure was 35-40 days) and to use the  mg/kg/day NOEL that 
was observed for repeat-dose toxicity, rather than the  mg/kg/day NOEL that was observed 
for reproductive toxicity. This produces a PDE of  mg/kg/day, which requires a limit of 
NMT  ppm for a maximum daily drug dose of 1800 mg.  

 
 

• The proposed limit of  is not acceptable. Discussion provided below. 
• The sponsor should be asked to propose a lower limit that is no higher than the  

levels that were qualified in the droxidopa batches used for preclinical and clinical studies.  
 

 
• Proposed limit of  is acceptable. Discussion provided below. 
 

 
• Control of these impurities at  in the drug substance specification is acceptable. 

Discussion provided below. 
 

 (possibly also )  
• Control of this impurity at  in the drug substance specification is acceptable, if it has 

the chemical structure that was submitted to the CDER Computational Toxicology group as 
 or if it is  Discussion and calculations provided below. 

 
 

• Additional information is required from the Sponsor. 
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• The Sponsor proposes that the safety of this impurity has been demonstrated because it is 
also a metabolite of droxidopa. In their response, they provide estimates of exposure to this 
metabolite during the rat carcinogenicity study for droxidopa and in patients treated with 
droxidopa, but they do not provide the data, assumptions or calculations that were used to 
derive these estimates.  

• Please request that the Sponsor provide the data, assumptions and calculations that were used 
to derive theirs estimates of exposure to the metabolite  during the rat 
carcinogenicity study for droxidopa and in patients treated with droxidopa and that they 
provide copies of any publications or study reports that were used to support these estimates. 

 
 

• Control of this starting material at  in the drug substance specification is acceptable. 
Discussion provided below. 

 
 
Discussion and calculations 
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         Memorandum 
 
 
Date:  February 21, 2012 
 
From:  Thomas Papoian, Ph.D., D.A.B.T. 
  Supervisory Pharmacologist 
 
To:  NDA #203202 (Droxidopa; Chelsea Therapeutics, Inc.) 
 
Subject: Secondary Review and Evaluation of Pharmacology & Toxicology Data 
 
 
 
Background 
 
Droxidopa (L-DOPS) is an orally administered synthetic amino acid prodrug that is converted in 
vivo by L-aromatic-acid decarboxylase (LAAAD) to form norepinephrine. The beneficial 
hypertensive (i.e., vasoconstrictive) effects in patients with neurogenic orthostatic 
hypotension are mediated by the effects of norepinephrine on alpha adrenergic 
receptors in the vascular smooth muscle cells of blood vessels. Inhibition of LAAAD 
with carbidopa, a drug that does not cross the blood-brain-barrier, prevents the blood pressure 
effects of droxidopa, indicating that the effects of droxidopa on reducing blood pressure occur in 
the periphery outside the CNS (reviewed in Goldstein, 2006).  
 
The proposed indication is for the treatment of symptomatic neurogenic orthostatic hypotension 
(NOH) in patients with primary autonomic failure (Parkinson's Disease (PD), Multiple System 
Atrophy (MSA) and Pure Autonomic Failure (PAF)), Dopamine Beta hydroxylase (DβH) 
Deficiency and Non-Diabetic Autonomic Neuropathy (NDAN). The droxidopa drug 
development program was granted Fast-Track designation on August 7, 2008, and Orphan Drug 
designation on January 17, 2007. Droxidopa was approved in Japan in 1989. 
 
A thorough review and evaluation of the pharmacology and toxicology of droxidopa was 
conducted by the nonclinical reviewer Dr. D. Jensen (review dated 02/03/2012), and I generally 
concur with the conclusions and interpretations in that review. However, due to remaining 
questions regarding the adequacy of some of the nonclinical data, and the sponsor's interpretation 
of that data, an additional perspective was needed. These are summarized below. 
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Pharmacology 
 
Blood pressures in rats, rabbits, and cats were increased following single oral doses, but not in 
dogs. However, no repeat-dose studies were conducted in animals to assess durability of the 
effect. 
 
Studies in rats showed that interference with L-aromatic-amino-acid decarboxylase (LAAD) 
with carbidopa diminished or abolished the pressor effect produced by droxidopa. Given that 
carbidopa is routinely given to Parkinson’s disease patients treated with L-DOPA, inhibition of 
peripheral LAAAD might limit the efficacy of droxidopa in this patient population. 
 
Safety Pharmacology 
 
No significant effects of acute droxidopa treatment were seen in CNS, cardiovascular, or 
respiratory functions. An in vitro hERG assay was negative. 
 
Pharmacokinetics 
 
Serum protein binding was not well characterized due to the assay's inability to distinguish 
between parent drug and its metabolites. Excretion of droxidopa in animals (mice, rats, dogs and 
rhesus monkeys) was mainly through the urine. 
 
Nonclinical pharmacokinetic data were limited to single-dose studies. Studies with radiolabeled 
droxidopa in mice, rats, dogs, and monkeys showed that there were six main peaks or 
metabolites in the serum and urine of animals: droxidopa parent, 3-OM-DOPS, vanillic acid 
(VA) (conjugated and non-conjugated), and protocatechuic acid (PA) (conjugated and non-
conjugated). Human data did not include serum metabolites, but was limited to urinary 
metabolites in which similar ratios between humans and the animals species were seen. Further, 
the sponsor argued that due to evolutionarily-conserved catecholamine metabolic pathways 
(Stefano et al., 2007), including those for the non-endogenous prodrug droxidopa and its 3-OM-
DOPS metabolite, it is likely that humans would produce similar serum metabolites to those seen 
in animals and in similar ratios to those seen in the urine. Given the conserved nature of 
catecholamines among vertebrates, invertebrates, and even plants, and the similar chemical 
structures between the parent droxidopa (L-DOPS) and its downstream metabolic products, it is 
reasonable to conclude that humans would not differ substantially from other mammals in their 
droxidopa metabolic profile. However, the lack of such data is not ideal, and if studies were to be 
conducted currently, a more thorough metabolic profile analysis would likely have been 
conducted. 
 
Due to an absence of an adequate metabolic profile, particularly in rabbits and mice, two animal 
species used for reproductive toxicity and carcinogenicity testing, respectively, a Quantitative 
Structure Activity Relationship (QSAR) analysis of the major known human metabolites was 
conducted by the CDER Computational Toxicology Group. Results showed that one of the 
metabolites, 3-OM-DOPS, was predicted to produce fetal dysmorphogenesis in the rabbit, a 
species in which no metabolic data were available. Although the mouse was shown to produce 3-
OM-DOPS, two other major metabolites, vanillic acid (VA) and protocatechuic acid (PA), were 
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predicted positive for carcinogenicity. The absence of such data from these two animal species 
raised safety concerns regarding the adequacy of the rabbit teratology study and mouse 
carcinogenicity study for predicting human carcinogenic and teratogenic risk, respectively, if it 
is not certain that they produced and were exposed to the major human metabolites. 
 
The sponsor responded first to our concerns regarding the adequacy of the rabbit and mouse 
studies. For the rabbit teratology studies, where the results were essentially negative for 
teratogenicity, evaluation of dams for systemic exposure to parent drug or metabolites was not 
commonly performed when the studies were conducted in the 1980's. However, given that: (1) 
rats were exposed to 3-OM-DOPS and results were negative, (2) rats are considered more 
sensitive than rabbits for detecting fetal dysmorphogenesis (Matthews et al., 2007), (3) a single 
species is considered adequate to test adverse effects of metabolites (FDA's Guidance on Safety 
Testing of Drug Metabolites; 2008), (4) the proposed labeling warns about insufficient 
information regarding potential effects on the fetus, and (5) the metabolite pattern seen across 
multiple species (mice, rats, dogs, monkeys, and humans) is relatively consistent, the sponsor 
concluded that rabbits were also likely exposed to 3-OM-DOPS as well. The sponsor 
acknowledges that this is an assumption, but a reasonable one. Although actual data showing 
formation of 3-OM-DOPS in the rabbit would be preferred, it is unlikely that such a study will 
be performed at this time. 
 
On the issue of the adequacy of the mouse carcinogenicity study, in which the results were 
negative, the only serum metabolite data available in the mouse was for 3-OM-DOPS. However, 
two other major metabolites, vanillic acid (VA) and protocatechuic acid (PA), were predicted 
positive for carcinogenicity by QSAR analysis. The sponsor was asked to address this issue with 
additional information, including an adequate metabolic profile of the mouse. Regarding the 
absence of data on the exposure of mice to the VA metabolite, the sponsor responded that 
according to the FDA's Guidance on Safety Testing of Drug Metabolites (2008), a single species 
is generally considered adequate for evaluating metabolites for adverse effects, and since the rat 
forms VA and was shown to be negative for carcinogenicity, then VA has been adequately tested 
for carcinogenic potential. Also, VA is a major metabolite of vanillin in mammals, including 
humans. Vanillin is a naturally occurring substance present in fruits, vegetables, and milk, with 
an average daily intake of 2.5 mg/kg/day (Adams, et al., 2005), is a commonly used food 
additive, and given GRAS (Generally Recognized As Safe) status by the FDA in 1987. Finally, 
given the metabolite pattern seen across multiple species (mice, rats, dogs, monkeys, and 
humans) is relatively consistent, the sponsor concluded that mice were also likely exposed to VA 
as well. 
 
Regarding the absence of data on the exposure of mice to the protocatechuic acid (PA) 
metabolite, the sponsor responded that according to the FDA's Guidance on Safety Testing of 
Drug Metabolites (2008), a single species is generally considered adequate for evaluating 
metabolites for adverse effects, and since the rat forms PA and was shown to be negative for 
carcinogenicity, then PA has been adequately tested for carcinogenic potential. Also, there are 
reports showing that PA possesses anti-carcinogenic activity in models of chemically-induced 
tumors in mice, rats, and hamsters (reviewed in Tanaka et al, 2011). Further, PA appears to be 
present in many plants and, therefore, is a common component of the human diet with an 
estimated daily intake of up to 1 mg/kg. Finally, given the metabolite pattern seen across 
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multiple species (mice, rats, dogs, monkeys, and humans) is relatively consistent, the sponsor 
concluded, as before, that mice were also likely exposed to PA as well. 
 
Finally, a minor downstream metabolite of droxidopa, 3,4-dihdroxytoluene (HC), has been 
shown to be present at relatively low levels in the urine of rats and monkeys (i.e., 2-4% of initial 
dose), but levels in humans were not assessed. HC was predicted positive for carcinogenicity by 
QSAR analysis, and shown to produce tumors in rats (Asakawa et al., 1994). Therefore, not 
knowing the levels produced in humans makes it difficult to determine the adequacy of the 
rodent carcinogenicity studies for assessing risk of HC at levels produced in humans under 
therapeutic conditions, particularly if humans produce HC at levels significantly greater than that 
formed in rodents. The sponsor responded that HC is formed enzymatically from PA, and urinary 
levels of its precursor PA in mice, rats, dogs, and monkeys were similar (11-19% of initial dose). 
Also, given the consistent metabolic pattern seen between the species, including humans, it is 
likely that the negative results from the rat carcinogenicity studies accurately reflect the relative 
risk of HC to humans.  
 
Toxicology 
 
Studies in animals with droxidopa showed marked variability in toxicity between species. 
Droxidopa was essentially nontoxic at the highest doses tested in 52-week dog studies and in 13-
week studies in rhesus monkeys. The highest doses tested in dogs and monkeys were 30-fold 
greater than the highest recommended clinical dose, when based on body surface area. 
 
In contrast, all studies in rodents (i.e., mice and rats), including single-dose studies, 
demonstrated renal tubular and cardiac myocyte toxicity. Renal and cardiac lesions were 
observed at doses that, when based on body surface area, were similar to or lower than the 
highest recommended clinical dose of droxidopa. The reasons for the marked differences in 
toxicity between the various species were not clear. Cardiac and renal lesions have been shown 
to be normal age-related degenerative disease processes in rodents, and the drug may simply 
exacerbate this process. It has been shown that some drugs that exacerbate age-related 
spontaneous renal disease (i.e., chronic progressive nephropathy) in rats do not affect humans 
(Hard and Khan, 2004). However, the occurrence of renal and cardiac lesions in young rodent 
animals during single-dose studies with droxidopa may argue against this premise. Also, it has 
been reported that rats have a much higher density of α1-adrenergic receptors in the cardiac 
ventricle than do several other species (Shen et al., 1989), and that this caused rats to have a 
greater cardiac inotropic (contractile force) response following α1-adrenergic stimulation than 
was observed in the other animal species. This could explain the myocardial damage produced 
by a drug (i.e., droxidopa) that is a norepinephrine precursor. Regardless of the reasons for these 
cardiac and renal findings in rodents, the lack of such findings in dogs and monkeys at relatively 
large multiples of the human dose helps provide some reassurance. 
 
Several potentially genotoxic droxidopa impurities have been identified by structural alerts and 
computational toxicology assessment. The sponsor and the DMF holders have been notified of 
the need to reduce them to appropriate levels or provide evidence of their safety. Discussions are 
ongoing. 
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Additional concerns were posed to the sponsor regarding the potential neurotoxicity of a 
droxidopa degradant 3,4-dihydroxyphenylacetaldehyde (DOPAL) (see Memorandum by T. 
Papoian; dated 2/10/2012). DOPAL has been reported to possess neurotoxic effects both in vitro 
and in vivo (reviewed in Marchitti et al., 2007). Also, it has been shown to be detected in human 
plasma after oral administration of droxidopa, and is markedly elevated in Parkinson's Disease 
patients treated with droxidopa (Holmes et al., 2010). Given that droxidopa crosses the blood-
brain-barrier and is likely to be converted into DOPAL in the CNS, the sponsor was asked to 
provide additional information to help address this issue. The sponsor responded that 52 week 
toxicity studies in rats and dogs found no evidence of neurotoxicity when based on clinical 
assessments. Also, existing human data found no evidence of neurological effects in patients 
beyond what would be expected in this patient population. Further, the sponsor stated that there 
are no known metabolic pathways in humans that allow enzymatic conversion of droxidopa to 
DOPAL. In fact, DOPAL is an endogenous metabolite of dopamine (DA), not norepinephrine 
(NE). The sponsor questioned the report by Holmes et al. (2010) as to the accuracy of the data, 
and attributed the findings to a problem with the assay methodology in which phosphoric acid 
was used to wash the column, rather than acetic acid, a procedure that was shown in the Holmes 
et al. (2010) report to completely convert droxidopa to DOPAL in vitro. Even if plasma levels 
were accurate, plasma DOPAL levels of 6 nM were considered by the sponsor to be much lower 
than those seen in patients treated with the widely used dopamine precursor levodopa (L-
DOPA).  
 
Although it appears that DOPAL may only be formed enzymatically from dopamine, and not 
from droxidopa, as the sponsor suggests, another potentially neurotoxic metabolite, DOPEGAL 
(3,4-dihydroxyphenylglycolaldehyde), may be formed from norepinephrine (NE). DOPEGAL 
has been reported to produce neurotoxicity to both neuronal cells in vitro as well as in vivo when 
injected directly into the brains of rats (reviewed in Marchitti et al., 2007). Although the doses of 
droxidopa needed to produce DOPEGAL locally in the CNS at sufficient levels to result in 
significant neuronal loss are not known, the risk to humans given therapeutic doses of droxidopa 
is difficult to assess. This is partly because there may be a significant and irreversible loss of 
neurons before clinical effects are detected. This may be true for both humans and animals in 
which no detectable neurological effects were seen, although the loss of specific neuronal cell 
types (e.g., noradrenergic neurons in the locus ceruleus) reported to be affected by the neurotoxic 
catecholamine metabolite DOPEGAL were not assessed. Further studies in rats are feasible to 
help address this issue, and may address whether droxidopa when given orally at some dose 
crosses the blood-brain-barrier in sufficient quantity to result in significant CNS toxicity or 
neuronal loss, regardless of the mechanism or metabolite involved. 
 
Toxicokinetics 
 
With the exception of the monkey, there were no toxicokinetic data that would allow direct 
comparison of drug exposures during the animal repeat-dose toxicology studies to clinical drug 
exposures. Without such data, it is not possible to relate exposures seen in animals, such as the 
rodent carcinogenicity and rat and rabbit reproductive and developmental studies, to human 
therapeutic exposures, or to determine whether animals were exposed to all major human 
metabolites. This will limit proper calculations of safety margins used for human risk assessment 
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and for labeling purposes. However, for calculations of safety margins less precise surface area 
extrapolations between species may be used (i.e., mg/m2). 
 
Conclusions 
 
- Although norepinephrine, the active metabolite of droxidopa, was shown to increase blood 
pressure in several species of animals following single oral doses, the durability of its effects 
following repeat administration was not examined. Similar concerns for human patients have 
been raised by the reviewing Medical Officer ( see review by Dr. M. Blank, dated 1/27/2012). 
 
- There was a lack of adequate pharmacokinetic, toxicokinetic, and metabolic profile analyses in 
the several animal species used for testing. However, given the evolutionarily conserved nature 
of catecholamines, and the similar chemical structure between the parent droxidopa (L-DOPS) 
and its downstream metabolic products, it is reasonable to conclude that humans would not differ 
substantially from other mammals in their droxidopa metabolic profile. Therefore, the adequacy 
of the animal studies for human risk assessment, although not ideal, may suffice in this case. 
Although the absence of such exposure data will limit proper calculations of safety margins used 
for human risk assessment and for labeling purposes, calculations of safety margins may use less 
precise surface area extrapolations between species (i.e., mg/m2). 
 
- There was marked variability in toxicity between the various animal species. Droxidopa was 
essentially nontoxic at the highest doses tested in 52-week dog studies and in 13-week studies in 
rhesus monkeys, in which the highest doses tested were 30-fold greater than the highest 
recommended clinical dose, when based on body surface area. In contrast, all studies in rodents 
(i.e., mice and rats) demonstrated renal tubular and cardiac myocyte toxicity at doses that, based 
on body surface area, were similar to or lower than the highest recommended clinical dose of 
droxidopa. The reasons for the marked differences in toxicity between the various species were 
not clear, but the lack of such findings in dogs and monkeys at relatively large multiples of the 
human dose provides some reassurance. 
 
- Concerns remain regarding the potential neurotoxicity of the droxidopa and norepinephrine 
metabolite DOPEGAL (3,4-dihydroxyphenylglycolaldehyde). Although the doses of droxidopa 
needed to produce DOPEGAL locally in the CNS at sufficient levels to result in significant 
neuronal loss are not known, the risk to humans given therapeutic doses of droxidopa is difficult 
to assess. Further studies in rats are feasible to help address this issue, and may address whether 
droxidopa when given orally at some dose crosses the blood-brain-barrier in sufficient quantity 
to result in significant CNS toxicity or neuronal loss, regardless of the mechanism or metabolite 
involved. 
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Recommendations 
 
Given that droxidopa is a prodrug of an endogenous catecholamine (norepinephrine) with known 
pharmacological properties, both peripherally and centrally, it has been approved in Japan since 
1989, and no significant adverse toxicities were seen in dogs or monkeys at large multiples of 
the human dose, there are no major safety issues for use in the indicated human patients.  
 
However, even with the absence of clear clinical signals, the potential neurotoxicity of one of its 
metabolites DOPEGAL has not been adequately assessed, because the specific adrenergic 
neurons known to be vulnerable to DOPEGAL toxicity were never specifically examined. An 
animal study to help clarify this issue is feasible, relatively easy to perform, and may be 
considered, particularly given the serious nature of potential drug-induced neurotoxicity in this, 
or any other, patient population. 
 
Therefore, in concurrence with the primary nonclinical reviewer Dr. D. Jensen, this application 
is approvable from a pharmacology and toxicology perspective. 
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         Memorandum 
 
 
Date:  February 10, 2012 
 
From:  Thomas Papoian, Ph.D., D.A.B.T. 
  Supervisory Pharmacologist 
 
To:  NDA #203202 (Droxidopa; Chelsea Therapeutics, Inc.) 
 
Subject: Assessment of Droxidopa (L-DOPS) Impurities and/or Metabolites for Potential  
  Neurotoxicity 
 
Background 
 
Droxidopa (L-DOPS) is an orally administered synthetic amino acid prodrug that is converted in 
vivo by L-aromatic-acid decarboxylase (LAAAD) to form norepinephrine. Inhibition of LAAAD 
with carbidopa, a drug that does not cross the blood-brain-barrier, prevents the blood pressure 
effects of droxidopa, indicating that the effects of droxidopa on reducing blood pressure occur in 
the periphery outside the CNS (reviewed in Goldstein DS, 2006). The proposed indication is for 
the treatment of symptomatic neurogenic orthostatic hypotension (NOH) in patients with primary 
autonomic failure (Parkinson's Disease (PD), Multiple System Atrophy (MSA) and Pure 
Autonomic Failure (PAF)), Dopamine Beta hydroxylase (DβH) Deficiency and Non-Diabetic 
Autonomic Neuropathy (NDAN). The droxidopa drug development program was granted Fast-
Track designation on August 7, 2008, and Orphan Drug designation on January 17, 2007. 
Droxidopa was approved in Japan in 1989. 
 
During the course of the NDA clinical safety and efficacy review process, some recently 
published information came to the attention of the reviewing Medical Officer (Dr. M. Blank) 
regarding the potential neurotoxicity of DOPAL (3,4-dihydroxyphenylacetaldehyde), a putative 
degradant and/or metabolite of droxidopa. It has been reported to be an impurity in lots of 
droxidopa, is detected in human plasma after oral administration of droxidopa, and is markedly 
elevated in Parkinson's disease patients treated with droxidopa (Holmes C et al., 2010).  
 
Further, a review of the literature revealed that DOPAL possesses neurotoxic effects both to 
neuronal cells in culture and in animals. Using PC12 cells, a cell line derived from a 
pheochromocytoma of the rat adrenal medulla, Kristal et al. (2001) showed that DOPAL at 
physiological levels was more cytotoxic than dopamine or other metabolites, and that the target 
of this activity was the mitochondria. This suggested to the authors that the neurotoxic properties 
of dopamine were mediated through its metabolite DOPAL. To determine if DOPAL was 
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neurotoxic in vivo, DOPAL was directly injected into the substantia nigra (SN) of rats (Burke 
WJ et al., 2003). Because DOPAL does not appear to cross the blood-brain-barrier, DOPAL was 
injected directly in the brain. Results showed that DOPAL at concentrations as low as 100 ng 
produced toxicity to dopaminergic SN neurons. Neither dopamine nor other metabolites were 
neurotoxic at 5-fold higher concentrations. Later studies showed that the neuronal toxicity of 
DOPAL in vivo produced behavioral changes in rats consisting of rotational asymmetry 
(Panneton WB et al., 2010). 
 
Although DOPAL does not cross the blood-brain-barrier, droxidopa appears to do so (Goldstein 
DS, 2006), and may convert into DOPAL locally in the CNS. As a result of these potential safety 
issues, the Division asked the sponsor in an Information Request (dated 1/17/2012) to address 
the following: (1) the adequacy of the existing clinical and nonclinical evidence demonstrating 
lack of neurotoxic effects after droxidopa administration, (2) levels, if known, of DOPAL 
produced in animals and/or humans after administration of droxidopa, particularly in those with 
Parkinson's Disease, and (3) what additional clinical and nonclinical studies may be conducted, 
if needed, to address this issue. 
 
In response to the FDA's request, the sponsor replied as follows:  
 
1. The adequacy of the existing clinical and nonclinical evidence demonstrating lack of 
neurotoxic effects after droxidopa administration 
 
 The sponsor cited data from rat and dog toxicity studies of up to 52 weeks duration showing no 
evidence of neurotoxicity based on clinical signs after repeat dosing or EEG findings after acute 
dosing. Also, based on their human safety database in Japan, they stated that there was no 
evidence of neurological effects in patients beyond what would be expected in this patient 
population. The majority of neurological-related events, such as headache and dizziness, were 
considered mild to moderate in severity and were well tolerated. 
 
2. Levels, if known, of DOPAL produced in animals and/or humans after administration of 
droxidopa, particularly in those with Parkinson's Disease 
 
The sponsor stated that there are no known metabolic pathways in humans that allow enzymatic 
conversion of droxidopa to DOPAL. In fact, DOPAL is an endogenous metabolite of dopamine 
(DA), not norepinephrine. This pathway is summarized in the Figure 1 (from Marchitti SA et al., 
2007). It should be noted that a metabolite of norepinephrine, DOPEGAL, is discussed further 
below. 
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Figure 1 
 

Formation and Metabolism of DOPAL and DOPEGAL 
(Ref: Marchitti SA et al., 2007) 

 
 The sponsor further addressed the report by Holmes et al. (2010) that showed detection 
of DOPAL in human plasma after oral administration of droxidopa, and its marked elevation 
(i.e., levels up to 6 nM) in Parkinson's disease patients treated with droxidopa.  The sponsor 
attributed the findings to a problem with the assay methodology. The authors used an aluminum 
extraction method to wash catecholamines from the column. This method apparently uses 
phosphoric acid to wash the column, rather than acetic acid. In fact, phosphoric acid, in contrast 
to acetic acid, was shown in the report to completely convert droxidopa to DOPAL in vitro. The 
sponsor concluded that elevated plasma levels of DOPAL were exaggerated, and resulted from 
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an error of the plasma purification and assay method in which the phosphoric acid used in the 
extraction procedure converted droxidopa to DOPAL. However, even if plasma levels were 
accurate, levels of 6 nM DOPAL were considered by the sponsor to be much lower than those 
seen in patients treated with the widely used dopamine precursor levodopa (L-DOPA).  
 
Further, the sponsor cited reports examining the effect of levodopa on progression of Parkinson's 
disease (PD). After treatment with carbidopa-levodopa for 40 weeks and a 2-week withdrawal, it 
was shown that severity of PD increased more in placebo than in PD (Parkinson's Study Group, 
2004). However, in a subset of patients receiving the highest dose of levodopa, dyskinesia and 
other symptoms (i.e., hypertonia, infection, headache, and nausea) were seen. This suggested to 
the authors that levodopa slows progression of PD, but SPECT imaging studies showed loss of 
nigrostriatal dopamine nerve terminals or possibly modification of the dopamine transporter. 
They concluded that the long-term effects of levodopa on PD were still uncertain. Although the 
process of levodopa-induced dyskinesia is well described in the literature, and hints at DOPAL-
mediated toxicity to dopaminergic neurons, the underlying pathophysiological mechanism for its 
effect appears complex (e.g., pulsatile stimulation of striatal postsynaptic receptors), and remains 
to be fully elucidated. (reviewed in Calabresi P et al., 2010). 
 
The sponsor cited another study using a brain bank in which the density of pigmented neurons 
were measured in the substantia nigra of PD patients who had documented long-term use of L-
DOPA therapy (Parkkinen L et al., 2011). Results showed no relationship between dose of L-
DOPA to either cortical or nigral Lewy body density. They concluded that chronic use of L-
DOPA does not enhance progression of PD pathology when assessed by histopathologic 
measures. The sponsor interpreted these to data to show that even when levels of DOPAL are 
known to be elevated with L-DOPA therapy, much more than that seen with droxidopa therapy, 
and no adverse neurologic effects are seen in PD patients, then the neurotoxic risk of any 
DOPAL generated from droxidopa should be considered minimal.  
 
Other studies not cited by the sponsor have shown benefit with droxidopa (L-DOPS) treatment in 
animals models of neurologic disease. In rats subjected to unilateral sensorimotor cortex 
ablation, L-DOPS was given together with benserazide (BSZ), a peripheral aromatic amino acid 
decarboxylase inhibitor to block peripheral norepinephrine (NE) increase and enhance L-DOPS 
entering the CNS. Results showed increased brain NE levels and improved behavioral ability of 
rats to perform beam walking (Kikuchi K eta l., 2000). L-DOPS treatment in the absence of BSZ 
was not conducted, indicating that L-DOPS when given alone may not readily cross the blood-
brain-barrier sufficient to provide measurable benefit. This enhanced approach to increase NE 
levels in the CNS was based on previous animal studies in which NE levels in the CNS are only 
marginally increased, when compared to plasma levels, after administration of L-DOPS alone 
(Ishikawa Y eta l., 1987; Kato T et al., 1987). 
 
In a mouse model of experimental autoimmune encephalomyelitis (EAE), treatment with 
droxidopa (L-DOPS) prevented further worsening. Further, co-treatment with atomoxetine, a NE 
reuptake inhibitor, significantly improved clinical scores, when compared to controls (Simonini 
MV, et al., (2010). These results suggested to the authors that selective elevation of NE in the 
CNS may provide benefit in EAE and multiple sclerosis. Also, entry of L-DOPS into the CNS 
sufficient to produce clinical benefit required additional intervention to increase local NE levels. 
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In a mouse model of Alzheimer's disease (AD), treatment with L-DOPS together with a 
peripheral aromatic amino acid decarboxylase inhibitor (BSZ), and a NE reuptake inhibitor 
(NARI) increased NE levels in the CNS, improved learning in a water maze test, and increased 
several neurotrophins and neurotrophic factors, indicating that increasing levels of NE in the 
CNS may provide benefit in AD (Kalinin S et al., 2011). 
 
3. What additional clinical and nonclinical studies may be conducted, if needed, to address this 
issue 
 
The sponsor concluded that since DOPAL is not a known metabolite of droxidopa in humans, 
and that levels of DOPAL reported by Holmes et al. (2010) are questionable with regard to their 
accuracy and found to be very low, no further studies either in animals or humans are needed. 
Further, they will be conducting a postmarketing surveillance program for worsening of 
neurological symptoms in patients treated with droxidopa. 
 
DOPAL vs. DOPEGAL 
 
Although it appears that DOPAL may only be formed enzymatically from dopamine, and not 
from droxidopa, as the sponsor suggests, another potentially neurotoxic metabolite, DOPEGAL 
(3,4-dihydroxyphenylglycolaldehyde), may be formed from norepinephrine (NE) (see Figure 1 
above). Although the toxicity of catecholamine metabolites, such as DOPAL and DOPEGAL, 
was predicted many years ago, their neurotoxic activity has been demonstrated only relatively 
recently (reviewed in Burke WJ et al., 2004; Marichitti SA, 2007).  
 
There are several reports demonstrating neurotoxicity of the norepinephrine (NE) metabolite 
DOPEGAL. Treatment of PC12 cells in vitro with DOPEGAL, but not NE, produced toxicity 
that was concentration and time dependent (Burke WJ et al., 1996). Further studies showed that 
the DOPEGAL-mediated cell death in PC12 cells resulted from apoptosis that was mediated 
through free radical intermediates (Burke WJ et al., 1997; Burke WJ et al., 1998). Further studies 
showed that direct injection of DOPEGAL into the rostral ventrolateral medulla of rats produced 
apoptosis of adrenergic neurons that was dose and time-dependent, and the effect was mediated 
through free radicals (Burke WJ et al., 2001). There appeared to be some cell selectivity in that 
coritcal neurons or glial cells were not affected. This was thought to be due to the lack of 
DOPEGAL uptake by the catecholamine transporter in these cells. The authors suggested that 
overall these studies support the premise that DOPEGAL is the toxic intermediate involved in 
the selective degeneration of NE neurons in the locus ceruleus that occurs in Alzheimer's 
disease, primarily because these are the cells that synthesize it, and that DOPEGAL may be a 
potential therapeutic target in treatment of this disorder (Burke WJ et al., 2004; Marichitti et al., 
2007). 
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Conclusions 
 
Based on the information currently available, it is possible to reasonably conclude the following: 
 
1. Treatment with droxidopa in rats and dogs for up to 52 weeks has not produced clear clinical 
evidence of neurotoxicity. Also, no clear evidence of clinical neurotoxicity has been reported in 
human patients given droxidopa since 1989, beyond what would be expected in this patient 
population. However, it should be mentioned that selective regions of the brains of animals 
known to be affected by the toxic catecholamine metabolites DOPAL and DOPEGAL (i.e., 
substantia nigra and locus ceruleus, respectively), were not specifically examined. Also, the 
difficulty of assessing drug-induced progression of neurological effects in a patient population 
with underlying neurological disease may be problematic. The sponsor, however, proposes to 
continue its postmarketing safety surveillance program for worsening of neurologic symptoms. 
 
2. Regarding the potential neurotoxicity of the dopamine metabolite DOPAL, the sponsor 
presented a reasonable argument that there is no known naturally-occurring metabolic pathway 
by which droxidopa, and by extension norepinephrine, can be converted into DOPAL. This was 
confirmed in a figure of the catecholamine metabolic profile, as reported by Marichitti et al. 
(2007). Further, the report by Holmes et al. (2010) citing detection of DOPAL in human plasma 
after oral administration of droxidopa, and its marked elevation in Parkinson's disease patients 
treated with droxidopa, was attributed to a error with the assay methodology in which 
phosphoric acid was used, resulting in inadvertent conversion of droxidopa to DOPAL. Even if 
the reported plasma levels of DOPAL (i.e., 6 nM) were correct, and such a non-enzymatic 
process could occur in vivo, levels seen in patients treated with the widely used dopamine 
precursor levodopa (L-DOPA) would be expected to be much higher, implying that if no adverse 
neurologic effects or neuropathology are seen in PD patients treated with L-DOPA, then the 
neurotoxic risk of droxidopa to humans should be considered minimal. Also, studies conducted 
in animal models of neurologic disease showed that treatment with L-DOPS produced 
neurological benefit, rather than toxicity, at least in the short-term, provided that additional 
agents were used to enhance CNS levels of L-DOPS (droxidopa) and its product norepinephrine. 
Overall, these data suggest that the risk of neurotoxicity resulting from local CNS conversion of 
droxidopa to DOPAL under therapeutic conditions may be considered minimal. 
 
3. Although it appears that DOPAL is not enzymatically formed from droxidopa, another 
potentially neurotoxic metabolite DOPEGAL may be formed from norepinephrine (NE). 
DOPEGAL has been reported to produce neurotoxicity to both neuronal cells in vitro as well as 
in vivo when injected directly into the brains of rats. These data suggest that DOPEGAL may be 
the toxic intermediate involved in the selective degeneration of noradrenergic neurons in the 
locus ceruleus that occurs in Alzheimer's disease. Although the doses of droxidopa needed to 
produce DOPEGAL locally in the CNS at sufficient levels to result in significant neuronal loss 
are not known, the risk to humans given therapeutic doses of droxidopa is difficult to assess. 
This is partly because there may be a significant and irreversible loss of neurons before clinical 
effects are detected. This may be true for both humans and animals in which no detectable 
neurological effects were seen, although the loss of specific neuronal cell types (e.g., 
noradrenergic neurons in the locus ceruleus) reported to be affected by the neurotoxic 
catecholamine metabolite DOPEGAL was not assessed. 
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4. Given some remaining uncertainty for assessing neurologic risk from droxidopa therapy, 
particularly in regard to the difficulty in assessing loss of specific neuronal cell types known to 
be affected by exposure to increased levels of toxic norepinephrine metabolites, a focused study 
in animals may be conducted to help assess the risk to humans under therapeutic conditions. 
Such a study can be conducted in rats, a well described model for examining the neurotoxicity of 
catecholamines and their metabolites. Rats can be given droxidopa daily (e.g., up to 28 days) 
using oral doses sufficiently above the human therapeutic dose, such as up to the maximum 
tolerated dose (MTD), then sacrificed and regions of the brains examined microscopically, with 
a focus on the noradrenergic neurons in the locus ceruleus. Results can be assessed for any 
toxicity seen, or lack thereof, as a multiple of the human exposure. Such a study will address 
whether droxidopa when given orally at some dose crosses the blood-brain-barrier in sufficient 
quantity to result in significant CNS toxicity or neuronal loss, regardless of the mechanism or 
metabolite involved. Whether such a study should be conducted as a condition for approval or 
post-approval is a subject for further discussion, especially given that droxidopa has been 
marketed in Japan since 1989. 
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1 Executive Summary 
1.1 Introduction 

Droxidopa is a synthetic amino acid that is metabolized by L-aromatic-amino-acid 
decarboxylase (DOPA decarboxylase) to produce norepinephrine. Beneficial 
hypertensive (i.e., vasoconstrictive) effects in patients with neurogenic orthostatic 
hypotension are mediated by the effects of norepinephrine on alpha adrenergic 
receptors in the vascular smooth muscle cells of blood vessels. 
 
1.2 Brief Discussion of Nonclinical Findings 

Pharmacology 
Single oral and/or intravenous doses of droxidopa increased blood pressure in 
anesthetized and unanesthetized rats, in anesthetized rabbits, and in anesthetized cats, 
but not in anesthetized dogs. Treatment with droxidopa also partially restored the 
normal, orthostatic blood pressure response to head-up tilt in rabbits and rats in whom 
this response had been blocked by prior drug treatment. There are no nonclinical 
studies that evaluated effects on blood pressure following repeated dosing with this 
drug. Interference with L-aromatic-amino-acid decarboxylase or with alpha adrenergic 
receptor function diminishes or abolishes the pressor effect produced by droxidopa. 
(Note that carbidopa, which is routinely given to Parkinson’s disease patients treated 
with L-DOPA, inhibits peripheral L-aromatic-amino-acid decarboxylase. This might limit 
the efficacy of droxidopa in this patient population.) Systemically administered 
droxidopa crosses the blood-brain barrier and increases norepinephrine levels in the 
brain. Intracerebroventricular injection of droxidopa in anesthetized rats produced a 
prolonged drop in blood pressure, presumably due to agonism of central α2 adrenergic 
receptors. A series of general pharmacology studies completed in whole animals or in 
isolated tissues found that droxidopa did not affect multiple physiological parameters, 
including: behavior, muscle tone, motor function, susceptibility to convulsions, heart 
rate, respiration, non-vascular smooth muscle contractility, intestinal motility, 
coagulation, fibrinolysis or bile secretion. 
 
Safety pharmacology 
Preclinical studies that examined acute pharmacological effects of droxidopa on CNS, 
cardiovascular and respiratory function demonstrated no adverse effects. An in-vitro 
hERG assay was negative.  
 
Pharmacokinetics/ADME/Toxicokinetics 
At the date of this review, data regarding the pharmacokinetics of droxidopa in the 
toxicology study species is limited in quantity. No data is available for rabbits. The only 
data available for mice and dogs are for a single dose level in each species and are 
from a study during which serum concentrations were sampled at three timepoints over 
four hours in mice and at four timepoints over eight hours in dogs. Repeat-dose data is 
currently available only for Rhesus monkeys, which were not one of the primary 
toxicology study species. The sponsor was asked to address this deficiency. The 
sponsor’s most recent response to requests for additional preclinical pharmacokinetic 
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data (dated 12/8/2011) indicated that they plan to complete a 7-day repeat dose 
pharmacokinetic study in rats. We indicated that this would not address the lack of 
repeat-dose data in other toxicology species.  
 
Serum protein binding in animals is undefined due to an assay that did not distinguish 
between drug and metabolites, and the assay was not subsequently repeated. 
Excretion of 14C following dosing with 14C-droxidopa was primarily via the urine in mice, 
rats, dogs and Rhesus monkeys. AUC and serum half life are increased in 
nephrectomized rats, compared to control. 
 
Data regarding serum metabolites is incomplete, both for animals and for humans. No 
metabolite data is available for rabbits. Serum metabolite data for mice and humans is 
only available for a single metabolite. Three serum metabolites and their conjugates 
were measured in rats, dogs and Rhesus monkeys, but, as shown in Table 15 below, 
significant fractions of single oral doses of 14C-droxidopa in these species were reported 
not as droxidopa or as one of these three metabolites but as “Others”, thus potentially 
indicating significant exposure to metabolites that have not yet been identified. It is 
difficult to determine whether toxicology study animals (particularly the mice and rats 
used for carcinogenicity studies and the rabbits used for reproductive toxicity studies) 
were exposed to all major human serum metabolites or to sufficient levels of those 
metabolites.  
 
Four human metabolites of droxidopa were evaluated by the CDER Computational 
Toxicology Group. Each of the four metabolites was predicted to be positive in more 
than one genotoxicity assay, two were predicted to be positive in 2-year rodent 
carcinogenicity assays, and a third has been previously shown to produce tumors in 
rats. One human metabolite was predicted to be teratogenic in rabbits, but it is not 
known whether rabbits produce that metabolite.  
 
Additional data related to human and animal serum metabolites and their levels have 
been requested from the sponsor. The sponsor's response (dated 1/26/12), which is 
relatively complex, is summarized and discussed in the Integrated Summary and Safety 
Evaluation section at the end of this review. As discussed in that section, I did not find 
their replies sufficient to address most of our concerns. At this time, the sponsor does 
not plan to provide additional data regarding serum metabolites for humans or for 
animals.   
 
General toxicology 
There was a notable dichotomy between species with regard to the toxicity of 
droxidopa. Droxidopa was essentially nontoxic at the highest doses tested in dogs 
(during repeat-dose studies up to 52 weeks) and in rhesus monkeys (during repeat-
dose studies up to 13 weeks). If the highest doses tested during the 52-week study in 
dogs and the 13-week study in monkeys are converted to human equivalent doses 
(based on body surface area), each is more than 30-fold greater than the total daily 
dose in a 60 kg patient treated with the highest recommended clinical dose (600 mg 
TID, or 30 mg/kg/day).  
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In contrast, all studies in mice and rats, including single-dose studies in each species, 
demonstrated renal tubular toxicity and cardiac myocyte toxicity. Renal tubular lesions 
ranged from mild to very severe in rat studies, but were mild in the mouse studies. The 
severity of the myocardial lesions (including necrosis, scarring and fibrosis) is not well 
described. In both species, cardiac and renal tubular lesions were observed at lower 
doses as the duration of dosing increased. During the longest studies in both rodent 
species, increased incidences of renal and cardiac lesions were observed at doses that, 
based on body surface area, were similar to or lower than the highest recommended 
clinical dose of droxidopa.  
 
As discussed in the “Integrated Summary” at the end of this review, it is possible to 
argue that the renal tubular lesions and cardiac lesions observed in rats and mice were 
species specific and are not likely to affect humans. The lack of similar lesions in dogs 
and monkeys argues for that interpretation. Additionally, as discussed in the Integrated 
Summary, it can also be argued that the increased incidence of renal lesions observed 
in rats (though not in mice) and that the increased incidences of myocardial lesions 
observed in both species simply represent exacerbation of normal, age-related, 
degenerative disease processes that are common in these species and that the 
underlying pathological mechanisms are unlikely to be applicable to humans. However, 
the presence of renal tubular lesions in mice may indicate a general nephrotoxic 
mechanism rather than one that only promotes an age-related, degenerative disease 
(chronic progressive nephropathy) in rats. The occurrence of renal and cardiac lesions 
in young animals during single-dose studies in both species may also argue against 
mechanisms that only promote age-related, degenerative changes. Also discussed in 
that section is a study which found that rats have a much higher density of α1-
adrenergic receptors in the cardiac ventricle than do several other species and that this 
caused rats to have a greater cardiac inotropic (contractile force) response following α1-
adrenergic stimulation than was observed in the other species. This could explain 
myocardial damage produced by a drug (droxidopa) that is a norepinephrine precursor.  
 
Genetic toxicology 
An Ames assay and an in-vivo micronucleus assay were negative. An in-vitro 
chromosome aberration assay was positive in the absence of metabolic activation but 
negative in the presence of metabolic activation. The sponsor suggests that 
chromosome aberrations in the absence of metabolic activation are caused not by 
droxidopa directly but indirectly by oxidation products of droxidopa. Addition of ascorbic 
acid (an antioxidant compound) to a second in-vitro chromosome aberration assay 
without metabolic activation reduced, but did not eliminate, the increase in chromosome 
aberrations. The chromosome aberration assay was not GLP compliant and the 
sponsor has been asked to either complete a GLP assay or explain why the reported 
assay would be sufficient.  
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Carcinogenicity  
The sponsor completed an 80-week assay in mice and a 104 week assay in rats. The 
CDER Executive Carcinogenicity Assessment Committee concurred that no drug-
related neoplasms were observed in either study. As noted above, it remains important 
to determine whether the mice and rats used in these studies were exposed to suitable 
serum levels of all important human metabolites of droxidopa. 
 
Reproductive and developmental toxicology 
The reproductive and developmental results from a Segment I study in rats, from a 
Segment II study in rabbits, and from a Segment III study in rats were all largely 
unremarkable.  
 
However, an extended Segment II study in rats (that also included evaluation of F1 
offspring and F2 fetuses) demonstrated possible reproductive toxicity in F1 females (that 
were exposed to drug only in-utero) and in F2 fetuses, but not in F0 females or F1 
fetuses. F1 females from the mid-dose group exhibited the following:  numbers of 
corpora lutea were decreased, embryonic or fetal deaths were increased, and numbers 
of live fetuses were decreased. Multiple skeletal malformations were observed in one F2 
fetus from the high-dose group and multiple visceral malformations were observed in 
one F2 fetus (from a different litter), also from the high-dose group. 
 
1.3 Recommendations 

1.3.1 Approvability 
 
There a no non-clinical findings that would prevent approval of droxidopa for the 
proposed indication. This application is approvable.  
 
 
1.3.2 Additional Non Clinical Recommendations 
 
Because of the severe renal tubular toxicity observed in rats and, with lesser severity, in 
mice, I recommend that the ongoing clinical study in renal-impaired patients be 
completed and evaluated before final approval is considered.  
 
Similarly, due to the myocardial necrosis and scarring observed in both rats and mice, it 
is important the sponsor provide adequate clinical cardiac safety data, including the 
clinical cardiac troponin measurements requested during the December 1, 2010, pre-
NDA meeting.  
 
Prior to approval, the sponsor should provide data sufficient to define human serum 
metabolites and to define serum levels of each of these metabolites in humans and in 
the toxicology species. This data is particularly important for evaluating the adequacy of 
the reproductive toxicity studies and of the rodent carcinogenicity assays. As noted 
above, of four human metabolites of droxidopa evaluated by the CDER Computational 
Toxicology Group, each was predicted to be positive in more than one genotoxicity 
assay, two were predicted to be positive in 3-year rodent carcinogenicity assays, and a 
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third has been previously shown to produce tumors in rats. One human metabolite was 
predicted to be teratogenic in rabbits, but it is not known whether rabbits produce that 
metabolite. 
 
1.3.3 Labeling 
 
The following addition is suggested for Section 7.2 under DRUG INTERACTIONS:  
 

Patients with Parkinson’s disease are commonly treated with carbidopa, which 
inhibits dopa decarboxylase outside of the central nervous system (CNS). 
Carbiodopa treatment would inhibit activation of NORTHERA outside of the CNS, 
which could prevent NORTHERA from constricting blood vessels and raising blood 
pressure. 

 
It is suggested that the animal study results noted under Section 8.1, Pregnancy, be 
edited to read as follows: 
 

Following consecutive oral administration at doses of 60, 200 and 600 mg/kg/day to 
pregnant Sprague Dawley rats, increased incidences of lower body weight and 
occurrence of undulant rib were noted but they were slight and spontaneously 
reversible after birth. Based on dose per unit body surface area, these three doses 
correspond to approximately 0.3, 1 and 3 times, respectively, the maximum 
recommended total daily dose of 1800 mg in a 60 kg patient.  Shortening of 
gestation period was observed in rats at 600 mg/kg/day.  No other potentially 
teratogenic effects have been observed in studies in rats and rabbits. 

 
It is suggested that Section 12.1, Mechanism of Action, be edited to read as follows: 
 

The exact mechanism of action of NORTHERA on blood pressure is unknown. 
Droxidopa is a synthetic amino acid analog that is directly metabolized to 
norepinephrine by dopa-decarboxylase, which is extensively distributed throughout 
the body. Droxidopa exerts its effects through norepinephrine and not through the 
parent molecule or other metabolites. Norepinephrine increases blood pressure by 
inducing peripheral arterial and venous vasoconstriction, and has known effects in 
the central nervous system. Animal data show that droxidopa replenishes 
norepinephrine stores in the central nervous system and likely acts similarly in the 
peripheral nervous system. Droxidopa in humans induces relatively small transient 
rises (<1 ng/mL) in plasma norepinephrine.  In clinical trials blood pressure 
increases were observed to be greater upon standing than when supine, and there 
were no significant increases in resting heart rate. Droxidopa crosses the blood-
brain barrier. 

 
It is suggested that Section 13.1, Carcinogenesis, Mutagenesis and Impairment of 
Fertility, be edited to read as follows: 
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Long-term studies have been conducted in rats and mice at dosages up to 1000 
mg/kg/day in mice and up to 100 mg/kg/day in rats with no indication of carcinogenic 
effects related to droxidopa. Based on dose per unit body surface area, these two 
doses correspond to approximately 3 and 0.5 times, respectively, the maximum 
recommended total daily dose of 1800 mg in a 60 kg patient. Droxidopa was 
clastogenic in Chinese hamster ovary cells (chromosome aberration assay), but was 
not mutagenic in bacteria (Ames assay) and was not clastogenic in a mouse 
micronucleus assay. Studies in the rat show that droxidopa has no effect on fertility. 

 
It is suggested that Section 13.2, Animal Toxicology and Pharmacology, be edited to 
read as follows: 
 

Droxidopa was nontoxic in dogs and monkeys at doses that were more than 30 
times higher than recommended human doses, but it was toxic in rats and mice at 
doses that were similar to human doses. Monkeys treated with 3000 mg/kg/day for 
13 weeks and dogs treated with 2000 mg/kg/day for 52 weeks did not demonstrate 
toxicity. Based on dose per unit body surface area, these two doses correspond to 
approximately 32 and 37 times, respectively, the maximum recommended total daily 
dose of 1800 mg in a 60 kg patient. Rats treated for 52 weeks with 100 or 300 
mg/kg/day had increased incidences of renal lesions, cardiac lesions and deaths. 
Based on dose per unit body surface area, these two doses correspond to 
approximately 0.5 and 1.6 times, respectively, the maximum recommended total 
daily dose of 1800 mg in a 60 kg patient. Mice treated for 80 weeks with 300 or 1000 
mg/kg/day had increases incidences of renal lesions and cardiac lesions. Based on 
dose per unit body surface area, these two doses correspond to approximately 0.75 
and 2.5 times, respectively, the maximum recommended total daily dose of 1800 mg 
in a 60 kg patient.     

 
 

2 Drug Information 
2.1 Drug 

CAS Registry Number:  2365 1-95-8 
 
Generic Name:  droxidopa 
 
Code Name:  SM-5688 
 
Chemical Name:  (-)-threo-3-(3,4-dihydroxypheny1)-L-serine 
 
Molecular Formula/Molecular Weight:  C9H1NO5 / 213.19 
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Soldatova, Ph.D., indicated that the following request has been sent to the drug 
manufacturer:  
 

Several potentially genotoxic droxidopa impurities have been identified by structural alerts 
and computational toxicology assessment. They are:  

 Each of these impurities would need to be either 
controlled in the drug substance to a level that allows a maximum daily intake of  

 or determined to be negative by a structural activity relationship (SAR) assessment. 
Such a determination may include a review of the available literature, a similar computational 
toxicology assessment, or an in vitro mutation assay (i.e., bacterial reverse mutation assay) (see 
Guidance for Industry: Genotoxic and Carcinogenic Impurities in Drug Substances and Products: 
Recommended Approaches; Dec. 2008; 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/uc
m079235.pdf). In case you choose to control the levels of these impurities in the drug 
substance specification, you should provide appropriate validation data to demonstrate that 
the analytical procedure is capable of quantifying these impurities at the respective level. 

 
Additional concerns were recently posed regarding the potential neurotoxicity of  

 which is identified in the medical literature as 3,4-dihydroxyphenylacetaldehyde or as 
DOPAL. An information request was sent to the sponsor on January 12, 2012, that 
contained the following text: 
 

As you may be aware, DOPAL (3,4-dihydroxyphenylacetaldehyde) has been reported to 
possess neurotoxic effects both in vitro and in vivo. Also, it has been shown to be  detected in 
human plasma after oral administration of droxidopa, and is markedly elevated in Parkinson's 
Disease patients treated with droxidopa (see references below). Given that droxidopa crosses 
the bloodbrain-barrier and is likely to be converted into DOPAL in the CNS, we would like 
you to address this safety concern. Please include the following in your response: (1) the 
adequacy of the existing clinical and nonclinical evidence demonstrating lack of neurotoxic 
effects after droxidopa administration, (2) levels, if known, of DOPAL produced in animals 
and/or humans after administration of droxidopa, particularly in those with Parkinson's 
Disease, and (3) what additional clinical and nonclinical studies may be conducted, if needed, 
to address this issue. 
 
References: 
Burke WJ et al.; 3,4-dihydroxyphenylacetaldehyde is the toxic dopamine metabolite in vivo: 
implications for Parkinson's disease pathogenesis; Brain Res. 2003; 989:205-213. 
 
Goldstein DS; L-dihydrophenylserine (L-DOPS): a norepinephrine prodrug; Cardiovasc. 
Drug Rev. 2006; 24:189-203. 
 
Goldstein DS, et al.; Catechols in post-mortem brain of patients with Parkinson disease; Eur J 
Neurol. 2011;18:703-10. 
 
Holmes C et al.; Contamination of the norepinehprine prodrug droxidopa by 
dihydroxyphenylacetaldehyde; Clin. Chem. 2010; 56:832-838. 
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Kristal BS et al.; Selective dopaminergic vulnerability: 3,4-dihydroxyphenylacetaldehyde 
targets mitochondria; Free Radical Biol. Med. 2001; 30:924-931. 
 
Li SW et al.; 3,4-dihydroxyphenylacetaldehyde and hydrogen peroxide generate a hydroxyl 
radical: possible role in Parkinson's disease pathogenesis; Mol. Brain res. 2001; 93:1-7. 
 
Panneton WM et al.; The neurotoxicity of DOPAL: behavioral and stereological evidence for 
its role in Parkinson disease pathogenesis; Plos One 2010; 5(12):e15251. 

 
 
2.6 Proposed Clinical Population and Dosing Regimen 

For treatment of symptomatic neurogenic orthostatic hypotension in patients with 
primary autonomic failure (Parkinson’s Disease, Multiple System Atrophy and Pure 
Autonomic Failure), Dopamine Beta hydroxylaseDeficiency and Non-Diabetic 
Autonomic Neuropathy.  
 
The recommended starting dose of NORTHERA is 100 mg, administered three times 
per day (TID) orally.  The dose may be increased in increments of 100 mg TID at the 
prescriber’s discretion, up to a maximum dose of 600 mg TID (i.e., a maximum total 
daily dose of 1800 mg). 
 
2.7 Regulatory Background 

This drug has been studied clinically in Japan and Europe and has been marketed in 
Japan since 1989. 
 

3 Studies Submitted 
3.1 Studies Reviewed  

 Study EA.C-1-1:  Effect of L-Threo-DOPS on blood pressure in unanesthetized, 
unrestrained rats 

 Study Ref-C-04:  Araki H, et al. Pressor effect of L-threo-3,4-
dihydroxyphenylserine in rats. J Pharm Pharmacol. 1981;33:772-7. 

 Study EA-C-1-2:  Effects of L-Threo-DOPS on blood pressure and tilting-induced 
postural hypotension in rabbits 

 Study C-2-8:  Effect of L-Threo-DOPS on blood pressure, heart rate and blood 
norepinephrine level in anesthetized dogs 

 Study C-1-25:  Beneficial attenuating effect of L-Threo-DOPS on postural 
hypotension in anesthetized rats 

 Study C-1-24:  General pharmacology of (-)-(2S,3R)-2-amino-3-hydroxy-3-(3,4-
dihydroxyphenyl) propionic acid (L-Threo-DOPS) 

 Study C-2-3:  Interactions between L-Threo-DOPS and L-DOPA - behavior and 
biochemistry  
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 Study ZNA31751.006:  Effect of L-threo-DOPS on hERG tail current recorded 
from stably transfected HEK293 cells 

 Study D-2:  Metabolism of L-DOPS in animals 

 Study IB-4:  Pharmacokinetic study of L-DOPS -measurement of the 
bioavailability of L-DOPS in rats 

 Study B-2-7 (3376-333/1):  SM - 5688: A 14 day oral (gastric intubation) dose 
range-finding study in the Rhesus monkey 

 Study Add.Ref.D-1:  In vivo pharmacokinetic study of L-DOPS in nephrectomized 
rats 

 Study D-1:  Absorption, distribution and excretion of L-DOPS in animals 

 Study D-5:  Disposition and effect on the hepatic drug metabolic enzyme system 
of L-DOPS after multiple administration in rats 

 Study D-7:  Protein binding of L-DOPS 

 Study B-1-2:  Acute toxicity study of SM-5688 in mice 

 Study B-1-5:  Acute oral and intravenous toxicity study of SM-5688 in rats 

 Study B-1-6:  Acute oral toxicity study of L-Threo-DOPS in dogs 

 Study B-1-7:  Acute oral toxicity study of L-Threo-DOPS in Rhesus monkeys 

 Study EA-B-3 (SMO/255):  SM-5688 Preliminary toxicity study in mice by dietary 
administration for 13 weeks 

 Study EA-B-1 (86/SUP001/095):  SM-5688 52-week toxicity and 12-week 
reversibility study following oral administration to rats  

 Study B-3-3 (343-156):  Chronic toxicity study in dogs SM-5688 

 Study B-7-1:  Reverse mutation test of SM-5688 in bacterial systems 

 Study B-7-2-1:  In-vitro chromosomal aberration study of SM-5688 in Chinese 
hamster ovary cells (CHO-K1) 

 Study B-7-3:  Micronucleus test of SM-5688 in mouse bone marrow cells 

 Study EA-B-1-1 (SUP 4/90180):  SM-5688 potential tumorigenic effects in dietary 
administration to mice for 80 weeks 

 Study EA-B-2-1 (SUP 4/901047):  SM-5688 potential tumorigenic effects in 
prolonged dietary administration to rats 

 Study B-4-1:  Study by administration of SM-5688 prior to and in the early stage 
of pregnancy in rats 

 Study B-4-2:  Study by administration of SM-5688 during the period of fetal 
organogenesis in rats 

 Study B-4-7:  Study of administration of L-threo-DOPS during the period of fetal 
organogenesis in rabbits 
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 Study B-4-4:  Study by administration of SM-5688 during the perinatal and 
lactation period in rats (follow-up study) 

 Study B-6-1:  Antigenicity study of SM-5688 
 
3.2 Studies Not Reviewed  

 Study EA-Ref-D-01:  Possible Relationship between an Increase in Blood 
Pressure and Blood Concentration or AUC 

 Study EA-C-1-3:  Effects on Blood Pressure, Cerebral Blood Flow, and Bleeding-
Induced Hypotension 

 Study C-1-23:  Hemodynamic Effects of L-Threo-DOPS in Anesthetized Open-
Chest Rats 

 Study C-1-5:  Penetration of L-Threo-DOPS, a Precursor of Norepinephrine, into 
the Brain in Various Experimental Animals 

 Study Add-C-1-1:  Norepinephrine Supplement Effect of Repeat Administration in 
Animals Depleted of Brain NE 

 Study C-1-21:  Norepinephrine Supplement Effect of Repeat Administration in 
Animals Depleted of Brain NE 

 Study C-1-21:  Effect on Noradrenergic Regulation of the Caudate Nucleus 

 Study C-1-06: Effect on Catecholamine Release in Striatum-Intracerebral 
Dialysis Study 

 Study C-1-14:  Study of L-threo-DOPS Uptake Using Guinea Pig Brain 
Homogenate 

 Study C-1-11:  Fluorescence Histochemical Study on Effects in the Brain 

 Study C-1-10:  The Increase in Brain NE Level by L-THREODOPS 
Administration in the Long-Standing Parkinsonism 

 Study C-2-09:  Effect on Renal Hemodynamics and Renal Function 

 Study EA-C-1-5:  Effect on Blood Pressure in Neprectoomized Rats 

 Study Ref-C-06:  Inhibition of Harmaline Tremor Induced by L-Thre0-3,4-
Dihydroxyphenylserine, a Norepinephrine Precursor 

 Study C-1-17:  Effect on Tetrabenazine-Induced Ptosis 

 Study C-1-27:  Reactivity Of L-, D- and Dl-Threo-Dops For Aromatic L-Aminoacid 
Decarboxylase, and Effect of Them on the Tetrabenazine-Induced Ptosis in Mice 

 Study C-1-19:  Effects on Operant Behavior 

 Study IB-1:  Effects Of L-Threo-3,4-Dihydroxyphenylserine (L-Threo-Dops), An 
Ne Precursor, On Operant Behavior In Rats 
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 Study C-1-18:  Involvement of Antiserotonin Action in Combination with 
Noradrenaline-Stimulating Action on Muricide Inhibition 

 Study C-1-22:  Effect on Spinal Reflexes and Decerebrate Rigidity 

 Study EA-C-1-3:  Effects on Spontaneous Locomotor Activity in the Bleeding-
Induced Hypotension Model 

 Study C-2-13:  General Pharmacological Studies On Main Metabolites Of L-
Threo-Dops 

 Study C-2-1:  Effects of L-Threo-Dops on EEG in Rabbits and Rats 

 Study C-2-6:  Effect of L-Threo-DOPS on Dopamine Hydroxylase 

 Study C-2-5:  Effect of L-Threo-DOPS on Tyrosine Hydroxylase 

 Study EA-C-1-4:  Study on Drug Interactions of L-THREO-DOPS: Concomitant 
Administration With Amezinium Metilsulfate And Epoetin Beta 

 Study C-1-02:  Effects Of L-Threo-Dops On Central And Autonomic Nervous 
Systems 

 Study C-2-11:  Effects of L-DOPS on Blood Glucose Level and the Secretion of 
Growth Hormome (GH) and Prolactin (PRL) in Conscious Rats 

 Study D-03:  Foeto-placental transfer and excretion into milk of L-DOPS in rats 

 Study ZNA31751.001:  Investigation of the Potential Inhibitory Effect of 
Droxidopa on Human Cytochrome P450 (CYP) Model Substrates 

 Study ZNA31751.002:  Droxidopa: Evaluation of the Potential Induction Effect on 
Cytochrome P450 CYP1A2, CYP2B6 and CYP3A4/5 Enzyme Activities in 
Freshly Isolated Human Hepatocytes 

 Study D-4:  Disposition of a major metabolite of L-DOPS (3-0M-DOPS) in rats 

 Study C-2-10:  Effect of peripheral decarboxylase inhibitors on the serum 

 Study D-6:  Effects of age, renal failure and co-administration on the disposition 
of 14C-L-DOPS in rats 

 Study EA-D-4:  Absorption and metabolism of L-DOPS following single dosing in 
chronic renal failure rats 

 Study EA-D-1:  Pharmacokinetic study of L-DOPS in nephrectomized rats 

 Study EA-D-2:  Disposition of L-DOPS after multiple oral administration in 
partially nephrectomized rats 

 Study EA-D-3:  Excretion of L-DOPS after single oral administration in partially 
nephrectomized rats 

 Study B-1-1:  Acute Oral and Intravenous Toxicity Study of L-Threo-
Dihydroxyphenylserine in Mice 
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 Study B-1-3:  Acute Oral and Intravenous Toxicity Study of L-Threo-
Dihydroxyphenylserine in Rats 

 Study B-1-4:  Acute Subcutaneous Toxicity Study of SM-5688 in Rats 

 Study B-2-6:  2 Week Oral Toxicity Study of L-Threo-DOPS in Rats 

 Study 84/SUMOl0/016:  SM-5688 13-Week Toxicity and Reversibility Study in 
Oral Administration to CD Rats 

 Study SMO 276/871584:  SM-5688 Preliminary Toxicity to Rats by Dietary 
Administration for 13 Weeks 

 Study B-2-3:  1 Month Oral Toxicity Study of L-DOPS in Dogs 

 Study B-2-4:  3-Month Oral Toxicity Study of SM-5688 in Dogs 

 Study 3776-333/2:  SM-5688 13 Week Oral (Gastric Intubation) Toxicity Study in 
the Rhesus Monkey with a 6 Week Treatment-Free Period 

 Study B-7-2-2:  Inhibition of Chromosomal Aberrations Induced by SM-5688 
Using Ascorbic Acid 

 Study  B-4.8:  Oral Dose-Range-Finding Toxicity Study of SM-5688 for 2 Weeks 
in Female Rats and for 4 Weeks in Male Rats 

 Study B-4-5:  Teratology Study Of L-Threo-DOPS in Rats (Preliminary Study) 

 Study B-4-3:  Study by Administration of SM-5688 During the Perinatal and 
Lactation Period in Rats 

 
3.3 Previous Reviews Referenced 

None.
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4 Pharmacology 
The pharmacology studies reported with this NDA largely consist of whole-animal 
physiological studies. Key studies are summarized below.  
 
4.1 Primary Pharmacology 

Droxidopa is a synthetic amino acid that is metabolized by L-aromatic-amino-acid 
decarboxylase to produce norepinephrine. Beneficial hypertensive effects in patients 
with neurogenic orthostatic hypotension are mediated by the effects of norepinephrine 
on alpha adrenergic receptors in vascular smooth muscle cells of blood vessels. 
 
4.1.1 Effect of L-Threo-DOPS on blood pressure in unanesthetized, unrestrained 

rats (Study EA.C-1-1) 
 
This study evaluated the hypertensive (pressor) effects of orally-dosed droxidopa in 
unanesthetized, unrestrained rats. Previously implanted, fluid-filled cannulas connected 
to external pressure sensors were used to measure abdominal aortic pressures. 
Pressures were recorded prior to administration of drug and at 1, 2, 3 and 5 hours after 
administration of drug. Animals were dosed by oral gavage with one of the four 
treatments listed below. (The brief study report does not specify a number of details 
regarding this study, including the number of animals in each group.)  

 vehicle (0.5% methylcellulose in water)  

 50 mg/kg droxidopa  

 100 mg/kg droxidopa  

 a mixture of 50 mg/kg droxidopa plus 0.5 mg/kg of carbidopa (an inhibitor of L-
aromatic-amino-acid decarboxylase)   

 
The sponsor’s Figure 1 below illustrates the effects observed for vehicle, 50 mg/kg 
droxidopa, and 100 mg/kg droxidopa. In animals administered vehicle, mean arterial 
pressures were unchanged at subsequent measurements. In animals administered 50 
or 100 mg/kg of droxidopa, mean arterial pressures at 1 hour were approximately 123±4 
mmHg in the 50 mg/kg group and approximately 129±4 mmHg in the 100 mg/kg group. 
Effects on blood pressure were unchanged at three hours but were reduced at five 
hours. 
 
The sponsor’s Table 1 below illustrates the effect of simultaneous dosing with droxidopa 
plus carbidopa (an inhibitor of L-aromatic-amino-acid decarboxylase, the enzyme that 
converts droxidopa to norepihephrine). Treatment with vehicle produced no effect on 
blood pressure. Treatment with 50 mg/kg droxidopa produced an increase similar to the 
result observed previously. Simultaneous treatment with droxidopa plus carbidopa 
blocked the hypertensive effect of droxidopa, thus supporting the conclusion that 
conversion of droxidopa to norepinephrine is required for this effect.  
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 benserazide (an inhibitor of L-aromatic-amino-acid decarboxylase, the enzyme 
that converts droxidopa to norepihephrine) 

 tolazoline (an α-adrenergic receptor antagonist) 

 6-hydroxydopamine (6-0HDA, a neurotoxin that selectively kills dopaminergic 
and noradrenergic neurons) 

 
Principal results from the experiments that employed intravenous (iv) or oral (po) dosing 
are summarized below in the sponsor’s Table 2, which is transcribed from a table in the 
publication by Araki, et al (1981). The first three rows of results in the table demonstrate 
that both intravenous and oral dosing with droxidopa produced sustained pressor 
responses, while intravenous dosing with norepinephrine produced only a transient 
pressor response. (Note that, in the three experiments for which Table 2 reports 
duration of response as either 180 or 200 minutes, those time points represent the end 
of monitoring rather than a loss of pressor effect at those time points.) Intraperitoneal 
injection of 50 mg/kg of benserazide one hour prior to treatment with droxidopa greatly 
reduced the pressor effect, again demonstrating the importance of L-aromatic-amino-
acid decarboxylase for converting droxidopa to active drug. Blockade of α-adrenergic 
receptors by intraperitoneal injection of 20 mg/kg of tolazoline 10 minutes prior to 
challenge blunted the pressor responses produced by intravenous injection of either 
droxidopa or norepinephrine, suggesting that the pressor effects of droxidopa are 
mediated either solely or largely by α-adrenergic receptors. Finally, and of potential 
importance for patients with neurogenic orthostatic hypotension (in whom noradrenergic 
neuronal function may be greatly reduced), chemical ablation of noradrenergic neurons 
by intraperitoneal injection of 100 mg/kg of 6-hydroxydopamine (6-0HDA) on the fourth 
and fifth days prior to drug challenge increased the pressor responses produced by both 
droxidopa or norepinephrine. The sponsor speculates that the increased sensitivity to 
droxidopa and norepinephrine following ablation of noradrenergic neurons may be due 
to loss of norepinephrine neuronal reuptake sites.   
 
One interesting result from the Araki publication that is not captured in Table 2 is the 
effect produced by intracerebroventricular injection of either droxidopa or 
norepinephrine. Both drugs produced reductions in blood pressure when delivered via 
this route. As shown in Figure 2 below (from Araki et al., 1981.), a 40 μg injection of 
droxidopa produced a significant and prolonged drop in blood pressure. The Araki 
publication does not report the magnitude of depressor response produced by 
intracerebroventricular injection of 1 μg of norepinephrine, but it indicates that the 
depressor response was immediate and that it lasted for 7-8 minutes. Although a 
hypothesized mechanism for this central hypotensive effect is not discussed in the Araki 
publication or by the sponsor, it seems reasonable to speculate that it might be due to 
agonism of central α2 adrenergic receptors, i.e., similar to mechanisms reported for 
centrally acting hypotensive drugs such as clonidine, guanfacine or methyldopa. Given 
that droxidopa crosses the blood brain barrier, the results of preclinical studies indicate 
that the peripheral pressor response of systemically administered droxidopa eclipses 
the central hypotensive effects that are also produced by the drug.   
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Table 2.  Effects of droxidopa and norephinephrine on blood pressure in rats 

Figure 2.  Effects of intracerbroventricular droxidopa on blood pressure in rats 
(from Araki, 1981.)  
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Figure 6.  Effects of droxidopa on respiration, nictitating membrane and blood 
pressure in cats (sponsor’s figure)  
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4.1.6 Beneficial attenuating effect of L-Threo-DOPS on postural hypotension in 
anesthetized rats (Study C-1-25) 

 
This study evaluated the effect of droxidopa on hypotension induced by four minutes of 
60 degree tilt in anesthetized rats in which the baroreceptor effects on blood pressure 
had been chemically blocked by prior treatment either with hexamethonium, which 
blocks sympathetic nerve ganglia, or with DSP-4, which decreases central and 
peripheral norepinephrine levels.  
 
Both hexamethonium and DSP-4 blocked the normal, rapid baroreceptor effects on 
blood pressure observed in control animals. Droxidopa injected intravenously at 3, 10 or 
30 mg/kg in animals pretreated with hexamethonium and at 1, 3 and 10 mg/kg in 
animals pretreated with DSP-4 provided a dose-dependant improvement in the 
hypotension that was observed following 60 degree tilt. The sponsor’s Figures 7 and 8 
below provide example results. Figure 7 shows that hexamethonium treatment 
abolished the rapid baroreceptor effect on blood pressure observed in control animals 
(that had not been treated with hexamethonium) and that blockade of baroreceptor 
effects were largely maintained through 110 minutes following injection of the 
hexamethonium. Figure 8 illustrates the effect of a 10 mg/kg intravenous injection of 
droxidopa in animals that had been pretreated with hexamethonium. (In Figure 8, 
“Control” represents animals that were pretreated with hexamethonium but not injected 
with droxidopa.) Figure 8 shows that at 10 and 30 minutes following injection of 
droxidopa, the blood pressure response to tilt was similar to that observed in Figure 7 
for control animals that had not been treated with hexamethonium. By 90 minutes after 
injection of droxidopa, the beneficial effects of droxidopa had disappeared. 
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4.2 Secondary Pharmacology 

 
4.2.1 General pharmacology of (-)-(2S,3R)-2-amino-3-hydroxy-3-(3,4-

dihydroxyphenyl) propionic acid (L-Threo-DOPS) (Study C-1-24) 
 
This relatively extensive series of in-vivo, general pharmacology studies evaluated the 
pharmacological effects of droxidopa (L-threo-DOPS) on multiple organ systems. Other 
aspects of this series of general pharmacology studies are discussed above under 
“Primary Pharmacology” and below under “Safety Pharmacology”.  
 
Other than effects on blood pressure, the observed pharmacological effects of 
droxidopa were minimal. Of note, this series of studies incorporated many of CNS, 
cardiovascular and respiratory evaluations that would currently be requested as safety 
pharmacology studies. The sponsor’s abstract from the study report is judged to provide 
a useful, if brief, summary and is copied below.  

 
The pharmacological effects of L-threo-DOPS on the central nervous, respiratory, 
cardiovascular, gastro-intestinal and other systems were investigated in several 
experimental animals. Results showed: 
 

1. L-threo-DOPS hardly affected the behavior, muscle tone or motor function in 
mice at doses up to 800 mg/kg p.o. It did not prolong hexobarbital sleeping time 
or suppress convulsions induced by pentylenetetrazol, bicuculline or maximal 
electroshock in mice. L-threo-DOPS slightly lowered the rectal temperature in 
normal rats and in those with yeast-induced fever at doses of 200-400 mg/kg p.o. 
and 100-200 mg/kg p.o., respectively; this fall in the rectal temperature of normal 
rats was antagonized by pretreatment with benserazide (3mg/kg, p.o.). L-threo-
DOPS did not affect the rectal temperature of intact mice at 200-800 mg/kg p.o. 

 

2. L-threo-DOPS at doses of 1 to 10 mg/kg i.v. raised the blood pressure in both 
normal and vagotomized cats anesthetized with urethane. L-threo-DOPS at 1 
and 2 mg/kg i.v. also raised the blood pressure in rats anesthetized with 
urethane. However, it did not affect the respiration, heart rate, pressor response 
to norepinephrine or tyramine or contractions of the nictitating membrane 
produced by electrical stimulation of the preganglionic superior cervical nerve 
fibers or by tyramine in cats. 

 

3. L-threo-DOPS at concentrations up to 3×10-5 g/mL did not affect the 
spontaneous motility of the isolated uterus of pregnant or nonpregnant (diestrus) 
rats, that of the isolated ileum or vas deferens of guinea pigs, or that of the 
isolated stomach of rats; nor did it affect the spontaneous motility of the isolated 
aorta at concentrations up to 10-5 g/ml; nor did it affect the contractions of the 
isolated ileum of guinea pigs caused by acethylcholine, histamine or BaCl2; nor 
did it affect contractions of the isolated aorta of rats caused by norepinephrine. 

 

4. L-threo-DOPS (30-100 mg/kg, p.o.) did not markedly affect the propulsive 
movement of charcoal in the small intestine in mice. A high dose (800 mg/kg 
intraduodenally) inhibited gastric secretion and prevented the water-immersion 
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4.3 Safety Pharmacology 

 
CNS effects 
 
CNS and behavioral effects of droxidopa appear to be undetectable in normal animals. 
The principal evaluations of these effects were included in Study C-1-24 and are briefly 
summarized below.  
 
Although not reviewed here, it was noted during the NDA review process that three 
preclinical studies reported by the sponsor (Studies C-1-19, IB-1 and C-1-18) evaluated 
droxidopa for possible antidepressant activity. All three were judged by the 
experimenters to be positive. 
 
4.3.1 CNS and behavioral effects of droxidopa [from Study C-1-24, “General 

pharmacology of (-)-(2S,3R)-2-amino-3-hydroxy-3-(3,4-dihydroxyphenyl) 
propionic acid (L-Threo-DOPS)”] 

 
Other aspects of this series of general pharmacology studies are discussed above 
under “Primary Pharmacology” and “Secondary Pharmacology” and below under CNS 
effects and Respiratory effects.  
 
Oral dosing with 10 mg/kg of droxidopa produced no effects during the following 
behavioral tests completed in mice: 

 effect on spontaneous locomotor activity  

 effect on pentylenetetrazol-induced convulsions 

 effect on bicuculline-induced convulsions 

 effect on duration of hexobarbital-induced anesthesia 

 muscle relaxation effect (traction test) 

 effect on motor coordination (rota-rod test) 

 effect on duration of hexobarbital-induced anesthesia 
 
Oral doses of droxidopa ≥ 200 mg/kg produced small decreases (< 1° C) in body 
temperature in rats. Doses up to 800 mg/kg did not affect body temperature in mice.  
 
Cardiovascular and respiratory effects 
 
Cardiovascular and respiratory effects of droxidopa were generally minimal in normal 
animals. The principal evaluations of these effects were included in Study C-1-24 and 
are briefly summarized below.  As noted above under “Primary Pharmacology”, 
droxidopa was shown to increase blood pressure in conscious and anesthetized rats, in 
anesthetized rabbits, and in anesthetized cats, but not in anesthetized dogs.  
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ECGs were also recorded during a 52-week repeat-dose toxicity study in dogs that 
included a 12-week recovery period. ECGs were recorded once prior to study initiation 
and during weeks 13, 26, 39, 52 and 58. It is not clear whether any ECG parameters 
other than rate (the only parameter reported) were analyzed. Heart rates in high-dose 
(2000 mg/kg/days) males at 52 weeks were significantly lower than control, but this 
observation was not supported by findings at other timepoints or other doses. Heart rate 
results from the 52-week dog study are summarized below in the sponsor’s Table 31 in 
Section 6.2.3 of this review. 
 
4.3.2 Cardiovascular and respiratory effects of droxidopa [from Study C-1-24, 

“General pharmacology of (-)-(2S,3R)-2-amino-3-hydroxy-3-(3,4-
dihydroxyphenyl) propionic acid (L-Threo-DOPS)”] 

 
Effects on respiration, blood pressure, heart rate and electrocardiogram were evaluated 
in urethane-anesthetized cats. Effects on blood pressure are discussed above under 
“Primary Pharmacology”. Intravenous doses up to 10 mg/kg produced no effects on 
heart rate, ECG or respiration. No data are provided regarding ECG results, only a 
statement that there were no effects. Respirations were recorded with a chest tambour 
recording on carbon-blackened paper (See Figure 6 above.) or with a thermistor 
respiration pickup connected to a chart recorder. These respiration methods can record 
changes in respiration depth and, if the paper moves with sufficient rapidity, the 
respiratory rate. 
 
Effects on blood pressure and heart rate were also evaluated in urethane-anesthetized 
rats. Intravenous doses of 1 or 2 mg/kg of droxidopa increased blood pressure but did 
not affect heart rate. 
 
Droxidopa at concentrations up to 100 μg/mL had no effects (dilation or contraction) on 
strips of isolated rat aorta. 
 
 
4.3.3 Effect of L-threo-DOPS on hERG tail current recorded from stably 

transfected HEK293 cells (Study ZNA31751.006) 
 
This assay evaluated droxidopa concentrations of 10, 30 and 90 μg/mL in bath solutions 
that contained 0.05 % HCl. Vehicle control was a bath solution that contained 0.05 % 
HCl. The study report indicates that concentrations were limited by drug solubility in the 
HCl solution and that 0.05 % HCl was the highest concentration tolerated by the test 
system. Positive control was a solution containing E-4031 at a 100 nM concentration.  
 
Exposure to vehicle (0.05 % HCl) reduced hERG tail current by 14.60%. Exposure to 
10, 30 and 90 μg/mL of droxidopa increased hERG tail current by 20.14%, 9.77% and 
11.47%, respectively. Exposure to positive control (E-4031) decreased hERG tail 
current by 87.99%. The assay was negative at the tested drug concentrations. 
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dihydroxytoluene) was requested from the CDER Computational Toxicology Group. The 
report of this analysis is attached as Attachment 2. Summary tables from the report are 
copied below as Tables 17 – 22. Note in Table 17 that metabolites VA and PA were 
predicted to be positive in rodent carcinogenicity assays and that metabolite HC (3,4-
dihydroxytoluene) previously tested positive in a rat carcinogenicity assay.2 As shown in 
Tables 18 and 19, the three other metabolites that were evaluated (3-OM-DOPS, VA 
and PA) were each predicted to test positive in more than one genotoxicity assay. Table 
20 and 22 indicate that 3-OM-DOPS was predicted to be positive for reproductive 
toxicity in rabbits. Table 21 indicates that none of the four metabolites were predicted to 
produce behavioral toxicity.  
 
Regarding the previously demonstrated rodent carcinogenicity of the metabolite, HC, it 
should be noted that the mouse and rat carcinogenicity assays for droxidopa were 
judged to be negative by CDER’s Executive Carcinogenicity Assessment Committee. 
However, the serum exposures (if any) of mice, rats and humans to this metabolite are 
not yet known. The reproductive toxicity predicted for 3-OM-DOPS in rabbits is also of 
concern. No information is yet available regarding serum levels of either droxidopa or 3-
OM-DOPS in rabbits.  
 

Table 17.  Overall Calls for Predicting 2-Year Rodent Carcinogenicity (from 
Attachment 2) 

 
 

 
 

                                            
2. Asakawa E, et al. Carcinogenicity of 4-methoxyphenol and 4-methylcatechol in F344 rats. Int J 

Cancer. 1994;56(1):146-52. 
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Table 18.  Overall Calls for Predicting ICH S2 Battery Genetox Tests (from 
Attachment 2) 

 
 

Table 19.  Overall Calls for Predicting Genetic Toxicity Tests Correlated with 
Carcinogenicity (from Attachment 2) 

 
 

Table 20.  Overall Calls for Predicting Reproductive Toxicity in Rodents (from 
Attachment 2) 

 
 

Table 21.  Overall Calls for Predicting Behavioral Toxicity in Rodents (from 
Attachment 2) 
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Table 22.  Overall Calls for Predicting Fetal Dysmorphogenesis in Rodents (from 
Attachment 2) 

 
 

 
Following receipt of this computational toxicology analysis, a Nonclinical Advice Letter 
was sent to the sponsor on January 5, 2012, that contained the following requests: 
 

We have completed our computational toxicology assessment for the three major metabolites 
of droxidopa: 3-OM-DOPS, vanillic acid (VA), and protocatechuric acid (PA), and would 
like to request additional information as follows: 
 

1. We predict fetal dysmorphogenesis with 3-OM-DOPS in the rabbit, a species in 
which no metabolite data are available. The absence of such data raises safety 
concerns regarding the adequacy of the rabbit teratology study for predicting human 
risk for reproductive and developmental toxicity. Please provide additional 
information on this issue, including an adequate metabolic profile of droxidopa for 
the rabbit, so that the adequacy of that study can be properly assessed. 

 
2. In the mouse, there are serum metabolite data only for 3-OM-DOPS. Although we 

predict no rodent carcinogenicity in our computational toxicology assessment for 3-
OM-DOPS, the other two major metabolites (VA and PA) were positive. The absence 
of such data raises safety concerns regarding the adequacy of the mouse 
carcinogenicity study for predicting human carcinogenic risk. Please provide 
additional information on this issue, including an adequate metabolic profile of 
droxidopa for the mouse, so that the adequacy of that study can be properly assessed. 

 
3. Your examination of metabolites in human, mouse and rat serum should include an 

assessment of 3,4-dihydroxytoluene (HC) levels as well. This droxidopa metabolite 
was positive in our computational toxicology assessment for mutagenicity and 
carcinogenicity, and has been shown experimentally to produce tumors in rats (see 
Asakawa E. et al., 1994; Int. J. Cancer 56:146-152). Comparison of levels produced 
in humans with levels produced in mice and rats would help assess the adequacy of 
the rodent carcinogenicity studies for assessing risk of HC at levels produced in 
humans under therapeutic conditions. 

 
The sponsor's response, provided in a NDA amendment dated January 26, 2012, 
comprised two aspects: The cover letter indicated they had experienced difficulty 
developing sufficiently sensitive assays to determine human serum levels of droxidopa 
metabolites and that, because of this, they do not plan to submit additional data 
regarding human serum metabolites. Additionally, an attached document specifically 
addresses each of the three requests listed above and, in each case, argues that 
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additional data should not be required. The sponsor’s replies may be briefly 
summarized as follows:  

 For request #1 (regarding a lack of metabolite data for rabbits), the sponsor 
argues: 1) that rats are more sensitive than rabbits for detecting fetal 
dysmorphogenesis, 2) that it is generally considered adequate to evaluate 
metabolites for adverse effects in a single species, 3) that the rat teratology study 
provides adequate information about the lack of risks of fetal dysmorphogenesis, 
and 4) that they consider the existing metabolite data (Tables 15 and 16 above) 
to be sufficient to indicate that droxidopa metabolites are consistent across 
species.  

 For request #2 (regarding the limited serum metabolite data for mice, including a 
lack of data for VA and PA), the sponsor argues: 1) that it is generally considered 
adequate to evaluate metabolites for adverse effects in a single species, 2) that 
VA is a major metabolite of vanillin which is listed as GRAS for use as a food 
additive, 3) that there are published studies which have found that PA can inhibit 
tumor formation, and 3) that they consider the existing metabolite data to be 
sufficient to indicate that droxidopa metabolites are consistent across species. 

 For request #3 (regarding a lack of data regarding serum exposure to HC, which 
has been shown to be carcinogenic in rats), the sponsor argues: 1) that they 
believe the urinary metabolite data (Table 16 above) is sufficient to demonstrate 
that HC is a minor metabolite of droxidopa, and 2) that the rat carcinogenicity 
study was sufficient to evaluate risk in humans.  

 
It is difficult to evaluate the sponsor’s statement that they have not been able to develop 
assays that are sufficiently sensitive to permit measurement of human serum metabolite 
levels. However, because serum metabolites have been measured in rats, dogs, and 
monkeys following a single oral dose of 10 mg/kg (Table 15, above), it is reasonable to 
suggest that they could also be measured in humans. In particular, the highest 
recommended clinical dose for droxidopa is 600 mg three times daily, which is 
equivalent to 10 mg/kg three times daily in a 60 kg patient. Given that humans have a 
smaller body surface area than rats, dogs, or monkeys, it is reasonable to predict that 
10 mg/kg doses in humans will produce serum metabolite exposures that are at least 
modestly higher than those reported in Table 15.  
 
Regarding the lack of metabolite data for rabbits and serum metabolite data in mice that 
is limited to levels of 3-OM-DOPS, it remains difficult to predict the metabolites to which 
these species were exposed. The information that VA is considered GRAS is helpful. 
The information that PA has anti-tumor activity is less significant because many anti-
cancer drugs are also carcinogenic. As noted above, the metabolite HC has been 
shown to be carcinogenic in rats. Detection of HC in the urine of rats and monkeys 
(Table 15) is not sufficient to predict serum exposures in humans or during the mouse 
and rat carcinogenicity studies reported for droxidopa.  
 
Finally, it remains a concern that 3-OM-DOPS is the only metabolite for which human 
serum levels have been measured. The significant levels of 14C listed as “Other” in 
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Table 15 also remain a concern because they may indicate significant exposure to 
metabolites that have not yet been identified.  

 
 

Excretion 
 
Study D-1:  Absorption, distribution and excretion of L-DOPS in animals 
Excretion into urine and feces was measured following a single oral dose of 14C-
droxidopa in male mice (10 mg/kg), male and female rats (10 mg/kg), male rats (50, 
100, and 1000 mg/kg), male dogs (10 mg/kg), and male rhesus monkeys (10 mg/kg) 
and following a single 5  mg/kg intravenous dose in male rats. Urinary excretion within 
the first 24 h was approximately 56% in mice and approximately 68% in rats, dogs and 
monkeys. Fecal excretion was approximately 18% in mice and approximately 8 to 13% 
in rats, dogs and monkeys. In the mouse, urinary excretion of radioactivity was 
approximately 10% lower and fecal excretion was approximately 11% higher in the 
mouse than in other species. 
 
5.2 Toxicokinetics  

No toxicokinetic data from toxicology studies were collected for any species.  
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6 General Toxicology 
6.1 Single-Dose Toxicity 

 
Study B-1-2:  Acute Toxicity of SM-5688 in Mice 
Five mice/sex/dose were dosed as follows:  single oral doses of droxidopa of 0, 5000 or 
10,000 mg/kg; single intravenous doses of 0, 50 or 100 mg/kg; or single subcutaneous 
doses of 0, 500, 1000, 200, 3000, 4500, 7000 or 10,000 mg/kg. Animals were then 
followed for 14 days. There was no mortality among mice receiving oral or intravenous 
doses. Among mice dosed by subcutaneous injection, there were 3 deaths on day 1 
among the 10 females dosed with either 7000 or 10,000 mg/kg and 1 death on day 2 
among the 5 males dosed with 10,000 mg/kg. Clinical signs of toxicity (including 
decreased activity, irregular respiration, ataxic gait, and piloerection) were limited to 
mice dosed subcutaneously with doses ≥ 4500 mg/kg. Body weights were not affected 
by treatment. Kidney weights were slightly increased in females given 10,000 mg/kg 
orally and in males given 10,000 mg/kg subcutaneously. Gross necropsy findings were 
mostly unremarkable, but did include rough surfaces and/or discoloration on kidneys 
from a few animals that received droxidopa either intravenously or subcutaneously. 
Histological findings included cardiac lesions (epicardial and interstitial fibrosis, and 
myocardial degeneration) and various renal tubular lesions. Cardiac lesions were not 
observed following intravenous dosing, but were observed with oral doses ≥ 5000 
mg/kg and with subcutaneous doses ≥ 2000 mg/kg. The incidences of renal tubular 
lesions are judged to be increased in:  females dosed orally with 10,000 mg/kg; males 
dosed intravenously with 100 mg/kg; females dosed intravenously with 50 or 100 mg/kg; 
males receiving subcutaneous doses ≥ 3000 mg/kg; and females receiving 
subcutaneous doses ≥ 4500 mg/kg.  
 
Study B-1-5:  Acute Oral and Intravenous Toxicity Study of SM-5688 in Rats 
Rats were given single oral doses of droxidopa of 0, 300, 1000, 3000, 5000 or 10,000 
mg/kg or single intravenous doses of 0, 2.5, 5, 10, 13, 16, 20, 25 or 31 mg/kg, and were 
then followed for 14 days. There were no deaths among rats dosed orally. Following 
intravenous dosing, deaths were observed on days 1 through 5 in both sexes for doses 
≥ 16 mg/kg, with 100% mortality observed in males for doses ≥ 20 mg/kg and in females 
for doses ≥ 25 mg/kg. Clinical signs following oral dosing included decreased activity 
and irregular respiration and were limited to the 10,000 mg/kg dose. Intravenous doses 
≥ 5 mg/kg were associated with decreased activity. Additional clinical signs reported for 
intravenous doses ≥ 16 mg/kg included ataxic gait, irregular respiration and piloerection. 
Clinical signs for intravenous doses ≥ 20 mg/kg also included tremor, skeletal muscle 
fibrillation, and tetraplegia. Body weights were modestly decreased in males dosed 
orally with 10,000mg/kg and in both males and females dosed intravenously with 16 or 
20 mg/kg. During gross necropsy, white areas, discoloration and/or rough surfaces were 
observed on the kidneys of animals that received higher doses by either dosing method. 
Increased incidences of renal tubular lesions, primarily characterized by tubular 
epithelial degeneration and regeneration, were observed for all tested oral doses (from 
300 – 10,000 mg/kg) in males, for oral doses ≥ 1000 mg/k in females, and for 
intravenous doses ≥ 10 mg/kg in both sexes. Cardiac lesions included myocardial 
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degeneration and/or mononuclear cell infiltration in many of the animals that were found 
dead following intravenous dosing.  
 
Study B-1-6:  Acute Oral Toxicity Study of L-Threo-DOPS in Dogs 
Dogs were given single oral doses of droxidopa of 0, 500, 1500 or 5000 mg/kg, then 
were followed for 14 days. Drug treatment had no effects on clinical signs, mortality, 
body weight, food consumption, hematology, serum chemistry, organ weights or gross 
necropsy results. Histology was not evaluated.  
 
Study B-1-7:  Acute Oral Toxicity Study of L-Threo-DOPS in Rhesus Monkeys 
Monkeys (2/sex/dose) were given single oral doses of droxidopa of 500 or 1500 mg/kg, 
then were followed for 14 days. Approximately 4 weeks after the initial dose, one animal 
of each sex from each treatment group was reassigned to the other treatment group of 
the same sex. The two treatment groups for each sex were then randomized to receive 
a second oral dose that contained either 0 or 5000 mg/kg or droxidopa, then the 
animals were again followed for 14 days. Drug treatment had no apparent effects on 
clinical signs, mortality, body weight, food consumption, hematology, serum chemistry, 
organ weights or urinalysis results. Necropsy and histological evaluations were 
completed following the second 14-day follow-up period. Various gross and/or 
microscopic lesions were observed in multiple organs (lungs, pancreas, spleen, liver, 
heart and kidney), but the study report indicates that each of the lesions is often or 
sometimes seen in rhesus monkeys at necropsy. (Note that the treatment crossover 
used in this study plus the unknown age of the animals would presumably make it 
difficult to ascribe observed lesions to drug treatment.)   
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3000 mg/kg/day males (not statistically significant) and by 21% in 3000 mg/kg/day 
females (statistically significant).   

Figure 11.  Body weights in mice (sponsor’s figure) 

 
 
Food Consumption 
Food consumption by each cage of 5 mice was recorded weekly. Food consumption is 
summarized below in the sponsor’s Tables 23 and 24. Food consumption was modestly 
increased in high-dose males (not statistically significant) and in high-dose females 
(statistically significant). As summarized below in the sponsor’s Table 25, dietary intake 
of drug (calculated per cage) closely approximated desired treatment levels. 
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Table 23.  Food consumption in male mice 
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Table 24.  Food consumption in female mice 
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Table 25.  Achieved intakes of droxidopa in mice 

 
 
Ophthalmoscopy 
Not completed during this study. 
ECG 
Not completed during this study. 
Hematology 
Not completed during this study. 
Clinical Chemistry 
Not completed during this study. 
Urinalysis 
Not completed during this study. 
 
Gross Pathology 
Animals were euthanized by carbon dioxide inhalation after 13 weeks of treatment. 
Necropsy exams included: external visual exam; exam of brain, pituitary and cranial 
nerves; exam of thoracic viscera; and exam of abdominal viscera. The study pathologist 
determined that no macroscopic lesions were considered unusual, dose-related or 
attributable to treatment. 
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Organ Weights 
The following organs were removed and weighed: adrenals, brain, heart, kidneys, liver 
and gall bladder, ovaries, pituitary, spleen, testes, uterus. Kidney weights were 
significantly increased in 3000 mg/kg/day males (0.60 g) versus control (0.51 g). Uterine 
weights were significantly decreased in 3000 mg/kg/day females (0.111 g) versus 
control (0.163 g). 
 
Histopathology 
Adequate Battery: Yes. The tissues listed below in the sponsor’s Table 26 were 
collected from all animals. Except for sections from the heart, which were evaluated for 
all treatment groups, histological evaluation was limited to tissues collected from control 
and high-dose groups and that are marked by a star in Table 26.  
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Table 26.  Tissues preserved in mice 

 
 
Peer Review:  Not specified in study report. 
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Histological Findings 
Focal myocardial fibrosis (occasional, minimal or moderate) was observed in 3/10 
males and in 2/10 females in the 3000 mg/kg/day groups and in 1/10 females in the 
1000 mg/kg/day group. Basophilic cortical tubules were noted in kidneys from 1/0 males 
and 1/10 females in the 3000 mg/kg/day groups. (This second finding is not discussed 
further in the study report, but can indicate tubular epithelial proliferation that occurs 
when tubular degeneration is followed by regeneration.) 
 
Special Evaluation 
Not completed during this study. 
Toxicokinetics 
Not completed during this study. 
Dosing Solution Analysis 
Not completed during this study. 
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6.2.2  Study title:  SM-5688 52-Week Toxicity and 12-Week Reversibility 
Study following Oral Administration to Rats 

Study no.: EA-B-1 (86/SUP001/095) 
Study report location: DARRTS 

Conducting laboratory and location:  
Date of study initiation: October 10, 1984 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Droxidopa. Lots SP-209, SP-402 and SP-
201. Purity specified as 99.4%, 99.0% 
and 100.1%, respectively. 

 
Key Study Findings 
Premature deaths of animals dosed at 100 or 300 mg/kg/day. Glomerular and tubular 
renal lesions (primarily at 100 at 300 mg/kg/day, observed both in surviving animals and 
in all but one premature deaths). Although not discussed in the study report, the renal 
lesions could be consistent with an increased incidence and severity of chronic 
progressive nephropathy, a common, spontaneous, age-related disease of laboratory 
rats. In addition, the following findings were seen: myocarditis (100 and 300 mg/kg/day 
males and females); reduced body weight gain (300 mg/kg/day males, 100 and 300 
mg/kg/day females); and abnormal resting behavior (avoiding other animals, 100 and 
300 mg/kg/day males and 300 mg/kg/day females). 
 
Methods 

Doses: 0, 10, 30, 100 or 300 mg/kg/day 
Frequency of dosing: Daily 

Route of administration: Oral gavage 
Dose volume: 5 ml/kg 

Formulation/Vehicle: 0.5% carboxymethylcellulose in water 
Species/Strain: CD (Sprague Dawley) rats,  

Number/Sex/Group: Interim: 10/sex/group sacrificed at 26 weeks. 
Main: 20/sex/group sacrificed at 52 weeks. 
Recovery: 10/sex/group treated for 52 weeks 
then sacrificed following a 12-week recovery.  

Age: 4-6 weeks 
Weight: 61-82 g 

Satellite groups: For electron microscopy: 5/sex/group sacrificed 
at 52 weeks and 5/sex/group treated for 52 
weeks then sacrificed following a 12-week 
recovery. 

Unique study design: None 
Deviation from study protocol: None indicated in study report 
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Observations and Results 
Mortality 
Animals were observed daily for mortality. A total of 59 animals in the main study and 
19 animals in the satellite (electron microscopy) study died or were killed prior to 
scheduled sacrifice. Early deaths are summarized below in the sponsor’s Table 27, 
where treatment groups labeled 1, 2, 3, 4 and 5 refer to animals treated with 0, 10, 30, 
100 or 300 mg/kg/day, respectively.  
 
The study report attributes 43 of 59 deaths in the main study to drug treatment. As 
shown below in the sponsor’s Table 27, all deaths in the main study that were attributed 
to drug treatment occurred in animals dosed with 100 or 300 mg/kg/day. (In Table 27, 
groups 1, 2, 3, 4 and 5 correspond to treatment with 0, 10, 30, 100 and 300 mg/kg/day, 
respectively.) Deaths categorized as incidental included euthanasia of rats with tumors, 
pregnancy or hemorrhage and deaths during blood sampling. Premature deaths in 100 
and 300 mg/kg/day males and in 100 and 300 mg/kg/day females first occurred during 
weeks 4, 1, 25 and 2, respectively, and in each case were relatively evenly distributed 
during the remaining weeks of the study.  

Table 27.  Premature deaths in rats (sponsor’s table) 

 
 
Clinical Signs 
Animals were observed daily for signs of ill health. Physical examinations were 
performed weekly. Clinical observations (other than premature death) considered to be 
associated with drug treatment included abnormal resting behavior, salivation, ventral or 
urogenital coat staining, and brown staining of cage tray papers. The abnormal resting 
behavior observed in males treated with 100 or 300 mg/kg/day and in females treated 
with 300 mg/kg/day was a preference to lie separately from other animals in the cage. 
Salivation was common in males and females dosed with 300 mg/kg/day and was 
occasionally observed in males dosed with 100 mg/kg/day. Ventral or urogenital coat 
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staining (not further described) was primarily observed in animals dosed with 100 or 300 
mg/kg/day and was primarily noted during the immediate ante mortem period in animals 
that died or were killed prior to scheduled sacrifice. Brown staining of cage tray papers 
was noted in all groups treated with 30 mg/kg/day or more of drug and the severity was 
judged to be dose-related. 
 
Body Weights 
Body weights were evaluated weekly. Body weights in males and in females are plotted 
below in Figures 12 and 13, respectively. Body weights in both males and females 
treated with 300 mg/kg/day were lower than control values throughout the treatment 
period. Additionally, body weights in females treated with 100 mg/kg/day were lower 
than control during the second half of the treatment period. 
 

Figure 12.  Body weights in male rats 
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Figure 13.  Body weights in female rats 
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Food Consumption 
The amount of food consumed by each cage of rats was evaluated weekly. Food 
consumption in both sexes was similar between drug-treated animals and control. 
 
Ophthalmoscopy 
Ophthalmoscopy was completed in main and recovery study animals prior to initiation of 
treatment, during weeks 12, 24 and 49, and (in recovery study animals) during week 10 
of the recovery period. No differences between treated animals and control were noted 
during ophthalmology exams. 
 
ECG 
Not completed during this study. 
 
Hematology 
Blood was collected from all animals (from the retro-orbital sinus) for evaluation of 
hematology after 12, 24 and 49 weeks of treatment. Hematology parameters included 
PCV, hemoglobin, RBC, reticulocyte count, WBC, differential WBC, platelet count, 
MCHC, MCV, MCH and prothrombin time. Total white cells were modestly increased 
(+10% to +25%, compared to control) in females at the following timepoints and doses:  
at 12 weeks at the three highest doses, at 24 weeks at the highest dose, and at 50 
weeks at the two highest doses. Differential white cell numbers were not affected. 
Differences in total white cell numbers were not observed in females at 5 or at 10 weeks 
into the recovery period. There were no other notable hematology results. 
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Clinical Chemistry 
Blood was collected from all animals (from the retro-orbital sinus) for evaluation of 
clinical chemistry parameters after 12, 24 and 49 weeks of treatment. Clinical chemistry 
parameters included alkaline phosphatase, ALT, AST, CPK, LDH, urea, creatinine, 
glucose, bilirubin, total protein, electrophoretic protein fractions, sodium, potassium, 
chloride, calcium, and phosphorus. 
 
Several modest but consistent differences were noted in clinical chemistry results for 
drug-treated animals compared to concurrent control. Modest elevations in BUN, 
creatinine and serum phosphorus compared to control were noted in both males and 
females, particularly at the two highest dosages. BUN was elevated in a generally dose-
dependant manner in both males and females at 12, 24 and 50 weeks and with values 
that increased in high-dose animals with increased treatment duration. For example, at 
12 weeks, BUN values were 35, 38, 39, 43 and 49 mg% in males treated with 0, 10, 30, 
100 and 300 mg/kg/day, respectively. At 50 weeks, BUN values in the same groups 
were 32, 33, 42, 49 and 91 mg%, respectively. (91% mg% was the highest BUN value 
recorded for any treatment group at any timepoint.) At these two timepoints, BUN 
values observed in males treated with the three highest doses were significantly greater 
than control.) In a few cases, small elevations in BUN were also observed during the 
recovery period; for instance, after 5 weeks of recovery, BUN values were 28, 31, 39 
and 35 mg% in males treated with 0, 10, 30, and 100 mg/kg/day, respectively. (Due to 
the high number of deaths, clinical chemistry parameters were not calculated for 300 
mg/kg/day animals during the recovery period.) Smaller mean elevations in creatinine 
were observed; for example, creatinine values at 50 weeks were 0.6, 0.6. 0.7, 0.8 and 
1.1 mg% in males treated with 0, 10, 30, and 100 mg/kg/day, respectively. (1.1% mg% 
was the highest creatinine value recorded for any treatment group at any timepoint.) 
Elevations in serum phosphorus compared to control occurred consistently with the two 
highest dosages but were very modest in magnitude (the largest relative increase was a 
value of 6.1 mg% observed at 50 weeks in 300 mg/kg/day males compared to a control 
value of 4.8 mg%.) Creatinine and phosphorus values during the recovery period did not 
differ between treated animals and control. 
 
Clinical chemistry results provided weak signals for possible liver pathology. ALP, ALT 
and AST were modestly elevated (less than +20%) in 300 mg/kg/day males (and, in 
some cases, in 100 mg/kg/day males) compared to control at 12, 24 and 50 weeks, but 
not after 5 or 10 weeks of recovery. ALP and ALT were less consistently elevated in 
females (modest elevations observed at some timepoints for 30, 100 and 300 
mg/kg/day animals), while AST was elevated in females only in the high-dose group at 
12 weeks (+32% compared to control).  
 
Dose-dependant decreases in blood glucose levels were observed at later timepoints in 
both males and females. For example, glucose values in males at 50 weeks were 142, 
144, 134 and 126 mg% in animals treated with 0, 10, 30, 100 and 300 mg/kg/day, 
respectively. Small reductions in total protein and in albumin, compared to control, were 
noted at 24 and/or 50 weeks in both males and females with 100 and 300 mg/kg/day. 
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There were no differences in glucose, total protein or albumin between drug-treated 
animals and control during the recovery period.  
 
The sponsor notes that plasma from rats killed prior to scheduled sacrifice (i.e., killed in 
extremis) had high values of AST, LDH, BUN, creatinine, bilirubin, phosphorus and total 
protein, plus low serum glucose concentrations. Summary numerical data are not 
provided for these results, but examination of individual animal data from animals in this 
group demonstrates increases in AST, BUN and creatinine that were larger than the 
mean values reported for animals that survived to scheduled sacrifice.  
 
Urinalysis 
Urine was collected from all animals for urinalysis after 12, 23 and 49 weeks of 
treatment and (in recovery study animals) after 10 weeks of recovery. Urinalysis 
parameters were appearance, volume, pH, specific gravity, protein, total reducing 
substances, microscopic exam, plus the following parameters evaluated by N-Multistix: 
glucose, ketones, bilirubin, urobilin, nitrite and blood. 
 
Urine pH was modestly decreased in drug-treated animals compared to control at later 
timepoints. For example, urine pH values at 49 weeks were 6.5, 6.3. 6.0, 6.1 and 6.0 in 
males treated with 0, 10, 30, 100 and 300 mg/kg/day, respectively, and 6.3, 6.0. 6.0, 6.0 
and 5.7 in females treated with 0, 10, 30, 100 and 300 mg/kg/day, respectively. There 
were no differences in urine pH values between drug-treated animals and control after 4 
or 10 weeks of recovery. Effects of drug treatment on urine volume and on urine specific 
gravity were sufficiently inconsistent that no patterns can be reported. Weakly positive 
results were recorded for ketones at 11 weeks from 1 female treated with 10 mg/kg/day, 
from 1 female treated with 30 mg/kg/day, from 2 females treated with 100 mg/kg/day, 
and from 6 female treated with 303 mg/kg/day. The sponsor suggests that these 
positive ketone results might be due to false-positive reactions of drug metabolites with 
the nitroprusside reagent used by Multistix (No further explanation is provided.) and 
notes that similar positive ketone reactions have been observed with metabolites for 
anti-Parkinson drugs. Urine ketones were not elevated in drug treated animals at 
timepoints later than 11 weeks.  
 
Gross Pathology 
Gross necropsies were completed for all animals. 
 
Findings among animals that survived to scheduled sacrifices at 26 and 52 weeks were 
largely limited to renal lesions. At 26 weeks, renal findings included misshapen kidneys, 
overall pallor and focal changes consisting of unduly pale or dark areas throughout or 
pale areas particularly involving the cortex, primarily in animals treated with 100 or 300 
mg/kg/day. At 52 weeks, abnormally shaped kidneys were common in high-dose 
animals. Abnormal foci in the kidneys were seen at the two higher doses, particularly in 
males treated with 100 mg/kg/day. Similar changes were seen in a few animals treated 
with 30 mg/kg/day.  
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Renal lesions were also noted in animals following the 12-week recovery period. 
Abnormal renal shape was observed in two males and one female treated with 100 
mg/kg/day and in four males treated with 30 mg/kg/day. Granular appearance of the 
kidneys was also noted in one male treated with 100 mg/kg/day. 
 
Among animals that died during treatment, those treated with 100 or 300 mg/kg/day 
typically had kidney changes similar to those described above for animals that survived 
to the sacrifice at 52 weeks. Granular appearance of the kidneys was also noted in four 
males treated with 300 mg/kg/day. The study report notes that kidney lesions were 
observed in all but one animal whose death was judged to be drug-related. Edema, 
pallor or darkening of the pancreas were observed in a few high-dose animals. Enlarged 
thymuses were noted in one 100 mg/kg/day male and in three 300 mg/kg/day males.  
 
Organ Weights 
Weights were recorded for the following organs from main study animals: adrenals, 
brain, cecum, heart, kidneys, liver, lungs, ovaries, pituitary, prostate, submandibular 
salivary glands, seminal vesicles, spleen, testes, thymus, thyroid with parathyroids, 
uterus. 
 
Among animals sacrificed at 26 weeks, there were a few, scattered instances (i.e., in a 
single sex at a single dosage) where mean relative organ weights (relative to body 
weight) differed from control, but there were no apparent patterns. At 52 weeks, relative 
weights for the following organs were increased in both high-dose males and high-dose 
females compared to control: brain (+26% M, +17% F), cecum (+44% M, +25% F), and 
heart (+32% M, +29% F). Also at 52 weeks, relative spleen weights were increased 
compared to control in high-dose males (+26%) and in females treated with the two 
highest doses (+20% and +41%, respectively), while relative thymus weights were 
increased compared to control for both males and females treated with the two highest 
doses (+212% and +259% in males, +74% and +93% in females). 
 
Histopathology 
Adequate Battery:  Yes. Tissues collected for histology are listed below in the sponsor’s 
Table 28. The tissues listed below were evaluated for all control and high-dose rats in 
the main study that survived to scheduled necropsy and for main study rats from all 
groups that died or were euthanized prematurely. Additionally, hearts and kidneys were 
evaluated for all main study rats from all groups. 
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Table 28.  Rat tissues preserved for histology (sponsor’s table) 
 

 
 
Peer Review:  This is not addressed in the study report.  
 
Histological Findings 
Notable histological lesions among the large number of animals that died or were killed 
prior to scheduled sacrifice included renal, cardiac and vascular lesions. Most animals 
that died prematurely (including all but one main study animal that died prematurely) 
demonstrated multiple renal pathologies, with the following being the most common 
lesions:  tubular necrosis, capillary loop thickening, glomerular degeneration/necrosis, 
basophilic tubules, mineralization, proteinaceous casts, chronic inflammation, 
hemorrhage and congestion. Myocarditis (not further described) was also observed in a 
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majority of animals that died or were killed prior to scheduled sacrifice and was 
particularly common in animals treated with the highest drug dose. High-dose animals 
also demonstrated high incidences of mineralization in the ventricle and aorta, with 
lower incidences of mineralization in the atrium and coronary arteries. Note that the 
sponsor provides no discussion of (or summary data regarding) the severity of 
histological lesions, either in specific treatment groups or in the study population as a 
whole. Thus, this review discusses only the relative incidence of various histological 
findings.  
 
Renal and cardiac lesions were also commonly observed among animals sacrificed at 
26 weeks. Renal lesions in this cohort were similar in type to those observed among 
animals that died or were killed prior to scheduled sacrifice. Although renal lesions were 
primarily observed in animals treated with the three highest drug doses, three types of 
lesions (basophilic tubules, chronic inflammation, hemorrhage and congestion) were 
also common in control and low-dose females, while one type (hemorrhage and 
congestion) was also common in control and low-dose males. Males demonstrated a 
dose-dependant incidence of myocarditis, while females in all groups (including control) 
demonstrated a high incidence of this lesion.  
 
Renal and cardiac lesions were also the key histological lesions observed at 52 weeks. 
Renal lesions were again similar in type to those observed among animals that died or 
were killed prior to scheduled sacrifice and, again, were most common at the three 
highest drug doses. As at 52 weeks, a few types of renal lesions were common not only 
in animals treated with higher drug doses, but also in control and low-dose males 
(basophilic tubules, proteinaceous casts, chronic inflammation, hemorrhage and 
congestion) and/or in control and low-dose females (proteinaceous casts, hemorrhage 
and congestion). Myocarditis was also common, with a dose-dependant incidence 
observed in both sexes.  
 
No high-dose animals were available for histological analysis at the end of the 12-week 
recovery period. In animals from other treatment groups, renal and cardiac lesions 
(similar in type to those observed at earlier timepoints) were observed in recovery 
animals. 
 
Although the study report indicates tissues were collected for electron microscopy, no 
details are provided and no results are reported for this planned analysis and it is not 
clear whether it was completed.  
 
Special Evaluation:  None. 
Toxicokinetics 
Blood and urine were collected for proof of drug absorption (but not for determination of 
more detailed toxicokinetic parameters). Urine samples were collected over the 24 
hours following drug dose 362 from 5 male rats/group in the groups treated with 10, 100 
and 300 mg/kg/day and over a 24-hour period near the end of the recovery phase from 
5 male rats/group (in the recovery study) in the groups treated with 10 and 100 
mg/kg/day. Blood samples were collected 24 hours after administration of the final drug 
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dose (day 364) from 5 male rats/group in the groups treated with 10, 100 and 300 
mg/kg/day and, near the end of the recovery phase, from 5 male rats/group (in the 
recovery study) in the groups treated with 10 and 100 mg/kg/day. The study report does 
not explain why blood was not sampled until 24 hours following treatment.  
 
Results for serum and urine samples collected at 52 weeks are summarized below in 
the sponsor’s Table 29. None of the serum or urine samples collected following 12 
weeks of recovery contained detectable drug levels. 

Table 29.  Droxidopa in Serum and Urine of Male Rats at 52 Weeks (sponsor’s 
table) 

 
 
Dosing Solution Analysis 
Samples of the formulations prepared on day 1 and an on one day each during weeks 
13, 26, 40 and 52 were frozen and saved for analysis of drug concentrations. Results of 
the analysis are summarized below in the sponsor’s Table 30, where Groups 2, 3, 4 and 
5 are the groups treated with 10, 30, 100 and 300 mg/kg/day, respectively.  
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Table 30.  Dosing solution analysis (sponsor's table) 
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6.2.3  Study title:  Chronic Toxicity Study in Dogs SM-5688 
Study no.: B-3-3 (343-156) 

Study report location: DARRTS 
Conducting laboratory and location:  

Date of study initiation: September 10, 1984 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Droxidopa. Lots SP401 and SP-403. 

Purity 99.6 and 99.9%, respectively.  
 
Key Study Findings 
Pinkish stools and dark stains in the cage pan were observed in drug-treated animals, 
but there were no necropsy or histological findings that would explain these 
observations. One high-dose male died prematurely following progressive anemia of 
unknown cause, but there was no evidence of anemia in other animals. Study results 
were otherwise unremarkable. 
 
Methods 

Doses: 0, 125, 500 or 2000 mg/kg 
Frequency of dosing: Daily for 52 weeks 

Route of administration: Oral capsules 
Dose volume: Drug substance added to 0.5 ounce gelatin 

capsule 
Formulation/Vehicle: Drug substance added to 0.5 ounce gelatin 

capsule 
Species/Strain: Beagle dogs from  

Number/Sex/Group: 6/sex/group for control and high-dose, 
4/sex/group for low- and mid-dose 

Age: 46-54 weeks 
Weight: Males 8.6-12.6 kg, females 6.9-9.1 kg 

Satellite groups: 2/sex/group from control and high-dose were 
allowed to recover for 6 weeks following dosing 

Unique study design: None 
Deviation from study protocol: None reported 
 
Observations and Results 
 
Mortality 
Animals were observed twice daily. One high-dose female died during week 17 (due to 
a strangulated inguinal hernia), one high-dose male died during week 19 (weight loss 
and progressive anemia of unknown cause), and one control male was euthanized 
during week 20 (weight loss, liquid stools and ascites, all due to unknown cause). 
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Clinical Signs 
Animals were observed twice daily. A more complete exam was completed weekly. 
 
Clinical signs not regarded as incidental in animals that survived to scheduled necropsy 
were limited to abnormal stools (pinkish and/or compound-colored) and to dark stains in 
the cage pan. Pinkish stools were initially observed during week 5 in low, medium and 
high-dose groups. The incidence of pinkish stools diminished with time, with a final 
occurrence in low-dose animals during week 9, with pinkish stools becoming rare in 
mid-dose animals during the second half of the study, and with pinkish stools becoming 
less common (but not rare) in high-dose animals during the second half of the study. 
Compound-colored (i.e., off-white) stools were noted throughout the study in high-dose 
animals. There was no apparent correlation between compound-colored stools and 
pinkish stools. Dark stains in the cage pans were noted sporadically throughout the 
study in drug treated animals, occurred most often in high-dose animals, and were not 
observed in control animals. 
 
Body Weights 
Body weights were recorded weekly. Body weights in males and in females are plotted 
below in the sponsor’s Figures 13 and 14, respectively. (Groups 1, 2, 3 and 4 in these 
figures refer to treatment with 0, 125, 500 or 2000 mg/kg/day, respectively.) Although 
there were no statistically significant differences for body weight or weight gain between 
treated animals and controls, females treated with the two highest doses did appear to 
gain marginally less weight during treatment than did control animals. 
 
Food Consumption 
Food consumption was recorded weekly. Food consumption in males and in females is 
plotted below in the sponsor’s Figures 15 and 16, respectively.  There were no 
differences in food consumption between treated animals and controls.   
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Figure 13.  Body weights in male dogs (sponsor’s figure)  

 

Figure 14.  Body weights in female dogs (sponsor’s figure) 
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Figure 15.  Food consumption in male dogs (sponsor’s figure)  

 

Figure 16.  Food consumption in female dogs (sponsor’s figure) 
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ECG 
ECGs were recorded once prior to study initiation and during weeks 13, 26, 39, 52 and 
58. However, it appears that no ECG parameters other than rate (the only parameter 
reported) were analyzed. Heart rates in high dose males at 52 weeks were significantly 
lower than control. Heart rate results are summarized below in the sponsor’s Table 31. 
(As before, Groups 1, 2, 3 and 4 in the table refer to treatment with 0, 125, 500 or 2000 
mg/kg/day, respectively.) 

Table 31.  Heart rates in dogs (sponsor’s table) 
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Ophthalmoscopy 
Ophthalmoscopic exams were completed once prior to study initiation and during weeks 
13, 26, 39, 52 and 58. Ophthalmic exams found no differences between treated animals 
and control. 
 
Hematology 
Blood samples for hematology were collected once prior to study initiation and during 
weeks 13, 26, 39, 52 and 58. Hematology parameters analyzed during this study are 
listed below in the sponsor’s Table 32.  
 
The male that died during week 19 with progressive anemia had a slightly low 
hematocrit at week 13 (24.3%) and severe anemia by week 19 (hematocrit 5.9%). Other 
laboratory analyses on this animal (hematology, clinical chemistry, fecal analysis) were 
unremarkable. Anemia was not observed in other study animals. Hematology results for 
the two other animals that died prematurely were unremarkable. The clinical pathologist 
determined that any differences in hematology results between treated animals and 
control were incidental (due to lack of a dose-response relationship, due to similarity to 
pretreatment values or due to relatively small differences between groups).  
 
Clinical Chemistry 
Blood samples for clinical chemistry were collected once prior to study initiation and 
during weeks 13, 26, 39, 52 and 58. Serum chemistry parameters analyzed during this 
study are listed below in the sponsor’s Table 32.  
 
The clinical pathologist determined that any differences in clinical chemistry results 
between treated animals and control were incidental (due to lack of a dose-response 
relationship, due to similarity to pretreatment values or due to relatively small 
differences between groups). Chemistry results for the three animals that died 
prematurely were unremarkable. 
 
Urinalysis 
Urine samples for urinalysis (18 hour collection) were collected once prior to study 
initiation and during weeks 13, 26, 39, 52 and 58. Urinalysis parameters analyzed 
during this study are listed below in the sponsor’s Table 32.  
 
Urinalysis found turbid, brown-black urine from some treated animals during weeks 13, 
26, 39 or 53, a finding consistent with the occasional dark stains observed in cage 
panes from treated animals. No cause or mechanism was determined for the dark 
colored urine. Urinalysis results for the three animals that died prematurely were 
unremarkable. 
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Table 32.  Hematology, serum chemistry and urinalysis parameters (sponsor’s 
table) 
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Gross Pathology 
Necropsies were completed for all animals. Animals surviving to 52 weeks (main study) 
or to 58 weeks (recovery study) were anesthetized then killed by exsanguination. 
 
Gross necropsy demonstrated that a strangulated inguinal hernia was the cause of 
death for the high-dose female that died during week 17. For the high-dose male that 
died during week 19 (and that had prior clinical signs of weight loss and progressive 
anemia), significant necropsy findings were limited to emaciation and tissue palor. 
Ascites was the only significant necropsy finding in the control male that was euthanized 
during week 20. The study pathologist determined that necropsy findings in animals that 
survived to scheduled necropsy were unremarkable and unrelated to drug therapy. 
 
Organ Weights 
Organ weights were recorded for the organs listed below in the sponsor’s Table 33. 
 
The only instance of a statistically significant difference in relative organ weights 
between treated animals and control was higher value for relative thymus weights in 
mid-dose females than in control (0.091 vs. 0.046), but this finding was not replicated in 
other female treatment groups or in males. 

Table 33.  Organs weighed in dogs (sponsor’s table) 

 
 
Histopathology 
Adequate Battery:  Yes. The tissues listed below in the sponsor’s Table 34 were 
collected from all animals and were preserved in formalin for histologic evaluation. 
Additionally, the following tissues were collected from two dogs/sex/group for electron 
microscopic evaluation:  a section of cortex from the right kidney, a section of medulla 
from the left kidney, and a section of liver. 
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Table 34.  Organs collected for histology in dogs (sponsor’s table) 
 

 
 
Peer Review:  There is no report of peer review for the histological evaluation.  
 
Histological Findings 
The study pathologist classified all histological findings as incidental and as having no 
apparent correlation to drug treatment. Histology did not further elucidate mechanisms 
or cause of death in the male that died during week 19 with progressive anemia or in 
the male that died during week 20 with ascites. There were no histological findings that 
correlated with the pinkish stools that were observed in drug-treated animals or with the 
dark urine that was also observed in drug-treated animals.  
 
The only electron microscopy finding noted by the pathologist was an increased volume 
of smooth endoplasmic reticulum (SER) in liver samples from several drug-treated 
animals (one mid-dose male, one high-dose male and two high-dose females). 
Increased SER in the liver can indicate induction of P450 enzymes. 
 
Special Evaluation:  none 
 
Toxicokinetics 
Evaluation of drug levels in serum and urine was planned for this study and samples 
were collected prior to initiation of dosing and at 26, 52 and 26 weeks and were frozen 
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for later analysis. However, the sponsor later determined that failure to add stabilizing 
agents to the samples made them unsuitable for analysis and these results are not 
reported.  
 
Dosing Solution Analysis 
Drug substance was simply added to gelatin capsules. No dosing solution or drug 
product was prepared. No analyses other than those for purity (reported above) were 
completed.  
 

Reference ID: 3082170





NDA 203,202  Donald N. Jensen, D.V.M, M.S. 
 

85 

Formulation/Vehicle: DMSO 
Incubation & sampling time: Preincubation for 20 minutes, then 

incubated on plates for 65 hours. 
 
Study Validity 
Appropriate bacterial strains and appropriate positive controls were employed. The 
highest doses used were sufficient. No deficiencies were identified with regard to the 
methods that were employed. Negative controls were negative. Positive controls were 
positive. The studies are judged to be valid.  
 
Results 
As noted above, the sponsor reports two, identical final assays. Both used the 
preincubation and top agar method. Results from the first assay with and without 
metabolic activation are summarized below in the sponsor’s Tables 35 and 36, 
respectively. Results from the second assay with and without metabolic activation are 
summarized below in the sponsor’s Tables 37 and 38, respectively. All assays were 
negative.  
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were employed. Negative controls were negative. Positive controls were positive. The 
studies are judged to be valid. 
 
Results 
Results of the initial chromosome aberration assay are summarized below in the 
sponsor’s Table 39. The incidences of structural aberrations were increased in a dose-
dependent manner during both 24- and 48-hour assays in the absence of metabolic 
activation. The incidence of structural aberrations was also increased at one (lower) 
drug concentration during a 6-hour assay in the presence of metabolic activation, but 
the sponsor did not consider this to represent a positive result. Treatment with 
droxidopa did not produce polyploidy, either in the absence or in the presence of 
metabolic activation. 
 
The sponsor argues that compounds similar in structure to droxidopa (including L-
DOPA and various catechols and catechol analogs) also induce chromosome 
aberrations in the absence of metabolic activation and further argues that the 
chromosome aberrations caused by droxidopa are most likely caused by oxidative 
degradation products of droxidopa, rather than droxidopa itself. The sponsor completed 
an additional chromosome aberration study (B-7-2-2) which evaluated the effects of 
various concentrations of ascorbic acid (an antioxidant compound) on the chromosome 
aberrations induced by droxidopa in the absence of metabolic activation. Results are 
summarized below in the sponsor’s Table 40. As shown in Table 40, the tested 
concentrations of ascorbic acid reduced, but did not fully eliminate the chromosome 
aberrations induced by droxidopa.  
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Results 
Results are summarized below in the sponsor’s Table 41. Results for the initial assay 
are summarized in the top half of the table and results for the second assay are 
summarized in the lower half of the table. No decrease in the percentage of PCEs (a 
measure of bone marrow toxicity) was observed in any of the groups treated with 
droxidopa. None of the groups treated with droxidopa had an increased number of 
micronuclei, compared to control. Positive control groups had a reduced percentage of 
PCEs and an increased percentage of micronuclei compare to negative control. 
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Table 41.  In-vivo micronucleus assay results (sponsor’s table)  

 
 
 
7.4 Other Genetic Toxicity Studies:   

None 
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The original (1991) study report did not include statistical analyses of tumor incidence. 
However, a 2011 report (Study HLS RFA0002) of the transcription of the tumor results 
into the SAS transport format (tumor.xpt) requested by FDA also includes statistical 
analyses for control versus high-dose animals for selected tumor types. It is not clear 
why the analyses were limited to pairwise comparisons between high-dose animals and 
control and did not also include trend tests for statistical significance.  
 
There were deficiencies in methods and reporting for this study:  

 The principal limitation of this study may be the relatively short, 80-week study 
duration, but may reflect the duration typical for that time period (1988).  

 This study lacks a separate pathology report. The overall study report includes 
lists of macroscopic and microscopic findings for individual animals, plus various 
compilations of findings (e.g., for neoplastic and non-neoplastic findings). It does 
not include an overall summary or discussion by the pathologist.  

 This study did not include evaluation of toxicokinetics.  
 
Appropriateness of Test Models 
As noted above, the principal limitation of this study is the 80-week duration, although 
such durations were typical for mouse carcinogenicity studies conducted for this time 
period (i.e., 1988). Otherwise, the test system employed in this study appears to have 
been appropriate.  
 
Evaluation of Tumor Findings 
 
Tumor findings were unremarkable, except, perhaps, for the low overall incidence of 
tumors in both treated animals and control.  
 
The initial study report (1991) did not include statistical analyses of tumor incidence, but 
concluded that there was no increase in tumor incidence. However, a 2011 report (cited 
above) that documents the transcription of tumor results into SAS transport format also 
includes statistical analyses for five tumor categories. Life-table analyses and log-rank 
analyses were completed for the selected tumor types. One-tailed chi squared tests 
were then used to evaluate the statistical significance of pairwise comparisons between 
control and high-dose (1000 mg/kg/day) groups only. Trend tests were not performed 
and pairwise comparisons were not completed for the three lower doses versus control. 
None of the pairwise comparisons found significant differences between high-dose 
animals and control. The tumor analyses completed for males and for females are 
summarized below: 
 
Tumor analyses completed for control versus high-dose males: 

 Lungs/bronchi - Benign pulmonary adenoma 

 Lungs/bronchi - Benign pulmonary adenoma and malignant pulmonary 
adenocarcinoma combined 

 Liver - Benign liver cell tumor 
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 Liver - Malignant liver cell tumor 

 Liver - Benign liver cell tumor and malignant liver cell tumor combined 
 
Tumor analyses completed for control versus high-dose females: 

 Lungs/bronchi - Benign pulmonary adenoma 

 Lungs/bronchi - Benign pulmonary adenoma and malignant pulmonary 
adenocarcinoma combined 

 Liver - Benign liver cell tumor and malignant liver cell tumor 
 
 
FDA Statistical Analysis: 
The statistical analyses completed by Steve Thomsen, Ph.D., of CDER’s Office of 
Biostatistics (separate review submitted) identified three tumor types (testicular 
interstitial cell tumors, pulmonary adenomas in females, and the combination of 
endometrial adenocarcinomas and unterine stromal sarcomas) with at least one 
nominally statistically significant result (p ≤ 0.05). These results are summarized below 
in Table 42, copied from Dr. Thomsen’s review. The sponsor does not provide the 
control tumor incidence for the study laboratory, but two published reports of 
spontaneous tumor incidence in CD-1 mice both indicate that pulmonary adenomas are 
common in this strain and that the observed testicular and uterine tumors are rare.3,4 
The pairwise comparison of low dose versus control for pulmonary adenomas in 
females achieves an significance level of less than 0.05, but results were not significant 
for mid or high doses versus control or for the trend test. Neither the testicular tumors 
nor the uterine tumors achieve levels of statistical significance that suggest an 
increased incidence for rare tumors.  

                                            

3. Chandra M, Frith CH. Spontaneous neoplasms in aged CD-1 mice. Toxicol Lett. 1992;61(1):67-74. 

4. Maita K, et al Mortality, major causes of moribundity, and spontaneous tumors in CD-1 mice. Toxicol 
Pathol. 1988;16(3):340-9. 
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sponsor’s Table 50 (below, under Histopathology) summarizes factors judged to 
contribute to the deaths of animals either sacrificed moribund or found dead.  
 

Table 43.  Premature deaths in mice by sex and group (sponsor’s table) 

 

Figure 17.  Survival in male mice (sponsor’s figure) 
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Figure 18.  Survival in female mice (sponsor’s figure)  

 
 
Clinical Signs 
Animals were observed daily for clinical signs and were palpated weekly for detection of 
palpable masses. The sponsor indicates that all clinical signs noted during this study 
were considered typical for this strain of mouse when used for lifespan studies in this 
laboratory. No palpable masses were reported.  
 
Body Weights 
Body weights were recorded weekly. Body weight gains were modestly reduced in the 
two higher dosage groups in males. Body weight gains are summarized below in the 
sponsor’s Table 44 and in the sponsor’s Figure 19. Table 44 divides the data into 
results for weeks 0-10, weeks 10-60 and weeks 60-80 because weeks 10-60 were the 
weeks during which weight gains were reduced in two higher dosage groups in males. 
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Food Consumption 
Food consumption was measured weekly. Food consumption was slightly reduced in 
the two higher dosage groups in males during weeks 11-60, but not over the entire 
course of the study. Food consumption results are summarized below in the sponsor’s 
Table 45 and in the sponsor’s Figures 20 and 21.  

Table 45.  Food consumption in mice by sex and group (sponsor’s table) 
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Figure 20.  Food consumption in male mice (sponsor’s figure)  

 

Figure 21.  Food consumption in female mice (sponsor’s figure) 
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Achieved intakes of the test compound in the diet, calculated as measured drug 
concentration in feed times the measured feed intake, are summarized below in the 
sponsor’s Table 46. Achieved intake of test compound closely approximated the desired 
treatment levels.  
 

Table 46.  Achieved oral intakes of test compound in mice (sponsor’s table) 

 
 
Gross Pathology 
The sponsor’s summary notes only two types of differences in macroscopic pathology 
between treated animals and control:  1) an increased incidence of irregular cortical 
scarring of the kidneys in female decedents receiving 300 or 1000 mg/kg/day and in 
females at scheduled termination receiving 1000 mg/kg/day, and 2) an increased 
incidence of uterine masses among females receiving 1000 mg/kg/day. They note that 
the uterine masses were not associated with histological abnormalities. 
 
Examination of the tabular summaries of macroscopic findings indicates two additional, 
relatively minor differences between treated animals and control: 1) enlarged spleens 
were observed in 3 decedent males and in 3 terminal males receiving 1000 mg/kg/day, 
versus only one decedent control male, and 2) pale kidneys were more common in drug 
treated males than in control, with totals (decedent plus terminal) listed as 2, 5, 6, 9 and 
8 for the 0 (control), 30, 100, 300 and 1000 mg/kg/day groups, respectively.  
 
Histopathology 
The sponsor’s Table 47 below lists the tissues preserved at necropsy. Additionally, any 
nodules, tissue masses or macroscopically abnormal tissues were preserved.  
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Table 47.  Tissues form mice preserved at necropsy (sponsor’s table) 

 
 
Peer Review 
 
It is not clear whether the histopathology findings from this study were peer reviewed. 
The study report does not specifically address this issue and there is not a separate 
pathology report. The overall study report is signed both by a Director of Pathology and 
by a Senior Pathologist (both of whom list veterinary degrees).  
 
Neoplastic 
 
Tumor findings were unremarkable, except, perhaps, for the low overall incidence of 
tumors in both treated animals and control. This may have been due to the somewhat 
shorter duration (80 weeks) of the study. Results for males and for females are 
summarized below in the sponsor’s Tables 48 and 49, respectively. Tumor results are 
discussed above under “Evaluation of Tumor Findings”.  
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Table 48.  Tumors in male mice (sponsor’s table) 
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Table 49.  Tumors in female mice (sponsor’s table) 

 

 
 
 
Non Neoplastic 
 
Treatment-related, non-neoplastic lesions appear to have largely been limited to renal 
and cardiac lesions, plus a treatment-related increase in the incidence of amyloidosis. 
As noted above, renal and cardiac lesions were the primary histological manifestations 
of toxicity observed in mice and rats (but not in dogs or monkeys) during prior, repeat 
dose toxicity studies of this drug.   
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There was an increased incidence of cortical dilated basophilic tubules in kidneys of 
male and female mice treated with 300 or 1000 mg/kg/day. There was also an 
increased incidence of glomerular amyloidosis in males treated with 1000 mg/kg/day 
and in females treated with 300 or 1000 mg/kg/day. 
 
At higher drug doses, increased incidences of amyloidosis were also observed in other 
organs:  in the heart, thyroids and adrenals of males and females treated with 300 or 
1000 mg/kg/day; in the testes and digestive tract of males treated with 300 or 1000 
mg/kg/day; and in the spleen and salivary gland of females treated with 300 or 1000 
mg/kg/day.  
 
There was an increased incidence of myocardial scarring in males treated with 1000 
mg/kg/day and in females treated with 300 or 1000 mg/kg/day. 
 
The sponsor’s Table 50, below, summarizes factors judged to contribute to the deaths 
of animals either sacrificed moribund or found dead. Excess deaths at higher doses 
were principally attributed to amyloidosis.  
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Table 50.  Factors contributing to deaths in mice (sponsor’s table) 

 

 
 
Toxicokinetics 
Not evaluated.  
 
Dosing Solution Analysis 
The concentration of droxidopa in feed was analyzed for the dose formulations prepared 
for weeks 1, 13, 26, 39, 51, 65 and 80 of the study. Additionally, the homogeneity of 
droxidopa in feed and the stability of droxidopa in feed were analyzed. High 
performance liquid chromatography was used for the analyses. 
 
Drug concentrations in feed at the tested timepoints were determined to be within +12% 
/ -10% of the nominal values. It was also determined that, at nominal concentrations of 
50 ppm and 60,000 ppm, droxidopa was homogeneously blended into rodent diet and 
was stable for up to 14 days in animal room conditions. (The nominal concentrations for 
various timepoints ranges from 120-7650 ppm.)  
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into the SAS transport format (tumor.xpt) requested by FDA also includes statistical 
analyses for selected tumor types. 
 
There were deficiencies in methods and reporting for this study:  

 This study lacks a separate pathology report. The overall study report includes 
lists of macroscopic and microscopic findings for individual animals, plus various 
compilations of findings (e.g., for neoplastic and non-neoplastic findings). It does 
not include an overall summary or discussion by the pathologist.  

 This study did not include evaluation of toxicokinetics. 
 
Appropriateness of Test Models 
The test system employed for this study appears to have been appropriate. 
 
Evaluation of Tumor Findings 
The original (1991) study report concludes that there was no increase in the incidence 
of tumors in drug-treated animals, but the original report did not include statistical 
analyses of tumor incidence.  
 
However, a 2011 report (cited above) that documents the transcription of tumor results 
into SAS transport format also includes statistical analyses of tumor incidence. Life-
table analyses and log-rank analyses were completed for the selected tumor types. 
One-tailed chi squared tests were then used to evaluate the statistical significance of 
trends and of pairwise comparisons between control and each treatment group. If the 
test for trend was statistically significant, the highest dose group was excluded and the 
trend test was repeated, using a one-tailed test until the test was no longer statistically 
significant. The tumor analyses completed for males and for females are summarized 
below:  
 
Tumor analyses completed for males: 
 

The following tumor findings were analyzed for all four treatment groups: 

 Pancreas - Benign Islet cell adenoma 

 Pancreas - Malignant Islet cell carcinoma 

 Pancreas - Benign Islet cell adenoma and malignant Islet cell carcinoma 
combined 

 Pancreas - Benign exocrine adenoma 

 Pancreas - Benign exocrine adenoma and malignant exocrine adenocarcinoma 
combined 

 Testes - Benign interstitial cell tumour 

 Thyroids - Benign follicular adenoma and malignant follicular carcinoma 
combined 

 Thyroids - Malignant parafollicular cell carcinoma 

Reference ID: 3082170



NDA 203,202  Donald N. Jensen, D.V.M, M.S. 
 

114 

 
The following tumor findings were analyzed for control and high-dose animals only: 

 Liver - Benign liver cell tumour 

 Liver - Benign liver cell tumour and malignant liver cell tumour combined 

 Adrenals - Benign phaeochromocytoma 

 Adrenals - Benign phaeochromocytoma and malignant phaeochromocytoma 
combined 

 Pituitary - Benign adenoma 

 Pituitary - Benign adenoma and malignant adenocarcinoma combined 

 Skin - Benign squamous cell papilloma 

 Skin - Benign squamous cell papilloma and benign inverted squamous cell 
papilloma combined 

 Mammary areas - Malignant adenocarcinoma 

 Mammary areas - Benign fibroadenoma and malignant adenocarcinoma 
combined 

 Brain - Malignant mixed glioma 
 
Tumor analyses completed for females: 
 

The following tumor findings were analyzed for all four groups: 

 Thyroids - Benign follicular adenoma 

 Thyroids - Benign follicular adenoma and malignant follicular carcinoma 
combined 

 Thyroids - Malignant parafollicular cell carcinoma 

 Adrenals - Benign phaeochromocytoma 

 Adrenals - Benign phaeochromocytoma and malignant phaeochromocytoma 
combined 

 Mammary areas - Benign fibroadenoma 

 Mammary areas - Benign fibroadenoma with epithelial atypia 

 Mammary areas - Benign adenoma 

 Mammary areas - Malignant adenocarcinoma 

 Mammary areas - Benign adenoma, benign fibroadenoma, benign fibroadenoma 
with epithelial atypia and malignant adenocarcinoma combined 

 
The following tumor findings were analyzed for control and high-dose animals only: 

 Pancreas - Benign Islet cell adenoma 
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 Pancreas - Benign Islet cell adenoma and malignant Islet cell carcinoma 
combined 

 Pituitary - Benign adenoma 

 Pituitary - Malignant adenocarcinoma 

 Pituitary - Benign adenoma and malignant adenocarcinoma combined 
 
Per the sponsor’s statistical analyses, none of the comparisons for tumors in females 
were statistically significant. In males, the incidences of pancreatic tumors and of thyroid 
tumors were statistically significant for some comparisons: 

 For benign pancreatic islet cell adenomas in males, the trend test was not 
statistically significant when all groups were included in the analysis (p=0.200). The 
pairwise comparisons of the control group with the 10 and 30 mg/kg/day groups 
were statistically significant (p=0.030 and p=0.035, respectively). These results are 
summarized below in the sponsor’s Table 58.  

 For benign pancreatic islet cell adenoma and malignant islet cell carcinoma 
combined (in males), the trend test was not statistically significant when all groups 
were included in the analysis (p=0.193). The pairwise comparisons of the control 
group with the 10 and 30 mg/kg/day groups were statistically significant (p=0.040 
and p=0.011, respectively). These results are summarized below in the sponsor’s 
Table 59. 

 For malignant thyroid parafollicular cell carcinomas in males, the trend test was 
statistically significant when all groups were included in the analysis (p=0.017). The 
sponsor also indicates that exclusion of the 100 mg/kg/day group made the trend 
test no longer significant (p=0.848). (This additional analysis that omits the high-
dose group was presumably completed because the low- and mid-dose groups had 
fewer tumors than control.) None of the pairwise comparisons were statistically 
significant. These results are summarized below in the sponsor’s Table 60. 

 
The sponsor argues that the pancreatic and thyroid findings were most likely due to 
chance. In particular, they argue that neither finding demonstrated a dose relationship 
and that the lack of non-neoplastic proliferative findings (i.e., hyperplasia) in endocrine 
organs suggests that the observed neoplasms were not due to drug effects. Given the 
weak and inconsistent statistical signals for each of these three tumor groupings, I also 
suspect that these results were due to chance.  
 
FDA Statistical Analyses 
The statistical analyses completed by Steve Thomsen, Ph.D., of CDER’s Office of 
Biostatistics (separate review submitted) identified four tumor categories (pancreatic 
islet cell adenomas and the combination of pancreatic islet cell adenomas and 
carcinomas in males, and subcutaneous fibromas and the combination of subcutaneous 
fibromas and fibrosarcomas in females) with at least one nominally statistically 
significant result (p ≤ 0.05). These results are summarized below in Table 51, copied 
from Dr. Thomsen’s review. The sponsor does not provide the control tumor incidence 
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Methods 
Doses: Dietary administration with target doses of 0, 

10, 30 and 100 mg/kg/day.  
Frequency of dosing: Continuously, with feed 

Dose volume: N/A (ad libitum dietary administration) 
Route of administration: Orally as feed admixture  

Formulation/Vehicle: Feed admixture 
Basis of dose selection: 13-week preliminary study (SMO 276/871584). 

Species/Strain: Crl:CD(SD) BR rats  
Number/Sex/Group: 50 

Age: 6 weeks at start of study 
Animal housing: 5 per cage 

Paradigm for dietary restriction: None 
Dual control employed: No 

Interim sacrifice: None 
Satellite groups: None 

Deviation from study protocol: Not specifically addressed in study report 
 
Observations and Results 
 
Mortality 
Animals were evaluated twice daily for mortality or moribundity. The sponsor’s Table 52, 
below, lists premature deaths by sex and group. The sponsor’s Figures 22 and 23, 
below, plot survival by group versus time for males and females, respectively. The 
sponsor indicates that the difference in mortality, compared to controls, was significant 
for males treated with 30 or 100 mg/kg/day. The sponsor’s Table 9 (below, under 
Histopathology) summarizes factors judged to contribute to the deaths of animals either 
sacrificed moribund or found dead.  

Table 52.  Premature deaths in rats by sex and group (sponsor’s table) 
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Figure 22.  Survival in male rats (sponsor’s figure) 

 

Figure 23.  Survival in female rats (sponsor’s figure) 
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Clinical Signs 
Animals were observed daily for clinical signs and were palpated weekly for detection of 
palpable masses. The sponsor indicates there were no clinical signs attributable to 
treatment. No palpable masses were reported.  
 
Body Weights 
Body weights were recorded weekly. Body weight gains did not appear to have been 
affected by treatment with droxidopa. Body weight gains are summarized below in the 
sponsor’s Table 53 and in the sponsor’s Figure 24.  

Table 53.  Body weight gains in rats by sex and group (sponsor’s table) 
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Table 54.  Food consumption in rats by sex and group (sponsor’s table) 

 
 
Achieved intakes of the test compound in the diet, calculated as measured drug 
concentration in feed times the measured feed intake, are summarized below in Table 
55. Achieved intake of test compound closely approximated the desired treatment 
levels.  
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Table 55.  Achieved oral intakes of test compound in rats 

Sex and dosage (mg/kg/day)  
Weeks M 10 M 30 M 100 F 10 F 30 F 100 

1-26 10.1 30.2 101 10.1 30.1 100 
27-52 9.9 29.8 99 10.0 29.8 100 
53-78 9.9 29.6 99 9.9 29.8 99 
79-104 9.9 29.8 99 10.0 29.9 100 
1-104 9.9 29.9 100 10.0 29.9 100 

 
Gross Pathology 
The following differences between treated animals and control were associated with 
histological findings:  

 Heart: An enlarged heart was observed more often in mid- and high-dose males 
(8 and 9, respectively) than in control (5). Fenestrated ventricles were observed 
more often in low-, mid- and high-dose males (4, 4, and 7, respectively) than in 
control (2). 

 Kidney: Uniform cortical scarring was observed more often in high-dose males 
(23) than in control (9). Pale kidneys were observed more often in low-, mid- and 
high-dose males (6, 7, and 9, respectively) than in control (2).  

 Testes: Small testes were observed more often in low-, mid- and high-dose 
males (13, 11, and 13, respectively) than in control (4). 

 Parathyroids: Enlarged parathyroids were observed more often in high-dose 
males (5) than in control (1). 

 
The study report additionally notes several findings which the sponsor indicates were 
not associated with specific histological findings:  

 Blood vessels: Aneurysms in the pancreatic and/or mesenteric blood vessels 
were observed more often in mid- and high-dose males (4 and 5, respectively) 
than in control (0). 

 Stomach: Depressions in the corpus mucosa of the stomach were observed 
more often in high-dose males (8) than in control (1). 

 Clitoral gland: Abscessed clitoral glands were observed more often in mid- and 
high-dose females (6 and 8, respectively) than in control (2).  

 Liver: Accentuated lobular markings were observed more often in high-dose 
males (8) than in control (1). 

 
Other gross lesions were judged by the sponsor to be ordinary background lesions that 
were not related to drug treatment.  
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Histopathology 
The sponsor’s Table 56 below lists the tissues preserved at necropsy. Additionally, any 
nodules, tissue masses or macroscopically abnormal tissues were preserved.  

Table 56.  Tissues from rats preserved at necropsy (sponsor’s table) 

 
 
Peer Review 
 
It is not clear whether the histopathology findings from this study were peer reviewed. 
The study report does not specifically address this issue and there is not a separate 
pathology report. The overall study report is signed by a Director of Pathology and a 
Senior Pathologist (both of whom list veterinary degrees) and by a Consultant 
Pathologist (a Ph.D.).   
 
Neoplastic 
 
Tumor findings for males and for females are summarized below in the sponsor’s 
Tables 57 and 58, respectively. Tumor results are discussed above under, “Evaluation 
of Tumor Findings”.  
 

Reference ID: 3082170



NDA 203,202  Donald N. Jensen, D.V.M, M.S. 
 

124 

Table 57.  Tumors in male rats (sponsor’s table) 
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Table 57.  Tumors in male rats (sponsor’s table) 
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Table 58.  Tumors in female rats (sponsor’s table) 
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Table 58.  Tumors in female rats (sponsor’s table) 
 

 
 
  
Non Neoplastic 
 
As in prior rodent studies of droxidopa, non-neoplastic lesions included renal and 
cardiac lesions. The sponsor notes increased incidences and severity of progressive 
glomerulonephrosis, basophilic cortical tubules and tubules dilated with colloid in males 
receiving 30 or 100 mg/kg/day. Although not identified as statistically significant by the 
sponsor, the tabular listing of histological findings indicates that the incidence and 
severity of progressive glomerulonephrosis and the incidence of basophilic cortical 
tubules were numerically increased in high-dose females, compared to control. The 
incidence of myocardial inflammation and/or fibrosis was significantly increased in high-
dose males and was modestly (though not significantly) increased in low- and mid-dose 
males.  
 
Two lesion types were noted in the testes of drug-treated males. The incidence of 
tubular atrophy was increased in all drug-treated groups, although there was not a 
dose-response relationship. This finding was generally associated with tubular 
mineralisation in the testes and an increased frequency of absence of spermatozoa in 
the epididymides. There were also increased incidences of peri-arteritis of the testes of 
mid- and high-dose males.  
 
The incidence parathyroid hyperplasia was increased in low- and high-dose males and 
in high-dose females.  
 
The sponsor judged other histological findings to have been incidental.  
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The sponsor’s Table 59, below, summarizes factors judged to contribute to the deaths 
of animals either sacrificed moribund or found dead. Pituitary adenomas and 
adenocarcinomas, which are common in most strains of rats, were the most-commonly 
identified cause of death in both drug-treated and control animals. No other cause of 
death had a high incidence.  

Table 59.  Factors contributing to deaths in rats (sponsor’s table) 

 

 
 
Toxicokinetics 
Not evaluated.  
 
Dosing Solution Analysis 
The concentration of droxidopa in feed was analyzed for the dose formulations prepared 
for weeks 1, 13, 26, 39, 52, 65, 78, 91 and 104 of the study. Additionally, the 
homogeneity of droxidopa in feed and the stability of droxidopa in feed were analyzed. 
High performance liquid chromatography was used for the analyses. 
 
Drug concentrations in feed at the tested timpoints were determined to be within +5.6% 
/ -7.0% of the nominal values. It was also determined that, at nominal concentrations of 
50 ppm and 60,000 ppm, droxidopa was homogeneously blended into rodent diet and 
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was stable for up to 14 days in animal room conditions. (The nominal concentrations for 
various timepoints ranged from 80-2635 ppm.)  
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end of 2-week mating period if no mating). Live 
fetuses delivered by cesarean section 
examined, then 2/3 prepared for skeletal exam 
and 1/3 prepared for visceral exam.  

Deviation from study protocol: None reported. 
 
Observations and Results 
Note that this study included a group treated with L-DOPA. Results for this group are 
included in some of the figures and tables below that were copied from the sponsor’s 
report, but results for this group are not discussed in this review. 
 
Mortality 
Premature deaths occurred at all doses levels (one 60 mg/kg/day male, one 60 
mg/kg/day female, one 200 mg/kg/day male, five 600 mg/kg/day males, and one 600 
mg/kg/day female).   
 
Clinical Signs 
Animals that died prematurely typically demonstrated slowed breathing, lacrimation 
and/or salivation, and decreased activity on the day of death. Clinical signs were 
unremarkable in animals that did not die prematurely. 
 
Body Weight 
Body weights in males and females prior to mating are illustrated below in the sponsor’s 
Figure 25. Prior to mating, body weights were depressed at most timepoints in males 
treated with 200 or 600 mg/kg/day and in females treated with 600 mg/kg/day. Body 
weight gains in females during gestation are illustrated in the sponsor’s Figure 26. 
Although body weights remained lower than control in the 600 mg/kg/day group during 
gestation, body weight gains in this group during gestation did not differ from control.  
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All males that died prematurely had gross lesions in the kidney. Necropsy of the male 
that died in the 60 mg/kg/day group found pale mottling of the kidney surface and 
cortex, reddish pleural fluid, hyperemia of the lungs and foamy fluid in the trachea. The 
male that died in the 200 mg/kg/day group demonstrated pale mottling of the kidney 
surface and cortex, pleural effusion and foamy fluid in the trachea. Of the five males that 
died in the 600 mg/kg/day group, three demonstrated discoloration of the kidney surface 
and/or cortex, three had hemorrhage on the inner wall of the stomach and cecum, three 
had blood clots and/or reddish fluid in the urinary bladder, and three had hyperemia of 
the lungs and foamy fluid in the trachea. The female that died in the 60 mg/kg/day group 
had a perforated esophagus and red contents in the stomach. Necropsy exam of the 
female that died in the 600 mg/kg/day group was limited by putrefaction, but it was 
noted that this animal had hyperemia in the lungs and foamy fluid in the trachea. The 
death of the 60 mg/kg/day female was assigned to the esophageal perforation. The 
sponsor speculates that the pulmonary and tracheal findings in the other animals that 
died prematurely may indicate gavage error as cause of death. For reasons that are not 
explained in the study report, they have not assigned the observed kidney lesions (in 
animals that died prematurely or in animals that survived) to drug treatment.  
 
Necropsy of surviving animals identified no abnormalities in the control group. 
Indentations were noted on the kidney surface in two males from the 200 mg/kg/day 
group and in four males from the 600 mg/kg/day group. Whitening of the kidney from 
surface to cortex was noted in one male from the 200 mg/kg/day group. The sponsor 
reports that “several” males (not further quantified in the study report) from the 600 
mg/kg/day group had whitening of the kidney cortex or of cortex and medulla, and one 
male from the 600 mg/kg/day group had apparent necrotic changes in the kidney cortex. 
Other reported necropsy findings are regarded as incidental by this reviewer.  
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Study design: As noted above, potential reproductive toxicities 
were evaluated not only in F0 females and F1 
fetuses/neonates, but also in F1 adults and F2 
fetuses. Mated F0 females were dosed once 
daily by oral gavage from days 7 through day 17 
of gestation. Approximately 26 F0 females per 
group underwent cesarean section on day 20 of 
gestation and approximately 14 F0 females per 
group were allowed to give birth naturally. On 
day 4 after birth, F1 offspring were randomly 
culled to reduce each litter to 4 males and 4 
females. At ten weeks of age, one male and one 
female from each F1 litter were paired with 
animals of the opposite sex from different litters 
in the same treatment group in order to evaluate 
reproductive performance. F1 females for which 
copulation was confirmed were sacrificed by 
cervical dislocation on day 20 of gestation, 
cesarean section was performed. Although only 
F0 females were treated with drug, toxic effects 
were evaluated in F0 females, in F1 
fetuses/neonates, in F1 adults and in F2 fetuses. 

Deviation from study protocol: None reported.  
 
Observations and Results 
 
Mortality 
F0 females: One F0 female from the 200 mg/kg/day group died on day 8 of gestation 
and in three F0 females from the 600 mg/kg/day group died on days 9-11. 
 
F1 neonates:  In the live delivery subgroups, there were no differences between treated 
animals and control with regard to live birth rate or perinatal mortality. 
 
F1 juveniles:  Mortality in F1 pups included:  

 1 male pup and 1 female pup from the same control litter that weakened on day 22 
after birth and that died on day 24 (with necropsy findings that included distended 
urinary bladder, pulmonary hyperemia and intestinal lysis);  

 1 female pup in the 60 mg/kg/day group with swelling of the head beginning at day 
21 after birth and that then died at day 24 (with necropsy findings that included 
hydrocephalus and intestinal lysis);  

 1 entire litter in the 600 mg/kg/day group that demonstrated hypothermia from days 
2-4 after birth and that all died by day 5;  

 1 male pup from the 600 mg/kg/day group that died on day 4 after birth; and  
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 1 female pup from the 600 mg/kg/day group that developed bradypnea and 
piloerection on day 48 after birth and that was moribund sacrificed (with necropsy 
findings that included edema and enlargement of the kidneys, hemorrhage in renal 
cross section, distention of the urinary bladder, enlargement of the ureters, and 
swelling of the adrenal glands).   

 
F1 animals used in reproductive performance testing:  No mortality reported. 
 
Clinical Signs 
F0 females: Clinical signs in F0 females that died prematurely variously included 
hypothermia, tachypnea, and piloerection. Clinical signs at the time of delivery in F0 
females from the live (natural) delivery subgroups were minimal. Mean duration of 
pregnancy was modestly longer in the 600 mg/kg/day group (21.6 days) compared to 
control (21.1 days). The sponsor notes that 3 fetuses from the 200 mg/kg/day female 
that died on day 8 of gestation had open eyes. 
 
F1 juveniles:  1 male pup in the 60 mg/kg/day group demonstrated an umbilical hernia 
from days 7-15 after birth. 
 
Development of F1 juveniles:  There were no differences in viability indices (determined 
for days 4, 21, 56 and 70) between F1 pups from treated groups and control. There 
were no differences in physical development between F1 pups from treated groups and 
control with regard to observation dates for: coat growth, pinna opening, emergence of 
incisors, or testis descent. The rate of eyelid opening at day 14 after birth was higher in 
the 600 mg/kg/day group than in control. The rate of vaginal opening was slower in the 
600 mg/kg/day group (not all completed until day 51) than in control (all completed by 
day 42).  
 
Reflex testing was normal for all F1 pups tested on day 21 after birth.  
 
When an open-field test was performed on F1 pups on day 28 after birth using 1 male 
and 1 female from each litter, a decreased number of ambulations was observed in 
males from the 600 mg/kg/day group. No differences in light and dark discrimination 
were noted in the same pups on days 35-40 after birth. When open-field testing was 
repeated on day 42 using 2 males and 2 females from each litter, no differences were 
noted between treated animals and control.  
 
F1 females used in reproductive performance testing:  No clinical signs were noted in F1 
females during gestation.  
 
F1 Reproductive Performance 
Reproductive performance in F1 animals is summarized below in the sponsor’s Table 
64. No copulations occurred in two pairs in the control group and in two pairs in the 60 
mg/kg/day group. The four females that initially failed to copulate all subsequently 
copulated successfully when paired with untreated males. Of the four males that initially 
failed to copulate, both control males and one of two 60 mg/kg/day males subsequently 

Reference ID: 3082170















NDA 203,202  Donald N. Jensen, D.V.M, M.S. 
 

149 

in 3 and 4 animals, respectively (from 3 and 4 litters, respectively), from the 60 and 600 
mg/kg/day groups. There were no differences between groups with regard to the 
number of fetal visceral variations. 
 
F2 fetuses:  A complex fetal skeletal malformation (fusion of exocciptal bones and 
cervical vertebral arches, absent cervical vertebral arches and fused ribs) was observed 
in one fetus from the 600 mg/kg/day group. Minor fetal skeletal anomalies included 1 
animal each in the 60 and 200 mg/kg/day groups with way rib. There were no 
differences in the incidences of fetal skeletal variations between treated groups and 
control. There were no differences in the number of ossified sacral and caudal vertebrae 
between treated groups and control. 
 
Fetal visceral malformations (persistent atrioventricular canal, ventricular septal defect, 
overriding aorta, transposition of great vessels) were observed in one fetus from the 600 
mg/kg/day group. (This fetus was from a litter different than the the fetus that had 
complex skeletal malformations.) Minor fetal visceral anomalies in the same animal 
included aplastic pulmonary artery and lobulation anomaly of the lung. Minor fetal 
visceral anomalies in other animals included abnormal bifurcation of pulmonary artery in 
3 animals in the 60 mg/kg/day group and in 1 animal in the 200 mg/kg/day group.  
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are described above. F0 females were allowed 
to deliver naturally. F0 females that did not 
deliver by day 24 were sacrificed. F1 litters were 
culled to 4 males and 4 females on day 4 
postpartum, then weaned on day 20, then 
sacrificed on day 35-39, then necropsied. All F0 
females were necropsied. 

Deviation from study protocol: None reported. 
 
Observations and Results  
 
F0 Dams 
 
Survival F0 Dams 
There was 1 death in the 600 mg/kg/day group (day 8 postpartum) and 5 deaths in the 
600 mg/kg/day lactation-treatment-only group (deaths on days 1, 2, 3, 3 and 14 
postpartum). 
 
Clinical Signs F0 Dams 
Multiple clinical signs (most commonly decreased activity, irregular respiration, 
hypothermia and lacrimation) were noted during the day preceding death in F0 females 
that died prematurely. 
 
Body Weight F0 Dams 
Body weight gains in F0 females during gestation and postpartum are illustrated below 
in the sponsor’s Figure 34. Weight gain was reduced in the 20 mg/kg/day group 
compared to control on days 4, 7 and 14 postpartum. Differences between the 60 
mg/kg/day group and control were not statistically significant. Weight gain in the 600 
mg/kg/day group was less than control from day 18 of gestation onward. Weight gain in 
the 600 mg/kg/day gestation-treatment-only group was less than control on days 18 and 
19 of gestation and on day 7 postpartum. Weight gain in the 600 mg/kg/day lactation-
treatment-only group was less than control on days 4-12 postpartum. 
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Other Results for F1 Pups 
Necropsy findings in F1 offspring included one type of renal lesion that demonstrated an 
increased incidence (compared to control) at the highest drug dose:  fluid-filled cysts 
were observed in 1, 3, 1, 10, 5 and 7 animals from the control, 20 mg/kg/day, 60 
mg/kg/day, 600 mg/kg/day, 600 mg/kg/day gestation-treatment-only and 600 mg/kg/day 
lactation-treatment-only groups, respectively. The sponsor also notes that 
hydronephrosis and/or small indentations of the kidneys were observed in several 
animals (treatment groups and the number of animals affected are not specified).  
 
F2 Generation 
Not evaluated during this study. 
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10 Special Toxicology Studies 
 
Study B-6-1:  Antigenicity Study of SM-5688 
 
Key Study Findings 
Droxidopa was negative for immunogenicity, as assessed by intradermal reaction, 
active anaphylaxis, passive cutaneous anaphylaxis and gel precipitation assays.  
 
Methods and Results 
 
Test substance was droxidopa (Lot SP-206). Control substance was egg albumin. 32 
Male Hartley guinea pigs were divided into the four groups shown below in the 
sponsor’s Table 74. (EA = egg albumin.)  

Table 74.  Antigenicity study treatment groups (sponsor’s table) 

 
 
Animals in the sensitized groups were injected intramuscularly on 3 successive days 
with 1 mL of a solution comprised of equal volumes of Freund’s complete adjuvant and 
a 0.1% solution or emulsion of either droxidopa or egg albumin in physiological saline.  
 
Intradermal reaction 
Seventeen days after the final sensitization dose, animals were challenged by 
intradermal injection into the shaved flank region of 0.05 mL of either 0.1% droxidopa in 
physiological saline (SM-5688-sensitized and non-SM-5688-sensitized groups) or 0.1% 
egg albumin in physiological saline (EA-sensitized and non-EA-sensitized groups). The 
injection site was examined 4, 24, and 48 hours after challenge exposure for erythema 
and edema.  
 
Results were positive only for animals in the egg albumin- sensitized group. Results 
were negative for both droxidopa-treated groups and for animals injected with egg 
albumin but not previously sensitized to that antigen.  
 
Active anaphylaxis test 
Seven days after the intradermal challenge, four animals from each group were injected 
intravenously with 0.5 mL of either 0.1% droxidopa in physiological saline (SM-5688-
sensitized and non-SM-5688-sensitized groups) or 0.1% egg albumin in physiological 
saline (EA-sensitized and non-EA-sensitized groups), then were observed for clinical 
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signs of anaphylaxis (licking nose/rubbing nose, ruffling fur, diminished tone, labored 
breathing, sneezing/coughing, retching, rales, evacuation, convulsions, prostration, and 
death) at 20 minutes and 24 hours after challenge. 
 
Licking nose/rubbing nose, ruffling fur, diminished tone, labored breathing, 
sneezing/coughing, rales, evacuation, and prostration were noted in the albumin- 
sensitized group. Results were negative for both droxidopa-treated groups and for 
animals injected with egg albumin but not previously sensitized to that antigen. 
 
Passive cutaneous anaphylaxis (PCA) test 
The other four animals from each group that were not used for the active anaphylaxis 
test were used for the passive cutaneous anaphylaxis test. Three previously untreated 
guinea pigs were each injected intradermally with 0.05 mL of serum from each of the 
four SM-5688-sensitized animals and each of the four non-SM-5688-sensitized animals 
(eight injections total per animal). Similarly, three additional previously untreated guinea 
pigs were each injected intradermally with 0.05 mL of 10-fold diluted serum from each of 
the four EA-sensitized animals and with 0.05 mL of serum from each of the four non-
EA-sensitized animals (eight injections total per animal). Four hours after intradermal 
exposure, the animals were intravenously exposed (1 mL/animal) to a mixture of equal 
volumes of the antigen solution (0.1% droxidopa in physiological saline or 0.1% EA in 
physiological saline) and 1% Evans blue in physiological saline to induce PCA. Thirty 
minutes after challenge exposure, the animals were bled to death by decapitation, the 
dorsal skin was removed, and measurements were made of the diameters of any blue 
spots caused by leakage of Evans blue into the subcutaneous tissue at the injection 
site. 
 
Blue spots (10-16 mm in diameter) were seen only at the EA-sensitized guinea pig sera 
injection sites. Results were negative for other injection sites. 
 
Gel precipitation test 
A standard gel precipitation test was performed using agar-coated slides. Antigen 
solution (0.1% droxidopa in physiological saline or 0.1% EA in physiological saline) was 
placed in a center hole in the agar and the four serum preparations used in the passive 
cutaneous anaphylaxis test were each placed in one of four surrounding holes. The 
slides were then examined macroscopically for four days for precipitation lines indicative 
of an antigen-antibody reaction.  
 
The only precipitation line that formed was between the positive control substance EA 
and sera from EA-sensitized animals.  
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11 Integrated Summary and Safety Evaluation 
 
Primary pharmacology 
 
Droxidopa is a synthetic amino acid that is metabolized by L-aromatic-amino-acid 
decarboxylase (DOPA decarboxylase) to produce norepinephrine. Beneficial 
hypertensive (i.e., vasoconstrictive) effects in patients with neurogenic orthostatic 
hypotension are mediated by the effects of norepinephrine on alpha adrenergic 
receptors in the vascular smooth muscle cells of blood vessels. 
 
The sponsor has shown that single oral and/or intravenous doses of droxidopa can 
increase blood pressure in anesthetized of unanesthetized rats, in anesthetized rabbits, 
and in anesthetized cats. (See Figures 1, 3, 4 and 6 and Tables 1 and 2, above.) For 
reasons that are unexplained, intravenous injection of droxidopa did not affect blood 
pressure in anesthetized dogs. (Table 3.) There are no studies that evaluated potential 
effects on blood pressure following repeated dosing with this drug.  
 
Treatment with droxidopa partially restored the normal, orthostatic blood pressure 
response to head-up tilt in both rabbits and rats in whom this response had been 
blocked by prior drug treatment. (See Figures 5, 7 and 8.)  
 
Interference with L-aromatic-amino-acid decarboxylase or with alpha adrenergic 
receptor function diminishes or abolishes the pressor effect that is produced by 
droxidopa (Tables 1 and 2, Figure 4). Beta adrenergic receptor blockade does not alter 
the pressor effect produced by droxidopa. (Figure 4.) These studies support the 
hypotheses that L-aromatic-amino-acid decarboxylase is required to metabolize 
droxidopa into the active drug and that the pressor effects effects of this drug are 
mediated by peripheral alpha adrenergic receptors. 
 
Note that carbidopa (Table 1 and Figure 4) is routinely given to Parkinson’s disease 
patients treated with L-DOPA in order to inhibit peripheral (non-CNS) L-aromatic-amino-
acid decarboxylase. This is done to limit peripheral side effects of L-DOPA and to 
increase the percentage of L-DOPA that is converted to dopamine within the CNS, 
rather than peripherally. It seems likely that the pressor effects of droxidopa would also 
be inhibited in patients treated with carbidopa. 
 
Systemically administered droxidopa enters the brain and does increase norepinephrine 
production in the brain. (Tables 4 and 5.) One interesting result from preclinical studies 
is that intracerebroventricular injection of droxidopa in anesthetized rats produced a 
significant and prolonged drop in blood pressure (Figure 2). In the same study, 
intracerebroventricular injection of norepinephrine produced a less sustained drop in 
blood pressure. Although a hypothesized mechanism for this central hypotensive effect 
is not discussed in the published study report or by the sponsor, it is reasonable to 
speculate that this is due to agonism of central α2 adrenergic receptors, i.e., similar to 
mechanisms reported for centrally acting hypotensive drugs such as clonidine, 
guanfacine or methyldopa.  Given that droxidopa crosses the blood brain barrier, the 
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results of preclinical studies indicate that the peripheral pressor response of 
systemically administered droxidopa eclipses the central hypotensive effects that are 
also produced by the drug. 
 
Secondary pharmacology 
 
A series of general pharmacology studies (Study report C-1-24) completed in whole 
animals or in isolated tissues indicated that droxidopa produces few pharmacological 
effects, other than the effects on blood pressure noted above. This series of studies 
found that droxidopa did not affect multiple physiological parameters, including: 
behavior, muscle tone, motor function, susceptibility to convulsions, heart rate, 
respiration, smooth muscle contractility (uterus, ileum, vas deferens, stomach, aorta), 
intestinal motility, coagulation, fibrinolysis or bile secretion. It did slightly lower rectal 
temperature in rats (< 1° C), but not in mice. A high dose in mice (800 mg/kg 
intraduodenally) inhibited gastric secretion. Reflecting the time period when these 
studies were performed (the early 1980s), these studies did not include include cell- or 
receptor-based assays.  
 
Safety Pharmacology 
 
No safety concerns were identified during the studies related to safety pharmacology 
that are briefly summarized below. Although some of the parameters recorded during 
these studies differ from those that might be specified today, the results suggest it is 
unlikely that droxidopa will produce acute, adverse pharmacological effects on CNS, 
cardiovascular or respiratory function. The limited preclinical ECG data reported for this 
drug is not judged to be a liability because clinical ECG data is available. It is also 
suggested that acute, pharmacological, clinically significant effects on CNS function or 
respiration would have been noted during the clinical studies.  
 
CNS 
The general pharmacology studies cited above found that oral dosing with 10 mg/kg of 
droxidopa produced no effects during the following behavioral tests completed in mice: 

 effect on spontaneous locomotor activity  

 effect on pentylenetetrazol-induced convulsions 

 effect on bicuculline-induced convulsions 

 effect on duration of hexobarbital-induced anesthesia 

 muscle relaxation effect (traction test) 

 effect on motor coordination (rota-rod test) 

 effect on duration of hexobarbital-induced anesthesia 
 
Cardiovascular 
The general pharmacology studies cited above included several evaluations of 
cardiovascular effects.  
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 Effects on respiration, blood pressure, heart rate and ECG were evaluated in 
urethane-anesthetized cats. Effects on blood pressure are discussed above under 
“Primary Pharmacology”. Intravenous doses up to 10 mg/kg produced no effects on 
heart rate or ECG. No data are provided regarding ECG results, only a statement 
that there were no effects.  

 Effects on blood pressure and heart rate were also evaluated in urethane-
anesthetized rats. Intravenous doses of 1 or 2 mg/kg of droxidopa increased blood 
pressure but did not affect heart rate.  

 Droxidopa at concentrations up to 100 μg/mL had no effects (dilation or contraction) 
on strips of isolated rat aorta.  

 
ECGs were also recorded during a 52-week repeat-dose toxicity study in dogs that 
included a 12-week recovery period. ECGs were recorded once prior to study initiation 
and during weeks 13, 26, 39, 52 and 58. It is not clear whether any ECG parameters 
other than rate (the only parameter reported) were analyzed. Heart rates in high-dose 
(2000 mg/kg/day) males at 52 weeks were significantly lower than control, but this 
observation was not supported by findings at other timepoints or other doses.  
 
An in-vitro hERG assay that evaluated droxidopa concentrations of 10, 30 and 90 μg/mL 
demonstrated no inhibition of hERG channel conductance at any of the tested 
concentrations, whereas the positive control produced the expected decrease. It has 
been shown that clinical Cmax values approximately 30X lower than the in-vitro IC50 for 
hERG blockade are sufficient to predict a lack of clinically significant QT interval 
prolongation due to this mechanism.6 As explained below under “Absorption”, patients 
treated with the highest recommended clinical dose of droxidopa (600 mg TID) might 
experience Cmax values that modestly exceed 4 μg/mL. Given that no inhibition of hERG 
current was observed at 90 μg/mL during the in-vitro hERG assay, it seems unlikely that 
recommended doses of up to 600 mg TID would produce clinically significant QT 
prolongation due to hERG channel blockade.  
 
Respiratory 
The general pharmacology studies cited above included evaluation of respiration in 
urethane-anesthetized cats. Respirations were recorded with a chest-strap tambour 
recording on carbon-blackened paper (See Figure 6 above.) or with a thermistor 
respiration pickup connected to a chart recorder. Note that the chest strap records only 
physical chest expansion while the thermistor primarily records the duration of 
inspiration and expiration. If the recording paper moves with sufficient rapidity, either 
method can also record respiratory rate. The sponsor reports that intravenous doses up 
to 10 mg/kg produced no effects on respiration. 
 

                                            

6. Redfern WS, et al. Cardiovasc Res. 2003;58(1):32-45.  
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Pharmacokinetics/ADME/Toxicokinetics  
 
Absorption 
At the date of this review, data regarding the pharmacokinetics of droxidopa in the 
toxicology study species is limited in quantity. No data is available for rabbits. The only 
data available for mice and dogs are for a single dose level in each species and are 
from a study during which serum concentrations were sampled at three timepoints over 
four hours in mice and at four timepoints over eight hours in dogs. Repeat-dose data is 
currently available only for Rhesus monkeys, which were not one of the primary 
toxicology study species. The sponsor was asked to address this deficiency. Their most 
recent response to requests for additional preclinical pharmacokinetic data was 
provided in a NDA amendment dated December 8, 2011, and is copied below:  
 

Chelsea did not conduct toxicokinetic studies or directly study the pharmacokinetics of 
droxidopa following repeated dosing in animals. However, the effect of repeat dosing on PK 
parameters was preliminarily examined in a dose-range finding monkey study. These data 
suggest that there is no consistent evidence of a change in Cmax and AUC with repeat 
dosing. In order to supplement these existing data in the NDA, Chelsea will conduct a repeat-
dose PK study in rats using a range of doses and plasma sampling at days 1 and 7. We 
anticipate these data will be available late January or early February. 

 
The sponsor requested that we comment on this proposal. We provided the following 
advice: 
 

We agree that the proposed 7-day repeat-dose PK study in rats will be useful to examine the 
effect of repeat dosing on the PK parameters in this species. Your description of the monkey 
PK data after 7-day repeat dosing was also useful. The absence of similar PK data after 
repeat dosing in the other species used for toxicity testing (i.e., mice, rabbits, and dogs) is 
problematic for the same reasons.  

 
The sponsor’s Tables 75 and 76, below, summarize clinical pharmacokinetic 
parameters and are provided in order that clinical drug exposures may be compared to 
pharmacokinetic data from preclinical studies. Clinical patients are typically dosed with 
200 – 600 mg of droxidopa three times daily (TID). Table 75 reports results from clinical 
study 101 for healthy, elderly volunteers who received a single dose of droxidopa. Table 
76 reports results from clinical study 302 for patients treated TID with the indicated 
doses. Table 76 shows that patients treated TID with 600 mg of droxidopa have Cmax 
values of approximately 4 μg/mL. It is more difficult to estimate AUC values for patients 
treated TID with 600 mg of droxidopa because values are reported only for subjects that 
received a single 300 mg dose (Table 75). However, if the AUCs reported for a single 
300 mg dose of droxidopa (approximately 14 μg x h/mL) are simply multiplied by six, 
then, assuming linear kinetics, this provides a rough AUC estimate of 84 μg x h/mL for 
patients dosed with 600 mg TID. 
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A second rat study evaluated oral doses of 50 mg/kg in both nephrectomized and sham-
operated animals. Pharmacokinetic parameters in sham-operated animals were similar 
to those seen for the 50 mg/kg dose during in the previous study, but in nephrectomized 
animals AUC was increased more than two-fold and T1/2 was increased almost three-
fold. (Table 8.) 
 
A 14-day preliminary dose-ranging study in Rhesus monkeys evaluated oral daily doses 
of 0, 300, 1000 and 3000 mg/kg and included evaluation of basic pharmacokinetic 
parameters on days 1 and 7. Cmax and AUC increased between the low- and mid-doses 
but decreased between the mid- and high-doses. Cmax values reported for the 300 and 
3000 mg/kg doses were essentially identical. (Table 10.) Both a late timepoint for the 
first blood sample (2 hours post-dose) and/or a small sample size (one 
animal/sex/dose) may have affected the accuracy and/or precision of these calculations. 
T1/2 is not reported. The Cmax values reported for each of the doses at least modestly 
exceed the 4 μg/mL clinical Cmax value that is estimated above for patients dosed with 
600 mg. Compared to the clinical AUC value (84 μg x h/mL) that is estimated above for 
patients dosed with 600 mg, the AUC values reported for monkeys in Table 10 range 
from approximately 0.2X as large (for the 300 mg/kg dose on both days 1 and 7) to 1.3X 
as large (for the 1000 mg/kg dose on day 7).  
 
As an initial response to our request for additional pharmacokinetic data, the sponsor 
calculated Cmax and AUC values from plots of serum drug levels that were measured at 
three timepoints over four hours (in mice), at four timepoints over eight hours (in dogs 
and Rhesus monkeys), or at five timepoints over eight hours (in rats) following a single 
oral drug dose during a drug metabolism study. (Table 11.) Animals received a single 
oral dose of either 100 mg/kg (mice) or 10 mg/kg (rats, dogs and monkeys). Compared 
to the clinical Cmax value estimated above for patients dosed with 600 mg, the Cmax 
values reported for the tested dose levels were approximately 2X larger in mice and 
dogs, approximately 0.25X as large in rats and approximately 0.4X as large in monkeys. 
Compared to the clinical AUC value estimated above for patients dosed TID with 600 
mg, the AUC values reported for the tested dose levels in mice and dogs were 
approximately 0.2X as large and the AUC values reported for the tested dose levels in 
rats and monkeys were only approximately 0.04X as large as the estimated clinical 
AUC. Compared to the prior study that evaluated a 10 mg/kg dose in rats (Table 7), this 
study reported Cmax and AUC values that were 3X and 2X lower, respectively.  
 
Distribution 
Distribution of 14C-droxidopa was evaluated in mice, rats, dogs and Rhesus monkeys 
following a single oral dose of 10 mg/kg. Levels of radioactivity were notably high in 
kidney and liver in all species and were additionally high in the pancreas in mice and 
rats. Results for these three organs are summarized above in the sponsor’s Table 12. 
 
A second study evaluated the tissue distribution of 14C-droxidopa in rats following either 
one or fourteen daily doses of 100 mg/kg. (Table 13) Results were similar between days 
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1 and 14. The highest radiation levels at hours 1 and 4 on both days were in the kidney 
and pancreas.  
 
An in-vitro study evaluated protein binding of 14C-droxidopa to mouse, rat, dog, rhesus 
monkey and human sera and to human serum albumin for drug concentrations of 0.1, 1 
and 10 μg/mL. (Table 14.) However, the sponsor indicates that this study might have 
overestimated protein binding due to the inability of the assay to distinguish binding of 
labeled metabolites from binding of droxidopa. The results of a second in-vitro study 
that was designed to ensure the stability of droxidopa, and that evaluated only rat and 
human sera, suggested instead that protein binding was actually much lower than the 
levels estimated during the first study. Thus, protein binding levels in various species 
are best described as not yet defined. 
 
Metabolism 
The sponsor cites a published review article as defining the metabolic pathways for 
droxidopa. These presumed metabolic pathways are illustrated above in the sponsor’s 
Figure 10, copied from the review article. However, neither the review article nor the 
sponsor cite the data that support Figure 10. This is potentially of note partly because it 
appears that significant metabolites of droxidopa may not yet have been identified. (See 
the large percentages labeled “Others” in Table 15 which summarizes the serum 
metabolite levels measured in animals.)  
 
As summarized above in the sponsor’s Tables 15 and 16, serum metabolite levels have 
been evaluated for 3 metabolites and their conjugates (3-OM-DOPS, VA and PA) in 
rats, dogs and monkeys, and urine metabolite levels have been evaluated for 4 
metabolites and/or their conjugates (3-OM-DOPS, VA, PA, and conjugated HC). Note in 
the final column of Table 15 that significant percentages of 14C-analytes are listed as 
“Other”, which may represent significant quantities of unidentified metabolites. No 
serum metabolite data has yet been reported for rabbits, and serum metabolite data for 
mice and humans is currently limited to values for 3-OM-DOPS.  
 
It is not yet possible to determine whether toxicology study animals (particularly the 
mice and rats used for carcinogenicity studies and the rabbits used for reproductive 
toxicity studies) were exposed to all major human serum metabolites or to sufficient 
levels of those metabolites.  
 
Computational Toxicology Assessment of Metabolites 
Because the relative serum exposures to metabolites of droxidopa in animals and man 
remain poorly defined, a computational toxicology assessment for four of the 
metabolites cited in Figure 10 (3-OM-DOPS, vanillic acid, protocatechuic acid and 3,4-
dihydroxytoluene) was requested from the CDER Computational Toxicology Group. The 
report of this analysis is attached as Attachment 2. Summary tables from the report are 
copied above as Tables 17-22.  
 
Metabolites VA and PA were predicted to be positive in rodent carcinogenicity assays, 
while metabolite HC (3,4-dihydroxytoluene) previously tested positive in a rat 
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carcinogenicity assay. The three other metabolites that were evaluated (3-OM-DOPS, 
VA and PA) were each predicted to test positive in more than one genotoxicity assay. 3-
OM-DOPS was predicted to be positive for reproductive toxicity in rabbits. None of the 
four metabolites were predicted to produce behavioral toxicity.  
 
Regarding the previously demonstrated rodent carcinogenicity of the metabolite, HC, it 
is noted that the mouse and rat carcinogenicity assays for droxidopa were judged to be 
negative by CDER’s Executive Carcinogenicity Assessment Committee. However, the 
actual serum exposures (if any) of mice, rats and humans to this metabolite are not yet 
known. The reproductive toxicity predicted for 3-OM-DOPS in rabbits is also of concern. 
No information is yet available regarding serum levels of either droxidopa or 3-OM-
DOPS in rabbits.  
 
Following receipt of this computational toxicology analysis, a Nonclinical Advice Letter 
was sent to the sponsor on January 5, 2012, that that informed the sponsor of these 
computational toxicology findings and that requested additional information regarding 
these metabolites. The text of the letter is copied above in Section 5 
(Pharmacokinetics/ADME/Toxicokinetics) of this review. 
 
The sponsor's response, provided in a NDA amendment dated January 26, 2012, 
comprised two aspects: The cover letter indicated they had experienced difficulty 
developing sufficiently sensitive assays to determine human serum levels of droxidopa 
metabolites and that, because of this, they do not plan to submit additional data 
regarding human serum metabolites. Additionally, an attached document specifically 
addresses each of the three requests listed above and, in each case, argues that 
additional data should not be required. The sponsor’s replies may be briefly 
summarized as follows:  

 For request #1 (regarding a lack of metabolite data for rabbits), the sponsor 
argues: 1) that rats are more sensitive than rabbits for detecting fetal 
dysmorphogenesis, 2) that it is generally considered adequate to evaluate 
metabolites for adverse effects in a single species, 3) that the rat teratology study 
provides adequate information about the lack of risks of fetal dysmorphogenesis, 
and 4) that they consider the existing metabolite data (Tables 15 and 16 above) 
to be sufficient to indicate that droxidopa metabolites are consistent across 
species.  

 For request #2 (regarding the limited serum metabolite data for mice, including a 
lack of data for VA and PA), the sponsor argues: 1) that it is generally considered 
adequate to evaluate metabolites for adverse effects in a single species, 2) that 
VA is a major metabolite of vanillin which is listed as GRAS for use as a food 
additive, 3) that there are published studies which have found that PA can inhibit 
tumor formation, and 3) that they consider the existing metabolite data to be 
sufficient to indicate that droxidopa metabolites are consistent across species. 

 For request #3 (regarding a lack of data regarding serum exposure to HC, which 
has been shown to be carcinogenic in rats), the sponsor argues: 1) that they 
believe the urinary metabolite data (Table 16 above) is sufficient to demonstrate 
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that HC is a minor metabolite of droxidopa, and 2) that the rat carcinogenicity 
study was sufficient to evaluate risk in humans.  

 
It is difficult to evaluate the sponsor’s statement that they have not been able to develop 
assays that are sufficiently sensitive to permit measurement of human serum metabolite 
levels. However, because serum metabolites have been measured in rats, dogs, and 
monkeys following a single oral dose of 10 mg/kg (Table 15, above), it is reasonable to 
suggest that they could also be measured in humans. In particular, the highest 
recommended clinical dose for droxidopa is 600 mg three times daily, which is 
equivalent to 10 mg/kg three times daily in a 60 kg patient. Given that humans have a 
smaller body surface area than rats, dogs, or monkeys, it is reasonable to predict that 
10 mg/kg doses in humans will produce serum metabolite exposures that are at least 
modestly higher than those reported in Table 15.  
 
Regarding the lack of metabolite data for rabbits and serum metabolite data in mice that 
is limited to levels of 3-OM-DOPS, it remains difficult to predict the metabolites to which 
these species were exposed. The information that VA is considered GRAS is helpful. 
The information that PA has anti-tumor activity is less significant because many anti-
cancer drugs are also carcinogenic. As noted above, the metabolite HC has been 
shown to be carcinogenic in rats. Detection of HC in the urine of rats and monkeys 
(Table 15) is not sufficient to predict serum exposures in humans or during the mouse 
and rat carcinogenicity studies reported for droxidopa.  
 
Finally, it remains a concern that 3-OM-DOPS is the only metabolite for which human 
serum levels have been measured. The significant levels of 14C listed as “Other” in 
Table 15 also remain a concern because they may indicate significant exposure to 
metabolites that have not yet been identified.  
 
Toxicokinetics  
No toxicokinetic data from toxicology studies was collected for any species. 
 
Single-Dose Toxicity 
 
Acute Toxicity in Mice 
Mice received single oral doses of 0, 5000 or 10,000 mg/kg; single intravenous doses of 
0, 50 or 100 mg/kg; or single subcutaneous doses of 0, 500, 1000, 200, 3000, 4500, 
7000 or 10,000 mg/kg. There was no mortality among mice receiving oral or intravenous 
doses. Among mice dosed by subcutaneous injection, there were 3 deaths on day 1 
among the 10 females dosed with either 7000 or 10,000 mg/kg and 1 death on day 2 
among the 5 males dosed with 10,000 mg/kg. Of note in this study, histological findings 
included cardiac lesions (epicardial and interstitial fibrosis, and myocardial 
degeneration) and various renal tubular lesions. Although these lesions were observed 
only at higher doses (Details are provided above in Section 6, General Toxicology), they 
are important because they mirror the renal and cardiac lesions observed in during 
repeat-dose studies mice and rats and because they might argue against the sponsor’s 
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conclusion that the renal lesions represent species-specific exacerbations of normal, 
age-related changes in the tested species and strains.  
 
Acute Oral and Intravenous Toxicity in Rats 
Rats were given single oral doses of droxidopa of 0, 300, 1000, 3000, 5000 or 10,000 
mg/kg or single intravenous doses of 0, 2.5, 5, 10, 13, 16, 20, 25 or 31 mg/kg. There 
were no deaths among rats dosed orally. Following intravenous dosing, deaths were 
observed on days 1 through 5 in both sexes for doses ≥ 16 mg/kg, with 100% mortality 
observed in males for doses ≥ 20 mg/kg and in females for doses ≥ 25 mg/kg. As in the 
single-dose mouse study cited immediately above, both renal tubular and cardiac 
lesions were observed during this study. Increased incidences of renal tubular lesions, 
primarily characterized by tubular epithelial degeneration and regeneration, were 
observed for all tested oral doses (from 300 – 10,000 mg/kg) in males, for oral doses ≥ 
1000 mg/k in females, and for intravenous doses ≥ 10 mg/kg in both sexes. Cardiac 
lesions included myocardial degeneration and/or mononuclear cell infiltration in many of 
the animals that were found dead following intravenous dosing. As was true for the 
single-dose mouse study, the renal and cardiac observations are important because 
they mirror the renal and cardiac lesions observed during repeat-dose studies in mice 
and rats and because they might argue against the sponsor’s conclusion that the renal 
lesions represent species-specific exacerbations of normal, age-related changes in the 
tested species and strains. 
 
Acute Oral Toxicity Study in Dogs 
Dogs were given single oral doses of droxidopa of 0, 500, 1500 or 5000 mg/kg. Drug 
treatment had no effects on clinical signs, mortality, body weight, food consumption, 
hematology, serum chemistry, organ weights or gross necropsy results. Histology was 
not evaluated. 
 
Acute Oral Toxicity Study in Rhesus Monkeys 
As is explained above in Section 6 of this review (General Toxicology), the results of 
this study were difficult to fully interpret because each animal was exposed to two 
different oral drug doses (initially to 500 or 1500 mg/kg, then re-randomized 4 weeks 
later and dosed with 0 or 5000 mg/kg). It seems likely that drug treatment was nontoxic 
during this study because there were no apparent effects on clinical signs, mortality, 
body weight, food consumption, hematology, serum chemistry, organ weights or 
urinalysis results. Various gross and/or microscopic lesions were observed in multiple 
organs (lungs, pancreas, spleen, liver, heart and kidney), but the study report indicates 
that each of the lesions is often or sometimes seen in rhesus monkeys at necropsy. It 
was not possible to assign the lesions to one drug dose.  
 
Repeat-Dose Toxicity 
 
Preliminary Toxicity Study in Mice by Dietary Administration for 13 Weeks 
Although rats and dogs (and not mice) were the primary species used to evaluate 
repeat-dose toxicity, this study was reviewed because of the cardiac and renal lesions 
observed in both rats and mice at relatively moderate doses, including during an 80-
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week carcinogenicity assay in mice. CD-1 mice were dosed with 0, 30, 100, 300, 1000 
or 3000 mg/kg/day of droxidopa in feed. Because this study was a dose-range-finding 
study for a subsequent carcinogenicity assay, assessments were limited to clinical 
signs, body weights, food consumption, and necropsy results (including organ weights 
and histopathology). 
 
No mortality or clinical signs were observed. Body weight gains were reduced only in 
high-dose males (-11%) and females (-21%). Kidney weights were significantly 
increased in 3000 mg/kg/day males (0.60 g) versus control (0.51 g). Uterine weights 
were significantly decreased in 3000 mg/kg/day females (0.111 g) versus control (0.163 
g). The key findings from this study are judged to be the histological lesions observed in 
cardiac and renal tissues. Focal myocardial fibrosis (occasional, minimal or moderate) 
was observed in 3/10 males and in 2/10 females in the 3000 mg/kg/day groups and in 
1/10 females in the 1000 mg/kg/day group. Basophilic cortical tubules were noted in 
kidneys from 1/0 males and 1/10 females in the 3000 mg/kg/day groups. (This second 
finding is not discussed further in the study report, but can indicate tubular epithelial 
proliferation that occurs when tubular degeneration is followed by regeneration.) The 
only pharmacokinetic evaluation completed in mice (Table 11 above) does not provide 
data useful for estimating drug exposure at the 1000 and 3000 mg/kg/day doses that 
were associated with cardiac and renal lesions. The human equivalent doses for these 
two mouse doses (based on body surface area) would be 81 and 244 mg/kg/day, 
respectively. The highest recommended human clinical dose is 600 mg three times 
daily, or 30 mg/kg/day in a 60 kg patient. 
 
52-Week Toxicity and 12-Week Reversibility Study following Oral Administration to Rats 
This study evaluated oral doses of 0, 10, 30, 100 and 300 mg/kg/day in CD(SD) rats. 
Ten animals/sex/group were sacrificed at 26 weeks, 20/sex/group at 52 weeks, and 
10/sex/group following the 12 week recovery period (if sufficient animals in that group 
remained alive).  
 
There were high incidences of drug-related mortality in high-dose animals of both 
sexes. (Table 27.) Lower incidences of drug-related mortality were also observed in 
animals of both sexes treated with 100 mg/kg/day. Clinical signs were nonspecific and 
were generally limited to animals in the two highest dose groups. Body weight gains 
were reduced in high-dose animals of both sexes. Hematological effects were minimal 
Clinical chemistry results included elevations in BUN, creatinine and serum phosphorus, 
all presumably related to the renal lesions observed at necropsy.  
 
The most prominent findings during this study were renal and cardiac lesions. The 
incidences and severities of lesions in both the heart and kidney were generally dose-
related, but with increased incidences (compared to control) generally restricted to the 
two highest doses. Animals that died prematurely typically demonstrated both cardiac 
lesions and multiple renal pathologies. Renal lesions included:  tubular necrosis, 
capillary loop thickening, glomerular degeneration/necrosis, basophilic tubules, 
mineralization, proteinaceous casts, chronic inflammation, hemorrhage and congestion. 
The most commonly noted cardiac lesion was myocarditis. Other cardiac lesions, 
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observed primarily in high-dose animals, included mineralization of the cardiac ventricle, 
aorta, atrium and/or coronary arteries.  
 
Although not discussed in this study report, the spectrum and progression of renal 
lesions observed during this study suggest (to this reviewer) the spectrum of lesions 
that are associated with chronic progressive nephropathy, a common, spontaneous, 
age-related disease in laboratory rats. The results of this study and of the other studies 
of droxidopa in rat suggest that treatment with droxidopa promotes development of the 
chronic progressive nephropathy syndrome in this species.  
 
Limited pharmacokinetic data for both rats and humans makes it difficult to judge 
whether there might be a safety margin between human clinical drug exposures and the 
drug exposures that produced renal and cardiac lesions in rats following dosing with 
100 or 300 mg/kg/day during this study. As noted previously, no toxicokinetic data was 
collected for rats. The two available methods to roughly estimate possible drug 
exposure during this study both suggest that the clinical drug exposure (AUC) produced 
by treatment with 600 mg TID (the highest recommended clinical dose) might lie 
between the drug exposures (AUCs) produced by doses of 100 and 300 mg/kg/day in 
rats. First, it is possible to simply compare drug doses by body surface area. As noted 
above, the highest recommended human clinical dose is 600 mg three times daily, or 30 
mg/kg/day in a 60 kg patient. The human equivalent doses (based on body surface 
area) for 100 and 300 mg/kg/day doses in rats would be 16 and 48 mg/kg/day, i.e., 
slightly below and slightly above the clinical dose. Similarly, a single dose 
pharmacokinetic study in rats (Table 7) reported an AUC of 33 μg x h/mL for rats dosed 
orally with 50 mg/kg of droxidopa. If we assume that AUC in this species is dose-
proportional, then multiplying this AUC value (for a 50 mg/kg dose) by 2 and by 6 
provides estimated AUCs for 100 and 300 mg/kg doses of 66 and 198 μg x h/mL, 
respectively. The AUC estimated above for patients treated with 600 mg TID (84 μg x 
h/mL) again lies between the estimated exposures for rats dosed with 100 and 300 
mg/kg/day, respectively.  
 
Chronic Toxicity Study in Dogs 
Dogs were dosed orally with 0, 125, 500 or 2000 mg/kg for 52 weeks. The results of this 
study were generally unremarkable. One high-dose female died during week 17 (due to 
a strangulated inguinal hernia), one high-dose male died during week 19 (weight loss 
and progressive anemia of unknown cause), and one control male was euthanized 
during week 20 (weight loss, liquid stools and ascites, all due to unknown cause). There 
was no sign of anemia in other study animals. Body weights and food consumption 
were unaffected. Clinical signs were limited to pinkish stools and dark stains in the cage 
pans of drug-treated animals. ECGs recorded prior to initiation of dosing and at 13, 26, 
39 and 52 weeks were reported to be normal, although it is possible that heart rate is 
the only ECG parameter that was evaluated quanititatively (Table 31). With the 
exception of the one animal that died of progressive anemia, hematology results were 
unremarkable. Clinical chemistry results were unremarkable. With the exception of 
brown-black urine observed in some drug-treated animals (but without relationship to 
dose), urinalysis results were unremarkable. Gross necropsy, organ weight and light 
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microscopy results were all unremarkable. Electron microscopy was used to evaluate 
sections from renal cortex, renal medulla, and liver. The only electron microscopy 
finding noted by the pathologist was an increased volume of smooth endoplasmic 
reticulum (SER) in liver samples from several drug-treated animals (one mid-dose male, 
one high-dose male and two high-dose females). Increased SER in the liver can 
indicate induction of P450 enzymes. Although not reviewed here, Study ZNA31751.002 
reported that droxidopa did not induce CYP1A2, CYP2B6 or CYP3A4/5 activity in 
human hepatocytes in-vitro.  
 
Droxidopa doses up to 2000 mg/kg/day appear to be benign in this species. The only 
pharmacokinetic data collected for dogs was for a single oral dose of 10 mg/kg (Table 
11), which is not judged to be useful for estimating systemic drug exposure at the much 
higher doses used during this study. For a dose of 2000 mg/kg/day in dogs, the human 
equivalent dose (based on body surface area) would be 1111 mg/kg/day. For 
comparative purposes, the highest recommended clinical dose, 600 mg TID, is equal to 
30 mg/kg/day in a 60 kg patient, a dose that is 37-fold lower than the human equivalent 
dose for the highest dose tested in dogs.  
 
13-Week Oral Toxicity Study in Rhesus Monkeys 
Although not reviewed above (monkeys were not one of the primary species used for 
toxicology studies of droxidopa), this study will be mentioned briefly because toxicity 
results in this species appear to mirror the apparently benign profile and the apparently 
large safety margin that were observed in dogs and that contrast with notable toxicity 
(primarily renal and cardiac) and lack of a safety margin (compared to human clinical 
drug doses) that was observed for droxidopa in both rats and mice. The study results 
cited below are taken from the sponsor’s summary, rather than from a thorough review 
of the study report.  
 
Monkeys were dosed orally with 0, 300, 1000, and 3000 mg/kg/day of droxidopa. One 
control female and one mid-dose female died prematurely following periods of weight 
loss and poor health, but the cause of death was not determined for either animal. Other 
study animals demonstrated no apparent drug-related effects on body weight, food 
consumption, ophthalmoscopic exams, hematology, gross pathology or  histopathology. 
Effects produced by drug treatment appear to have been limited to:  red-brown feces in 
the drug-treated groups, slightly elevated BUN and serum triglyceride levels in mid- and 
high-dose groups, and red-brown urine and ketonuria in mid- and high-dose groups. 
(However, the study report suggests that this drug may produce false positive results for 
ketones.)  
 
Droxidopa doses up to 3000 mg/kg/day appear to be benign in this species. The only 
pharmacokinetic data collected for Rhesus monkeys was for a single oral dose of 10 
mg/kg (Table 11), which is not judged to be useful for estimating systemic drug 
exposure at the much higher doses used during this study. For a dose of 3000 
mg/kg/day in Rhesus monkeys, the human equivalent dose (based on body surface 
area) would be 968 mg/kg/day. For comparative purposes, the highest recommended 
clinical dose, 600 mg TID, is equal to 30 mg/kg/day in a 60 kg patient, a dose that is 32-
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fold lower than the human equivalent dose for the highest dose tested in monkeys.  
 
Genetic toxicology 
 
In-vitro reverse mutation assay in bacterial cells (Ames assay) 
Results were negative. Methods are judged to be appropriate. Although the sponsor 
indicates the study was completed in accordance with a standard that they judge to be 
equivalent to GLP guidelines, no QA statement is supplied. 
 
Although this Ames assay was negative, both with and without metabolic activation, a 
computational toxicology assessment summarized above in Section 5 of this review 
predicted that one of the principal metabolites of droxidopa (abbreviated as 3-OM-
DOPS in Figure 10 above) would be positive if tested in an Ames assay (Tables 18 and 
19). The potential significance of the computational toxicology predictions is discussed 
immediately below under the summary discussion of the in-vitro chromosome aberration 
assay, the genetic toxicology assay for which all four tested metabolites were predicted 
to be positive. The same considerations apply to the positive Ames assay result 
predicted for the metabolite, 3-OM-DOPS. In particular, because the enzyme COMT 
(Figure 10) has been reported in liver microsomes, it seems likely (though not certain) 
that the bacteria in assays with metabolic activation would have been exposed to 3-OM-
DOPS.  
 
In-vitro chromosome aberration assay in CHO cells 
This assay was positive in the absence metabolic activation, but negative in the 
presence of metabolic activation.  
 
This assay was not GLP compliant and a QA statement was not provided. A GLP-
compliant assay has been requested from the sponsor multiple times, most recently in a 
filing review letter dated November 16, 2011. 
 
The sponsor suggests that chromosome aberrations in the absence of metabolic 
activation are caused not by droxidopa, but by oxidation products of droxidopa. Addition 
of ascorbic acid (an antioxidant compound) to a second in-vitro chromosome aberration 
assay without metabolic activation (study B-7-2-2) reduced, but did not eliminate, the 
increase in chromosome aberrations. 
 
Note that, although this assay was negative in the presence of metabolic activation, a 
computational toxicology assessment summarized above in Section 5 of this review 
predicted that each of four principal metabolites of droxidopa (abbreviated as 3-OM-
DOPS, VA, PA and HC in Figure 10 above) would be positive if tested in a chromosome 
aberration assay (Tables 18 and 19). A search of the scientific literature quickly 
indicated that three of the enzymes indicated on Figure 10 (COMT, MAO, and aldehyde 
dehydrogenase) as involved in the formation of these four metabolites has been 
identified in liver microsomes, although I was not able to determine whether adequate 
levels would reliably be present in all rat liver S9 fractions. A fourth enzymes, DOPS 
aldolase, that participates in the formation of both PA and HC has been studied in brain 
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tissues. I was not able to determine whether DOPS aldolase is also present in liver 
microsomes. (Note that Figure 10, which is the only metabolic pathway information 
provided by the sponsor, does not indicate whether an additional enzyme is required to 
convert protocatechualdehyde to HC.) Referring again to Figure 10, it thus seems likely 
that the cells in the assay with metabolic activation would have been exposed to the 
metabolites, 3-OM-DOPS and VA, but it is unknown whether the S9 fraction would have 
contained the DOPS aldolase required to produce PA and HC. As noted above in this 
summary section under “Metabolism”, the (multiple) positive computational toxicology 
predictions for genotoxity of droxidopa metabolites reinforce the importance of 
determining serum metabolite profiles for both toxicology animals and humans in order 
that metabolite exposures in the mice and rats used for carcinogenicity assays may be 
compared to clinical exposures in man. As described above in this section under 
“Computational Toxicology Assessment of Metabolites”, a Nonclinical Advice Letter was 
sent to the sponsor on January 5, 2012, that notified them of the computational 
toxicology results and that requested additional information. The sponsor’s response is 
also summarized above in the same section.  
 
In-vivo mouse micronucleus assay 
Results were negative. Methods are judged to be appropriate. Although the sponsor 
indicates the study was completed in accordance with a standard that they judge to be 
equivalent to GLP guidelines, no QA statement is supplied. 
 
Although this in-vivo micronucleus assay was negative, both with and without metabolic 
activation, a computational toxicology assessment summarized above in Section 5 of 
this review predicted that one of the principal metabolites of droxidopa (abbreviated as 
PA in Figure 10 above) would be positive if tested in an in-vivo micronucleus assay 
(Tables 18 and 19). The potential significance of the computational toxicology 
predictions is discussed immediately above under the summary discussion of the in-
vitro chromosome aberration assay, the genetic toxicology assay for which all four 
tested metabolites were predicted to be positive. The same considerations apply to the 
positive in-vivo micronucleus assay result predicted for the metabolite, PA. In particular, 
because it is not clear whether the DOPS aldolase enzyme (Figure 10) that is involved 
in conversion of L-DOPS to PA and HC is present in tissues other than the brain, it is 
also not clear whether the mouse bone marrow cells would have been exposed to PA.  
 
Carcinogencity 
 
80-week carcinogenicity assay in mice 
An 80-week study in CD-1 mice evaluated daily doses of 30, 100, 300 and 1000 mg/kg 
delivered in feed. Mortality was increased at the two highest doses in both sexes. Body 
weight gain was modestly decreased in males at the two highest doses and food 
consumption was modestly decreased in the same groups between weeks 10 and 60, 
but not over the entire course of the study. Clinical signs were unremarkable. Mean 
drug intake in food closely matched desired treatment levels throughout the course of 
the study. Common non-neoplastic lesions included an increased incidence of 
amyloidosis (multiple organs) and an increased incidence of myocardial scarring, both 
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primarily at the two highest doses. Amyloidosis was the most common cause of excess 
deaths at higher doses. The overall incidence of tumors was low, both in control and 
drug-treated groups, and likely reflected the somewhat shorter duration (i.e., 80 weeks) 
of the study. No drug-related increases in tumor incidence were identified. Following 
presentation of these results to the CDER Executive Carcinogenicity Assessment 
Committee on January 9, 2012, the Committee concurred that the study was 
acceptable, despite the suboptimal duration, and that there were no drug-related 
neoplasms. 
 
The dose-related incidences of renal and cardiac lesions are probably the most 
important results of this study. Many, but not all, of the lesions in both hearts and 
kidneys were due to amyloidosis. It has been reported that amyloidosis is common in 
aged CD-1 mice, that amyloidosis typically affects multiple organs, and that renal 
amyloidosis is usually the cause of death in mice that die with amyloidosis.7  This may 
suggest that the dose-related incidence and severity of amyloid lesions observed during 
this study were due to mechanisms that are species specific, although I was not able to 
find published data that would clearly support this conclusion. Non-amyloid lesions, 
similar to those observed in rats, were also observed in both organs. As noted in the 
sponsor’s summary, there was an increased incidence of cortical dilated basophilic 
tubules in kidneys of male and female mice treated with 300 or 1000 mg/kg/day. There 
was also an increased incidence of myocardial scarring in males treated with 1000 
mg/kg/day and in females treated with 300 or 1000 mg/kg/day. The human equivalent 
doses (based on body surface area) for mouse doses of 300 and 1000 mg/kg/day (the 
doses associated with increased incidences of non-amyloid cardiac and renal lesions) 
would be 24 and 81 mg/kg/day, respectively. As noted previously, the highest 
recommended human clinical dose (600 mg TID) is equal to 30 mg/kg/day in a 60 kg 
patient.  
 
104-week carcinogenicity assay in rats 
A 104-week study in Crl:CD(SD)BR rats evaluated daily doses of 10, 30 and 100 mg/kg 
delivered in feed. Mortality was increased in mid- and high-dose males, but was similar 
among treatment groups in females. In both sexes, weight gain was similar among 
treatment groups. Clinical signs were unremarkable. Mean drug intake in food closely 
matched desired treatment levels throughout the course of the study. Mid- and high-
dose males exhibited an increased incidence of renal lesions that appear to be 
consistent with chronic progressive nephropathy. Drug-treated males exhibited a 
generally dose-related increase in the incidence of myocardial inflammation and/or 
necrosis and an increased incidence of testicular tubular atrophy that did not appear to 
be dose-related. Pituitary adenomas and adenocarcinomas, which are common in most 
strains of rats, were the most-commonly identified cause of death in both drug-treated 
and control animals. No other cause of death had a high incidence. No drug-related 
increases in tumor incidence were identified. Following presentation of these results to 
the CDER Executive Carcinogenicity Assessment Committee on January 9, 2012,  

                                            
7. Frith CH, Chandra M. Incidence, distribution, and morphology of amyloidosis in Charles Rivers CD-1 

mice. Toxicol Pathol. 1991;19(2):123-7. 
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the Committee concurred that the study was acceptable, and that there were no drug-
related neoplasms. 
 
As in the mouse carcinogenicity study summarized above, the most notable results of 
this study were again the dose-related increases in the incidence and severity of renal 
and cardiac lesions. The sponsor notes increased incidences and severity of 
progressive glomerulonephrosis, basophilic cortical tubules and tubules dilated with 
colloid in males receiving 30 or 100 mg/kg/day. Although not identified as statistically 
significant by the sponsor, the tabular listing of histological findings indicates that the 
incidence and severity of progressive glomerulonephrosis and the incidence of 
basophilic cortical tubules were numerically increased in high-dose females, compared 
to control. The incidence of myocardial inflammation and/or fibrosis was significantly 
increased in high-dose males and was modestly (though not significantly) increased in 
low- and mid-dose males.  
 
Discussion of renal toxicity observed in rats and mice 
A spectrum of renal lesions, described above, were observed in both rodent species 
during all general toxicology studies and carcinogenicity studies, including single-dose 
studies in both species. In both species, renal lesions were observed at lower doses as 
the duration of dosing increased.  
 
In mice, the single-dose, 13 week, and 80-week studies each reported tubular lesions 
that were either reported only for high doses or for which the incidence was increased at 
higher doses. The tubular lesions reported in mice would be consistent with tubular 
damage and regeneration. Unlike the more severe renal tubular lesions reported in rats, 
the study reports indicated that the renal tubular lesions reported in mice ranged only 
from minimal to moderate in severity. The 80-week (carcinogenicity) study in mice also 
reported a dose related increase in the incidence and severity of amyloidosis, including 
renal amyloidosis (which affects both glomerli and tubules).  
 
The spectrum of tubular and glomerular renal lesions observed in rats (ranging from 
minimal to severe) could all potentially be consistent with the spectrum of lesions 
observed in rats affected by chronic progressive nephropathy, a common, spontaneous, 
age-related disease of laboratory rats. Various published reviews have noted that some 
drugs and other chemicals can increase the incidence and severity of this disease. I 
was not able to find published evidence that other chemicals have caused tubular 
lesions related to this syndrome only 14 days after a single drug dose, as was observed 
with droxidopa in both mice and rats. Reviews of chronic progressive nephropathy also 
indicate that the pathophysiologic mechanisms that underlie this disease remain poorly 
understood.  
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Following the mid-cycle review for this NDA, the following request for additional 
information regarding the renal and cardiac lesions observed in mice and rats was sent 
to the sponsor: 
 

Nonclinical 
 
1.   We would like to request an assessment as to why certain toxicities were seen in rodents, 

but not in dogs or monkeys. Specifically, droxidopa treatment in rats and mice was 
associated with renal and cardiac lesions. Further, these lesions increased in severity 
and/or occurred at lower doses when dosing was extended beyond 13 weeks. These 
lesions included: renal tubular and glomerular lesions in rats (which, together, may 
indicate chronic progressive nephropathy), glomerular amyloidosis and renal tubular 
lesions in mice, and myocardial necrosis and/or fibrosis/scarring in both rats and mice. At 
the time of the pre-NDA meeting, we indicated that these long-term safety concerns may 
be better addressed by clinical data. However, at this time we are not confident that the 
available long-term clinical safety data currently available is sufficient to address these 
safety concerns. To help address these concerns, please provide a plausible explanation 
and/or additional information to address the marked species-specific differences seen. 
Additional information may include: other nonclinical data, published data, or additional 
analysis of previously collected tissue samples. Also, please provide more detailed data, if 
available, regarding the severity and location (e.g., subendocardial) of the myocardial 
lesions observed in rats and mice. 

 

 
Sponsor’s reply to FDA concerns regarding renal toxicity 
The sponsor provided a reply to the request copied immediately above in a submission 
dated January 6, 2012.  
 
Regarding the renal tubular lesions observed in mice, the sponsor argued that, in 
contrast to the previous analyses provided in the study report and in the Toxicology 
Written Summary provided with the NDA, they now believe there was no increase in the 
incidence of tubular lesions during the 80-week study. They did not address the tubular 
lesions that were also observed during the single-dose and 13-week studies in this 
species. It is important to remember that renal tubular lesions were mild in this species. 
They are important primarily because they appear to indicate renal tubular toxicity that 
is not limited to rats.  
 
Regarding the dose-related increase in the incidence and severity of renal amyloidosis 
in mice during the 80-week study, the sponsor argues that, because amyloidosis is a 
systemic, age-related disease in this strain of mice and because it affected multiple 
organs, these findings should be considered a species-specific toxicity. (Note that the 
renal amyloidosis observed in mice and the renal tubular lesions observed in mice are 
presumed to be distinct and unrelated pathological processes, unless it can be 
demonstrated otherwise.) The sponsor did not cite evidence of other drugs that have 
promoted amyloidosis in CD-1 mice and they did not provide references that discuss the 
mechanisms that underlie this disease process or possible mechanisms by which drug 
treatment might promote this process. I suspect that the increased incidence and 
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severity of renal amyloidosis observed in mice treated with droxidopa was not 
secondary to nephrotoxic mechanisms that might affect other species, but I do not have 
evidence to support this opinion. 
 
The sponsor provides their most thorough argument regarding renal toxicity with respect 
to the renal lesions observed in rats. They argue that all renal lesions observed in this 
species were likely due to chronic progressive nephropathy of rats (CPN) and that drugs 
or chemicals that exacerbate CPN in rats do not affect humans. They cite a recently 
published review of CPN in rats which argues that the specific spectrum of histological 
lesions observed in CPN in rats is not duplicated in human renal disease and which 
argues that there is no evidence that drugs that promote this disease in rats will produce 
adverse effects in humans.8 However, another recent review of the same topic cautions 
that, although a number of drugs that promote CPN in rats are not nephrotoxic in man, it 
should not be assumed that this is always the case. The second review cites 
cyclosporin A as an example of a drug that both promotes CPN in rats and produces 
renal toxicity in man.9 Neither review provides information which suggests that renal 
tubular lesions related to this disease process can be observed only 14 days after a 
single drug dose in a young rat, as was observed during the single-dose study in this 
species. These two reviews appear to confirm that the pathophysiology of CPN in rats 
remains inadequately understood to permit ruling out human risk by mechanistic means.  
 
The lack of renal lesions in dogs (following 52 weeks of dosing) and in monkeys 
(following 13 weeks of dosing) does indicate that the renal lesions observed in mice and 
rats could be rodent-specific. As described above, renal amyloidosis is a common, age-
related finding in CD-1 mice and CPN is common in rats. It is known that various drugs 
and chemicals can promote CN in rats without producing renal damage in humans, but 
recent reviews of this disease cite at least one drug (cyclosporin A) that both promotes 
CPN in rats and is nephrotoxic in humans. The renal tubular lesions observed in young 
mice and rats only 14 days after a single (high) drug dose are potential cause for 
concern:  it seems unlikely that these single-dose lesions would represent promotion of 
a chronic disease, given the youth of the animals and the short period between dosing 
and histological exam. They may instead indicate that the renal toxicity caused by 
droxidopa is not fully dependent upon species-specific susceptibility related to chronic, 
age-related disease processes. The observation of renal tubular lesions (although 
relatively mild) during all mouse studies also suggests that droxidopa may pose a risk of 
renal tubular toxicity that is not limited to rats. Although the dog and monkey data 
suggest there is a good chance that droxidopa will cause no renal toxicity in humans, 
the available data are not sufficient to rule out that possibility. Given the discussion 
above, it seems unlikely that preclinical data will resolve this question. The ongoing 
study of droxidopa in renal-impaired patients will probably provide the most useful data 
for addressing this safety concern.  
 
                                            
8. Hard GC, et al. A comparison of rat chronic progressive nephropathy with human renal disease-

implications for human risk assessment. Crit Rev Toxicol. 2009;39(4):332-46.  

9. Greaves, P. Histopathology of preclinical toxicity studies. 3rd Edition. New York: Academic 
Press/Elsevier. 2007, pp 570–660. 
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Discussion of cardiac toxicity observed in rats and mice 
The second preclinical safety concern posed to the sponsor following the mid-cycle 
review for this NDA related to the dose-related increases in myocardial lesions 
(primarily characterized by scattered necrosis, scarring and fibrosis) that were observed 
during all studies in mice and rats but that were not observed during studies in dogs or 
monkeys. (See text of request to sponsor that is copied above under, “Discussion of 
renal toxicity observed in rats and mice”.)  
 
Sponsor’s reply to FDA concerns regarding cardiac toxicity 
The sponsor’s submission dated January 6, 2012, also address our request for 
comment on the increased incidence of myocardial lesions observed in animals treated 
with droxidopa. 
 
Regarding the myocardial lesions observed in rats, the sponsor suggests two potential 
mechanisms:  First, they noted that spontaneous cardiomyopathy is a common, age-
related, degenerative disease in laboratory rats, including Sprague-Dawley rats, that is 
characterized by myocardial degeneration and necrosis, mononuclear cell infiltration, 
and replacement fibrosis. They also noted that rats have been shown to have a higher 
density of α1-adrenergic receptors in the cardiac ventricle than do dogs, baboons or 
calves, and that rats had a notably greater increase in cardiac inotropic response 
following α1-adrenergic stimulation than did the other species.10 They suggest that rats 
could be more susceptible than other species to myocardial damage secondary to 
increased myocardial contractility caused by α-adrenergic agonists, including 
norepinephrine.  
 
Regarding the myocardial lesions observed in mice, they note that this species also 
develops age-related myocardial lesions. They provide following, brief quote from a 
recent text, “The untreated, aging mouse also develops foci of myocardial degeneration, 
inflammation, and fibrosis.  This is generally less common than in the rat and in CD-1 
mice more evenly distributed throughout the myocardium.  In old mice, the lesions 
comprise focal fibrous replacement of myocardial cells rather than fresh necrosis and 
inflammation.”11    
 
As was the case for the renal lesions discussed above, the lack of myocardial lesions in 
dogs (following 52 weeks of dosing) and in monkeys (following 13 weeks of dosing) 
does indicate that the myocardial lesions observed in mice and rats could be species-
specific. It seems possible that age-related, degenerative processes in both species 
could have contributed to these observations, although this would not explain the 
lesions observed during shorter studies, including single-dose studies in both species. 
The increased α1-adrenergic receptor density reported for rats and the increased 
cardiac contractile response produced in this species following treatment with an α1-
adrenergic agonist provide a likely explanation for the acute lesions observed in this 
                                            
10. Shen YT, et al. Species differences in regulation of alpha-adrenergic receptor function. Am J Physiol. 

1989;257(5 Pt 2):R1110-6. 

11. Greaves P. Histopathology of Preclinical Toxicity Studies. Interpretation and Relevance in Drug 
Safety Evaluation. 4th Edition. Academic Press, London. 2012, p 272. 
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species following exposure to a single dose of droxidopa. It is possible that mice might 
have a similarly increased cardiac inotropic response to α1-adrenergic agonists, but I did 
not find published studies that have examined this question. (If this mechanism is 
judged to pose an important clinical concern, it should be possible to use noninvasive 
cardiac echocardiography to rule out large increases in cardiac contractility following 
clinical treatment with droxidopa.) In summary, it is reasonable to hypothesize that the 
myocardial lesions observed in rats and mice could be species specific, but the 
preclinical data is not sufficient to prove or disprove this hypothesis. 
 
Reproductive and Developmental Toxicology 
 
Fertility and early embryonic development in rats 
Rats were dosed orally with 0, 60, 200 or 600 mg/kg/day of droxidopa. Males were 
treated for 64 days prior to mating and until copulation was confirmed. Females were 
treated for 15 days prior to mating and through day 7 of gestation. Males were sacrificed 
after mating (or at end of 2-week mating period if no mating). Females were sacrificed 
on day 20 of gestation (or at end of 2-week mating period if no mating). Live fetuses 
were delivered by cesarean section, were examined, then 2/3 were prepared for 
skeletal exam and 1/3 were prepared for visceral exam. Although the sponsor indicates 
the study was completed in accordance with a standard that they judge to be equivalent 
to GLP guidelines, no QA statement is supplied. 
 
Premature deaths occurred at all doses levels (one 60 mg/kg/day male, one 60 
mg/kg/day female, one 200 mg/kg/day male, five 600 mg/kg/day males, and one 600 
mg/kg/day female). Body weight gains were reduced in 200 and 600 mg/kg/day males 
and in 600 mg/kg/day females. Gross kidney lesions were observed in all males that 
died prematurely and in some surviving males treated with 200 or 600 mg/kg/day. There 
were no effects on male or female fertility. Effects on pregnancy were limited to a 
reduced number of corpora lutea in females treated with 600 mg/kg/day. There were no 
toxicologically significant effects in fetuses. 
 
Administration of droxidopa during the period of fetal organogenesis in rats 
Although this is labeled as a study of effects on fetal organogenesis, potential 
reproductive and general toxicities were evaluated not only in F0 females and F1 
fetuses/neonates, but also in F1 adults and F2 fetuses. Although the sponsor indicates 
the study was completed in accordance with a standard that they judge to be equivalent 
to GLP guidelines, no QA statement is supplied. 
 
Mated F0 females were dosed once daily by oral gavage with 0, 60, 200 or 600 
mg/kg/day of droxidopa from days 7 through day 17 of gestation. Approximately 26 F0 
females per group underwent cesarean section on day 20 of gestation and 
approximately 14 F0 females per group were allowed to give birth naturally. On day 4 
after birth, F1 offspring were randomly culled to reduce each litter to 4 males and 4 
females. At ten weeks of age, one male and one female from each F1 litter were paired 
with animals of the opposite sex from different litters in the same treatment group in 
order to evaluate reproductive performance. F1 females for which copulation was 
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confirmed were sacrificed by cervical dislocation on day 20 of gestation, cesarean 
section was performed. Although only F0 females were treated with drug, toxic effects 
were evaluated in F0 females, in F1 fetuses/neonates, in F1 adults and in F2 fetuses. 
 
Renal lesions were observed during gross necropsy not only in the F0 females dosed 
with droxidopa on days 7 through 17 of gestation (discoloration of the renal surface, 
cortex, and/or medulla; primarily in the 200 and 600 mg/kg/day groups, including 4 
animals that died prematurely), but also in 56-day-old F1 offspring that were exposed to 
droxidopa in utero (indentations and renal cysts on the surface of the kidney, primarily in 
the 600 mg/kg/day group). Histology is not reported for these renal lesions. Renal 
lesions (indentations) were also observed in F1 males sacrificed at 70+ days and in F1 
females sacrificed at 90+ days, but at those timepoints the incidences were similar 
among groups, including control.  
 
One entire F1 litter from the 600 mg/kg/day group plus one F1 pup from a different 600 
mg/kg/day litter died within 5 days after birth. Of note, potential reproductive toxicity was 
observed only in F1 females and F2 fetuses (i.e., not in F0 females or their fetuses).  
Numbers of corpora lutea were decreased, embryonic or fetal deaths were increased 
and numbers of live fetuses were decreased in F1 females from the 200 mg/kg/day 
group. Multiple skeletal malformations were observed in one F2 fetus from the 600 
mg/kg/day group and multiple visceral malformations were observed in one F2 fetus 
(from a different litter) in the 600 mg/kg/day group.  
 
Administration of droxidopa during the period of fetal organogenesis in rabbits 
Mated female rabbits were dosed orally with 0, 30, 100 or 300 mg/kg/day of droxidopa 
from days 6-18 of gestation, then were sacrificed on day 28 of gestation immediately 
prior to cesarean section. This assay was not GLP compliant and a QA statement was 
not provided. 
 
Evidence of apparent drug-related toxicity was limited to dose-related incidences of 
decreased activity and prone or lateral body position in drug-treated females. There was 
no evidence of fetal effects. Cesarean section demonstrated that 3/15 mated females in 
the mid-dose group and 2/15 mated females in the high-dose group were not pregnant, 
but sponsor does not provide information that might be used to clarify whether 
pregnancies may have occurred in these animals but were terminated (e.g., presence or 
absence of corpora lutea, implantations, etc.). Severe torticollis (leading to euthanasia) 
occurred in one high-dose female beginning one day after drug treatment was initiated. 
 
Administration of droxidopa during the perinatal and lactation period in rats 
In the main study, nominally pregnant females were dosed orally with 0, 20, 60 or 600 
mg/kg/day of droxidopa from day 17 of gestation through day 20 postpartum. Additional 
high-dose groups dosed F0 females either only during gestation (day 17 until delivery) 
or only during lactation (birth through day 20 postpartum). F0 females were allowed to 
deliver naturally. F0 females that did not deliver by day 24 were sacrificed. F1 litters were 
culled to 4 males and 4 females on day 4 postpartum, then weaned on day 20, then 
sacrificed on day 35-39, then necropsied. All F0 females were necropsied. Although the 
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sponsor indicates the study was completed in accordance with a standard that they 
judge to be equivalent to GLP guidelines, no QA statement is supplied. 
 
There was 1 maternal death in the 600 mg/kg/day (high-dose) group and 5 maternal 
deaths in a 600 mg/kg/day lactation-treatment-only group (F0 dams treated only from 
birth through day 20 postpartum). Weight gain and/or food consumption in F0 females 
was less than control at various timepoints pre- and/or post-partum in the 20 mg/kg/day, 
600 mg/kg/day, 600 mg/kg/day gestation-treatment-only and 600 mg/kg/day lactation-
treatment-only groups. Various renal lesions were observed in drug-treated F0 females, 
including in each of the 6 animals that died prematurely and in 4/6 the females that had 
entire litters die. There were no observed effects on physical or neurological 
development in F1 offspring. 
 
Special toxicology studies 
 
Antigenicity of droxidopa 
Droxidopa was negative for immunogenicity, as assessed by intradermal reaction, 
active anaphylaxis, passive cutaneous anaphylaxis and gel precipitation assays. 
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12 Appendix/Attachments 
 
 
Attachment 1:  Evaluation of impurities in droxidopa drug substance by the CDER 
Computational Toxicology Group. 
 
Attachment 2:  Evaluation of four metabolites of droxidopa by the CDER Computational 
Toxicology Group. 
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NDA/BLA Number: 203,202 Applicant:  Stamp Date: 9/28/2011 

Drug Name: droxidopa NDA/BLA Type: 1  

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X 
 

 

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

X 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X 
 

 
 

 
Metabolites neither fully identified nor 
quantified in animals or in man. It is not 
possible to determine whether animals were 
exposed to all major human metabolites. 
 

Pharmacokinetic data limited to single-dose 
study in rats. No toxicokinetic data from 
any primary toxicology study species (rat, 
mouse, rabbit or dog).    

5 
 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X 
 

 
 

 
 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

X 
 

 
 

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X 
 

 
 

The in-vitro chromosome aberration assay 
was not a GLP study. 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

X  

 
None requested.  
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Content Parameter 

 
Yes

 
No

 
Comment 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

 X 

 
Animal study results are currently expressed 
in mg/kg.  
 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

 X 

 
Some impurities and impurity levels still 
need to be reviewed.  
 

11 Has the applicant addressed any abuse 
potential issues in the submission? 

 X 

 
This drug is centrally active and increases 
norepinephrine levels in the brain. The 
application does not appear to include 
preclinical or clinical studies designed to 
evaluate abuse potential. 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

X  

 
 
N/A 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes_____ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
1. According to your submission, droxidopa increases norepinephrine levels in the brain and 

was judged to be positive when evaluated for potential antidepressant activity in rats, 
consistent with pharmacologic mechanisms of some anti-depressant drugs that inhibit the 
reuptake of neurotransmitters, including NE. Given these findings and potential effects, an 
abuse potential assessment of droxidopa should be submitted. Please consult the 2010 FDA 
draft guidance, “Assessment of Abuse Potential of Drugs” 
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidanc
es/UCM198650.pdf), in order to identify the types of studies that can be performed to address 
this issue. Also, you indicate that the metabolic pathways for your drug consist of pathways 
for norepinephrine plus parallel metabolic pathways for droxidopa. Please address whether 
any of these metabolites may bind to the various receptors identified in the abuse potential 
guidance that is cited here. 

 
2. There is insufficient information regarding the metabolic profile of droxidopa in both animals 

and humans. This information is important to help address whether animals were exposed to 
all major metabolites formed in humans. Therefore, to address the adequacy of animal 
toxicity studies, please identify and quantify all major metabolites produced in toxicology 
study species and in man. Please specifically compare the quantitative systemic exposure to 
each major human metabolite (e.g., metabolites with systemic exposures ≥ 10% of parent 
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drug exposure) in humans to systemic exposure in each primary toxicology study species 
(mouse, rat, rabbit and dog). The data currently provided in your NDA is not sufficient to 
address this issue. Further, we note your arguments in your October 26, 2011, email response 
to a similar request, which indicate that you believe the metabolism of your drug is likely to 
be similar in animals and in man based on phylogenetically conserved metabolic pathways 
for catecholamines. However, droxidopa metabolites are formed that are not found with 
normal norepinephrine metabolism.  Also, the limited serum metabolite data that you provide 
for animals and for man does not appear to be sufficient to demonstrate whether any major 
droxidopa-specific metabolites were identified to be present only in humans or were 
present at much higher levels in humans than in any of the animal species used for 
toxicity testing. .  

 
3. Please provide preclinical pharmacokinetic and toxicokinetic data sufficient to compare 

systemic drug exposures between the toxicology animal species and humans. For example, 
for each major toxicology study species (rat, mouse, rabbit and dog), this should include 
determinations of Cmax, Tmax, and AUC for multiple drug doses, plus determination of 
whether drug exposure increases or decreases with repeated dosing. The preclinical studies 
that you cite in your October 26, 2011, email response are not sufficient to address this 
request: The radiolabeled drug studies that you cite (D-01 and D-02) do not discriminate 
between parent drug and metabolites. The repeat-dose rat studies that you also cite (B-2-01 
and B-3-01) sampled serum drug concentrations only at 24 hours after dosing or only at 2 and 
24 hours after dosing. This infrequent sampling does not provide data sufficient to determine 
basic pharmacokinetic parameters so that appropriate exposure comparisons across species 
can be made.   

 
4. Per 21 CFR Part 58, the in-vitro mammalian cell assay for genetic toxicity that you report for 

your drug should either be conducted according to GLP standards, or you should provide a 
statement that describes in detail all deviations from Part 58 requirements.  

 
 
 
Reviewing Pharmacologist:  Donald N. Jensen, DVM   Date: 11/2/2011 
 
Team Leader/Supervisor:  Thomas Papoian, PhD, DABT  
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