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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204078 are owned by Éclat Pharmaceuticals or are data 
for which Éclat Pharmaceuticals has obtained a written right of reference. 
Any information or data necessary for approval of NDA 204078 that Éclat 
Pharmaceuticals does not own or have a written right to reference constitutes one of the 
following: (1) published literature, or (2) a prior FDA finding of safety or effectiveness for 
a listed drug, as reflected in the drug’s approved labeling.  Any data or information 
described or referenced below from reviews or publicly available summaries of a 
previously approved application is for descriptive purposes only and is not relied upon 
for approval of NDA 204078. 
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1 Executive Summary 
 
As discussed in the preIND/preNDA meetings with the Sponsor beginning in June of 
2011, given the long clinical history of neostigmine use, no new nonclinical 
pharmacology or toxicology studies for the drug substance were required to support 
approval of this NDA.  The pharmacology toxicology review therefore focused on the 
safety of the drug substance impurities and drug product degradants, the container 
closure system, and the drug product excipients.  Upon review of these data, we 
conclude that there are no safety concerns with respect to the container closure system, 
the drug substance impurity specifications, or the drug product degradant specifications.  
In terms of excipient safety qualification, the total daily dose of the preservative phenol 
via this drug product formulation exceeds that of currently FDA-approved drug products 
that are administered as a single bolus injection; however, we recognize that previous 
clinical experience exists with the marketed unapproved drug products that may justify 
the safety in the phenol exposure via this product (see medical officer review).     
 
As noted in the preIND meeting minutes from 2011, the Sponsor was also informed that 
the standard battery of genetic toxicology studies and reproductive and developmental 
toxicology studies would be required to be completed post-marketing if adequate data 
could not be identified in the published literature to appropriately inform labeling.  A 
single in vitro bacterial reverse mutation assay was submitted for neostigmine and the 
results predict negative mutagenic potential.  However, based on the lack of adequate 
data in the published literature to inform labeling with respect to in vitro clastogenicity, 
the in vivo genetic toxicity, and the reproductive and developmental toxicity of 
neostigmine, these studies are recommended as post-marketing requirements. 
 
From a nonclinical pharmacology toxicology perspective, NDA 204078 may be 
approved pending agreement on labeling and with the recommended post-marketing 
requirements (PMRs). 
 

1.1 Introduction 
Neostigmine methylsulfate is a cholinesterase inhibitor.  Éclat Pharmaceuticals has 
submitted NDA 204078 for neostigmine injectable seeking an indication for the reversal 
of the effects of nondepolarizing neuromuscular blocking agents after surgery.   
 
According to archival records at the FDA, neostigmine in various dosage forms has 
been marketed in the United States since 1932 for a variety of uses including as a 
stimulant of the gastrointestinal tract and for the symptomatic treatment of myasthenia 
gravis.  It was first approved by the FDA as an effective drug substance via the DESI 
process in 1939 (see Table 12 for NDAs submitted to the Agency for drug products 
containing neostigmine).  Neostigmine has been used clinically to reverse the effects of 
nondepolarizing neuromuscular blocking agents used during surgical procedures.  
Inhibition of the enzyme acetylcholinesterase results in increased levels of acetylcholine 
in the neuromuscular synapse which can then compete with and displace 
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neuromuscular blocking agents.  To date, a single entity injectable neostigmine drug 
product has not been previously approved by the FDA.  All products on the market as of 
the date of this review are deemed marketed-unapproved drug products by the FDA. 
 
The Applicant, Éclat Pharmaceuticals, does not currently market this drug product.  The 
Agency has had numerous meetings with Éclat regarding the data that would be 
deemed necessary to submit an NDA for the proposed intravenous neostigmine drug 
product.  Based on the long history of clinical use, the Division agreed that no 
nonclinical studies for neostigmine would be required to be completed for NDA 
approval.  The NDA should include a literature review of the existing data, and, if upon 
review, the data were not deemed adequate to inform drug product labeling, additional 
studies may be required to be completed as Post-Marketing-Requirements (PMR) 
(preIND 111853, meeting minutes for meeting dated 6/30/2011).  Additionally, the NDA 
must adequately address the blood compatibility for the formulation, provide justification 
for safety of the excipients, particularly the phenol, evaluate and justify the safety of the 
leachables/extractables, and justify the safety of impurities/degradants the levels 
exceed the ICH qualification threshold limits (preIND 111853, meeting minutes for 
meeting dated 06/30/2011 and 05/12/2012). 
 

1.2 Brief Discussion of Nonclinical Findings 
There were no new toxicology studies submitted in support of this NDA application.  
Based on published literature, the existing toxicology information is summarized below: 
 
The toxicity of neostigmine in animals as reported in the literature is consistent with 
excessive nicotinic and muscarinic receptor activation.  The toxic effects include skeletal 
muscle weakness and fasciculations, pupillary constriction, increased lacrimation, 
salivation and airway secretions, rise in colonic pressure, colonic spasms, defecation, 
flatulence, diarrhea, and, at higher doses, convulsions, dyspnea, bradycardia, and 
death.  Death is usually caused by respiratory failure due to constriction of the 
bronchiolar musculature and excess bronchiolar secretions.  The main toxicities are 
observed shortly after dosing (e.g., 2-4 minutes after a single subcutaneous dose of 0.1 
mg in rats) and decrease in intensity as neostigmine is cleared from the circulation 
(Aeschlimann and Reinert, 1931).  Toxicities after repeated doses were similar to the 
acute toxicities but tolerance develops after a few doses. 
 
The Applicant submitted an in vitro bacterial reverse mutation assay for neostigmine 
indicating no concern for mutagenic potential.  Adequate data with respect to the 
complete characterization of the genotoxic potential based on current standards and 
reproductive and developmental toxicology studies were not available in the published 
literature.  Therefore, we recommend that these studies be completed as Post-
Marketing-Requirements.  In the mean time, this drug will be labeled as a Pregnancy 
Category C drug due to lack of adequate nonclinical data. 
 
Carcinogenicity studies are not required for the proposed acute use.  There are no 
adequate carcinogenicity data in the published literature.  
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1.3 Recommendations 

1.3.1 Approvability 
From a nonclinical pharmacology toxicology perspective, NDA 204078 may be 
approved, pending agreement on the drug product labeling and with the recommended 
post-marketing requirements (PMRs) as listed below.  
 
1.3.2 Additional Non Clinical Recommendations 
There are no adequate reproductive and developmental toxicity data available in the 
published literature and only one of the standard battery of genotoxicity studies has 
been completed to date.  To allow adequate drug product labeling, post-approval 
requirements for the full standard batteries of reproductive and developmental 
toxicology and genetic toxicology studies (excluding the completed Ames test) are 
recommended. 
 
Based on the data submitted to date, the following studies are recommended as post-
marketing requirements (PMRs) should this NDA be approved: 
 

1. Conduct an in vitro or in vivo assay using mammalian cells for chromosomal 
damage for neostigmine methylsulfate. 

 
2. If you conducted an in vivo assay to address Item 1 above, conduct a second in 

vivo assay for chromosomal damage for neostigmine methylsulfate; otherwise 
conduct an in vivo assay for chromosomal damage for neostigmine 
methylsulfate.  NOTE: To address PMRs 1-2, you may refer to the options 
outlined in ICH S2(R1) titled “Genotoxicity Testing and Data Interpretation for 
Pharmaceuticals Intended for Human Use” and propose an adequate battery of 
genetic toxicology studies. 

 
3. Conduct a fertility and early embryonic development toxicology study in the rat 

model for neostigmine methylsulfate. 
 
4. Conduct an embryo-fetal developmental toxicology study using the rat model for 

neostigmine methylsulfate. 
 
5. Conduct an embryo-fetal developmental toxicology study using the rabbit model 

for neostigmine methylsulfate. 
 
6. Conduct a peri- and post-natal developmental toxicology study in the rat model 

for neostigmine methylsulfate. 
 
 
1.3.3 Labeling 
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use of phenol in this drug product is novel in the sense that it likely results in a higher 
Cmax than any other identified FDA-approved drug product to date based on current 
labeling.   
 
The Sponsor did find historical data to indicate that the drug Anzemet (dolasteron 
mesylate), which contains phenol, was originally labeled for dosing up to 100 mg (20 
mg/mL solutions) for the treatment of prevention of chemotherapy-induced nausea of 
vomiting, as outlined in the table below and reproduced from the submission: 
 

Table 5: Comparison of Phenol Exposures from Neostigmine and Anzemet 

 
 
The Applicant acknowledges that the indication and dosing regimen cited in the table 
above are not longer in the approved product labeling.  This indication was removed in 
2010 based on concerns that the drug product resulted in QTc prolongation.  As 
discussed with the Applicant at the time of the preNDA meeting, the challenge faced by 
the Agency is that the removal of this indication was based on data obtained after 
administration of the drug product, and the adverse effect of QTc prolongation may 
have been due to the drug substance dolastetron or the formulation which contained 
phenol.  That being said, there are data in the published literature that suggests that 
dolasetron and other 5HT3 antagonist drugs can interact with cardiac ion channels 
(Kuryshev et al., 2000).  However, we cannot definitively rule out the possibility that the 
phenol in this formulation contributed to the AEs.   
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The Applicant provided a comprehensive literature review for phenol pharmacology and 
toxicity.  Phenol has concentration-dependent effects.  It is considered to have 
bacteristatic properties at concentrations of ≥ 0.2%, bactericidal properties at > 1%, 
fungicidal properties at ≥ 1.3%.  These effects are believed to be mediated by the ability 
of phenol to denature protein (Harvey, 1975).  When used in concentrations of 1-2% it is 
believed to have topical anesthetic properties.  Consistent with this pharmacodynamic 
effect, phenol appears to inhibit voltage-gated sodium channels at concentrations 
ranging from 0.09 to 1.4% (Zamponi and French, 1993;Harrold et al., 1996).  
Concentrations of phenol between 0.5% and 1.5% appear to be legally marketed as oral 
mucosal analgesics via tentative final monograph.  For example, the marketed over-the-
counter Chloraseptic® sore throat spray contains 1.4% phenol.  At higher concentrations 
(5%), phenol can have adverse local tissue effects resulting from protein denaturation 
and even tissue necrosis.  There are also some data to suggest that phenol’s local 
anesthetic effects can occur in the absence of denatured proteins, possibly via 
nonspecific interaction with plasma membrane lipids and proteins (Sikkema et al., 
1995).   
 
The acute toxicity of phenol has been fairly well characterized, but the data do not 
define a NOAEL.  The existing IV toxicity data are summarized in the table below: 

Table 6: Summary of Intravenous Phenol Nonclinical Toxicology Data 
Species Dose Concentration Findings Comment Reference 
Mouse 50, 100, 

150, 200 
mg/kg 

10 mg/mL LD50 = 112 mg/kg 
 
No mortality at 50 mg/kg 
 
Deaths preceded by muscle 
tremors, respiratory 
depression and coma 

- HED of 
546.34 mg 
 
- No NOAEL 
established 

(Wein, 1939) 

Rabbit 80, 120, 
180, 280, 
420 
mg/kg 

2 - 5% LD50 = 180 mg/kg 
 
Clinical signs of muscle 
tremors and twitching & 
respiratory depression  
preceded deaths 

- HED 3484 
mg 
 
- No NOAEL 
established 

(Deichmann 
and Witherup, 
2013) 

Dog 30 mg/kg Not reported Significant decreased blood 
pressure, generalized 
muscle twitching, 
convulsions 

- HED 1000 
mg 
 
- No NOAEL 
established 

(Pilcher and 
Stollman, 1915) 

Dogs 100 
mg/kg 

Not reported Neuromuscular irritability, 
coma, convulsions, blood 
hemolysis, kidney lesions 

- HED 3333 
mg 
 
- No NOAEL 
established 

(Oehme and 
Davis, 1970) 

 
In response to the Division's concern, Éclat provided the following rationale for the 
safety of phenol in this formulation: 
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o The vasculature exposure to phenol is expected to be less than 0.1% (1:4 
dilution from the concentration of 4.5 mg/mL) due to the blood flow through 
the cephalic and basilic veins in the upper arms (40-95 mL/min) and the 10 
mL of maximal dosing volume of neostigmine.  With mixing in the blood 
beyond the injection site, the effective concentration of phenol in the blood 
would be further diluted. 

 
o Studies of the effects of phenol on the nervous system indicate that injection 

of 5% phenol or greater directly onto neuronal tissue is required to produce 
neurolytic effect (Wood, 1978).  Degenerative effects on downstream organs 
are not expected at a concentration of 0.1% phenol should blood flow deliver 
this concentration to a tissue.  Coan and colleagues demonstrated that 
injection of 0.1% phenol to the kidney had no adverse renal effects either on 
renal function or when examined histopathologically (Coan et al., 1982).  At 
low concentrations, phenol is recognized to produce electrophysiological 
effects.  Studies showed that concentration of phenol at 0.1% are capable of 
blocking sodium channels (Zamponi and French, 1993;Harrold et al., 1996).  
A potential for a small transient adverse effect on cardiac electrical activity 
with low concentration of phenol in the blood cannot be ruled out.  However, 
the patient population for which neostigmine is indicated would be receiving 
concomitant muscarinic blockade and would be under the close watch of an 
anesthesiologist.   

 
o Phenol at a concentration of 0.1% is only marginally hemolytic (<2% of blood 

cells were lysed by 1 hour of incubation) in vitro (Bukowska and Kowalska, 
2004).  

 
The above information, although generally supportive of the safety for the local tissue 
effects of phenol, do not provide definitive safety justification.  There are no adequate 
intravenous toxicology studies for either phenol or this specific neostigmine drug 
product formulation that can define a NOAEL for phenol; therefore, there are technically 
inadequate nonclinical data to justify the safety of the proposed bolus dose of phenol.   
 
However, the Division recognizes that this formulation has been marketed by other 
companies in the U.S. and overseas for over 20 years, and considerable human 
experience appears to exist which may be deemed adequate upon review to justify the 
safety of the phenol in this drug product formulation.  The reader is referred to the 
clinical review by Dr. Simone for further discussion.  Assuming adequate clinical 
experience exists to justify the safety of the phenol in this product, no further nonclinical 
studies will be required to support approval of this NDA. 
 
    

2.5 Comments on Impurities/Degradants of Concern 
Drug Substance Impurities 
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The drug substance specifications are listed in the table below.   
 
Table 7: Drug Substance Impurities 

Impurity Structure  Proposed 
specification 

Reviewer 
Comment 
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Table 8: Drug Product Degradants 
Degradant Structure  Proposed Reviewer 

 
 
As per the Applicant, there is only one identified drug product degradant, , which 
was also discussed as a drug substance impurity.  The proposed specification for 

 of NMT  is acceptable as it is below the ICH Q3B(R2) qualification 
threshold of NMT 0.5% or 200 mcg, whichever is lower, for a drug with a total daily 
intake of 10 to 100 mg.    
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As evident from the table above, the FDA has not previously approved a single entity 
intravenous neostigmine drug product.  However, several companies including General 
Injectables and Vaccines Inc., American Regent Inc., Cardinal Health, and Fresenius 
Kabi, and Westward Pharmaceuticals Corp. have been marketing unapproved 
neostigmine injection (National Drug Code Directory Database).  Éclat has not been 
marketing a neostigmine drug product. 
 
Several preIND/preNDA meetings with Éclat Pharmaceuticals regarding the 
development plan for this drug product formulation beginning in 2011.   
 

3 Studies Submitted 

3.1 Studies Reviewed  
There were no studies submitted.  All nonclinical information was obtained from 
published literature. 
 

3.2 Studies Not Reviewed  
NA 

3.3 Previous Reviews Referenced 
None 
 

4 Pharmacology 

4.1 Primary Pharmacology 
Reversal of neuromuscular blocking effects of nondepolarizing muscle relaxants: 
 
Neostigmine is a cholinesterase inhibitor first reported in the literature in 1931 
(Aeschlimann and Reinert, 1931).  Neostigmine binds to acetylcholinesterase (AChE) 
and is also a substrate for acetylcholinesterase; however, the carbamate group on the 
neostigmine molecule forms an ester bond at the active site of the enzyme thereby 
producing a labile covalent bond.  This ester bond is slow to be hydrolyzed and 
therefore, the neostigmine is frequently referred to as a “reversible” inhibitor as the 
AChE enzyme will regain activity in time.  A similar process occurs with acetylcholine 
itself.  However, acetylcholine is hydrolyzed rapidly; whereas the carbamylating agents 
such as neostigmine, the duration of inhibitions is between 3 and 4 hours (Taylor, 
2001).  By occupying acetylcholinesterase, neostigmine prevents the enzyme from 
hydrolyzing acetylcholine (ACh) and therefore increases ACh concentration in the 
neuromuscular junction in the synaptic cleft.  For the proposed indication, the increased 
ACh competes with nondepolarizing muscle relaxants for acetylcholine receptors 
(nicotinic receptors) to reverse the muscle relaxation.     
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Numerous studies reported that neostigmine reverses neuromuscular blockade 
produced by nondepolarizing muscle relaxants In vivo (e.g., pancuronium, atracurium, 
curare, mivacurium) in rats, dogs, cats, and sheep (Aeschlimann and Reinert, 
1931;Randall and Lehmann, 1950;Miller and Roderick, 1977b;Hennis et al., 
1984;Jones, 1990).  In vitro, neostigmine inhibited red blood cell acetylcholinesterase 
with IC50 of 6.9 nM (Harada et al., 2010). 
 
The major metabolite, 3-hydroxyphenyltrimethylammonium (HPTMA) also has 
pharmacological activity as a cholinesterase inhibitor, but is 6.1-fold less potent than 
neostigmine (ED50 of 40 mcg/kg verses 6.5 mcg/kg) at antagonizing pancuronium-
induced decreases in the force of contraction of the anterior tibialis muscle of the dog.  
Also, the characteristics of the time course of the effect was different from that of 
neostigmine as that with the equipotent doses, the onset of action was quicker (1 
minute for HPTMA versus 10 minutes for neostigmine) and action duration was shorter 
(14 minutes for HPTMA versus 88 minutes for neostigmine) (Hennis et al., 1984).  
 
Several authors have published data suggesting that neostigmine may also bind to 
muscarinic and nicotinic cholinergic receptors directly (Seifert and Eldefrawi, 
1974;Sadoshima et al., 1988;Lockhart et al., 2001;Harada et al., 2010); however, these 
effects are believed to occur only at high concentrations that are not likely to occur in 
the clinical setting. 
 

4.2 Secondary Pharmacology 
Inhibition of acetylcholinesterase causes an increase in acetylcholine concentration in 
all cholinergic synapses, resulting in undesired stimulation of muscarinic and nicotinic 
ACh receptors in other tissues, e.g., the smooth muscles in the respiratory and 
gastrointestinal tract (Taylor, 1996).  The table below summarizes the adverse effects of 
excessive cholinergic receptor stimulation (reproduced from Applicant’s submission, as 
cited below): 
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Table 13: Adverse Effects Associated with Excessive Cholinergic Receptor 
Stimulation (Ecobichon, 2001) 

 
Pretreatment with or concomitant administration of muscarinic receptor antagonists, 
such as atropine or glycopyrrolate, can be used to reduce the unwanted stimulation of 
muscarinic acetylcholine receptors (Taylor, 2001). 
 
 
 

4.3 Safety Pharmacology 
Dedicated safety pharmacology studies were not complete for this NDA application 
given the long clinical history of use.   
 
CNS effects: 
As neostigmine does not readily cross the blood-brain barrier, significant CNS effects 
are expected when neostigmine is administered intravenously as proposed.  There are 
no studies examining CNS effects after intravenous administration of neostigmine. 
 
Cardiovascular effects: 
Neostigmine can produce bradycardia.  In addition cholinesterase inhibition, 
neostigmine has been reported to directly interact with cardiac muscarinic ACh 
receptors and nicotinic receptors (Dunlap and Brown, 1983;Sherby et al., 1985).  In an 
isolated guinea pig right atrium model, neostigmine decreased the spontaneous beating 
rate in a concentration-dependent manner up to 10 mcM (Endou et al., 1997), but 
returned to pre-drug levels with higher concentration (1 mM).  The bradycardia was also 
abolished by atropine.  
 
Respiratory effects:  
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Intravenous infusion of neostigmine to rabbits at 2.5 mcg/kg/min, but not 1 mcg/kg/min 
caused respiratory stimulation, accompanied by fasciculations and concurrent lactic 
acidosis.  This effect was thought to be peripheral nicotinic receptor mediated as it was 
abolished by hexamethonium (Weinstock et al., 1981).  In contrast to the respiratory 
stimulating effects, neostigmine given to rats that had fully recovered from 
neuromuscular blocking agents (vecuronium and rocuromium), showed dose-related 
impairment of respiration: IV dose of 0.03 to 0.12 mg/kg, impaired upper dilator muscle 
activity, genioglossus muscle function, diaphragmatic function and minute volume 
(Eikermann et al., 2007;Eikermann et al., 2008).    
    

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
No new ADME studies were completed in support of this NDA.  The data below were 
summarized from the published literature.  
 
Neostigmine is poorly absorbed following oral administration.  In rats given 14C labeled 
neostigmine 250 mcg orally, approximately 50% of dose was detected in the intestinal 
contents and feces, and about 20% of the dose was excreted in the urine by 24 hours 
postdosing (Roberts et al., 1966). 
    
Tissue distribution studies show that neostigmine can be found in the liver, muscle, 
heart, and kidney.  Following a single subcutaneous administration of 14C-neostigmine 
(1.68 mcmol/kg) to rats, t½ was 10 minutes in plasma, 33 minutes in liver and 1.5 hours 
in muscle.  Levels of radioactivity in the liver and kidneys were highest at 15 minutes.  
Radioactivity in the liver remained higher than in other tissues from 30 minutes until 48 
hours postdosing (Somani, 1975).  Some muscle may have higher levels of neostigmine 
than others.  Following IV injection of 100 mcg/kg 14C-neostigmine iodide, plasma 
radioactivity rapidly disappeared, with 1% remained by 120 minutes post injection.  At 
this time point, 14C concentration was 2-fold higher than plasma in the diaphragm, but 
only 1/3-1/2 of plasma level in other muscles including quadriceps, sternomastoid and 
intercostal muscles (Christensen and Helleberg, 1974).   
 
Neostigmine does not readily cross the blood brain barrier in a significant amount.  Cats 
were given either positively charged neostigmine or uncharged physostigmine 
(intravenously with initial dose of 1 mg and maintenance dose of 0.25 mg/20 min).  
Analysis of successive 40-minutes samples of cerebral ventricles effluent for 
cholinesterase activity demonstrated approximately 20-fold lower amount of 
neostigmine than its uncharged analog physostigmine in intracisternal fluid from the 
brains of these cats (Bhattacharya and Feldberg, 1958).    
 
Neostigmine is metabolized in liver and eliminated in urine.  Incubation with rat liver 
microsomes exhibited rapid hydrolysis of neostigmine to 3-
hydroxyphenyltrimethylammonium (HPTMA) (Roberts et al., 1968) and the process was 
greatly enhanced in the presence NADPH2 (Burdfield et al., 1973).  A slow formation of 
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a single subcutaneous dose of 0.1 mg in rats) and decrease in intensity as neostigmine 
is cleared out from the circulation.    
 
The Intravenous LD50 values of neostigmine were 0.16 mg/kg in mice and 0.165 mg/kg  
in rats (Haley and Rhodes, 1950;Randall and Lehmann, 1950).   
 
 

6.2 Repeat-Dose Toxicity 
No repeat-dose toxicology studies were completed to support this NDA.  There are 
several repeat-dose pharmacology studies reported in the published literature.  
Although these studies are not adequate to define a NOAEL, they do shed some light 
on the repeated effects of the drug and therefore are briefly summarized here.   
 
Buckley and Heading report that in an anesthetized rat model, rats receiving 
neostigmine methylsulfate (0.4 mcmol/kg) via in IP injection demonstrated expected 
muscle fasiculations and salivation.  However, these effects were significantly reduced 
in rats that were given neostigmine bromide in the drinking water for a period of 4 weeks 
prior to the injection, suggesting that tolerance develops to neostigmine effects after 
repeated dosing.  Tolerance was maintained for up to 3 weeks after cessation of 
treatment even though cholinesterase levels were back to normal within one week 
suggesting the tolerance may be do to changes in post-synaptic receptors (Buckley and 
Heading, 1970). 
 
Buckley and Heading then treated male rats with increasing doses of neostigmine 
bromide via the drinking water for a total of 35 days.  Diarrhea, lacrimation and muscle 
fasciculations were noted during the first three days, but these effects did not occur 
thereafter.  Body weight gain was also reduced by neostigmine treatment.   Due to the 
muscle tremors, treated rats were not able to walk or rear.  These authors also reported 
that repeated exposure to neostigmine resulted in increased rate of cholinesterase 
synthesis and decreased sensitivity of cholinergic receptors (Buckley and Heading, 
1971). 
 
Ward and colleagues treated female Sprague-Dawley rats with 1 mg/kg neostigmine 
methylsulfate for 7, 30 or 100 days via SC injection.  Neostigmine treatment resulted in 
reduced miniature endplate potentials (MEPP) via electrophysiological recordings from 
the diaphragm muscle.  Evaluation of the motor endplates via electron microscopy 
revealed treatment-related ultrastructural changes described as simplified endplates, 
reduction in the number of postjunctional folds and widening of the synaptic cleft after 
only 6 days of treatment and were also noted after 100 days treatment.  Widening of the 
synaptic cleft may signal atrophy of the nerve terminal or loss of neurotrophic factors 
required to maintain the connections.  In addition, the authors describe some muscle 
fibers showing multiple endplates and reduced size axon terminals (Ward et al., 1975).   
 
Gillies and Allen also reported that treatment of rats with neostigmine for 3 to 7 days 
resulted in the reduction in the quantal output of the nerve end.  A hemidiaphragm -
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phrenic nerve preparation from rats given 7-15 days of neostigmine at 0.8 mg/kg/day 
showed that number of quanta released by each nerve impulse was reduced to 52% of 
normal (at a stimulus rate of 1/sec) and the amplitude of miniature end-plate potential 
was reduced to 81% of normal (Gillies and Allen, 1977).  In this study, the rats were less 
active and appeared to have muscular weakness as their resistance to the applied 
pressure was reduced.     
 
Tiedt and colleagues treated rats with 0.1 mg neostigmine subcutaneously twice daily 
for 3 days or 22-25 days.  They noted generalized tremor, muscle fasciculation, ruffling 
of the fur, excessive salivation, tachypnea, decreased voluntary activity, and apparent 
weakness 2-4 minutes after a single subcutaneous injection.  These symptoms lasted 
30-60 minutes post dosing and the severity declined after 4-6 days of dosing at 0.1 mg.  
Additionally, a resting tremor that persisted for several hours postdosing was frequently 
observed during the first 1-2 weeks of treatment.  By 4-6 weeks of continued dosing, the 
acute signs observed after dosing were largely absent (Tiedt et al., 1978).  
 
Costa et al. treated mice with neostigmine bromide in drinking water at daily increasing 
concentrations (20, 100, 200, or 1000 ppm) along with atropine (20 mg/kg) for four 
days.  These mice exhibited limited toxicities (hyperlacrimation, without deaths) when 
challenged with neostigmine (4.2 mg/kg intraperitoneally).  In contrast, treatment of 
naïve mice with neostigmine caused 30% mortality.  This study also showed that 
muscarinic receptors were decreased in the small intestine of the neostigmine-treated 
mice (Costa et al., 1981).   
 
Gwilt and Way report that chronic neostigmine treatment causes an adaptive reduction 
in the number of functional acetylcholine receptors at the endplate without otherwise 
affecting single channel properties themselves.  Rats given 0.86 mg/kg neostigmine 
methylsulfate (SC) daily for 9-11 days, microelectrode recordings for the extensor 
digitorum longus muscle showed that neostigmine treatment significantly reduced ACh 
induced channel opening frequency without affecting single channel open time and 
conductance (Gwilt and Wray, 1986).   
 
 

7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
Study title:  Bacterial Reverse Mutation Assay 

Study no.: 8267125 
Study report location: SDN1 

Conducting laboratory and location:  
Date of study initiation: 06/11/2012 

GLP compliance: Yes, a signed GLP compliance statement 
was included in the study report 

QA statement: Yes 
Drug, lot #, and % purity: Neostigmine, batch 6064983, purity 
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100.3% 
 
Key Study Findings  
Neostigmine methylsulfate was negative in the bacterial reverse mutation assay when 
tested up to 5000 mcg/plate 
 
Methods 

Strains: TA98, TA100, TA1535, TA1537 and WP2uvrA 
 Concentrations in 

definitive study: 
5.00, 16.0, 50.0, 160, 500, 1600, 3330 and 5000 mcg/plate 
with and without S9  

Basis of concentration 
selection: 

5000 mcg/plate 

Negative control: Cell culture grade water 
Positive control: 

Formulation/Vehicle: Deionized water 
Incubation & sampling 

time: 
Plate incorporation method, with 52±4 hours incubation at 
37 ±2oC were employed. 

 
Study Validity 
This study was deemed valid based on the following: 

• All doses were evaluated in triplicate plates 
• All positive and vehicle control values were in expected ranges 
• Adequate doses were tested  

Results 
No dose-related cytotoxicity was observed with any of the strains tested in the presence 
or absence of S9.  There were no increases in the mean number of revertants/plate 
observed with any of the tester strains in the presence or absence of S9 mix.   
 

7.2 In Vitro Assays in Mammalian Cells 
No adequate studies were identified.  As noted in the preIND/preNDA meetings, if there 
are no adequate data to inform labeling, we recommend that these studies be required 
to be completed as post-marketing requirements.    
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
No adequate studies were identified.  As noted in the preIND/preNDA meetings, if there 
are no adequate data to inform labeling, we recommend that these studies be required 
to be completed as post-marketing requirements.    
 

7.4 Other Genetic Toxicity Studies 
None 
 

8 Carcinogenicity 
Not available and not applicable to this NDA due to the indicated acute use. 
 

9 Reproductive and Developmental Toxicology 
There are no adequate reproductive and developmental toxicology studies reported in 
literature.  As noted in the preIND/preNDA meetings, if there are no adequate data to 
inform labeling, we recommend that these studies be required to be completed as post-
marketing requirements.    
 
 

10 Special Toxicology Studies 
None. 
 

11 Integrated Summary and Safety Evaluation 
Introduction 
Currently there are no FDA-approved injectable neostigmine products in the market.  
However, the proposed product Neostigmine Methylsulfate Injection has been marketed 
by other companies as an unapproved product for decades.  Based on the long history 
of clinical use, nonclinical studies for neostigmine were not required for approval of this 
NDA.  The following nonclinical information was provided based on published literature. 
 
Pharmacology 
Neostigmine is a cholinesterase inhibitor indicated to reverse the neuromuscular 
blocking effects of non-depolarizing neuromuscular blocking agents.  By reducing the 
hydrolysis of acetylcholine, neostigmine increases the levels of acetycholine in the 
synaptic cleft which competes with the neuromuscular junction blocking agents and 
therefore facilitates neuromuscular transmission.  
 
ADME 
The proposed route of administration is intravenous.  Systemically, neostigmine is 
distributed widely and most significantly in the plasma, muscles, liver, and kidney, but 
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not brain as neostigmine does not readily cross the blood-brain-barrier.  Following an 
intravenous dose, neostigmine is rapidly cleared from plasma.  It is metabolized in the 
liver and excreted in the urine unchanged, as the major metabolite 3-
hydroxyphenyltrimethylammonium (HPTMA), and as the glucuronide conjugate of 
HPTMA.  The amount of parent compound excreted in urine accounts for 30% of dose 
in rats given 25 mcg neostigmine intramuscularly.  Kidney elimination of unchanged 
neostigmine suggests the need for dose adjustment in patients with severe renal 
function impairments. The elimination t½ is in a range of 7.3-23.5 minutes in the rat, 
dog, and guinea pig and 53 minutes in the human.   
 
Toxicology           
The toxic effects of neostigmine in animals are attributable to excessive nicotinic and 
muscarinic receptor activation.  The toxic effects include skeletal muscle weakness and 
fasiculations, pupillary constriction, lacrimation, salivation, increased airway secretions, 
increased colonic pressure, colonic spasms, defecation, flatulence, diarrhea, 
convulsions, dyspnea and bradycardia, and death.  Death is usually caused by 
respiratory failure due to constriction of the bronchiolar musculature and excess 
bronchiolar secretions. The main toxicities are observed shortly after dosing (e.g., 2-4 
minutes after a single subcutaneous dose of 0.1 mg in rats) and decrease in intensity as 
neostigmine is cleared from the circulation.  Toxicities after repeated doses were similar 
to the acute toxicities but tolerance develops after a few doses. 
 
The intravenous LD50 in mice is 0.16 mg/kg in mice and 0.165 mg/kg in rats (Randall 
1950; Haley 1950).   
 
Neostigmine is negative in the in vitro bacterial reverse mutation assay (Ames assay).  
Data with respect to in vitro genetic toxicity in a mammalian cell line or in vivo genetic 
toxicity are not available and will be required to be completed post-marketing. 
 
There are no reproductive and developmental toxicology data available for product 
labeling.  The drug will be considered a Pregnancy Category C drug at this time.  Based 
on the long history of human use, the Division has informed the Sponsor that such 
studies were not required for approval but forewarned that they would likely be required 
as Post-Marketing Requirements (meeting minutes for pre  meeting dated 
12/22/2009).   
 
Additionally, there are no carcinogenicity data available.  However, based on the 
proposed indication of acute use, carcinogenicity studies are not necessary.   
 
Formulation and quality control 
 
Excipients: The proposed product formulation consists of neostigmine methylsulfate, 
phenol, sodium acetate, water,  and sodium hydroxide.  Most of the inactive 
ingredients, except phenol are also found endogenously and there are of no safety 
concerns.  The proposed use of 0.45% phenol in this drug product formulation would 
produce up to 45 mg bolus exposure via the maximum human dose of neostigmine (5 

Reference ID: 3287675

(b) (4)

(b) (4)









NDA # 204078        Reviewer: Huiqing Hao, Ph.D. 

45 

 
Reference List 

 
Aeschlimann JA and Reinert M (1931) The Pharmacological Action of Some Analogues 
of Physostigmine. J Pharmacol Exp Ther 43:413-444. 

Baker PR, Calvey T N, Chan K, Macnee C M and Taylor K (1978) Plasma Clearance of 
Neostigmine and Pyridostigmine in the Dog. Br J Pharmacol 63:509-512. 

Bhattacharya BK and Feldberg W (1958) Perfusion of Cerebral Ventricles: Assay of 
Pharmacologically Active Substances in the Effluent From the Cisterna and the 
Aqueduct. Br J Pharmacol Chemother 13:163-174. 

Buckley GA and Heading C E (1970) Tolerance to Neostigmine. Br J Pharmacol 
40:590P-591P. 

Buckley GA and Heading C E (1971) The Effects of Prolonged Neostigmine Treatment. 
J Physiol 219:6P-7P. 

Bukowska B and Kowalska S (2004) Phenol and Catechol Induce Prehemolytic and 
Hemolytic Changes in Human Erythrocytes. Toxicol Lett 152:73-84. 

Burdfield PA, Calvey T N and Roberts J B (1973) In Vitro Metabolism of Neostigmine 
and Pyridostigmine. J Pharm Pharmacol 25:428-429. 

Christensen CB and Helleberg L (1974) Uptake of 14C-Neostigmine in Rat Striated 
Muscles. Acta Pharmacol Toxicol (Copenh) 35:58-64. 

Coan ML, Baggs R B and Bosmann H B (1982) Demonstration of Direct Toxicity of 
Phenol on Kidney. Res Commun Chem Pathol Pharmacol 36:229-239. 

Costa LG, Schwab B W, Hand H and Murphy S D (1981) Decreased Muscarinic Binding 
Sites in Small Intestine From Mice Treated With Neostigmine. Life Sci 29:1675-1682. 

Deichmann WB and Witherup S (2013) Phenol Studies VI: the Acute and Comparative 
Toxicity of Phenol and O-, M-, and P-Cresols for Experimental Animals. J Pharmacol 
Exp Ther 80:233-240. 

Dunlap J and Brown J H (1983) Heterogeneity of Binding Sites on Cardiac Muscarinic 
Receptors Induced by the Neuromuscular Blocking Agents Gallamine and 
Pancuronium. Mol Pharmacol 24:15-22. 

Ecobichon DJ (2001) Toxic effects of pesticides, in Goodman & Gilman's The 
Pharmacological Basis of Therapeutics (Hardman JG, Limbird LE and Gilman AG eds) 
pp 763-810, McGraw-Hill, New York. 

Eikermann M, Fassbender P, Malhotra A, Takahashi M, Kubo S, Jordan A S, Gautam 
S, White D P and Chamberlin N L (2007) Unwarranted Administration of 

Reference ID: 3287675









NDA # 204078        Reviewer: Huiqing Hao, Ph.D. 

49 

Weinstock M, Roll D and Zilberman Y (1981) An Analysis of the Respiratory Stimulant 
Effect of Physostigmine and Neostigmine in the Conscious Rabbit. Clin Exp Pharmacol 
Physiol 8:151-158. 

Wood KM (1978) The Use of Phenol As a Neurolytic Agent: a Review. Pain 5:205-229. 

Yamamoto K, Sawada Y and Iga T (1995) Comparative Pharmacokinetics of Four 
Cholinesterase Inhibitors in Rats. Biol Pharm Bull 18:1292-1295. 

Zamponi GW and French R J (1993) Dissecting Lidocaine Action: Diethylamide and 
Phenol Mimic Separate Modes of Lidocaine Block of Sodium Channels From Heart and 
Skeletal Muscle. Biophys J 65:2335-2347. 

Zeiger E, Anderson B, Haworth S, Lawlor T and Mortelmans K (1988) Salmonella 
Mutagenicity Tests: IV. Results From the Testing of 300 Chemicals. Environ Mol 
Mutagen 11 Suppl 12:1-157. 
 
 

Reference ID: 3287675



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

HUIQING HAO
04/03/2013

RICHARD D MELLON
04/03/2013
I concur with Dr. Hao's recommendation that, from the nonclinical pharmacology toxicology
perspective, NDA 204078 may be approved with the recommended PMRs and labeling.

Reference ID: 3287675





PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908 

 
 

 
Content Parameter 

 
Yes

 
No

 
Comment 

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? 

 
 

√ 
 

 

 
 See above. Not applicable. 

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

 
Leachable study for the container 
closure system was provided. The 
adequacy of this study will be a review 
issue. 

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? 

 √ 

 
No nonclinical data is listed in the 
proposed labeling.  Carcinogenicity 
studies are not needed for the proposed 
indication of single/acute use.  
Reproductive toxicology information is 
limited and will be stated as lacking. 

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

√  

 
Impurity justification appeared to be 
adequate 

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

 
 Not applicable 
 

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

 √ 

 
 
Not applicable 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ____Yes____ 
 
Based on preliminary review, there are no comments for the 74-day letter. 
 
Huiqing Hao, Ph.D.       Sept. 13, 2012 
Reviewing Pharmacologist      Date 
Dan Mellon, Ph.D.       Sept. 13, 2012 
Team Leader/Supervisor      Date 
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