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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 210997 are owned by Exela or are data for which Exela 
has obtained a written right of reference.  Any information or data necessary for 
approval of NDA 210997 that Exela 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 210997.
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1 Executive Summary
1.1 Introduction
Exela Pharma Sciences submitted NDA 210997 seeking marketing approval of GLYRX-
PF (glycopyrrolate) for intravenous (IV) and intramuscular (IM) injection as a 
preoperative antimuscarinic, intraoperative reversal of neuromuscular blockade, and for 
peptic ulcers.  The NDA 210997 is a 505(b)(2) application referencing the listed drug 
Robinul and literature.  The referenced listed drugs Robinul (NDA 017558) was 
discontinued for reasons other than safety and efficacy.  GLYRC-PF does not contain 
benzyl alcohol, which prevented the use of Robinul in neonates.

1.2 Brief Discussion of Nonclinical Findings
NDA 210997 required no additional nonclinical studies to support the safety of their drug 
product because it is identical to the referenced drug Rubinol, except for the removal of 
benzyl alcohol from the formulation.  GLYRX-PF is indicated for the same route, dose, 
duration, and patient population as the referenced drug.    

The container closure system was adequately evaluated for safety at T0, 1, 2, 24, and 
30 months.  Extractable and leachables studies were submitted to justify the safety of 
the  vial and rubber stopper container closure system that is used in other drug 
products.  Two leachables exceeded the qualification threshold of 5 mcg/day:  

.  Maximum daily exposure levels of  were qualified using 
21CFR 201.323 and  was qualified using ICH Q3D.  The container closure 
system is used in approved aqueous products with higher pH.  The existing leachable 
data that covers primarily early and late timepoints but lacks data from mid shelf-life 
does not suggest safety concerns; therefore, the Applicant may be allowed to submit 
leachable data for additional timepoints post-approval.  The Applicant committed to 
conducting and submitting leachable data from 3 months and 6-24 months in Annual 
Reports.  

1.3 Recommendations
1.3.1 Approvability
From the pharmacology/toxicology perspective, there are adequate data to support the 
safety of the safety of the drug product and the safety of the container closure system.  
This 505(b)(2) NDA for GLYRX-PF is recommended for approval.
1.3.2 Additional Nonclinical Recommendations

1. Your NDA included extractable/leachable data; however, leachable data from 3 
and 6-24 months stability will be submitted post-approval.  Submit these data for 
additional leachable timepoints in your Annual Reports as committed in SDN 
0015.

1.3.3 Labeling
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The referenced drug label was modified to conform to PLLR format and excludes any 
language of benzyl alcohol or pediatric use.  

The labeling recommendations below have not been discussed with the entire review 
team or the Applicant.  The reader is referred to the action letter for final drug product 
labeling.

Applicant’s Proposed 
Labeling

Applicant’s Proposed 
Labeling

Rationale for 
Changes/Comments

Highlights of Prescribing 
Information

Highlights of Prescribing 
Information

Indications and Usage Indications and Usage
Glycopyrrolate Injection, USP 
(0.2 mg/mL) is an 
anticholinergic indicated for 
use in:
 In Anesthesia 
 In Peptic Ulcers 

Note to Sponsor: This section 
must include an appropriate 
established pharmacological 
class for the drug substance, if 
available, per 21CFR201.57

8 USE IN SPECIFIC 
POPULATIONS

8 USE IN SPECIFIC 
POPULATIONS

Highlighted sections indicate the 
added text by the Applicant from 
the ROBINUL label to conform 
to PLLR formatting as required 
by 21CFR201.56 and 
21CFR201.57

8.1 Pregnancy 8.1 Pregnancy The PLLR section has been 
updated by Applicant from the 
ROBINUL label per the most 
current FDA Guidance and as 
required by 21CFR201.56 and 
21CFR201.57. 

Risk Summary Risk Summary The highlighted section has 
been added by Applicant to the 
ROBINUL label to comply with 
PLLR formatting per the most 
current FDA Guidance and as 
required by 21CFR201.56 and 
21CFR201.57. New 
subheadings and subsections, 
8.1 have been added along with 
corresponding supportive 
literature. 

For human risk summary 
statement, we defer to the MHT.

Reference ID: 4279672Reference ID: 4292398
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In animal reproduction studies in 
pregnant rats and rabbits 
administered glycopyrrolate 
orally (rats) and intramuscularly 
(rabbits) during the period of 
organogenesis, no teratogenic 
effects were seen at 640  
times and 10  times the 
maximum recommended daily 
human dose (MRHD) of 1  mg 
on a mg/m2 basis) [see Data]. 

This language was taken from 
the RD label.  
Note to Sponsor:  MRHD was 
changed to 1 mg/day based on 
the labeled dosing 
recommendation and following 
discussions with the clinical 
review team.

The crossed-out language is old 
CFR language and no longer 
included in labeling.  

The estimated background risk 
for major birth defects and 
miscarriage for the indicated 
population is unknown. In the 
U.S. general population, the 
estimated background risk of 
major birth defects and 
miscarriage in the clinically 
recognized pregnancies is 2-4% 
and 15−20%, respectively. 

The estimated background risk 
for major birth defects and 
miscarriage for the indicated 
population is unknown. In the 
U.S. general population, the 
estimated background risk of 
major birth defects and 
miscarriage in the clinically 
recognized pregnancies is 2-4% 
and 15−20%, respectively. 

Applicant added this section to 
the ROBINUL label as per 
Pregnancy, Lactation, and 
Reproductive Potential: 
Labeling for Human Prescription 
Drug and Biological Products — 
Content and Format 
Guidance for Industry; line 219-
222: required statement from 
CDC website. 

Animal Data: Animal Data: New subsection added by 
Applicant per 21CFR201.56 and 
21CFR201.57 

Reproduction studies with 
glycopyrrolate were performed 
in rats at a dietary dose of 
approximately 65 mg/kg/day 
(exposure was approximately 

 times the maximum 
recommended daily human 
dose of mg on a mg/m2 basis) 
and rabbits at intramuscular 
doses of up to 0.5 mg/kg/day 
(exposure was approximately
times the maximum 
recommended daily human 
dose on a mg/m2 basis). These 

Reproduction studies with 
glycopyrrolate were performed 
in rats at a dietary dose of 
approximately 65 mg/kg/day 
(exposure was approximately 
640  times the maximum 
recommended daily human 
dose of 1  mg on a mg/m2 
basis) and rabbits at 
intramuscular doses of up to 0.5 
mg/kg/day (exposure was 
approximately 10  times the 
maximum recommended daily 
human dose on a mg/m2 basis). 

The labeling language is directly 
from the referenced ROBINUL 
injection package insert 
Pregnancy and Impairment of 
Fertility sections.

Note to Sponsor:  MRHD was 
changed to 1 mg/day based on 
the labeled dosing 
recommendation.
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studies produced no teratogenic 
effects to the fetus. 

A preclinical study on 
reproductive performance of rats 
given glycopyrrolate resulted in 
a decreased rate of conception 
and survival at weaning.

These studies produced no 
teratogenic effects to the fetus. 

A preclinical study on 
reproductive performance of rats 
given glycopyrrolate resulted in 
a decreased rate of conception 
and survival at weaning.

Applicant references a 
published article as the source 
of information (Proakis and 
Harris, 1978).  
The information is distribution 
data in animals and is not 
appropriate for Section 8 or 
Section 12 given existing human 
experience.  Therefore, the 
Reviewer deleted this section.   

Applicant references a 
published article as the source 
of information (Murad et al., 
1981). 

The information is distribution 
data from nonclinical studies in 
published literature and is not 
appropriate for Section 8 or 
Section 12 given existing human 
experience.    Therefore, the 
Reviewer deleted this section.   

8.2 Lactation  8.2 Lactation  Subheading updated by 
Applicant from the ROBINUL 

Reference ID: 4279672Reference ID: 4292398
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label per 21CFR201.56 and 
21CFR201.57 including adding 
number 8.2.  Reviewer agrees.

Risk Summary  

 As with other 
anticholinergics, glycopyrrolate 
may cause suppression of 
lactation [see Adverse 
Reactions (6.1)].  

 The 
developmental and health 
benefits of breast feeding should 
be considered along with the 
mother’s clinical need for 
glycopyrrolate and any potential 
adverse effects on the breastfed 
child from glycopyrrolate or from 
the underlying maternal 
condition.

Risk Summary  

 As with other 
anticholinergics, glycopyrrolate 
may cause suppression of 
lactation [see Adverse 
Reactions (6.1)].  

 The 
developmental and health 
benefits of breast feeding should 
be considered along with the 
mother’s clinical need for 
glycopyrrolate and any potential 
adverse effects on the breastfed 
child from glycopyrrolate or from 
the underlying maternal 
condition.

We defer to the MHT regarding 
labeling language based on 
human data.

8.4 Pediatric Use 8.4 Pediatric Use Reviewer agrees with the 
addition of the subsection 
number 8.4 by Applicant to 
comply with 21CFR201.56 and 
21CFR201.57. 
Benzyl alcohol statements have 
been removed by the Applicant 
since it is not used as an 
ingredient in Exela’s product. 

Safety and effectiveness in 
pediatric patients have not been 
established for the management 
of peptic ulcer. 

Safety and effectiveness in 
pediatric patients have not been 
established for the management 
of peptic ulcer. 
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Dysrhythmias associated with 
the use of glycopyrrolate 
intravenously as a premedicant 
or during anesthesia have been 
observed in pediatric patients.  

Infants, patients with Down's 
syndrome, and pediatric patients 
with spastic paralysis or brain 
damage may experience an 
increased response to 
anticholinergics, thus increasing 
the potential for side effects. 

A paradoxical reaction 
characterized by 
hyperexcitability may occur in 
pediatric patients taking large 
doses of anticholinergics 
including GLYCOPYRROLATE 
INJECTION, USP. Infants and 
young children are especially 
susceptible to the toxic effects of 
anticholinergics.

Dysrhythmias associated with 
the use of glycopyrrolate 
intravenously as a premedicant 
or during anesthesia have been 
observed in pediatric patients.  

Infants, patients with Down's 
syndrome, and pediatric patients 
with spastic paralysis or brain 
damage may experience an 
increased response to 
anticholinergics, thus increasing 
the potential for side effects. 

A paradoxical reaction 
characterized by 
hyperexcitability may occur in 
pediatric patients taking large 
doses of anticholinergics 
including GLYCOPYRROLATE 
INJECTION, USP. Infants and 
young children are especially 
susceptible to the toxic effects of 
anticholinergics.

Applicant changed ROBINUL 
Injection to 
GLYCOPYRROLATE 
INJECTION, USP 

Benzyl alcohol statements have 
been removed by Applicant 
since it is not used as an 
ingredient in Exela’s product. 

Reference ID: 4279672Reference ID: 4292398
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10 OVERDOSE 10 OVERDOSE Reviewer agrees with adding 
the numbered (10) heading 
added by the Applicant to the 
ROBINUL label to updated to 
PLR as required by 
21CFR201.56 and 
21CFR201.57

To combat peripheral 
anticholinergic effects, a 
quaternary ammonium 
anticholinesterase such as 
neostigmine methylsulfate 
(which does not cross the blood-
brain barrier) may be given 
intravenously in increments of 
0.25 mg in adults. This dosage 
may be repeated every five to 
ten minutes until anticholinergic 
overactivity is reversed or up to 
a maximum of 2.5 mg. 
Proportionately smaller doses 
should be used in pediatric 
patients. Indication for repetitive 
doses of neostigmine should be 
based on close monitoring of the 
decrease in heart rate and the 
return of bowel sounds.

If CNS symptoms (e.g., 
excitement, restlessness, 
convulsions, psychotic behavior) 
occur, physostigmine (which 
does cross the blood–brain 
barrier) may be used. 
Physostigmine 0.5 to 2 mg 
should be slowly administered 
intravenously and repeated as 
necessary up to a total of 5 mg 
in adults. Proportionately 
smaller doses should be used in 
pediatric patients.

To combat hypotension, 
administer IV fluids and/or 
pressor agents along with 

To combat peripheral 
anticholinergic effects, a 
quaternary ammonium 
anticholinesterase such as 
neostigmine methylsulfate 
(which does not cross the blood-
brain barrier) may be given 
intravenously in increments of 
0.25 mg in adults. This dosage 
may be repeated every five to 
ten minutes until anticholinergic 
overactivity is reversed or up to 
a maximum of 2.5 mg. 
Proportionately smaller doses 
should be used in pediatric 
patients. Indication for repetitive 
doses of neostigmine should be 
based on close monitoring of the 
decrease in heart rate and the 
return of bowel sounds.

If CNS symptoms (e.g., 
excitement, restlessness, 
convulsions, psychotic behavior) 
occur, physostigmine (which 
does cross the blood–brain 
barrier) may be used. 
Physostigmine 0.5 to 2 mg 
should be slowly administered 
intravenously and repeated as 
necessary up to a total of 5 mg 
in adults. Proportionately 
smaller doses should be used in 
pediatric patients.

To combat hypotension, 
administer IV fluids and/or 
pressor agents along with 

Reviewer has no changes to the 
language because it is identical 
to the referenced product label.

Reference ID: 4279672Reference ID: 4292398

(b) (4)



NDA 210997 Katie Sokolowski, PhD

13

supportive care. Fever should 
be treated symptomatically.

Following overdosage, a curare 
-like action may occur, i.e., 
neuromuscular blockade leading 
to muscular weakness and 
possible paralysis. In the event 
of a curare-like effect on 
respiratory muscles, artificial 
respiration should be instituted 
and maintained until effective 
respiratory action returns.

supportive care. Fever should 
be treated symptomatically.

Following overdosage, a curare 
-like action may occur, i.e., 
neuromuscular blockade leading 
to muscular weakness and 
possible paralysis. In the event 
of a curare-like effect on 
respiratory muscles, artificial 
respiration should be instituted 
and maintained until effective 
respiratory action returns.

12 CLINICAL 
PHARMACOLOGY

12 CLINICAL 
PHARMACOLOGY

Reviewer agrees with adding 
the numbered (12) heading 
added by the Applicant to the 
ROBINUL label to updated to 
PLR as required by 
21CFR201.56 and 
21CFR201.57

12.1 Mechanism of Action 12.1 Mechanism of Action Reviewer agrees with adding 
the numbered (12.1) heading 
added by the Applicant to the 
ROBINUL label to updated to 
PLR as required by 
21CFR201.56 and 
21CFR201.57

Glycopyrrolate, like other 
anticholinergic (antimuscarinic) 
agents, inhibits the action of 
acetylcholine on structures 
innervated by postganglionic 
cholinergic nerves and on 
smooth muscles that respond to 
acetylcholine but lack 
cholinergic innervation. These 
peripheral cholinergic receptors 
are present in the autonomic 
effector cells of smooth muscle, 
cardiac muscle, the sinoatrial 
node, the atrioventricular node, 
exocrine glands and, to a limited 
degree, in the autonomic 
ganglia. Thus, it diminishes the 
volume and free acidity of 
gastric secretions and controls 
excessive pharyngeal, tracheal, 
and bronchial secretions. 

Glycopyrrolate, like other 
anticholinergic (antimuscarinic) 
agents, inhibits the action of 
acetylcholine on structures 
innervated by postganglionic 
cholinergic nerves and on 
smooth muscles that respond to 
acetylcholine but lack 
cholinergic innervation. These 
peripheral cholinergic receptors 
are present in the autonomic 
effector cells of smooth muscle, 
cardiac muscle, the sinoatrial 
node, the atrioventricular node, 
exocrine glands and, to a limited 
degree, in the autonomic 
ganglia. Thus, it diminishes the 
volume and free acidity of 
gastric secretions and controls 
excessive pharyngeal, tracheal, 
and bronchial secretions. 

Reviewer has no changes to the 
language because it is identical 
to the referenced product label.

13 NONCLINICAL 
TOXICOLOGY

13 NONCLINICAL 
TOXICOLOGY

Reviewer agrees with adding 
the numbered (13) heading 
added by the Applicant to the 
ROBINUL label to updated to 
PLR as required by 
21CFR201.56 and 
21CFR201.57

Reference ID: 4279672Reference ID: 4292398
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13.1 Carcinogenesis, 
Mutagenesis and Impairment 
of Fertility  

13.1 Carcinogenesis, 
Mutagenesis and Impairment 
of Fertility  

Reviewer agrees with adding 
the numbered (13.1) heading 
added by the Applicant to the 
ROBINUL label to updated to 
PLR as required by 
21CFR201.56 and 
21CFR201.57

Long-term studies in animals 
have not been performed to 
evaluate carcinogenic potential. 
Studies to evaluate the 
mutagenic potential of 
Glycopyrrolate have not been 
conducted. In reproduction 
studies in rats, dietary 
administration of Glycopyrrolate 
resulted in diminished rates of 
conception in a dose-related 
manner. Other studies in dogs 
suggest that this may be due to 
diminished seminal secretion 
which is evident at high doses of 
Glycopyrrolate. 

Carcinogenesis
Long-term studies in animals 
have not been performed to 
evaluate carcinogenic potential. 

Mutagenesis
Studies to evaluate the 
mutagenic potential of 
glycopyrrolate have not been 
conducted. 

Impairment of Fertility
In reproduction studies in rats, 
dietary administration of 
glycopyrrolate resulted in 
diminished rates of conception 
in a dose-related manner. Other 
studies in dogs suggest that this 
may be due to diminished 
seminal secretion which is 
evident at high doses of 
glycopyrrolate.

Note to Sponsor: Reviewer 
added subsection headings to 
be more consistent with PLR 
labels.  

All other language is identical to 
the referenced product label.

2 Drug Information
2.1 Drug
CAS Registry Number:  596-51-0

Generic Name:  Glycopyrrolate

Code Name:  GLYRX-PF 

Chemical Name: 
Pyrolidinium, 3-[(cyclopentylhydroxyphenylacetyl)OXY]-1,1-dimethyl-bromide.
3-Hydroxy-1,1-dimethylpyrrolidinium bromide α-cyclopentylmandelate.

Molecular Formula/Molecular Weight: C19H28BrNO3 / 398.3 g/moL

Reference ID: 4279672Reference ID: 4292398
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Structure or Biochemical Description: 

Pharmacologic Class:  Anticholinergic

2.2 Relevant INDs, NDAs, BLAs and DMFs
Table 1 Relevant PINDs and NDAs

Application 
ID

Drug Route Sponsor Status

PIND 122893 Glycopyrrolate Injectable Exela (current 
applicant)

NDA 017558* Robinul (Glycopyrrolate) Injectable West-Ward Pharm. Discontinued

Table 2 Relevant DMFs
DMF ID Owner Referencing LOA

Yes
Yes
Yes

Yes

Yes

Yes

2.3 Drug Formulation
Table 3 Drug Formulation compared to RD, Robinul

Reference ID: 4279672Reference ID: 4292398
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The maximum daily dose (MDD) of this drug product was determined in consultation 
with the clinical review team and is based on its labeled use for the reversal of 
neuromuscular blockade by 5 mg of neostigmine.  As noted in the referenced Rubinol 
labeling, 0.2 mg of Rubinol should be administered for every 1 mg of neostigmine (0.2 
mg x 5 = 1.0 mg per day).

2.4 Comments on Novel Excipients
No novel excipients are in the currently proposed formulation.

2.5 Comments on Impurities/Degradants of Concern
Impurities/degradants of the drug substance are within the limits of ICH Q3A(R2) and 
ICH Q3B(R2) and therefore acceptable.

Drug Substance Impurities
Specification limit for the organic impurity,  (NMT %) exceeds 
ICH Q3A(R2) justification threshold of 0.15%: however, is below the USP limit of NMT 
0.4%.    

Table 4 Impurity Specifications for the Drug Substance

Reference ID: 4279672Reference ID: 4292398
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Drug Product Degradants
Drug product degradant specifications were revised in SDN 0014 submitted on 
04/03/2018.  Specifications conform to ICH Q3B(R2) and are therefore acceptable.
Table 5 Impurity/Degradants Specifications of Drug Product

Table taken from Applicant’s SDN 0014 

Drug Product Elemental Impurities
Elemental impurity specifications were provided in a response to IR on 2/12/2018 (SDN 
0010).   specifications exceed Permissible Daily Exposures (PDE) as 
calculated by this Reviewer per 21CFR201.323.  All other elemental impurities are 
acceptable per ICH Q3D. Applicant revise their specifications for  to an 
acceptable level of mcg/day in a response to IR on 4/3/2018 (SND 0014).
Table 6 Elemental Impurity Specifications

Elemental 
Impurity

Calculated conc. 
(NMT mcg/mL)*

Applicant’s 
Specifications 
(NMT mcg/day)

Parenteral PDE 
as per ICH Q3D 
(mcg/day)

Acceptable 
Y/N

1.7 Y
5 Y
15 Y
3 Y
10 Y

Reference ID: 4279672Reference ID: 4292398
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10 Y
10 Y
10.8 Y
10 Y
10 Y
1070 Y
1700 Y
22 Y
12 Y
340 Y
280 Y
94 Y
5 Y
8 Y
134 Y
85 Y
14 Y
730 Y
640 Y
18 Y

*Concentrations were calculated by multiplying the Applicant’s specifications (mcg/day) to the Maximum 
daily volume of 5 mL/day.   exceeds the Reviewer’s calculated PDE of  mcg/day as 
calculated below.
#Applicant’s Specifications were revised from mcg/day to mcg/day in a response to IR on 4/3/2018 
(SDN 0014).

 levels are regulated  

The drug product is indicated for patients down to 1 month of age with an average body 
weight of 4.5 kg (CDC growth chart – males).  Therefore, the PDE for this product is 
calculated to be  mcg/day as per  by this Reviewer.

Drug Product Residual Solvents
Residual solvent specifications appear acceptable.  Applicant provided residual solvent 
specifications in a response to IR on 2/12/2018 (SDN 0010).
Table 7 Residual Solvent Specifications

Residual 
Solvent

Applicant’s 
Specifications 
(NMT mg/day)

ICH Q3C 
Classification

PDE as per ICH Q3C (mg/day) Acceptable 
Y/N

Class 3 Limited by GMO or other quality 
based requirements

See CMC 
review

Reference ID: 4279672Reference ID: 4292398

(b) 
(4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) (4)

(b) (4)

(b) 
(4)

(b) (4)
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Class 3 Limited by GMO or other quality 
based requirements

See CMC 
review

Class 2 30 Y
Class 2 Limited by GMO or other quality 

based requirements
See CMC 
review

Class 2 4.1 Y

2.6 Container Closure System 
The drug product, GLYRX-PF, is aqueous based with a pH between 2.0 – 3.0.  
Container closure system includes a  rubber stopper and  
vial used with other aqueous based injectable products marketed in the U.S., as 
described in Table 8.  DMF  for rubber stoppers and  vial 
have been reviewed for other products.  

Table 8 Container Closure System Components
Component Description Supplier and Item #

 Vial 

Stoppers  

 seal  

The figures below illustrate the primary container closure system (images from 
Applicant’s submission Module 3.2.P.7 Container Closure System).  
Table 9 Container Closure System Description and Drawings

Reference ID: 4279672Reference ID: 4292398
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2.7 Proposed Clinical Population and Dosing Regimen
The proposed dosing regimen is the same as the LD Robinul.  The clinical population of 
GLYRX-PF is adults and pediatric patients including neonates, which is a wider patient 
population than the LD, Robinul.  Per the Robinul label, dosing information is provided 
for adults and pediatrics, including infants; however, neonates (patients less than 1 
month of age) should not be given Robinul because of its benzyl alcohol content.  The 
current product GLYRX-PF does not contain benzyl alcohol and has removed 
cautionary statements in the label regarding use of benzyl alcohol in neonates.

Maximum daily dose (MDD) = 1.0 mg/day

MDD of GLYRX-PF is calculated as follows:

Per Dosage and Administration section of the Robinul label: 

Reference ID: 4279672Reference ID: 4292398
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Reversal of Neuromuscular Blockade. The recommended pediatric dose of Robinul 
Injection is 0.2 mg for each 1.0 mg of neostigmine or 5.0 mg of pyridostigmine. In order to 
minimize the appearance of cardiac side effects, the drugs may be administered 
simultaneously by intravenous injection and may be mixed in the same syringe.

0.2 mg for each 1.0 mg of neostigmine 
(MDD of neostigmine = 5 mg)
0.2 mg x 5 mg = 1.0 mg of GLYRX-PF

2.8 Regulatory Background
The Applicant Exela Pharma Sciences requested a PIND meeting with DAAAP on May 
21, 2014 for their glycopyrrolate injection product, which the Applicant intended to 
submit under a 505(b)(2) application.  Applicant’s product is being developed for the 
same prescribing information and indication as the Listed Drug (LD) Robinul Injection.  
Applicant’s product formulation differs from the LD by eliminating benzyl alcohol 0.9% 
as an excipient, bringing osmolality from “less than 50” to 300 mOs/L, and adding 
sodium chloride (9.0 mg/mL) as an excipient.  

DAAAP provided PIND preliminary comments for August 29, 2014, prior to Applicant 
canceling the PIND meeting.  Nonclinical comments provide in the preliminary 
comments for a 505(b)(2) NDA submission are summarized below:

 No further nonclinical studies were required because the formulation 
proposed in the PIND was comparable to the referenced drug product 

 Discuss the nonclinical information in the published literature
 Nonclinical information must include relevant exposure margins
 Qualify new excipients for safety
 Qualify any impurity and degradation products above ICH thresholds 
 Adequately control genotoxic impurities 
 Module 2 must contain a Toxicology Written Summary
 Assess leachables and extractable of the container closure system

Applicant did not submit an IND or request a PNDA meeting prior to their NDA 
submission on September 5, 2017.

Robinul, the LD, was approved under NDA 017558 on Feb 6, 1975.  The current 
indications are for use: 

 As a preoperative antimuscarinic to reduce salivary, tracheobronchial, and 
pharyngeal secretions; to reduce the volume and free acidity of gastric 
secretions; and to block cardiac vagal inhibitory reflexes during induction of 
anesthesia and intubation in adults and pediatrics (excluding neonates)

 Intraoperatively to counteract surgically or drug-induced or vagal reflexes 
associated arrhythmias; protectant against the peripheral muscarinic effects 
(e.g., bradycardia and excessive secretions of cholinergic agents such as 

Reference ID: 4279672Reference ID: 4292398



NDA 210997 Katie Sokolowski, PhD

41

neostigmine and pyridostigmine given to reverse the neuromuscular blockade 
due to non-depolarizing muscle relaxants in adults and pediatrics (excluding 
neonates)

 As an adjunctive therapy for the treatment of peptic ulcer when rapid 
anticholinergic effect is desired or when oral medication is not tolerated in adults 
only

According to the label, the prescribing information for use in adults as a preanesthetic is 
0.004 mg/kg by intramuscular (IM) injection.  For intraoperative medication it should be 
administered intravenously (IV) as single doses of 0.1 mg and repeated, as needed, at 
intervals of 2 to 3 minutes.  For reversal of neuromuscular blockade, the recommended 
dose is 0.2 mg for each 1.0 mg of neostigmine or 5.0 mg of pyridostigmine.  For peptic 
ulcer, the recommended dose is 0.1 mg IV or IM at 4-hour intervals, 3 or 4 times daily.  
When more profound effect is required for peptic ulcers, 0.2 mg may be given.  Some 
patients with peptic ulcers may need only a single dose and frequency of administration 
should be dictated by patient response up to a maximum of four times daily.  The 
prescribing information for use as a preanesthetic medication in pediatrics is 0.004 
mg/kg IM, and infants (1 month to 2 years of age) may require up to 0.009 mg/kg IM.  
For use as an intraoperative medication in pediatrics, the recommended dosage is 
0.004 mg/kg IV, not to exceed 0.1 mg in a single dose which may be repeated, as 
needed, at intervals of 2 to 3 minutes.  For use as reversal of neuromuscular blockade 
in pediatrics, the recommended dose is 0.2 mg for each 1.0 mg of neostigmine or 5.0 
mg of pyridostigmine.

Robinul was discontinued in April 2014 for reasons other than safety or efficacy issues.  
Robinul is not currently covered by unexpired patents or exclusivities.  

The following Information Requests were sent to the Applicant:
IR Date Requests Response from Applicant
74-day 
Letter

 Issue #3 Submit Module 2.6 
Nonclinical Written and Tabulated 
Summaries

 Issue #4 Demonstrate that your drug 
product complies with ICH Q3D 
Elemental Impurities

 Issue #5 Provide a table of 
impurities in drug substance and 
drug product

 Issue #6 Provide E/L data from three 
batches across stability

SDN 0004 10/11/2017
 Issue #5 Provided impurity information

12/14/2018  Provide annotated label
 Update on filing issue #4 – provide a 

list of individual elemental impurities 
and residual solvents

SDN 0007 12/20/2018
 Provided annotated label
 Issue #4 Provided list of individual 

elemental impurities and residual solvents 
for Drug Substance

03/20/2018  Requested justification for Aluminum 
specifications in drug product

SDN 0014 04/03/2018
 Revised Aluminum specifications 

satisfactorily
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02/06/2018  Update on filing issue #6, 
Extractable/Leachable studies from 
three batches across stability

SDN 0011 02/12/2018
 Provided Extractable/Leachable study 

reports from 8 batches at 24 and 30 
months on stability

SDN 0015 04/05/2018
 Provided Leachable study reports from 2 

batches at 0 months on stability
SDN 0017 04/13/2018
 Provided a timeline of submission dates 

for Leachable study reports
04/24/2018  Update on filing issue #3, Submit 

Module 2.6 Nonclinical Written and 
Tabulated Summaries

SDN 0019 05/02/2018
 Issue #3 Provided Nonclinical Written and 

Tabulated Summaries in Module 2.6
05/22/2018  Update on filing issue #6, 

Extractable/Leachable studies from 
three batches across stability

SDN 0022 5/25/2018
 Provided Leachable study reports from 2 

batches at 0 months on stability 
SDN 0023 6/1/2018
 Provided Leachable study reports from 2 

batches at 1 and 2 months on stability

3 Studies Submitted
3.1 Studies Reviewed 

SDN
Date

Report # Study Title

2017-RD-101-00 Extractables Study on Stoppers Used as Primary 
Container-Closure Components in Drug Product Formulations

2018-RD-007-00 Leachable Impurities in Glycopyrrolate Injection USP, (0.2 mg/mL) 0.2 
mg/1 mL, 2 mL Vial and Glycopyrrolate Injection, USP, (0.2 mg/mL) 0.4 
mg/2 mL, 2 mL Vial Drug Product

SDN 0011
02/12/2018

2018-RD-007-00 Extractable and Leachables Risk Assessment for Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.2 mg/1 mL, 2 mL Vial and Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.4 mg/2 mL, 2 mL Vial

SDN 0015
4/5/2018

2018-RD-007-00
(2.3.1 Addendum 
REV 01)

Leachable Impurities in Glycopyrrolate Injection USP, (0.2 mg/mL) 0.2 
mg/1 mL, 2 mL Vial and Glycopyrrolate Injection, USP, (0.2 mg/mL) 0.4 
mg/2 mL, 2 mL Vial Drug Product

SDN 0022
05/25/2018

2018-RD-007-00
(2.3.2 Addendum 
REV 02)

Leachable Impurities in Glycopyrrolate Injection USP, (0.2 mg/mL) 0.2 
mg/1 mL, 2 mL Vial and Glycopyrrolate Injection, USP, (0.2 mg/mL) 0.4 
mg/2 mL, 2 mL Vial Drug Product

SDN 0023
06/01/2018

2018-RD-007-00
(Memo)

MEMO-000103-Leachable Impurity RRT=0.337 in Glycopyrrolate 
Injection

In addition, several published studies were submitted to address the PLLR 
requirements.  The reader is referred to the reference list at the end of this document for 
the literature cited.
 

3.2 Studies Not Reviewed 
Studies not reviewed are those studies for the test methods and methods of validation 
for the extractables, summarized in the table below.
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SDN
Date

Report # Study Title

2017-RDTM-116 Universal Headspace Gas Chromatographic Method for the 
Determination of Leachables in Drug Product Formulations

2017-QCMV-242 Method Validation for the Universal Method for the Determination of 
Leachables in Drug Product Formulations by Headspace Gas 
Chromatography

2017-RDTM-143 Determination of Leachables In Glycopyrrolate Injection (0.2 mg/mL), 0.2 
mg/1 mL, 2 mL Vial and (0.2 mg/mL), 0.4 mg/2 mL, 2 mL vial by 
Headspace Gas Chromatography

2017-QCMV-267 Method Validation Report for the Determination of Leachables In 
Glycopyrrolate Injection (0.2 mg/mL), 0.2 mg/1 mL, 2 mL Vial and (0.2 
mg/mL), 0.4 mg/2 mL, 2 mL vial by Headspace Gas Chromatography

2017-RDTM-112 Universal Direct Injection Gas Chromatographic Method for the 
Determination of Leachables in Drug Product Formulations

2017-QCMV-235 Method Validation for the Universal Method for the Determination of 
Leachables in Drug Product Formulations by Direct Injection Gas 
Chromatography

2017-RDTM-144 Determination of Leachables in Glycopyrrolate Injection, USP, (0.2 
mg/mL) 0.2 mg/1 mL, 2 mL Vial and Glycopyrrolate Injection, USP, (0.2 
mg/mL) 0.4 mg/2 mL, 2 mL Vial by Direct Injection Gas Chromatography

2017-QCMV-266 Method Validation for the Determination of Leachables in Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.2 mg/1 mL, 2 mL Vial and Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.4 mg/2 mL, 2 mL Vial by Direct Injection 
Gas Chromatography

2017-RDTM-118 Universal Ultra High Performance Liquid Chromatographic Method for 
the Determination of Leachables in Drug Product Formulations

2017-QCMV-243 Method Validation for the Universal Method for the Determination of 
Leachables in Drug Product Formulations by Ultra High-Performance 
Liquid Chromatography

2017-RDTM-145 Determination of Leachables in Glycopyrrolate Injection, USP, (0.2 
mg/mL) 0.2 mg/1 mL, 2 mL Vial and Glycopyrrolate Injection, USP, (0.2 
mg/mL) 0.4 mg/2 mL, 2 mL Vial by Ultra High-Performance Liquid 
Chromatography

2017-QCMV-265 Method Validation for the Determination of Leachables in Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.2 mg/1 mL, 2 mL Vial and Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.4 mg/2 mL, 2 mL Vial by Ultra High-
Performance Liquid Chromatography

2017-RDTM-120 Universal Inductively Couple Plasma Mass Spectrometry Method for the 
Determination of Leachable Elemental Impurities in Drug Product 
Formulations

2017-QCMV-236 Method Validation for the Universal Method for the Determination of 
Leachables Elemental Impurities in Drug Products by Inductively 
Coupled Mass Spectrometry

2017-RDTM-142 Determination of Leachable Elemental Impurities in Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.2 mg/1 mL, 2 mL Vial and Glycopyrrolate 
Injection, USP, (0.2 mg/mL) 0.4 mg/2 mL, 2 mL Vial by Inductively 
Coupled Mass Spectrometry

SDN 0011
02/12/2018

2017-QCMV-268 Method Validation for the Determination of Leachable Elemental 
Impurities in Glycopyrrolate Injection, USP, (0.2 mg/mL) 0.2 mg/1 mL, 2 
mL Vial and Glycopyrrolate Injection, USP, (0.2 mg/mL) 0.4 mg/2 mL, 2 
mL Vial by Inductively Coupled Mass Spectrometry
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3.3 Previous Reviews Referenced
None.  The Agency’s previous finding of safety and efficacy as noted in the referenced 
Robinul label and literature were used to fulfill safety requirements of the Applicant’s 
product, GLYRX-PF.

4 Pharmacology
As stated in the LD (Robinul) Label:

Comparison to other drugs in class
Atropine is another autonomic anticholinergic (antimuscarinic) agent.  Adverse events in 
common with glycopyrrolate include insomnia, restlessness, agitation, confusion, 
seizures, dizziness, drowsiness, weakness, headache, blurred vision, mydriasis, 
cycloplegia, vomiting, nausea, abdominal pain, constipation, GI obstruction, 
bradycardia, sinus tachycardia, atrial fibrillation, palpitations, QT prolongation, 
hypertension, hypotension, injection site reaction, urticaria, xerostomia, nasal dryness, 
and urinary retention. Adverse events unique to atropine include amnesia and 
anaphylactic shock.

4.3 Safety Pharmacology
No new studies were submitted or required for this 505(b)(2) application.

5 Pharmacokinetics/ADME/Toxicokinetics
As stated in the LD (Robinul) Label:
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In a distribution study comparing the blood-brain barrier penetration of glycopyrrolate 
compared to atropine (Proakis and Harris 1978), male and female mongrel dogs (3-
4/group) were intravenously (IV) administered 0.1 mg/kg of 14C-glycopyrrolate or 3H-
atropine HCl 10, 30, 60, 120, 180, and 240 minutes prior to collecting cerebral spinal 
fluid and venous blood.  Cerebral spinal fluid Cmax of 14C-glycopyrrolate was 0.9±0.4 
ng/mL.  Peak cerebral spinal fluid/serum concentration ratios for 3H-atropine averaged 
0.87 compared to 0.1 for 14C-glycopyrrolate. 

In a distribution study comparing the placental barrier penetration of glycopyrrolate 
compared to atropine (Proakis and Harris 1978), eight pregnant mongrel dogs with 
seven or more fetuses each were intravenously (IV) administered 0.1 mg/kg of 14C-
glycopyrrolate or 3H-atropine HCl 10, 30, 60, 120, 180, and 240 minutes prior to 
collecting maternal and fetal blood.  Fetal serum Cmax of 14C-glycopyrrolate was 
0.63±0.07 ng/mL.   Peak fetal serum/maternal serum concentration ratios for 3H-atropine 
was 1.0 compared to 0.04 for 14C-glycopyrrolate.

In a distribution study comparing the placental barrier penetration of glycopyrrolate 
compared to atropine (Murad, Conklin et al. 1981), pregnant ewes (9/group; 120-135 
days gestation) were intravenously (IV) administered 0.05 mg/kg of 14C-glycopyrrolate 
or 3H-atropine HCl 5, 10, 20, 30, 45, 60, 90, 120, 180, and 240 minutes prior to 
collecting maternal and fetal blood.  Fetal serum Cmax of 14C-glycopyrrolate was 1.0±0.4 
ng/mL at 10 minutes post-injection.   Placental transfer of atropine was significantly 
greater than that of glycopyrrolate throughout the 4-hour sampling period.  The peak 
fetal/maternal ratios at 4 hours post-injection were 1.0 for atropine compared to 0.13 for 
glycopyrrolate.
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6 General Toxicology
No general toxicology studies were submitted.

7 Genetic Toxicology
As stated in the LD (Robinul) Label:

8 Carcinogenicity
No carcinogenicity studies are required for this acute-use product.  See label 
information in 7 Genetic Toxicology.

9 Reproductive and Developmental Toxicology
As stated in the LD (Robinul) Label:
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Applicant references the publically available Pharmacology Review for NDA 17-558 
(Robinul) by Clyde Oberlander to support the following proposed labeling changes in 
Section 8.1 under Animal Data.  

Reproduction studies with glycopyrrolate were performed in rats at a dietary dose of 
approximately 65 mg/kg/day (exposure was approximately times the maximum 
recommended daily human dose of 2 mg on a mg/m2 basis) and rabbits at 
intramuscular doses of up to 0.5 mg/kg/day (exposure was approximately  times the 
maximum recommended daily human dose on a mg/m2 basis). These studies 
produced no teratogenic effects to the fetus. 

A preclinical study on reproductive performance of rats given glycopyrrolate resulted 
in a decreased rate of conception and survival at weaning. 

However, a 505(b)(2) application may not reference posted reviews of the referenced 
drug product without a right of reference to the underlying study reports as reviews are 
considered summary data and not representative of the Agency’s finding of safety and 
efficacy.  Without a right of reference, Applicant’s may only rely upon the Agency’s 
finding of safety and efficacy as documented in the approved drug labeling.  

The Applicant submitted two published studies in pregnant dogs and sheep that 
investigate fetal exposure to glycopyrrolate.  These studies are reviewed in 5

Pharmacokinetics/ADME/Toxicokinetics.  They do not evaluate reproductive or 
developmental endpoint and are therefore not considered appropriate to inform Section 
8 of labeling.

10 Special Toxicology Studies
No special toxicology studies were required for this product.
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11 Integrated Summary and Safety Evaluation
This NDA 210997 for GLYRX-PF is a 505(b)(2) glycopyrrolate drug product with 
reliance on the Agency’s previous finding of safety and efficacy of Robinul.  GLYRX-PF 
does not contain benzyl alcohol, which differs from Robinul.  No new nonclinical studies 
are required to justify the safety of this drug product because its indications and 
proposed dosing are identical to the referenced drug Robinul.

The Applicant submitted extractable and leachable studies to qualify the container 
closure system. The extraction study was conducted on three surrogate stoppers with 
one stopper (S10) made with identical materials .  Extraction studies 
generally produced higher concentrations of compounds than leachable studies.  
Trends were established at timepoints of 0, 1, 2, 24, and 30 months on stability.  Only 
two leachables exceeded the Qualification Threshold of 5 mcg/day:  

.  The maximum daily exposure (MDE) of  from this product is  
mcg/day, which is below the PDE of 50 mg/day in the Residual Solvent Guidance Q3D.  
The MDE of  from this product is  mcg/day, which is below the acceptable 
daily exposure of  mcg/day calculated by this Reviewer with reference to 21CFR 
201.323.  Therefore, all leachables at the available timepoints were qualified and there 
are no existing concerns with the container closure system.  Furthermore, the container 
closure system is used in similar aqueous products with slightly higher pH (4-7) than 
GLYRX-PF (pH 2-3).  The Applicant committed to submitting leachable data from 
additional timepoints (3 and 6-24 months) in their Annual Reports.
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                                           10903 NEW HAMPSHIRE AVENUE, BLDG 51, SILVER SPRING, MARYLAND 20993

     

Memorandum

DATE October 30, 2017

NDA 210997

PRODUCT Glycopyrrolate Injection, USP, 0.2 mg/mL vial (0.2 
mg/1 mL and 0.4 mg/2 mL)

SUBJECT
CLINICAL PHARMACOLOGY 
REVIEWER

Wei Qiu, Ph.D.

CLINICAL PHARMACOLOGY 
TEAM LEADER

Yun Xu, Ph.D.

Exela Pharma Sciences submitted an 505(b)(2) NDA 210997 for Glycopyrrolate 
Injection, USP, 0.2 mg/mL for use in anesthesia and peptic ulcers on September 5, 2017. 
The sponsor seeks approval by making reference to the Agency’s previous finding of 
safety and efficacy of their identified list drug product, Robinul Injection (NDA 017558). 
In the cover letter of this NDA submission, the sponsor stated “the Division agreed that 
no new nonclinical studies will be required to support the 505(b)(2) application which 
references the Agency’s previous finding of safety and efficacy of the Robinul NDA 
017558 and granted a biowaiver from the Biopharmaceutics perspective. Accordingly, no 
biostudies and clinical studies are provided in this NDA filing.”

This NDA is filable from clinical pharmacology perspective. No clinical pharmacology 
study has been submitted for review.  
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