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Memorandum 
 

Date:    April 15, 2022 

Application No:  NDA 214628 

From: Rama Dwivedi                                                                                       
Pharmacologist  

 
  Xuan Chi 
  Supervisory Pharmacologist 
 

Drug Product:   Norepinephrine Bitartrate, USP. 

IUPC Name(s): 4-[(1R)-2-amino-1-hydroxyethyl]benzene-1,2-diol;(2R,3R)-2,3-
dihydroxybutanedioic acid; hydrate  

 

   
 
Molecular Formula:  C8H11NO3. C4H6O6. H2O 
Molecular Weight:  337.28 

 
       Indication:   Restoration of blood pressure in adult patients with   

      acute hypotensive states 
   
Subject:       Safety Evaluation of  impurity  

 
Applicant:  Nevakar, Inc. (Nevakar) 

 
Reference Listed Drug:  Levophed™ (NDA 007513) 
 
Background Information 
Nevakar, Inc. (Nevakar) resubmitted the New Drug Application (NDA 214628) for Norepinephrine 
in Sodium Chloride Injection (16 mcg/mL, 32 mcg/mL, and 64 mcg/mL) ready-to-use product for 
intravenous administration on 4/8/2022, as per accordance with 505(b)(2) of the Federal Food, 
Drug and Cosmetic Act.  
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The Permissible Daily Exposure (PDE) calculated from the NOAEL (  mg/kg/day) in the 13-
week rat oral toxicity study is  ug, as per ICH-Q3C/Q3D approach, using modification factors 
of 5, 10, 2, 10 to account for extrapolation between rat and human, variability between individuals, 
toxicity study of shorter duration and different route of administration, respectively. This provides 
a safety margin of . Using the same approach, the PDE calculated from the NOAEL (  
mg/kg/day) reported in the 13-week rat sub-cutaneous toxicity provides only a  safety margin. 
 
Recommendation 
Considering the endogenous nature of the impurity , the 
acute use of the drug product (less than 10 days over a life time) for a life-threatening indication  
and the safety margin obtained from 13-weeks repeated dose toxicology studies, the proposed 
specification level of % for impurity  in Norepinephrine Bitartrate Injection RTU- drug 
product is considered acceptable from the Pharm/Tox perspective. 
 
 
REFERENCES 

 
ICH M7(Rl). Assessment and Control of DNA Reactive (Mutagenic) Impurities in 
Pharmaceuticals to Limit Potential Carcinogenic Risk (2017). https://www.ich.org/. Accessed 
February 2022. 
 

Schuster J, Fabri M, Eming S, et al. Allergic Drug Eruption Secondary to Intravenous Acyclovir. 
Acta Derm Venereal. 2008;88(2):196-8. 
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Memorandum 
 

Date: May 6, 2020 
 

From:  Rama Dwivedi 
  Pharmacologist 

 
  Xuan Chi 
  Team Leader  
To: 

Application No:  NDA 214628  

Drug Product:   Norepinephrine Bitartrate, USP. 

IUPC Name(s): 4-[(1R)-2-amino-1-hydroxyethyl]benzene-1,2-diol;(2R,3R)-2,3-
dihydroxybutanedioic acid; hydrate  

 

   
 
Molecular Formula:  C8H11NO3. C4H6O6. H2O 

Molecular Weight:  337.28 
 

       Indication:   Restoration of blood pressure in adult patients with   
       acute hypotensive states 
   
Subject:       Safety Evaluation of two impurities

  

 
Applicant:  Nevakar, Inc. (Nevakar) 

 
Reference Listed Drug:  Levophed™ (NDA 007513 
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7.1. Norepinephrine Impurity Mixture: Bacterial Reverse Mutation Assay 
 

Sponsor:       Nevakar, Inc. Bridgewater, NJ 08807 
Protocol No:     P60 1.AMES 
Conducting laboratory and location:    

 Study No.   52578 (200313-7R)   
Date of study initiation:     March 31, 2020  
Date of Completion:   May 20, 2020 
Drug lot/batch number:     242-TLF-157-1  
Purity:     100%  
GLP compliance:     Yes 
QA statement:      Yes 

 
Key Study Findings 
Norepinephrine Impurity Mixture (NVK004) was negative in the Bacterial Reverse Mutation 
Assay when evaluated for its ability to induce reverse mutations at the histidine locus in strains of 
Salmonella (TA98, TA100, TA1535, and TA1537), and at the tryptophan locus of E. coli strain 
WP2uvrA, in the presence or absence of rat metabolic activation system (S9). 

 
Objective: 
The objective of this study was to evaluate the mutagenic potential of the Norepinephrine Impurity 
Mixture to induce gene mutations at selected loci of Salmonella typhimurium (TA98, TA100, 
TA1535, and TA1537) and at the tryptophan locus of Escherichia coli strain WP2 uvrA in the 
presence and absence of an exogenous metabolic activation system (S9). 

 
Methods 
The ability of Norepinephrine Impurity Mixture to induce reverse mutations (Ames et al, 1973) 
was assessed as per Bacterial Reverse Mutation Assay using the Salmonella typhimurium strains 
(TA98, TA100, TA1535, and TA1537), and E. coli (WP2uvrA) strain (~ 1 x 109 bacteria/mL) at 
dose level 5000 μg/plate, in the presence or absence of a rat metabolic activation system (S9) and 
positive control as listed below. The test article was found to be soluble in sterile water, which was 
used as the vehicle control. 

Table 3 1: Bacterial Strains for Mutation Assay 
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may be appropriate.  
 
For the bacterial strains, plates were prepared for each treatment as follows: 

 

                 
 

 
Results 
The number of colonies per plate was counted manually and/or with the aid of a plate counter 
(Colony Plate Reader: Model Colony-Doc-It™). The mean and standard deviation were 
calculated for each set of triplicate plates. 

 
Toxicity Assay  
The results of the toxicity assay conducted at a maximum dose of 5000 μg per plate was 
achieved using a concentration of 100 mg/mL and a 50.0 μL plating aliquot.  
 
Toxic effects of the impurity mixture are indicated by the partial or complete absence of a 
background lawn of non-revertant bacteria (colony counts, if any, should not be reported) or a 
substantial dose-related reduction in revertant colony counts compared with lower dose levels 
and concurrent vehicle control considering the laboratory historical control range.  

 
There was no cytotoxicity observed for strains T A98, TA 100, TA 1535 and TA 1537 at dose 
level 5000 μg/plate without S9 in the pre-incubation method. 

 
Mutagenicity Assay  
Based upon the results of the preliminary toxicity assay, the dose levels selected for the 
mutagenicity assay were 50.0, 150, 500, 1500 and 5000 μg per plate.  Precipitate was observed 
at 5000 μg per plate with all conditions.  

 
A moderate toxicity (as a reduction in revertant counts) was observed at 5000 μg per plate with 
tester strains TA1535 in the absence of S9 activation and TA1537 in the presence of S9 
activation. No positive mutagenic responses were observed with any of the tester strains in 
either the presence or absence of S9 activation. 
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Table 6: Revertant Colony Counts-TA 98   

    
 

Table 7: Revertant Colony Counts-TA 100  
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Table 8: Revertant Colony Counts-TA 1535  

              
 

    Table 9: Revertant Colony Counts-TA 1537  
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Table 10: Revertant Colony Counts- EC WP2 uvrA 

    
 

The mean revertant colony counts for each strain treated with the vehicle were close to or 
within the laboratory historical control range. (Mortelmans & Zeiger, 2000; Gatehouse, 2012). 
The positive control articles caused the expected substantial increases in revertant colony 
counts in both the absence and presence of S9 in each phase of the test confirming the 
sensitivity of the test and the activity of the S9 mix.                     

                    
There was no test article related increases in the number of revertant colonies observed with 
strains TA98, TA I 00, TA 1535, TA 1537 or E. coli WP2 uvrA in both the absence and 
presence of S9 using either the plate incorporation or the pre-incubation method (data shown) 
when compared with historical control values. The study seems valid and in compliance with 
ICH-S2(R1) guidelines.  

       
             Conclusion 

The results of the Bacterial Reverse Mutation Assay suggest that the Norepinephrine Impurity 
Mixture (NVK004 ) did not cause a positive mutagenic response either in the presence or 
absence of S9 activation system and considered not mutagenic.  
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7.2. Norepinephrine Impurity Mixture: Mammalian Erythrocyte Micronucleus Test 
(Peripheral Blood, Flow Cytometry - Mouse) 

 
Sponsor:       Nevakar, Inc. Bridgewater, NJ 08807 
Protocol No:     P604.PBF-ME NEV 
Conducting laboratory and location:    

 Study No.   53153 (200313-7R)   
Date of study initiation:     July 2, 2020  
Date of Completion:   August 14, 2020 
Drug lot/batch number:     242-TLF-157-1  
Purity:     100%  
GLP compliance:     Yes 
QA statement:      Yes 

 
Key Study Findings 
In Vivo Mouse Erythrocyte Micronucleus Test (Flow Cytometry) was performed to evaluate the 
mutagenic potential of Norepinephrine Impurity Mixture to cause damage to the chromosomes or 
mitotic spindle apparatus of erythroblasts, as an increased micro-nucleated immature erythrocytes 
(MIE) in mouse peripheral blood.  
 
The results of the in vivo Mouse Erythrocyte Micronucleus Test (Flow Cytometry) have shown that 
there were no significant increase in the frequency of CD71+ reticulocytes (%RET) or micro 
nucleated immature erythrocytes (%MN-RET) when Norepinephrine Impurity Mixture was  
administered (IV) at 75 mg/kg/day to male and female mice for two days. The Norepinephrine 
Impurity Mixture was, therefore not considered to be genotoxic at up to 75 mg/kg/day/IV (a 
maximum tolerated dose) when compared with positive control. 

 
Objective 
The objective of this study was to evaluate the mutagenic potential of the Norepinephrine Impurity 
Mixture using the Mammalian Erythrocyte Micronucleus Test as an increased  micro-nucleated 
immature erythrocyte ((%MN-RET) in mouse peripheral blood. 

 
Methods 
The Norepinephrine Impurity Mixture was prepared in 0.9% sterile saline and sterile filtered 
through a 0.22 μm syringe filter PVDF membrane. The positive control (cyclophosphamide 
monohydrate prepared in distilled water), the negative control (Sterile saline, 0.9% NaCl) and test 
article were administered on Days 1 and 2 while the positive control was administered on Day 2 
only as indicated below: 
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At terminal sacrifice,  whole blood was collected by cardiac puncture and processed. Cells were 
stained with dyes to identify immature vs. mature erythrocytes (fluorescent labeled anti-CD71 
antibody), platelets (fluorescent labeled anti-CD61 antibody) and DNA (propidium iodide, 
following RNAse treatment). Stained cells (a minimum of 4000 immature erythrocytes per animal) 
were analyzed by flow cytometry.  
    
The DNA content (propidium iodide staining) was measured in both CD71+/CD61- (immature 
erythrocytes) and CD71-/CD61- (mature erythrocytes). ). The sampling target was 
60-120 μL per sample. Duplicate samples were prepared from each mouse. A p-value <0.05 
indicated a significant effect. 
 
Criteria for Positive Outcome 
The test would be considered positive if at least one of the treatment groups exhibited a statistically 
significant increase in the frequency of MIEs compared with the concurrent negative control, if the 
increase(s) were dose-dependent using an appropriate trend test at the time selected for assessment, 
and if any of the treatment groups had a mean outside of the historical negative control data 95% 
control limits.  
 
Positive results in the micronucleus test would indicate that the test material induces micronuclei 
which results from either direct chromosomal damage or damage to the mitotic apparatus in the 
erythroblasts. 

                
Results 
There were no unscheduled mortalities and statistically significant changes in the frequencies of 
reticulocytes (%RET), micro nucleated normochromatic erythrocytes (%MN-NCE), or micro 
nucleated immature erythrocytes (%MN-RET/MIEs) compared to vehicle control for either sex 
when Norepinephrine impurity mixture was administered at doses up to 75 mg/kg/day. 
 

                   
 
The results of Mammalian Erythrocyte Micronucleus Test using the Norepinephrine impurity 
mixture, administered at doses up to 75 mg/kg/day to male and female mice and findings are given 
below. 
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Conclusion 
The results of Mammalian Erythrocyte Micronucleus Test demonstrate that Norepinephrine 
impurity mixture, administered at doses up to 75 mg/kg/day to male and female mice did not 
induce a statistically significant changes in the frequencies of reticulocytes (%RET), micro 
nucleated normochromatic erythrocytes (%MN-NCE), or micro nucleated immature 
erythrocytes (%MN-RET/MIEs).  
 
Based on the results of Mammalian Erythrocyte Micronucleus Test, Norepinephrine Impurity 
Mixture (NVK004) is not considered to be genotoxic. 
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Table. 11: The experimental design  

    
 
  Acceptability of the Assay 

The chromosomal aberration assay is considered acceptable if it meets the following criteria: 
 

a. the number of aberration found in the negative and/or solvent controls falls within the 
range of historical laboratory control data / is considered acceptable for addition to the 
laboratory historical negative control database. 
b. concurrent positive controls should induce responses that are compatible with those 
generated in the historical positive control data base and produce a statistically 
significant increase compared with the concurrent negative control 
c. the proliferation criteria in the solvent control should be like the corresponding 
negative control (where applicable) 
d. all three experimental conditions were tested unless one resulted in positive results 
e.  adequate number of cells and concentrations are analyzable 
f.  the criteria for the selection of top concentration are consistent with those described 
earlier 

 
Evaluation of Results 
Providing that all acceptability criteria are fulfilled, a test chemical is clearly positive if, in any 
of the experimental conditions examined: 
 

a) at least one of the test concentrations exhibits a statistically significant increase 
compared with the concurrent negative control 
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b) the increase is dose-related when evaluated with an appropriate trend test 
c) any of the results are outside the 95% control limits of the historical negative control 
data. 
 

When all these criteria are met, the test chemical is then considered to be able to induce 
chromosomal aberrations in cultured mammalian cells in this test system. 
 
Providing that all acceptability criteria are fulfilled, a test chemical is considered clearly 
negative if, in all experimental conditions examined 
 

a) none of the test concentrations exhibits a statistically significant increase compared 
with the concurrent negative control 

b) there is no concentration-related increase when evaluated with an appropriate trend 
test 

c) all results are inside the 95% control limits of the historical negative control data. 
 
The test chemical is then considered unable to induce chromosomal aberrations in cultured 
mammalian cells in this test system. 

        
Results 
Based on the toxicity data following concentrations were evaluated for microscopic analysis: 

 
without metabolic activation: 100, 300 and 500 μg/mL 
with metabolic activation: 300, 400 and 500 μg/mL 

 
Data from the cytotoxicity and aberration experiments are shown below: 

    
                   Table 12: Summary of Cytotoxicity Experiment 
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The cytotoxic effect determined as the relative increase in cell count (RICC) was determined. 
 

               
 

Table 13: Summary of Aberration Experiment  

                  
 
The aberration rate of the negative control (2.0%) in without metabolic activation experiment  
was within the historical control data (0.02 to 3.76% aberrant cells).  
 
No increase of aberrant cells was observed at 100 μg/mL (2.0%). An increase of aberrant cells 
was observed in the treated dose groups at concentrations of 300 μg/mL(6.0%) and 500 μg/mL 
(5.4%). These increases were statistically significant compared to the concurrent negative 
control. 

 
The aberration rate of the negative control (3.3%) in with metabolic activation was within the 
historical control data of the testing facility (-0.32 to 3.54% aberrant cells exclusive gaps). 
An increase of aberrant cells above the upper historical control limit was observed in the 
treated dose groups at all concentrations.  
 
The aberration rates were 4.3% (300 μg/mL), 7.3% (400 μg/mL) and 7.7% (500 μg/mL). At 
400 and 500 μg/mL these increases were statistically significant compared to the concurrent 
negative control. 
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Conclusion 
The data from chromosomal aberration test in the V79 Chinese Hamster cell line suggest that 
NVK004 Impurity Mixture induced structural chromosomal aberrations and is clastogenic at a 
concentration of 300 μg/mL and higher (at a concentrations ≥300 µg/mL impurity mixture 
without S9 activation and ≥400 µg/mL impurity mixture with S9 activation).  
 
Considering the maximum daily dose of norepinephrine at  mg the maximum blood 
concentration (Cmax) of NVK004 Impurity Mixture would be ~  mcg/mL, which is at 
least -fold less than the concentration that showed clastogenic activity.  
 
Since clastogenicity can be considered a threshold event, this finding is not considered 
clinically relevant to the drug product (Norepinephrine in Sodium Chloride Injection), as the 
clastogenic effect occurred at extremely high concentrations compared to potential human 
exposure ( -fold or higher) and was negative at lower concentrations.  
 
The relative risk is even lower for this drug product, indicated for short duration of use. In 
addition, the in vivo micronucleus assay was negative and therefore it was concluded that the 
two impurities are not considered genotoxic at clinically relevant dose range.  
 

 
7.4. Determining the Hemolytic Potential of the Sponsor’s test Article at Four 
Concentrations in Fresh Un-clotted Blood (Rat/Dog/Monkey/Human)  

 
Sponsor:      Nevakar, Inc. Bridgewater, NJ 08807  

  
Study No.:    NVK004IVXN-0002 
Conducting laboratory and location:   
Study No:     16NEVAP1R1  
Date of Completion:   December 23, 2016  
GLP compliance:     No 
QA statement:     No 

 
 

Key Study Findings 
Hemolytic potential of NVK004 impurity mixture was tested in fresh whole un-clotted blood of 
rat, dog, cynomolgus monkey, and human. The hemolytic criteria set for the hemolysis of 
excipients (Amin and Dannenfelser, 2006) the hemolysis observed up to 10% is considered 
non-hemolytic. Based on the results (9% hemolysis) of this study, NVK004 impurity mixture is 
therefore, considered non-hemolytic to red blood cells in rat, dog, cynomolgus monkey or 
human blood. 

 
Objective 
The objective of this study was to evaluate the hemolytic potential of NVK004 Impurity 
Mixture in fresh whole un-clotted blood of rat, dog, Cynomolgus monkey, and human. 

 
Methods 
Blood samples were received on wet ice with overnight delivery and used the day of delivery 
within 24 hours of blood collection. Sodium citrate was added to blood samples on the site of 
collection as per standard protocol (Amin and Dannenfelser, 2006) described below: 
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Table: Detection of Hemolysis in Whole Blood of Rat (Male), Beagle Dog (Male), 
Cynomolgus Monkey and Human  

               
 

  
 
The data from the hemolytic experiments have shown that the maximum hemolysis observed 
(9%) in the whole blood samples of whole blood of rat beagle dog , cynomolgus monkey and 
human as a result of the exposure of NVK004 impurity mixture lies within the nonhemolytic 
criteria of 10% as below: 

 
Table: Criteria for Hemolysis 

 
 
  Conclusion 
  Based on the criteria set for hemolytic potential in whole blood (Amin and Dannenfelser, 2006) 

the test article NVK004 (Norepinephrine in Sodium Chloride Injection solution)  is considered 
not hemolytic in rat, dog, Cynomolgus monkey or human blood in vitro.  
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Globulin (GLOB, g/dL) was calculated as the difference between total protein and albumin. The 
albumin to globulin ratio (A/G) was obtained by dividing the albumin value by the globulin value. 
Values that were below the detection limit of the analyzer were reported as < the lowest limit of 
the measured parameter.  
 
The lowest limit for triglyceride concentration determination is 15 mg/dL. A value that was 
observed to be less than this was reported as <15. 

 
Hematology analysis was performed as below: 

 
 
The coagulation test was performed as below: 

 
 
Termination, Necropsy, and Histopathology  
All surviving animals were euthanized on the day 15 by carbon dioxide inhalation followed by 
exsanguination prior to necropsy.  
 
Animals were necropsied after the time of death or discovery. Bone marrow smears were prepared, 
organs were weighed, and protocol-specified tissues were collected and preserved.  
 
Preserved tissues from all animals in Groups 1, 2, and 4, and from each animal found dead 
(regardless of group) were embedded in paraffin, sectioned, stained with hematoxylin and eosin, 
examined as shown below. 
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Statistical Analysis 
Quantitative data (body weights, body weight changes, food consumption, clinical pathology, and 
organ weight data) from the treated groups were compared statistically to the data of the control 
group using One Way Analysis of Variance (ANOVA) techniques; sexes were analyzed 
separately.  
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The aortic necrosis was accompanied by mild hemorrhage and mild mixed inflammation in the 
periaortic soft tissue. While these findings were only identified in animals administered NVK004 
with 91.3 μg/kg/day RRT  and 42.2 μg/kg/day RRT , they were consistent with a 
response to hypertension.  
 
To understand whether the impurities have pharmacologic activities like NVK004 that could 
explain the above findings, an IR was sent to the applicant asking for this information:  
 

 
 
                   (The applicant responded on 4/30/21) 

 
Conclusion: 
The data from 14 Day Repeat dose Toxicology study have shown that NVK004 alone or spiked 
with the impurities at  or  the maximum daily dose resulted in decreased body weight, mild 
increases in BUN in all treated groups.   
 
NVK004 administration with impurities at  the maximum daily dose, resulted in adverse effects 
on the heart, arteries and arterioles (multiple organs), lungs, and kidneys in all treated groups that 
were adverse and were attributed to the pharmacologic effects of NVK004 on the cardiovascular 
system with presumptive NVK004-related hypertension.  
 
In view of the adverse findings on the heart, arteries and arterioles (multiple organs), lungs, and 
kidneys in all treated groups in NVK004 treated groups in 14 Day Repeat dose Toxicology Draft 
Study Report, a Nonclinical IR was submitted on April 26, 2021 as below: 

 
Applicant Response on 4/30/2021 
The Applicant has not conducted studies to assess the pharmacological activity of the two 
impurities (RRT  and RRT ) and no references have been found in the literature 
regarding their potential pharmacological activity. Nevertheless, based on the results of 
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