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Disclaimer 
Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA-214313 are owned by Baxter Healthcare Corporation (Baxter) or the data for 
which Baxter obtained a written right of reference. Any information or data necessary for 
approval of NDA-214313 that this sponsor 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-21431. 
 
Regulatory Background  
Baxter Healthcare Corporation (Baxter) submitted PIND -138572 (Meeting Request –Written 
Responses; Reference ID: 4334606) to discuss the developmental plan and formulation of the 
proposed drug products (Norepinephrine Bitartrate in 5% Dextrose Injection). Thereafter, Baxter 
submitted NDA-214313(Sequence 0000) on March 16, 2020 under section 505(b)(2) of the 
Federal Food, Drug, and Cosmetic Act. using LEVOPHED (Norepinephrine Bitartrate Injection, 
USP) as the reference listed drug (RLD), marketed by Hospira Inc. (NDA 007513; approved on 
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July 13, 1950). The proposed drug product: (Norepinephrine Bitartrate in 5% Dextrose Injection) 
is a premixed solution of 4mg/250mL and 8mg/250mL (0.016 mg/mL and 0.032 mg/mL) of 
norepinephrine bitartrate monohydrate in 5% dextrose and provide ready-to-use infusion 
solutions. Baxter’s proposed drug products contain several impurities (Fig.1) in Norepinephrine 
Bitartrate in 5% Dextrose Injection that are present at a higher level than in the RLD and/or that 
exceed the appropriate qualification threshold in ICH Harmonized Tripartite Guideline: 
Impurities in New Drug Products Q3B(R2).  
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              Figure 1: Impurities in Baxter’s Proposed Drug Products 
 
In accordance with the principles outlined in ICH-M7(R11)  and ICH-Q3B (R22) Baxter 
conducted a (Q)SAR analysis using two complementary methodologies (an expert rule-based 
and a statistically-based analysis) to assess the mutagenic potential of impurities instead of 
performing a point mutation/bacterial reverse mutation assay. In addition, a14-day repeated-dose 
general toxicity (GLP) study in rats was conducted, with a clastogenic (micronucleate 
erythrocyte formation) endpoint incorporated into the study to qualify several impurities present 
at a higher level in in Norepinephrine Bitartrate 5% Dextrose Injection compared to the 
Reference Listed Drug.  
 
The submitted data is reviewed as below. 
 
Impurity Qualification Nonclinical Studies 
Norepinephrine Bitartrate in 5% Dextrose Injection: 14-Day Impurity Qualification General 
Toxicity Study with Bone Marrow Micronucleus Evaluation in Rats 
 
Conducting laboratory and location:

Sponsor Refence No.:   
Date of study initiation:    08 February 2019 

                                            
1 Assessment and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential 
Carcinogenic Risk Guidance for Industry (March 2018) (https://www.fda.gov/media/85885/download) 
2 Impurities in New Drug Products (Revision 2, August 2006) (https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/q3br-impurities-new-drug-products-revision-2) 
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Date of study completion:    26 August 2019 
Drug/lot No:   Norepinephrine Bitartrate in 5% Dextrose 

Injection/BXU533927 
Vehicle/lot No:     5% Dextrose Injection/ Y279182 
Positive Control/lot No:   Cyclophosphamide/ MKCG5464  
RLD/lot No:     Levophed/USP/ 880903A 
Dosage:    74 µg/kg/hr.  
Species/strain:    Hsd:Sprague Dawley (SD) Rats 
Number/sex/group   6 /sex/group 
Route:     Intravenous  
GLP compliance:     Yes 
QA statement:     Yes 
 
Key Study Findings 
There was no mortality observed in rats following the intravenous administration of 
Norepinephrine Bitartrate in 5% Dextrose Injection for 14 days continuous at a dose level of 74 
µg/kg/hr.  
 
Lower body weights, correlative decreases in food consumption, changes in clinical chemistry, 
decreases in spleen weight, and microscopic findings attributed in the heart (arterial medial 
hypertrophy, myocardial fibrosis, pigmented macrophages, and endocardial hyperplasia) were 
observed similarly with test article and Levophed.. There was no micronucleus induction 
observed under the experimental conditions applied, in the polychromatic erythrocytes of the 
bone marrow in treated rats.  
 
Purpose 
To perform a general toxicity study (with chromosomal aberration endpoint) to qualify several 
impurities present at a higher level in in Norepinephrine Bitartrate 5% Dextrose Injection 
compared to the Reference Listed Drug (Levophed) as per to the ICH Harmonized Tripartite 
Guideline: Impurities in New Drug Products Q3B(R2)]. 
 
Methods    
 Dose administration rationale:  

o Maximum d-Enantiomer Exposure to human:  
17.3 mg/day is the maximum daily exposure of patients to Norepinephrine Bitartrate in 5% 
Dextrose Injection solution. The worst-case percentage of the d-enantiomer over product shelf-
life is anticipated to be %. 
 
17.3 mg/day ×  =  mg/day ÷ 60 kg =  mg/kg/day or  µg/kg/day 

o To achieve comparable exposure to d-enantiomer in rats by body surface area, the rat 
dose should be multiplied by 6.16 (37/6), which is  µg/kg/day ( µg/kg/day 
x6.16).  
 

 
o At a dose formulation concentration of 16µg/mL and an assumed d-enantiomer 

concentration of  µg/mL (16 µg/mL ×  = µg/mL), rats needed to be 
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administered 111 mL/kg/day (or 4.63 mL/kg/hr.) of test article to achieve the target d-
enantiomer exposure of  µg/kg/day. This volume exposure of 111 mL/kg/day 
translated into an API exposure of 1778 µg/kg/day or 74 µg/kg/hr (with 24 hours of 
continuous IV infusion). 

 
Dose formulations for Groups 1, 3, and 4 were administered daily (for approximately 
24 hours) by intravenous infusion via a catheter implanted in a femoral vein at a dose 
volume of 111 mL/kg/day (4.63 mL/kg/hour). Animals were exposed to test and reference 
articles (74 µg/kg/hr.) as per following experimental design. The Reference Article used in 
Group 3 was Levophed (Norepinephrine Bitartrate Injection), the reference drug for this 
505(b)(2) application.  
 
                 Experimental Design   

    

 

 
Animals were examined twice daily for mortality, abnormalities, and signs of pain or distress.  
 
Body weights and food consumption were recorded for each animal twice during the pre-dose 
phase and prior to dosing on Days 1, 8, and 14 of the dosing phases.  
 
Ophthalmic examinations were conducted once during the pre-dose phase for all animals 
and once for all experimental animals on Day 8 of the dosing phase. Pupils were dilated with a 
mydriatic agent prior to examination by a Veterinarian using an indirect ophthalmoscope. 
 
Clinical Observations 
Blood samples for hematology, coagulation, clinical chemistry and urine samples for urinalysis 
were collected from fasted toxicity Animal R0201 (Group 3 toxicity male) when sacrificed on 
Day 11 of the dosing phase as below: 
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Hematology Parameters 

 
 
Coagulation Parameters 

 
 
Clinical Chemistry Parameters 

 
 
Urinalysis Parameres 

 
 
Terminal Procedures 
Animals (positive controls and toxicity) were anesthetized and bone marrow was collected for 
micronucleus assay on Day 15 of the dosing phase. Following bone marrow collection, animals 
were exsanguinated and discarded without necropsy. Bone marrow smears (two slides) were 
prepared from the femur of each animal at the time of sacrifices. 
 
Terminal body weights were recorded for sacrificed animals.  
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Macroscopic examination of the catheterization sites, external features of the carcass; external 
body orifices; abdominal, thoracic, and cranial cavities; organs; and tissues was performed. 
 
Urine samples (up to 5 mL) were collected for urinalysis. 
 
The following tissues from each animal were preserved in 10% neutral-buffered formalin, 
embedded in paraffin, slides were prepared and stained with hematoxylin and eosin for 
microscopic analyses. 
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Bone Marrow Micronucleus Assay 
Bone marrow was extracted on Day 15 of in Groups 1, 3, 4 (10 animals/sex/group) while in 
Group 2 (positive control for the micronucleus assay, 5 animals/sex) animals on Day 14 and 
processed by the  Clinical Pathology Laboratory for micronucleus analyses, 
according to SOPs. Both slides from the first five animals/sex/group were stained in Acridine 
Orange and analyzed by fluorescent microscopy. 
 
Data for each sex were analyzed separately. Analysis of variance (ANOVA) and pairwise 
comparisons were used to analyze the absolute body weight, body weight change, quantitative 
food consumption, continuous clinical pathology values, terminal body weight, absolute organ 
weight, organ: body weight percentage, and organ: brain weight percentage. 
 
Levene’s test was done to test the variances between groups. If the group effect of the ANOVA 
was significant (P ≤ 0.05), Dunnett’s t-test was used for pairwise comparisons between each test 
article-treated and control group. Group comparisons (Groups 3 and 4 versus Group 1) were 
evaluated at the 5.0%, two-tailed probability level. If the ANOVA was not significant (P � 0.05), 
no further analyses were conducted. 
 
Results 
Mortality 
There was no mortality observed due to test article (Norepinephrine Bitartrate in 5% Dextrose) 
and/or vehicle control, and all animals survived to their scheduled sacrifice.  
 
Unscheduled mortality occurred in two animals in Group 3, administered the reference article. 
One male animal (R0206) was found dead on Day 5, and 2nd animal (R0201) was sacrificed on 
Day 11 of the dosing phase due to catheter-related inflammation.  
 
Reference article-related heart findings were like those of terminal sacrifice animals, except the 
moderate myocardial degeneration and necrosis and slight mixed cell inflammation noted for 
Animal R0201, which were considered secondary to catheter-related inflammation. 
 
Clinical Findings 
There were no significant clinical findings observed due to test article (Norepinephrine Bitartrate 
in 5% Dextrose) or reference article (Levophed).  
 
Red nasal discharge or red discoloration of the hair around the nose was noticed on Days 1 
and/or 2 in two males (Animals R0207 and R0208) and one female (Animal R0603) treated with 
the reference articles.  
 
Another male (Animal R0210) administered the reference article was observed with black 
discoloration of the haircoat around the right eye on Days 11 and 12. These observations were 
considered incidental and not related to reference article administration. 
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Summary of Clinical Findings 

             

 
 
Ophthalmic Evaluations 
There were no ophthalmic findings observed due to test article (Norepinephrine Bitartrate in 5% 
Dextrose) or reference article. 
 

 
 
Body Weights 
Lower body weight changes were observed in both sexes by Day 8 and continuing through Day 
14 due to Norepinephrine Bitartrate in 5% Dextrose and reference article when compared to the 
vehicle control and attributed to reduced food consumption.  
 
However, the magnitude of lower body weight gains and reduced food consumption were similar 
between the test article (group 4) and reference article (group 3), in both males and females. See 
tables below for body weight changes.  
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Body Weight Changes in Males 

 
Body Weight Change in Females 
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Changes in Food Consumption in Males 

 
 
Changes in Food Consumption in Females 

             
 
Clinical Pathology 
There were no effects of Norepinephrine Bitartrate in 5% Dextrose or reference article on 
clinical pathology parameters on hematology, coagulation, or urinalysis and microscopic 
correlates. Minor effects due to reference- and Norepinephrine Bitartrate in 5% were of similar 
magnitude and consisted of mildly higher serum urea nitrogen concentration and mildly lower 
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sodium and chloride concentrations in both sexes and minimally lower cholesterol and 
triglyceride concentrations and minimally higher inorganic phosphorous concentration in males. 
 
Organ Weights 
An increased heart weight parameters and decreased spleen weight parameters were observed 
and attributed to the effects of norepinephrine at hyper-physiological levels. Microscopic 
correlates were noticed in the heart, not the spleen. 
 

                     Test Article-Related Effects in Organ Weight Parameters 

                 

 
 
Macroscopic Observations 
There were no macroscopic findings observed due to the reference or Norepinephrine Bitartrate 
in 5% Dextrose. 
 
Microscopic Observations 
Microscopic findings in the heart (arterial medial hypertrophy, myocardial fibrosis, pigmented 
macrophages, and endocardial hyperplasia) were observed due to reference article and 
Norepinephrine Bitartrate in 5% Dextrose administration, however, these findings were generally 
of minimal severity, and the overall incidences of the findings were similar in nature for the 
reference and Norepinephrine Bitartrate in 5% Dextrose.  
 
The heart findings were considered secondary to hyper-physiological levels of norepinephrine 
and correlated with increased mean heart weight parameters. 
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Incidence and Severity of Test Article-Related Microscopic Findings - Terminal Sacrifice 

 
 
Micronucleus Analysis 
Male and female animals treated with Norepinephrine Bitartrate in 5% Dextrose Injection 
or the reference article, Levophed, exhibited group mean %PCE and mean MN PCE frequencies 
that were comparable to the vehicle control group or the laboratory’s historical vehicle control 
data. There were no statistically significant increases in micronucleus frequency for any of the 
groups receiving the test article, compared to the concurrent vehicle control.  
 
 
Norepinephrine Bitartrate in 5% Dextrose Injection: Summary of 
Micronucleus Data – Males 
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Norepinephrine Bitartrate in 5% Dextrose Injection: Summary of 
Micronucleus Data – Females 

 
 
CONCLUSION 
Intravenous administration of Norepinephrine Bitartrate in 5% Dextrose (continuous for 24-hrs) 
and RLD (Levophed) for 14 days at a dose level of 74 µg/kg/hr. was well tolerated in rats. A 
minor decrease in body weight gains and corresponding food consumption, changes in clinical 
chemistry, decreases in spleen weight, and microscopic changes in the heart were observed, but 
the changes were comparable to the reference article (Levophed). There was no micronucleus 
induction observed in rat bone marrow as a result of the administration of neither RLD nor 
Norepinephrine Bitartrate in 5% Dextrose solution. 
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(Q)SAR Analysis Predicting the Mutagenicity Potential of Impurities in Norepinephrine 
Bitartrate in 5% Dextrose Injection 
 
The proposed drug product Norepinephrine Bitartrate in 5% Dextrose Injection, is a premixed 
solution of 4 mg/250 mL and 8 mg/250 mL of norepinephrine bitartrate monohydrate in 5% 
dextrose and contain several impurities that are present at a higher level than the RLD.  
 
As per US FDA (Meeting Request –Written Responses; Reference ID: 4334606) and in 
accordance with the principles outlined in ICH Harmonized Guideline: Assessment and Control 
of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic 
Risk M7(R1) (Ref 3), Baxter performed an in silico, (Q)SAR analysis (BXU539075) using two 
complementary methodologies (Derek Nexus v.6.0.1., an expert rule-based method and Sarah 
Nexus v.3.0.0, a statistically-based analysis method) for evaluating the mutagenicity potential of 
impurities. Both software packages are ICH-M7 compliant and seem to be the most recent 
software versions. CDER has prior knowledge of the validation and use of both software. The 
analysis seems valid.  
 
d-norepinephrine analysis using Nexus Derek for mutagenicity in vitro in bacterium yielded 
with “No misclassified or unclassified features” while analysis using Nexus Sarah yielded an 
overall “Negative with 25% confidence in the prediction” result.  
 
Three supporting hypotheses containing similar examples from the training set were identified. 
Of the total number of training set example structures:

 
containing the structural alerts were not present in d-norepinephrine (Lhasa Nexus. Nexus v.2.2.1 
(Ref. 13).  
 

 analysis using Nexus Derek for mutagenicity in vitro in bacterium yielded 
an “INACTIVE” result with “No misclassified or unclassified features” while analysis of 

 using Nexus Sarah yielded an overall “Negative with 29% confidence in the 
prediction” result.  
 
Five supporting hypotheses containing similar examples from the training set were identified. Of 
the total number of training set example structures:  

containing the structural alerts were not present in (Lhasa Nexus. Nexus v.2.2.1 
(Ref 13).  
  

 analysis using Nexus Derek for mutagenicity in vitro in bacterium yielded 
an “INACTIVE” result with “No misclassified or unclassified features” while analysis of 

 using Nexus Sarah yielded an overall “Negative with 29% confidence in the 
prediction” result.  
 
Five supporting hypotheses containing similar examples from the training set were identified. Of 
the total number of training set example structures:  
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containing the structural alerts were not present in (Lhasa Nexus. Nexus v.2.2.1 
(Ref. 13).  
 

 analysis using Nexus Derek for mutagenicity in vitro in bacterium yielded 
an “INACTIVE” result that “Contains misclassified features defined as features that are also 
present in a known positive compound for which no alert was raised by Nexus Derek” was 
identified (Fig. 2). Analysis of  using Nexus Sarah yielded an overall “Negative 
with 36% confidence in the prediction” result.  

                                             
    Figure 2: Structural Alerts 

 
Two supporting hypotheses containing similar examples from the training set were identified. 
Of the total number of training set example structures:  

 containing the structural alerts were not present in  
 (Lhasa Nexus. Nexus v.2.2.1 (Ref. 13).  

 
 analysis using Nexus Derek for mutagenicity in vitro in bacterium yielded 

an “INACTIVE” result with “No misclassified or unclassified features” while analysis of 
 using Nexus Sarah yielded an overall “Negative with 34% confidence in the 

prediction” result.  
 
Five supporting hypotheses containing similar examples from the training set were identified. Of 
the total number of training set example structures:

 

; containing the structural alert , were not 
present in  (Lhasa Nexus. Nexus v.2.2.1 (Ref. 13).  
 

 analysis using Nexus Derek for mutagenicity in vitro in 
bacterium yielded an “INACTIVE” result with “No misclassified or unclassified features” while 
analysis of  using Nexus Sarah yielded an overall “Negative with 
37% confidence in the prediction” result.  
 
Two supporting hypotheses containing similar examples from the training set were identified. Of 
the total number of training set example structures:  

; containing the structural alert , was not present in  
 (Lhasa Nexus. Nexus v.2.2.1 (Ref. 13).  

 
 analysis using Nexus Derek for mutagenicity in vitro in 

bacterium yielded an “INACTIVE” result with “No misclassified or unclassified features” while 
analysis of  using Nexus Sarah yielded an overall positive with 
17% confidence in the prediction” result.  
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Three supporting hypotheses containing similar examples from the training set were identified. 
Of the total number of training set example structures: 

 

 
 

 containing the 
structural alerts were not present in  (Lhasa Nexus. Nexus v.2.2.1 
(Ref. 13).  
 
Conclusion 
The results of (Q)SAR analysis under the experimental conditions tested for several impurities 
present in the proposed drug product Norepinephrine Bitartrate in 5% Dextrose Injection suggest 
that the impurities identified are predicted to be negative for mutagenicity in vitro in bacterium 
analysis and do not have risk for mutagenicity potential in the Norepinephrine Bitartrate in 5% 
Dextrose Injection. Therefore, these impurities should be classified as Class 5 per ICH-M7(R1) 
as non-mutagenic.  
 
 
Justification for the Impurities present in Norepinephrine Bitartrate Monohydrate in 5% 
Dextrose to Human Exposure (Impurity “X” here is used as an example to demonstrate the 
calculation method):  
             

 
Conversion of patient exposure to rat “human equivalent” exposure
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Actual rat “human equivalent” exposure to impurity “X” achieved in the 14-day general 
toxicology study 

 
 
The safety margin of exposure for each impurity in Norepinephrine Bitartrate in 5% Dextrose 
Injection is given as below. The calculation of each safety margin is based on the proposed 
specification limit of each impurity in the drug product.  
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Conclusions and Recommendations 
Based on the 14 Days repeated dose toxicology study in rats, and (Q)SAR analysis for mutagenic 
potential, the identified impurities in the proposed drug product (Norepinephrine Bitartrate in 5% 
Dextrose Injection) that have a higher threshold than the qualification limit per ICH-Q3B(R2) all 
have safety margins greater than 1-fold. . Therefore, the proposed drug product specification 
thresholds for these impurities are considered qualified from the Pharm/Tox perspective.  
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