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I concur with Dr. Jane Sohn’s review dated October 30, 2012 that recommends 
approval of NDA 204-200 as well as changes to the product label. JHP Pharmaceuticals 
LLC submitted this 505(b)(2) NDA for Adrenalin® (epinephrine), which is already 
marketed, but without an approved NDA. The active pharmaceutical ingredient (API) is 
epinephrine. The indication is treatment of anaphylaxis. The sponsor reference the 
approved Listed Drug EpiPen®, marketed under NDA 19-430, which also utilizes the 
same API and is approved for the treatment of anaphylaxis by the IM and SC routes. 
The safety of epinephrine is based on extensive previous clinical experience, which is 
supported in the literature. Nonclinical studies were conducted to support the safety of 
an impurity; these studies were reviewed by Dr. Sohn under a Chemistry Consult dated 
June 1, 2012. 
 
Changes to the proposed product label were recommended by Dr. Sohn in Sections 
8.1, 12.1, and 13. Potential reproductive toxicity is conveyed in Section 8.1. Clinical 
experience has identified concerns for fetal anoxia, spontaneous abortion, or both. 
Adverse developmental effects were also identified in reproductive toxicology studies 
with animals. Results of genetic toxicology tests are described in Section 13.1. 
Epinephrine was positive in the in vitro Salmonella bacterial reverse mutation assay and 
in vitro mouse lymphoma assay, but negative in the in vivo micronucleus assay. 
Epinephrine is an oxidative mutagen based on the E. Coli WP2 Mutoxitest bacterial 
reverse mutation assay. It is possible that a degradant of epinephrine might be 
responsible for the positive results observed in the two in vitro assays. These positive 
results have little or no safety implications for the acute use of this product to treat 
anaphylaxis. 
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5 Appendix/Attachments 
 
The following references were used in conjunction with the label for the approved Listed 
Drug EpiPen® (marketed under NDA 19-430) to support the statements in the labeling 
review for NDA 204200. 
 
Auletta FJ.  Effect of epinephrine on implantation and foetal survival in the rabbit.  J 
Reprod Fertil. 1971 Nov;27(2):281-2. 
 
Bruce WR, Heddle JA.  The mutagenic activity of 61 agents as determined by the 
micronucleus, Salmonella, and sperm abnormality assays.  Can J Genet Cytol. 1979 
Sep;21(3):319-34. 
 
Daston GP, Rogers JM, Versteeg DJ, Sabourin TD, Baines D, Marsh SS.  Interspecies 
comparisons of A/D ratios: A/D ratios are not constant across species.  Fundam Appl 
Toxicol. 1991 Nov;17(4):696-722. 
 
Hirsch KS, Fritz HI.  Teratogenic effects of mescaline, epinephrine, and norepinephrine 
in the hamster.  Teratology. 1981 Jun;23(3):287-91. 
 
Martínez A, Urios A, Blanco M.  Mutagenicity of 80 chemicals in Escherichia coli tester 
strains IC203, deficient in OxyR, and its oxyR(+) parent WP2 uvrA/pKM101: detection of 
31 oxidative mutagens.  Mutat Res. 2000 Apr 13;467(1):41-53. 
 
McGregor DB, Riach CG, Brown A, Edwards I, Reynolds D, West K, Willington S.  
Reactivity of catecholamines and related substances in the mouse lymphoma L5178Y 
cell assay for mutagens.  Environ Mol Mutagen. 1988;11(4):523-44. 
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1 Executive Summary 
Epinephrine injection (EP), USP (currently manufactured by JHP as Adrenalin®), has 
been available on the market for over 100 years. However, FDA has only approved two 
single-entity epinephrine drug products for the emergency treatment of severe allergic 
reactions. JHP has made the decision to file an NDA for approval of Adrenalin® for the 
treatment of anaphylaxis and induction of mydriasis during cataract surgery. General 
nonclinical safety evaluation of Adrenalin® for subcutaneous/intramuscular use in 
anaphylaxis will be reviewed in a separate review by DPARP. The current review will 
only cover the ocular use of Adrenalin® for this NDA. 
 
The nonclinical safety assessment of Adrenalin® for ocular use relied on reports 
obtained from the literature. All of the effects seen in animals were due to the expected 
pharmacologic and supra-pharmacologic actions of epinephrine. No unexpected non-
clinical effects of epinephrine have been reported. Ocular studies with commercially 
available epinephrine formulations have shown adverse effects on the cornea, including 
increased corneal thickness, increased corneal epithelial cell density and morphological 
changes. Published nonclinical studies have shown that these effects are due to a 
combination of the dose of Na sulfite (antioxidant in the formulation) to the eyes and the 
low pH of buffered epinephrine formulations. However, this will not be an issue in the 
ocular use of Adrenalin® since the 1:1,000 formulation will be diluted by at least 100-fold 
before use and the concentration of Na sulfite after dilution will not cause significant 
effects on cornea. The use of Adrenalin® for the induction of mydriasis during cataract 
surgery, as described in the labeling, is recommended from the nonclinical perspective. 
 

1.1 Recommendations 

1.1.1 Approvability 

The approval of Adrenalin® for induction and maintenance of mydriasis during 
intraocular surgery is recommended. 

1.1.2 Additional Non Clinical Recommendations 

None 

1.1.3 Labeling 

The recommended label for sections 8.1 and 13.1 are as follows:  
 
Strikethrough represents deleted text, and italicized font represents inserted text. 
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8.1 Pregnancy 

 
13    NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
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1.2 Brief Discussion of Nonclinical Findings 

The nonclinical safety assessment of Adrenalin® for ocular use relied on reports 
obtained from the literature. All of the effects seen in animals were due to the expected 
pharmacologic and supra-pharmacologic actions of epinephrine. No unexpected non-
clinical effects of epinephrine have been reported. 
  
Ocular studies with commercially available epinephrine formulations have shown 
adverse effects on the cornea, including increased corneal thickness, increased corneal 
epithelial cell density and morphological changes. Published nonclinical studies have 
shown that these effects are due to a combination of the dose of Na sulfite to the eyes 
and the low pH of buffered epinephrine formulations. However, this will not be an issue 
in the ocular use of Adrenalin® since the 1:1,000 formulation will be diluted by at least 
100-fold before use and the concentration of Na sulfite after dilution is not expected to 
cause significant effects on cornea. 

2 Drug Information 

2.1   Drug: Adrenaline®  

2.1.1 CAS Registry Number (Optional): 51-43-4 

2.1.2 Generic Name:  Epinephrine 

2.1.3 Code Name:  None 

 
2.1.4 Chemical Name:  

(-)-3,4-Dihydroxy-α-[(methylamino)methyl]benzyl alcohol 
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for epinephrine also evaluated the toxicity of  These studies 
will be reviewed by DPARP in a separate review. 
 
The nonclinical safety assessment of Adrenalin® for ocular use relied on reports 
obtained from the literature. Assessment included literature data on general toxicity 
when epinephrine is applied topically to the eye and by intracameral injections. The 
potential toxicity of Na bisulfite, the anti-oxidant included in the Adrenalin® drug product, 
was also assessed using the literature.  

3.1 Studies Reviewed  

Table 2.6.6.8.1 lists representative published studies where animals were exposed to 
EP by the ocular route at doses many times over the dose proposed for the ocular use 
of Adrenalin®. 
There are 6 studies using the topical route, 5 studies using the intracameral route, 2 ex 
vivo studies, and 2 studies with Na bisulfite alone using a subconjunctival injection. Just 
a few pertinent studies will be discussed here. 
 
Besides pupillary dilation, other effects of EP on the eye include decreases in IOP 
associated with effects on circulation of aqueous humor. There is also the potential 
effect on vasoconstriction. Formal GLP ocular toxicity studies have not been performed 
with Adrenalin® specifically or EP in general. Many published studies have been looking 
at the pharmacological and potential adverse effects of EP when applied to the eye. 
Potential adverse effects would be due to the supra-pharmacological activity of EP. 
The doses proposed for maintenance of mydriasis during cataract surgery are: 
1:1,000,000 to 1:100,000 dilutions (1 to 10 μg/mL) for topical irrigation, and a 0.1 mL 
intracameral injection of 2.5 to 10 μg/mL (0.25 to 1 μg total injected)  
The topical exposures in all the animal studies were by bolus application. To provide an 
estimate of the ratio of the animal dose to the proposed human irrigation dose, a human 
dose of 10 μg given topically was used in the calculation. For intracameral injections, 
the top dose of 1 μg was used to estimate the ratio of animal exposure over human 
exposure. 
For topical application, doses tested ranged from 0.2 to 2000 μg/eye, corresponding to 
0.02x to 200x ratios compared to the highest human topical dose. No unexpected 
pharmacology or toxicity was reported in any of these studies using topical EP. 
Intracameral doses ranged from 0.2 to 500 μg/eye, corresponding to 0.2x to 500x ratios 
compared to the highest human intracameral injection. As with topical application, 
intracameral injections did not result in unexpected pharmacological effects. 
 
Ocular studies with commercially available epinephrine formulations have shown 
adverse effects on the cornea, including increased corneal thickness, increased corneal 
epithelial cell density and morphological changes. Published nonclinical studies have 
shown that these effects are due to a combination of the dose of Na sulfite to the eyes 
and the low pH of buffered epinephrine formulations.  
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the ocular use of Adrenalin® will not damage the corneal epithelium from a pH stand 
point. And providing a high concentration of EP (1:1,000), which requires dilution for 
use, is a benefit. In addition, 100-fold dilution will also provide a significant dilution of the 
Na bisulfite. 
 
Slack et al (1990 [77-82]) looked at corneal edema with Na bisulfite-free EP injected 
intracamerally at a dose 200x that of the maximum Adrenalin® dose. Some non-
statistically significant corneal edema was observed, compared to controls, but the 
authors concluded the edema was markedly less than the edema reported with Na 
sulfite-containing EP formulations (reported in Edelhauser et al, 1982). The same EP 
formulation was tested ex vivo in excised human eyes, and no corneal edema or SEM 
changes were seen, when the eyes were perfused for 3 hours at 1:250,000 and 
1:500,000 dilutions (2 and 4 μg/mL). This provides further support that diluting out 1:000 
EP decreases the buffering capacity, and decreases effects on the cornea. 
Two studies assessed the toxicity of Na bisulfite alone in rabbits given by the 
subconjunctival route. Doses of 45, 180, and 360 μg/eye of Na bisulfite resulted in 
intracellular vacuolization and thickening of the corneal endothelial cell layer, as seen by 
light microscopy (Weinreb et al 1986 [525-531]). The doses are 45x, 180x, and 360x 
that which will be injected intracamerally with Adrenalin®. The low dose of 45 μg/eye 
resulted in only slightly increases of intracellular vacuoles compared to controls. 
Treatment with 180 and 360 μg/eye resulted in more significant vacuolization. In 
another study, Na bisulfite was given to rabbits by subconjunctival injection at a dose of 
3200 μg/eye/day for 3 days (Chapman et al 1992 [189-196]). In this study, no pathology 
was seen using light microscopy. 
 
In conclusion, ocular studies with commercially available epinephrine formulations have 
shown adverse effects on the cornea are due to Na sulfite. However, this will not be an 
issue in the ocular use of Adrenalin® since the 1:1,000 formulation will be diluted by at 
least 100-fold before use and the concentration of Na sulfite after dilution is not 
expected to cause significant effects on cornea. 
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Developmental and Reproductive Toxicity 
 
Key Findings:  The sponsor provided four published articles that highlighted the 
potential for epinephrine to produce reproductive toxicity.  The developmental and 
reproductive toxicity-related articles submitted provided an overview of the potential 
effect of epinephrine administration during the human 1st trimester equivalent in mice, 
rabbits, hamsters and rats.  In animal models epinephrine was shown to affect 
implantation, produce structural teratogenicity, decrease embryofetal survival and 
development, and alter postnatal behavior when administered early in gestation (human 
1st and 2nd month equivalent).  These studies provided the basis for data included in 
sections 8.1 and 13.1 of the proposed label, and are summarized as follows. 
 

 Subcutaneous administration of epinephrine to rabbits at a dose of 1.2 mg/kg/day 
(~19,000-fold the human highest intraocular dose) on gestational days 3 to 9 
produced an increased incidence of arrested fetal development and structural 
teratogenicity (gastroschisis).  Subcutaneous administration of epinephrine to mice 
at a dose of 1 mg/kg/day (~4,000-fold the human highest intraocular daily dose) on 
gestational days 6 to 15 produced delayed skeletal ossification. These effects were 
not observed in mice at a dose of 0.5 mg/kg/day (2,000-fold the human highest 
intraocular daily dose).  Subcutaneous administration of epinephrine to hamsters at 
a dose of 0.5 mg/kg/day (~3,000-fold the highest intraocular human dose) on 
gestational days 7 to 10 resulted in decreased litter size and delayed skeletal 
ossification. Behavioral effects were reported in the offspring of rats receiving 
subcutaneous administration of 0.4mg/kg epinephrine (~3,000-fold the human 
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provided data showing that epinephrine has mutagenic potential under the conditions of 
these assays.  In conjunction with data contained in submitted literature, the sponsor 
concluded that epinephrine has mutagenic potential.   
 
No original studies were submitted to assess in vivo mutagenicity or carcinogenicity 
potential.  Given the acute nature of the proposed epinephrine dosing regimen for 
ocular use, the lack of in vivo data does not pose a significant safety concern.  These 
genotoxicity studies will be reviewed by DPARP in support of the anaphylaxis indication.   

3.3 Previous Reviews Referenced 

None. 

11 Integrated Summary and Safety Evaluation 
Epinephrine injection, USP (currently manufactured by JHP as Adrenalin®) has been 
available on the market for over 100 years and in addition to the emergent treatment of 
severe allergic reactions, has been well accepted in the medical community as a safe 
and effective drug for such unapproved uses as hemostasis, decongestion, bronchial 
asthmatic paroxysms, inhibiting uterine contractions, and glaucoma. Epinephrine 
injection, USP is also the main drug used during resuscitation from cardiac arrest.  
 
While FDA has only approved two single-entity epinephrine drug products for the 
emergency treatment of severe allergic reactions (EpiPen® Auto-injector NDA 19-430 
approved on 12-22-1987 and Twinject® Auto-injector NDA 20-800 approved on 5-30-
2003), there are many unapproved epinephrine drug products available on the market. 
JHP has made the decision to file an NDA for approval of Adrenalin® for the treatment of 
anaphylaxis and induction of mydriasis during cataract surgery. General nonclinical 
safety evaluation of Adrenalin® for anaphylaxis will be reviewed in a separate review by 
DPARP.   
 
The nonclinical safety assessment of Adrenalin® for ocular use relied on reports 
obtained from the literature. Assessment included literature data on general toxicity 
when epinephrine is applied topically to the eye and by intracameral injections. For 
ocular use of Adrenalin®, no unexpected non-pharmacological effects of epinephrine 
have been reported. The potential toxicity of Na bisulfite, the anti-oxidant included in the 
Adrenalin® drug product, was also assessed using the literature. Ocular studies with 
commercially available epinephrine formulations have shown adverse effects on the 
cornea, including increased corneal thickness, increased corneal epithelial cell density 
and morphological changes. The data have shown that these effects are due to a 
combination of the dose of Na sulfite to the eyes and the low pH of buffered epinephrine 
formulations. However, this will not be a safety issue for ocular use of Adrenalin® since 
the 1:1,000 formulation will be diluted by at least 100-fold before the use and the 
concentration of Na sulfite after dilution is not expected to cause significant effects on 
cornea. The use of Adrenalin® for induction and maintenance of mydriasis during 
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intraocular surgery, as described in the labeling, is recommended from the nonclinical 
perspective. The recommendations for changes to sections 8.1 and 13.1 of the label are 
contained in the executive summary of this review. 

Reference ID: 3176265



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

LORI E KOTCH
08/17/2012

Reference ID: 3176265



 
 

1 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

 
 

PHARMACOLOGY/TOXICOLOGY NDA CHEMISTRY CONSULTATION 
 

Application number: 204-200 

Supporting document/s: SD 1 (EDR) 

Applicant’s letter date: 3/7/12 

CDER stamp date: 3/7/12 

Product: Adrenalin® (epinephrine injection) 

Indication: Treatment of anaphylaxis 

Applicant: JHP Pharmaceuticals LLC 

Review Division: Division of Pulmonary, Allergy and 

Rheumatology Drug Products (DPARP) 

Reviewer: Jane J. Sohn, Ph.D. 

Supervisor/Team Leader: Molly E. Shea, Ph.D. 

Division Director: Badrul Chowdhury, M.D., Ph.D. 

Project Manager: Carol Hill 

Template Version: September 1, 2010 

Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204200 are owned by JHP Pharmaceuticals LLC or are 
data for which JHP Pharmaceuticals LLC has obtained a written right of reference. 
Any information or data necessary for approval of NDA 204200 that JHP 
Pharmaceuticals LLC 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 204200. 

Reference ID: 3139227



NDA # 204200  Reviewer: Jane J. Sohn, Ph.D. 
 

2 

TABLE OF CONTENTS 
 

1 EXECUTIVE SUMMARY ......................................................................................... 4 

1.1 INTRODUCTION.................................................................................................... 4 
1.2 BRIEF DISCUSSION OF NONCLINICAL FINDINGS ...................................................... 4 
1.3 RECOMMENDATIONS............................................................................................ 8 

2 DRUG INFORMATION ............................................................................................ 8 

2.1 DRUG ................................................................................................................. 8 
2.2 RELEVANT INDS, NDAS, BLAS AND DMFS........................................................... 9 
2.3 DRUG FORMULATION ........................................................................................... 9 
2.4 COMMENTS ON NOVEL EXCIPIENTS..................................................................... 11 
2.5 COMMENTS ON IMPURITIES/DEGRADANTS OF CONCERN ....................................... 11 
2.6 PROPOSED CLINICAL POPULATION AND DOSING REGIMEN .................................... 13 
2.7 REGULATORY BACKGROUND .............................................................................. 14 

3 STUDIES SUBMITTED.......................................................................................... 14 

3.1 STUDIES REVIEWED........................................................................................... 15 
ALL STUDIES WERE REVIEWED....................................................................................... 15 
3.2 STUDIES NOT REVIEWED ................................................................................... 15 
3.3 PREVIOUS REVIEWS REFERENCED...................................................................... 15 

3 PHARMACOKINETICS ......................................................................................... 15 

4 GENERAL TOXICOLOGY..................................................................................... 18 

4.1 REPEAT-DOSE TOXICITY .................................................................................... 18 

5 GENETIC TOXICOLOGY ...................................................................................... 35 

5.1 IN VITRO REVERSE MUTATION ASSAY IN BACTERIAL CELLS (AMES)....................... 35 
5.2 IN VITRO ASSAYS IN MAMMALIAN CELLS.............................................................. 41 
5.3 OTHER GENETIC TOXICITY STUDIES: COMPUTATIONAL TOXICOLOGY ..................... 46 

6 INTEGRATED SUMMARY AND SAFETY EVALUATION .................................... 52 

 

Reference ID: 3139227























NDA # 204200  Reviewer: Jane J. Sohn, Ph.D. 
 

16 

reported on the Certificates of Analysis   These 
were supplied by reputable commercial sources, and are considered authenticated 
analytical reference standards.   The reference standards were used as the analyte in 
spiked calibration (reference) standards.  The internal standard was USP 
Diphenhydramine hydrochloride reference standard supplied by  
 
The matrix was 0.9% sodium chloride solution (saline) lot # J1L 406 (expiry March 
2014).  This LC/MS/MS method is proposed, however, to measure test article in dosing 
solutions made with 0.9% sodium chloride solution (saline) acidified with HCl.  Although 
the use of saline as the matrix is not optimal, further partial validation using saline 
acidified with HCl as the matrix was conducted in other study reports by using 
calibration standards made with saline acidified with HCl (see “In Vitro Reverse 
Mutation Assay in Bacterial Cells” study #246549 under Section 5.1 of this review.) 
 
Calibration standards were prepared by spiking saline with known amounts of 
epinephrine and  to create one set of 9 non-zero calibration standards ranging from 
2.00 to 1500 μg/mL (2.00, 4.00, 10.0, 50.0, 100, 500, 1000, 1300 and 1500 μg/mL).  
This meets the recommendation for spiking of matrix with analyte, number of non-zero 
standards, and a non-zero standard included at the LLOQ.  The set of standards was 
stored at -80ºC ± 10ºC. 
 
The quality control samples for epinephrine and  were designated QC A (6.00 
μg/mL), QC B (750 µg/mL), QC C (1200 μg/mL) and QC D (2400 μg/mL).  Eighteen QC 
samples, 6 at each concentration level (QC A, QC B and QC C), were included with 
each validation batch. The QC samples were stored at -80ºC ± 10ºC.  This exceeds the 
recommended number of replicates at each concentration, and meets the minimum 3 
concentrations in the expected range (reported as 2.00 μg/mL to 1500 μg/mL.) 
 
The stability of  and epinephrine was assessed using the following conditions, by 
comparison to freshly thawed and diluted samples: 

 Freeze-thaw stability was assessed using 6 replicates of the QC A and QC C 
samples frozen at -80ºC ± 10ºC for three (3) consecutive cycles (for a minimum 
of 24 hours per cycle) and thawed for three (3) consecutive cycles by keeping 
the samples at ambient room temperature for less than one hour each cycle.  

 Short-term stability was assessed using 6 replicates of the QC A and QC C 
samples removed from the freezer (-80ºC ± 10ºC) and kept on the bench at 
ambient room temperature for 7.1 hours. 

 Long-term stability was assessed two ways.   
o “Storage stability”: Six (6) replicates of each of the QC A, QC B, QC C 

samples and the calibration standards from one batch were stored at 2ºC 
to 8ºC for 72.8 hours after their initial injections. At the end of the storage 
period these samples were re-injected. 

o “Fridge stability”: Fridge stability was assessed using six (6) replicates of 
each of the QC A and QC C samples. The undiluted stability samples 
were removed from the freezer (-80ºC ± 10ºC) and kept at 2ºC to 8ºC for 
169.3 hours. 
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 Post-preparative stability (autosampler stability) was assessed by storing 6 
replicates of each of the QC A and QC C samples in the autosampler at 2ºC to 
8ºC for 47.2 hours after their initial injections. At the end of the storage period 
these samples were reinjected and compared to freshly thawed and diluted QC 
samples. 

 
Notably, long-term stability sampling was not repeated on three separate occasions, 
after storage exceeding the time between the date of first sample collection and date of 
last sample analysis, as recommended by the Guidance for Industry: Bioanalytical 
Method Validation, May 2001. However, repeated assessment on 5 days (November 
16, 17, 18, 19, 22 of 2011) was performed for QC A (6.00 μg/mL), QC B (750 μg/mL), 
and QC C (1200 μg/mL) for determining precision and accuracy for the method as a 
whole. 
 
Stock solution stability does not appear to have been performed by evaluating the 
stability of stock solutions of test article and the internal standard at room temperature 
for at least 6 hours.  The short-term stability assay (described above), however, is 
adequate to assess the affect on room temperature for 6 hours on both test articles.  
Thus, the stability testing methods overall are adequate. 
 
Results: 
For sensitivity, the sponsor identified the lower limit of quantitation (LLOQ) to be 2.00 
μg/mL.  The LLOQ was determined based on 6 replicate injections of 2.00 μg/mL, with a 
precision of 4.2% and an accuracy of 95.5%  and precision (% CV) of 2.1% and 
accuracy (% nominal) of 96.5% for epinephrine.  The precision and accuracy at the 
LLOQ are acceptable.   For selectivity, a representative chromatogram shows that at 
the LLOQ, discrete peaks are present for each  and epinephrine, which have a 
different retention time than diphenhydramine. 
 
Precision and accuracy were acceptable, based on  and epinephrine samples QC 
LLOQ (2.00 μg/mL), QC A (6.00 μg/mL), QC B (750 μg/mL), and QC C (1200 μg/mL).  
For both test articles, analysis was performed for within batch analysis on 5 separate 
days (November 16, 17, 18, 19, 22 of 2011) for QC A/B/C.  QC LLOQ was included in 3 
separate experiments).  For both  and epinephrine QC A/B/C, the within and 
between batch mean %CV was ≤15%, and mean % nominal were between 85 to 115%.  
For epinephrine QC LLOQ, the within and between batch mean %CV was ≤20%, and 
mean % nominal were between 80 to 120%. 
 
The calibration curves showed acceptable linearity.  The correlation coefficients were 
≥0.9996 and ≥0.9952 for  and epinephrine, respectively.  For both  and 
epinephrine, Standard A (2.00 μg/mL) had a mean %CV ≤20%, and mean % nominal 
between 80 to 120%.  Additional standards had mean %CV ≤15%, and mean % 
nominal between 85 to 115%.   
 
The stability of  and epinephrine were assessed, and all samples, upon extraction, 
were compared to freshly prepared samples, and were within ±15%. 
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Conclusion: This method is validated for the measurement of  and epinephrine in 
saline.  For further validation of saline of acidified with HCl as the matrix, see the review 
of “In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) (study #246549)” in 
Section 5.1 of this review. 
 

4 General Toxicology 

4.1 Repeat-Dose Toxicity 

Study title:  A 14-day repeated IV dose range finding toxicity study in SD rats 
 

Study no.: 246111 
Study report location: EDR 

Conducting laboratory and location:  
Date of study initiation: September 29, 2011 

GLP compliance: Non-GLP 
QA statement: No. 

Drug, lot #, and % purity: Epinephrine, lot 1047153, 99.6% purity; 
 lot WH-83-52-29, 96.3% purity 

 
The goal of this dose range finding study is to determine the maximum tolerated dose 
(MTD) of epinephrine and the combination of epinephrine and  

 in Sprague-Dawley rats via the intravenous (IV) route of exposure based on once 
daily injections for 14 days.  Animals that survived until the end of the study were 
sacrificed without further examination. 
 

Key Study Findings 

  Within 5 minutes of dosing, ≥ 50 mcg/kg of epinephrine led to passivity, 
respiratory distress, tachypnoea, convulsions and death.  Animals dosed with 25-
50 mcg/kg epinephrine displayed passivity and tachypnoea.  The MTD was 
determined to be 30 mcg/kg based on daily dosing for 2 weeks. 
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hemorrhage (Rat #045).  These animals are excluded from the analysis below as 
the dose of epinephrine was lowered from 30 to 20 mcg/kg epinephrine on Day 
2. 

 A low incidence of incipient anterior cortical cataracts is associated with 
epinephrine exposure (2/10 epinephrine only, 1/10 epinephrine and  LD, 
1/10 epinephrine and  HD). Incidence did not increase in the presence of 

 
 There was a moderate dose-dependent increase in monocytes (9% epinephrine 

and  MD, 18% epinephrine and  HD), with respect to levels of .  
These moderate changes are not dose-limiting. 

 There were no gross findings attributable to .  Gross unilateral 
hydronephrosis was observed in 1/10 control and 1/9 animals dosed with 
epinephrine and HD .  This was determined to be a sporadic finding.  
Enlarged mandibular lymph nodes were observed in 1/10 epinephrine only, 1/10 
combination LD, and 1/9 combination MD animals. These findings are not 
attributable to  alone. 

 Microscopic unilateral hydronephrosis was observed in 2 animals that received 
combination HD treatment (#049, #050).  Importantly, gross unilateral 
hydronephrosis was also observed in a control animal (#010) that developed 
microscopic kidney papillary cysts, and gross unilateral hydronephrosis was 
observed in a combination HD animal (#049).  Based on the presence of gross 
unilateral hydronephrosis in one control animal, and the unilateral nature of this 
finding, the unilateral hydronephrosis is considered a background finding. 

 One combination HD animal developed acute/focal inflammation in the heart 
(1/9).  The incidence in SD male rats in the literature is reported as 13.8%.  Thus, 
this is determined to be an incidental finding. 

 The dosage solution for  was not within 10% of the intended concentration. 
  plus epinephrine did not result in greater and/or different toxicities than 

epinephrine alone. 
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Peer Review: No. 
 
Histological Findings 
 
Changes observed in tissues were graded on a scale of: None = 0; Minimal = 1; Mild = 
2; Moderate = 3; Marked =4; Severe = 5. 
 
On Day 1, one animal died that received epinephrine alone (30 mcg/kg, #019), one died 
that received epinephrine and  (30 mcg/kg + 26 mcg/kg, #040), and one died that 
received epinephrine and  (30 mcg/kg + 67 mcg/kg, #043).  On Day 2, an additional 
animal that received epinephrine and  (30 mcg/kg + 67 mcg/kg, #045) died.  The 
sponsor reported mild pulmonary congestion (Rat #040), moderate pulmonary 
congestion (Rats #019 and #043), and moderate hemorrhage (Rat #045).  These 
animals are excluded from the analysis below. 
 
For animals that survived the duration of the study, lung hemorrhage and focal liver 
inflammation in 1/10 animals was observed in animals that received epinephrine alone.  
With respect to , unilateral hydronephrosis was observed in 2 animals that received 
combination HD treatment (#049, #050).  Interestingly, gross unilateral hydronephrosis 
was observed in a control animal (#010) that developed microscopic kidney papillary 
cysts, and gross unilateral hydronephrosis was observed in a combination HD animal 
(#049).  Based on the presence of gross unilateral hydronephrosis in one control 
animal, and the unilateral nature of this finding, the unilateral hydronephrosis is 
considered a background finding. 
 
One combination HD animal developed acute/focal inflammation in the heart (1/9).  The 
incidence in SD male rats is reported as 13.8%9.  Thus, this is determined to be an 
incidental finding. 

                                            
9 Peckham, JC (2002).  Animal Histopathology.  In MJ Derelanko and MA Hollinger 
(Eds.) Handbook of Toxicology (649-740). Washington DC: CRC Press. 
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are discussed in the Integrated Summary below.  No prediction was made for E. coli 
mutagenicity based on the lack of representation in the model training data sets.   
 

 were also analyzed by the FDA CDER 
Computational Toxicology Group, and all 3 structures were predicted to be negative for 
the Ames test and E. coli mutagenicity.  The computational toxicology reports are 
shown below. 
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An additional impurity shown in Table 2 is listed as an “individual unidentified impurity” 
and is present at a  specification release.  CMC reviewer 
Dr. Ying Wang is requesting that the sponsor identify the impurity (draft IR sent to this 
reviewer via email on May 24, 2012), and the safety of this impurity is not reviewed in 
this consult. 
 
Overall, the levels of the three impurities  

 are reasonably safe from the nonclinical perspective. 
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NDA/BLA Number: NDA 
204200 

Applicant: JHP Pharmaceuticals, 
LLC 

Stamp Date: March 7, 2012 

Drug Name: Adrenalin® NDA/BLA Type: NDA  

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

X 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X 
 

 
 

 
 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X 
 

 
 

 
The contents  in sponsor’s product 
should be compared with that in the 
marketed epinephrine products. This 
element should be examined in the CMC 
review.  

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

X 
 

 
 

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X 
 

 
 

 
 

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

   X  
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Content Parameter 

 
Yes

 
No

 
Comment 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

X  

 
See p.50 (Section 12.221) in Information 
Package for P-IND 111712 (Meeting on 
July 5, 2011). 
 

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

X  

 
See 5 in above. 
 

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

 
 
NA 

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

  

 
 
NA  

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes_____ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
 
 
 
 
Conrad H. Chen, Ph.D.       April 6, 2012 
Reviewing Pharmacologist      Date 
 
Lori E. Kotch, Ph.D.       April 9, 2012 
Team Leader/Supervisor      Date 
 
 

Reference ID: 3117762



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

CONRAD H CHEN
04/17/2012

LORI E KOTCH
04/17/2012

Reference ID: 3117762





PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

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

 
 

 
Content Parameter 

 
Yes

 
No

 
Comment 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

x  

 
 
 

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

x  

 
The provided literature review to support 
the safety  will be assessed.
 

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

x  

 
The sponsor states: “No reports of addiction 
to Adrenalin have been found in the 
literature” (Clinical overview, p. 43). 
 

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

  

 
 
 Not applicable. 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? __Yes______ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
Not applicable. 
 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
No comments from nonclinical. 
 
 
 
See electronic signatures 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 
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