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Disclaimer 
 
Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA208401 are data for which Silvergate Pharmaceuticals, Inc. has obtained a 
written right of reference. Any information or data necessary for approval of NDA 208401 that 
Silvergate Pharmaceuticals, Inc. 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 NDA208401. 
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1 Executive Summary 

1.1 Introduction (and Clinical Rationale) 
The sponsor presents a ready-to-use aqueous solution of lisinopril, an angiotensin 
converting enzyme (ACE) inhibitor, to replace the extemporaneous compounding of 
tablets into a suspension either by caregivers or pharmacists for patients who have 
difficulty swallowing tablets. The proposed indication is the treatment of hypertension in 
adult and pediatric patients 6 years of age and older. The other indication is for the 
reduction of mortality in treatment of hemodynamically stable patients within 24 hours of 
acute myocardial infarction. Approval is sought under provision of section 505(b)(2) of 
the Food Drug and Cosmetic Act. The application relies on the Division’s previous 
findings of safety and efficacy for the referenced drug, Zestril®(Lisinopril) tablets 
(NDA019777, approved May 19, 1988), distributed by Astra Zeneca Pharmaceuticals.  

1.2 Brief Discussion of Nonclinical Findings 
Based on preliminary meeting comments sent to the sponsor November 20, 2012 (entered 
into DARRTS November 29, 2012), the nonclinical sections of the Zestril package insert 
provide the nonclinical findings for this 505(b)(2) NDA. The sponsor also conducted a 
PubMed literature search for the time period of June 1, 2014 through April 9, 2015 to 
identify any new safety information. The June 1, 2014 date was chosen based on the last 
Zestril package insert update in December 2014.  Searches of Toxnet and MedWatch 
databases for the past 12 months were also conducted but did not identify anything new 
compared to the PubMed search. The citations thus identified did not provide any new 
nonclinical safety signals.  

1.3 Recommendations 

1.3.1 Approvability 

 From the nonclinical perspective, the data supports approval. 

1.3.2 Additional Non Clinical Recommendations 

 None. 
 

1.3.3 Labeling 

 
 No changes are recommended from the non-clinical perspective. 

2 Drug Information 

2.1 Drug 
CAS Registry Number (Optional) 
 

83915-83-7 
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Generic Name 
 

lisinopril 
 
Code Name 
 

Not applicable 
 
Chemical Name 

 
 
Molecular Formula/Molecular Weight 

C21H31N3O5.2H2O/ (441.5 dihydrate) 
 
 
Structure or Biochemical Description 
 
 

 
 
Pharmacologic Class 
 

Angiotensin converting enzyme inhibitor 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
PIND116486 lisinopril  
NDA019777 for Zestril®(Lisinopril) tablets 
NDA019558 for Prinvil (Lisinopril). 
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2.6 Proposed Clinical Population and Dosing Regimen 
Adults and children, six years of age and older, for the purpose of lowering blood pressure. In 
adults, Lisinopril is also indicated for the treatment of signs and symptoms of systolic heart 
failure and for the reduction of mortality in treatment of hemodynamically stable patients within 
24 hours of acute myocardial infarction. 

2.7 Regulatory Background 
 
Lisinopril (Zestril) was originally approved May 19, 1988 under NDA 19777. This was the third 
angiotensin converting enzyme inhibitor (ACEI) approved in this country. Captopril was first, 
followed by enalapril.  The sponsor was Stuart Pharmaceuticals, ICI Americas Inc (Zeneca). The 
regulatory history for this drug may be found 
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Label_Appr
ovalHistory#apphist (accessed July 23, 2015).   Lisinopril as Prinvil was approved December 29, 
1987 under NDA019558. The sponsor was Merck Pharmaceuticals.  
The original indication is shown here:  

 PRINIVIL is indicated for the treatment of hypertension. It may be used alone as initial 
therapy or concomitantly with other classes of antihypertensive agents.  
Heart Failure  
PRINIVIL is indicated as adjunctive therapy in the management of heart failure in 
patients who are not responding adequately to diuretics and digitalis.  
Acute Myocardial Infarction  
PRINIVIL is indicated for the treatment of hemodynamically stable patients within 24 
hours of acute myocardial infarction, to improve survival. Patients should receive, as 
appropriate, the standard recommended treatments such as thrombolytics, aspirin and 
beta-blockers.  

 
There has been at least one lawsuit over the patent for this drug.  

On April 26, 2006, a trial judge of the Federal Court found that the lisinopril patent (No. 
1,275,350) was valid and had been infringed by Apotex (Merck and AstraZeneca v. 
Apotex, 2006 FC 524).   

This patent infringement action was brought by Merck (patentee and certain related 
companies) and AstraZeneca (licensee) against Apotex in 1996.  The parties sell 
lisinopril in Canada under the trademarks Apo-Lisinopril, ZESTRIL (AstraZeneca) and 
PRINIVIL (Merck).  

The current NDA was submitted as a 505(b)(2). 
 

3 Studies Not Reviewed 
 Not applicable.  
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4 Pharmacology 

4.1 Primary Pharmacology 
 
Angiotensin converting enzyme is a peptidyl dipeptidase that catalyzes the conversion of 
angiotensin I (AI) to the  vasoconstrictor substance angiotensin II (AII). In addition, AII 
stimulates aldosterone secretion from the adrenal cortex. Lisinopril’s beneficial effects in 
hypertension and heart failure appear to result primarily from suppression of the renin-
angiotensin-aldosterone axis. Inhibiting ACE causes a decrease in plasma AII, which leads to 
decreased vasopressor activity and decreased aldosterone secretion. The decrease in aldosterone 
modulates serum electrolytes such as potassium. The many ACE inhibitors that have been 
synthesized are classified into three broad groups based on structure. These are 1) sulfhydryl-
containing, structurally related to captopril; 2) dicarboxyl-containing, structurally related to 
enalapril (lisinopril falls into this group); and 3) phosphorous-containing ACE inhibitors such as 
fosinopril. In general, ACE inhibitors differ with regard to potency, whether the pharmacologic 
action is due to parent drug or a metabolite and pharmacokinetics. A detailed discussion of ACE 
inhibitors may be found in Goodman and Gilman’s (9th edition).  
 
While the mechanism of lisinopril’s blood pressure lowering is believed to be modulation of the 
renin-angiotensin-aldosterone-system (RAAS), lisinopril has been shown to lower blood pressure 
in patients with low-renin hypertension.  Lisinopril is the lysine analog of enalaprilat, the active 
metabolite of enalapril. 
 
ACE is identical to kininase II. Thus, Lisinopril may also block the degradation of bradykinin, a 
vasodilator peptide. This is also the proposed mechanism of the ACE inhibitor cough.  
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https://upload.wikimedia.org/wikipedia/commons/a/a2/Renin-angiotensin-aldosterone_system.png 
 
 
 
The sponsor provides a tabular summary of several primary pharmacology studies for Lisinopril. 
This is shown below.  
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4.2 Secondary Pharmacology 
 Information was not provided about secondary pharmacology.  A search of Google and 
PubMed did not reveal any published information. The years of clinical experience with 
Lisinopril minimize the need for this information. 
 

4.3 Safety Pharmacology 
 Safety pharmacology information was not provided. The years of clinical 
experience with Lisinopril minimize the need for this information. 

5 Pharmacokinetics/ADME/Toxicokinetics 
There are several decades of clinical experience with Lisinopril, including published reports of 
the pharmacokinetics in several age groups of children. 
 

5.1 PK/ADME 
Absorption 
According to Goodman and Gilman, 9th edition, Lisinopril is slowly, variably and incompletely 
absorbed after oral administration at approximately 25%.  Peak plasma concentrations are 
achieved in approximately 7 hours. 
 
Distribution 
No or minimal tissue accumulation is reported. 
Studies in rats indicate that Lisinopril crosses the blood-brain barrier poorly. Multiple doses of 
lisinopril in rats do not produce tissue accumulation. The milk of lactating rats contains 
radioactivity following administration of 14C-lisinopril. Whole-body autoradiography 
demonstrated radioactivity in the placenta following administration of radiolabelled drug to 
pregnant rats.  
 
Metabolism 
There appears to be little, if any, metabolism. 
 
Excretion 
The drug is cleared as the parent compound by the kidney and the half-life in plasma is 
approximately 12 hours after multiple dosing. Impaired renal function decreases elimination of 
Lisinopril. This becomes clinically important when the glomerular filtration rate is below 30 
ml/min/1.73m2. 
 
Protein Binding 
Little protein binding is demonstrated.  
 
According to the package insert of Zestril, the pharmacokinetics of Lisinopril has been studied in 
29 pediatric hypertensive patients between 6 and 16 years of age with glomerular filtration rates 
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6.2 Repeat-Dose Toxicity 
 
The referenced repeat dose toxicology studies include: six studies in rats, seven studies in dogs, 
and 1 study in rabbits. The sponsor’s summary tables are shown below. 
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7 Genetic Toxicology 
According to the Zestril package insert, Lisinopril was not mutagenic in the Ames assay either 
with or without metabolic activation. Lisinopril did not produce forward mutations in either a 
Chinese hamster lung cell assay, nor did it produce single strand DNA breaks in an in vitro 
alkaline elution rat hepatocyte assay. There was no indication of positive genotoxicity in the 
chromosomal aberration assay in Chinese hamster ovary cells nor in the in vivo mouse bone 
marrow (micronucleus) assay.  
 
 
 

7.2 Other Genetic Toxicity Studies 
Not applicable. 
 

8 Carcinogenicity 
Lisinopril was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day 
(about 56 or 9 times the maximum recommended daily adult human dose based on body weight 
and body surface area, respectively). A tumorigenic effect was not apparent in this study. 
No carcinogenic effect was detected in the mouse study when Lisinopril was administered for 92 
weeks to male and female mice at doses up to 135 mg/kg/day (about 84 times the maximum 
recommended daily adult human dose based on body weight). Based on body surface area in 
mice, this dose was approximately 6.8 times the maximum recommended adult dose.  
 
Several other effects were reported from the long term toxicology studies. These included focal 
sacculations of retinal vessels in rats given 30 or 90 mg/kg/day compared to the control rats. An 
additional 105 week study was conducted in rats using doses of 1, 3, and 10 mg/kg/day. Several 
renal-associated effects were reported. These included increased incidence of renal tubular 
hypertrophy in male rats given 3 or 10 mg/kg/day. Increased incidence of chronic nephritis in the 
females was seen in the carcinogenicity study. The no effect dose was determined in the second 
105 week study to be 10 mg/kg/day.  
 

9 Reproductive and Developmental Toxicology 
Segment I 
 
There were no adverse effects on reproductive performance in male and female rats treated with 
up to 300 mg/kg/day of Lisinopril. This dose is up to 30 times the maximum recommended adult 
human dose based on body surface area.  
 
Segment II 
 
Mice: Given doses up to 1000 mg/kg from GD6 through GD15. Increased fetal resorptions from 
doses ≥100 mg/kg. At doses of 1000 mg/kg this was prevented by saline supplementation. 
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Rats: given doses up to 300 mg/kg from GD 6 through GD17. There was no fetotoxicity or 
teratogenicity reported.  
 
Rabbits: given doses up to 1 mg/kg “through the organogenic period.” Specific dates were not 
provided.  The rabbits were saline supplemented as rabbits have been demonstrated to be very 
sensitive to angiotensin converting enzyme inhibitors (captopril and enalapril) with maternally 
toxic and fetotoxic effects apparent at or below the recommended therapeutic dosage levels. 
Fetal resorptions were increased at an oral dose of 1 mg/kg Lisinopril. Increased incidence of 
incomplete ossification was reported at the lowest dose tested (0.1 mg/kg/day). 
 
Rabbits: a single intravenous dose of 15 mg/kg of Lisinopril administered on gestation days 16, 
21, or 26 resulted in 88-100% fetal death.    
 
Segment III 
Rats receiving Lisinopril from GD15 through day 21 postpartum showed an increase in pup 
deaths on days 2 to 7 postnatal. A lower average body weight of pups was also reported for 
postnatal day 21. Saline supplementation to the dams was reported to prevent the pup deaths and 
decreased body weights. No further details were provided about the post-natal phase.  
  
 
 

11 Integrated Summary and Safety Evaluation 
 
The subject of the current NDA is a ready-to-use Lisinopril oral solution for pediatric patients six 
years of age or older and adult patients who have difficulty swallowing tablets. This is proposed 
to replace the current practice of crushing tablets and mixing with a palatable fluid or food 
(extemporaneous compounding) performed either by caregiver or other. 
 
Lisinopril is an approved anti-hypertensive medication that works by inhibition of angiotensin 
converting enzyme (ACE). There are several decades of clinical experience with this drug, 
including the use in children. The published literature does not indicate any new safety concerns. 
This is mildly qualified by the usual lack of prospective studies examining growth and 

development. The brief discussion of rats receiving 
Lisinopril from GD15 through post-natal day 21 did 
not include details of growth and development. Raes 
et al (2007) also mention the need for prospective 
assessment of lisinopril on growth and development 
in the paragraph shown alongside: 
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The methods of administering Lisinopril to children were discussed in the published literature as 
shown below: 

 
From Raes et al. Lisinopril in pediatric medicine: 
a retrospective chart review of long-term 
treatment in children. J RAAS 2007.8:3-12. 
 
 
 
 
 
 
 
 

This is not a phenomenon unique to the case review that Raes et al. conducted. Zgraggen et al. 
(2012) and Ferrarini et al. ( 2013) note a lack of formulations appropriate for childhood. Parents 
crush tablets and administer the antihypertensive drug mixed with solid food or a palatable drink. 
The opportunity for inappropriate dosing or for mixing the drug with a food or drink that is 
incompatible with the drug substance is very real.  A liquid dosing form of Lisinopril has been 
explored before (Nahata and Morosco. 2004).  The development of a liquid formulation for the 
pediatric population seems to meet a defined need and should help to address the safety issues 
associated with extemporaneous formulations.  
 
The sponsor has provided reasonable support for the levels of excipients in the proposed 
formulation. The remaining concern is for low birth weight infants requiring high doses of 
Lisinopril.  
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