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EXECUTIVE SUMMARY 
 
I. Recommendations  
 

A. Recommendation on approvability: Approval 
 
Recommendation for nonclinical studies: The available non-clinical data supports the 
safety of the inhalation insulin, EXUBERA® in humans (0.15 mg/kg/day).  Due to the 
extensive nonclinical and clinical experience with insulin, carcinogenicity and 
reproductive toxicology studies were not performed.  No further studies are needed. 
 
B. Recommendations on labeling:   
Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenicity and fertility studies were not performed. Insulin was not mutagenic with 
or without metabolic activation in the Ames test with Salmonella typhimurium and 
Escherichia coli.  

 
Pregnancy Category C 
Animal reproductive studies have not been performed with EXUBERA®.  Whether 
EXUBERA® can cause fetal harm when administered to pregnant women is unknown.  

 
II. Summary of nonclinical findings 
A. Brief overview of nonclinical findings:    
 

EXUBERA® is a new recombinant human insulin inhalation (INH) formulation being 
developed by Pfizer for the treatment of diabetes.  To enhance the bioavailability and 
stability of powder insulin for inhalation, several formulations had been tested using the 
excipients, mannitol, sodium citrate and glycine.  Early in the development, the           
formulation containing                                    was prepared and used in all the non-clinical 
studies.  Later in the development, an                                                                              
                             was developed.  The           formulation was used in the phase            cal 
                             -month bridging toxicity study in rats.  This formulation               will be 
marketed commercially. 

 
Due to extensive clinical experience with insulin, the scope of the nonclinical 
evaluations was limited to 6-month rat and monkey inhalation toxicity studies. The 
objectives of the toxicology studies were to evaluate the impact of the inhaled powder 
insulin on the lung tissue, pulmonary function and antibody formation.  The 
carcinogenicity, reproductive toxicology and genotoxicity of INH were not tested.  With 
hypoglycemia limiting the insulin dose, the 6 mg/kg/day dose in rats or 0.6 mg/kg/d in 
monkeys were considered the MTD, thus they were the highest dose tested in the 
respective species.  As expected, administration of inhalation insulin generally produced 
a dose-related decrease in glucose and increase in serum insulin levels in both rats and 
monkeys.  The doses used in the 6-month rat study of 0.9, 2.7 and 5.8 mg/kg/d via nose 
only were approximately 1, 3 and 6X the clinical dose of 0.15 mg/kg/day based on 
mg/m2.  In the 6-monkey study the evaluated doses of 0.29 and 0.64 mg/kg/d via dome 
were approximately 0.6 and 1.4X the clinical dose of 0.15 mg/kg/day based on mg/m2.   
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 Administration of INH to rats produced sporadic increases in lung weights.  However, 
the increases in lung weights were not consistent across studies.  In the 1-month rat 
study, the increase in lung weight occurred in males at low dose (1.1 mg/kg/d) and in 
females at high dose (6 mg/kg/d) while in the 6-month rat study there was an increase in 
lung weight in females at mid dose (2.7 mg/kg/d).  There was no increase in lung weight 
in either the 1-month rat bridging study or in the 1-month monkey studies.  In the 6-
month monkey study slight increase in lung weight (27%) was noted in the low dose 
female (0.29 mg/kg/d) monkeys.  When lung tissues were evaluated histologically, 
incidences of focal and multifocal inflammation and aggregation of alveolar histiocytes 
(foam cells) were seen in all groups in both 6-month rat and monkey studies.   In the 1-
month bridging study in rats there was minimal focal thickening of the interstitium 
(associated with alveolar inflammation) in 1 mid dose (3.2 mg/kg/d) and 1 high dose 
(5.9 mg/kg/d) female.  Since alveolar inflammation is occasionally observed in healthy 
animals, the findings may be incidental. There was no evidence of insulin or placebo-
related increase in lung cell proliferation in lung tissues from the 6-month rat and 
monkey studies.  It appears that most of the respiratory tract findings may have been 
related to mechanical trauma due to alveolar lavage or the stress from the drug delivery 
method.   Evaluation of the pulmonary function in the rat was unremarkable.  There 
were no drug or excipient related change in respiratory rate, lung volumes and 
pulmonary compliance or lung resistance in rats.  In the 6-month monkey study, there 
was a significant decrease in lung compliance in males at the high dose and an increase 
in minute volume in both sexes at high dose of 0.64 mg/kg/d (1.4X clinical dose, based 
on mg/m2).  The decrease in compliance in high dose males suggests there was some 
decrease in elasticity of the lung tissue in males but not in females.  During the clinical 
observation, monkeys treated with excipient and insulin had frequent incidences of 
coughing and sneezing throughout the 6-month study. 
 
Inhalation insulin had no effect on body weight, food intake or ophthalmic parameters in 
either rats or monkeys.  There were no notable ECG abnormalities in either 1- or 6-
month monkey studies.  Blood pressure parameters were not measured in the chronic 
monkey studies.  However, in dogs, administration of insulin by the intravenous route 
increased the heart rate and the systolic blood pressure which are in agreement with 
inotropic and chronotropic properties of acute insulin administration in the literature. 
 
As a protein, the recombinant human insulin in EXUBERA® has the potential to elicit 
immunogenic response, i.e. antibody formation and consequent insulin neutralization.  
Analysis of serum insulin antibodies found slight increases in human insulin antibody 
concentrations in several serum samples in rats.  Since human insulin sequence is 
different from rat insulin, the slight increases in antibody formation in rats is not 
unexpected.  In the monkey, with insulin sequence similar to humans, no increase in 
antibody titer was detected.  Lung lavage samples collected during the chronic rat and 
monkey studies found no measurable concentrations of antihuman insulin antibodies.  
There was no evidence of diminished insulin activity or serum insulin accumulation with 
repeated administration of inhalation insulin.  However, one of the most consistent 
findings across all non-clinical studies was the variability in inhalation insulin relative 
bioavailability.  The relative bioavailability was likely affected by insulin formulation, 
the delivery system, species variation and pulmonary insulin clearance.  The mean 
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relative bioavailability of           formulation was about 44% in rats and 12% in monkeys.  
The relative bioavailability of           formulation was about 7 and 10% in dogs and 
humans, respectively.  This is not unexpected since insulin is rapidly degraded in the 
lungs and in the circulation.   
 
Although there appeared to be more frequent coughing and sneezing in monkeys, 
occasional increases in lung weights in rats and sporadic alveolar inflammation in rats in 
the 1-month bridging study, no clear insulin related pulmonary toxicity was observed.  
Therefore the maximum dose in rats (5.8 mg/kg/d) and monkeys (0.64 mg/kg/d) were 
considered no observed adverse effect level (NOAEL).  The safety margins based on the 
NOAEL dose in rats and monkeys were approximately 6X and 1.4 X the clinical dose of 
0.15 mg/kg/d based on mg/m2, respectively.  The non-clinical studies provided 
significant safety margins for the excipients, mannitol, sodium citrate and glycine (Rats: 
34, 40 and 20X, Monkeys: 8, 9 and 4X the clinical dose, based on mg/m2, respectively). 
 
B. Pharmacology:    
Insulin is an endogenous protein released by the pancreatic β cells in response to 
increases in blood glucose concentrations.   The primary function of insulin is to lower 
blood glucose by stimulating peripheral glucose uptake by skeletal muscle and fat, and 
by inhibiting hepatic glucose production.  Other functions attributed to insulin include 
inhibition of lipolysis in the adipocyte, inhibition of proteolysis, and enhancement of 
protein synthesis.  Insulin receptors are found in nearly all tissues.   In-vitro studies have 
demonstrated presence of insulin receptors in rat alveolar Type II epithelial cells 
(Sugahara et al, 1984).  Whether there are active insulin receptors in human lungs has 
not been well demonstrated. 

 
C. Nonclinical safety issues relevant to clinical use: 
The primary limitations of the toxicology studies with pharmacologically active proteins 
such as insulin have always been the inability to test high doses in the non-clinical 
setting.  The potential utility of both rat and monkey toxicology studies were therefore 
limited by low insulin doses due to hypoglycemia and stressful mechanism of insulin 
delivery, low number of animals per treatment, limited duration and variability in insulin 
exposure.   Whether higher doses and less traumatic delivery procedure would have 
clearly identified the lung as the target organ is unknown.  
With extensive clinical experience with subcutaneous insulin, carcinogenicity and 
reproductive toxicology studies were not performed.  It is highly unlikely that 
carcinogenicity studies would have resolved any pulmonary safety concern regarding 
chronic use of inhalation insulin in humans due to insulin delivery method and the 
potential for tumorigenic pulmonary response to proteins in rodents. 
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2.6  PHARMACOLOGY / TOXICOLOGY REVIEW 

  

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
NDA number:  21-868 
Review number:  1 
Sequence number/date/type of submission:  Dec 27, 2004 
Information to sponsor: Yes () No (X) 
Sponsor and/or agent:    Pfizer Inc. 
Manufacturer for drug substance: Pfizer will be using insulin manufactured by                 
 
Reviewer name:  Fred K. Alavi    
Division name:  Division of Metabolic and Endocrine Drug Products   
HFD #:    510  
Review completion date:   July 26, 2005   
 
Drug: 
 Trade name:  EXUBERA®  
 Generic name:  INH, inhaled human insulin 
 Code name:  CP-464,005 (aerosol insulin) 
 Chemical name:  recombinant human insulin  
 CAS registry number:    11061-68-01 
 Molecular formula/molecular weight:  C257H383N65O77S6,      MW 5808 
 Structure:  synthetic 51 amino acid polypeptide consisting of 2 polypeptide chains 
 

     
 
Relevant INDs/NDAs/DMFs:  IND 43,313 (inhalation insulin, Pfizer)  
Drug class:  antidiabetic drug 
Intended clinical population:  Type 1 and type 2 diabetics 
Clinical formulation:    
 Active ingredient:   Insulin,  1 and 3 mg strength blister packs (                           
                                     formulation                                                 
 Inac               itol (           ), glycine                                   roxide             ), 
  sodium citrate (             ) 
Clinical Dose: starting dose of 0.15 mg/kg/day  
Route of administration: pulmonary inhalation (aerosolized powder insulin)  
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Disclaimer:  Tabular and text information are constructed by the reviewer except for the tabular 
or graphical images that appear slightly shaded that are derived from the sponsors’ submission.  
 
Data reliance:  Except as specifically identified below, all data and information discussed 
below and necessary for approval of NDA21-868 are owned by Pfizer or are data for which 
Pfizer has obtained a written right of reference.  Any information or data necessary for approval 
of NDA21-868 that Pfizer 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 described in the drug’s approved labeling.  Any data or information described or 
referenced below from a previously approved application that Pfizer does not own (or from 
FDA reviews or summaries of a previously approved application) is for descriptive purposes 
only and is not relied upon for approval of NDA21-868. 
 
Studies reviewed within this submission:  
 Cardiovascular Safety pharmacology study in dogs 
 1-month bridging study in rats,  
 Serum and alveolar lavage analysis for insulin antibodies 
 Genotoxicity tests   
 
Studies not reviewed within this submission (appendix, page 82):   
 1- and 6-month rat toxicology studies (reviewed under IND 43,313) 
 1- and 6-month monkey toxicology studies (reviewed under IND 43,313) 
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2.6.2 PHARMACOLOGY 
Traditionally, insulin has been injected by subcutaneous route to control glucose and prevent 
hyperglycemia in type 1 and type 2 diabetic subjects.  To make insulin administration less 
stressful to the patients, insulin has been formulated for delivery by pulmonary, oral, buccal and 
intranasal routes.  The pulmonary system, with large surface area and high blood perfusion rate 
(5 liters of blood/min) and thin alveolar-capillary barrier is an ideal drug delivery route.  In this 
application, Pfizer in partnership with                                                                                              
                                                                          h       eveloped a dry powder inhaled human insulin 
                                                                       an        microns that allows insulin to be delivered by 
pulmonary route with sufficient bioavailabilit       
All the clinical and non-clinical studies prior to Feb 1999 used insulin from            Clinical 
studies after Feb 1999 used insulin from                                                                       .                
                           ) was manufactured using recombinant DNA technology with E.coli strain 
K12.  The amino acid sequence of                 was identical to endogenous human insulin.   
Nearly all the toxicology studies were performed with           insulin formulation with          
insulin (          containing a                                                     (see table).  The insulin            
formulation used in the phase 1-3 studies, will be also marketed commercially with the trade 
name EXUBERA®.  Since the to be marketed formulation was different than the non-clinical 
formulation, a 1-month rat bridging study with the clinical formulation (         ) was performed 
to confirm the toxicological equivalence of the two formulations                            ).   
 
Formulations Used in clinical and non-clinical studies   
Formulation Identity I-033, 

Phase 1  
I-004, pre-clinical 
& Phase 1-2 

I-005, 
Phase 1  

I-016 /97060, Phase 1-3 
& Commercial  

% Insulin Component                                                                                    
Insulin                                               
Mannitol                                            
Glycine                                    
Sodium Hydroxide                                     
Sodium Citrate                                            
Citric Acid                                
Total  100.00 100.0 100.00 100.00 

INH (EXUBERA®) is delivered by a specialized instrument that pumps specific amount of dry powder 
insulin into the lungs during inhalation.   
 
2.6.2.1 Brief summary 
 
2.6.2.2 Primary pharmacodynamics   
 
Mechanism of action:   
Insulin is an endogenous protein hormone released by the pancreatic β cells in response to 
increases in blood glucose concentrations.   The primary function of insulin is to lower blood 
glucose by stimulating peripheral glucose uptake by skeletal muscle and fat, and by inhibiting 
hepatic glucose production.  Other functions attributed to insulin include inhibition of lipolysis 
in the adipocyte, inhibition of proteolysis, and enhancement of protein synthesis.  Since inhalant 
insulin is a powder formulation of recombinant human insulin, specific mechanistic studies 
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were not done nor are they necessary.   Insulin receptors are found in most tissues including 
lungs.   In-vitro studies have demonstrated presence of insulin receptors in rat alveolar Type II 
epithelial cells (Sugahara et al, 1984).   Insulin receptors are thought to be more abundant on the 
basolateral side than on the apical side, and don’t appear to mediate the directional transport of 
insulin.  Whether these receptors bind to insulin in the lung in any appreciable amount is 
unknown.  The lung tissue insulin receptor binding may play a critical role on the safety of the 
inhalation insulin since insulin is a growth factor and activation of insulin receptors has the 
potential to cause lung tissue hypertrophy in-vivo.  
 
Drug activity related to proposed indication:   
In an attempt to compare effectiveness and bioequivalence, inhalation insulin (INH) and SC 
human insulin were administered to rats, dogs and monkeys.   Inhaled insulin was delivered as 
dry powder into the chamber air for inhalation by Sprague Dawley rats.  Administration of 
inhaled insulin to rats produced a rapid increase in serum insulin (Tmax 16-21 min) followed by 
decrease in serum glucose levels.    
 

 
 
 
In another group of rats, different formulations of inhaled insulin (13-32 µg/rat) were compared 
to SC human insulin (96 µg/kg, up to 30 µg/rat).  The relative bioavailability of inhaled insulin 
was approximately 10% to 40 % depending on the formulation (1, 2 or 3, as above).   
The best relative bioavailability was achieved with Aerosol 2 formulation (          .  Based on 
reduction in blood glucose and relative bioavailability, Aerosol 2 formulation was selected for 
future non-clinical testing.   
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The effectiveness of aerosol 2 (                                                                    at 489 µg 
insulin/animal was also tested in macaca fascicularis cynomolgus monkeys.  Administration of 
aerosol insulin increased serum insulin within 30 min and decreased serum glucose (-73%) 
suggesting that administration of aerosol insulin by inhalation is effective in reducing blood 
glucose.  To determine the bioavailability of the aerosol insulin relative to SC insulin, another 
group of monkeys were administered Humulin® insulin subcutaneously (100 U/ml, up to 27 µg 
of insulin /monkey).  The bioavailability of aerosol insulin formulation relative to SC insulin 
was approximately 12%.    
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The efficacy and relative bioavailability of the insulin formulation              for commercial 
development (1 and 2 mg blister packs) was evaluated in anesthetized dogs pre-treated with 
somatostatin to prevent endogenous release of insulin and glucagon.    Aerosol insulin was 
delivered via endotracheal tube to anesthetized dogs instrumented with femoral arterial, portal 
and renal vein catheters.  To prevent hypoglycemia, dogs were also given exogenous glucose 
infusion to maintain glucose at steady state.  Administration of inhalation insulin produced a 
dose-related increase in arterial plasma insulin in anesthetized dogs.  
 

  
 
 
 
2.6.2.3 Secondary pharmacodynamics:  No specific studies were performed  
 
 
2.6.2.4 Safety pharmacology   
Cardiovascular effects:   
The cardiovascular safety of insulin (                                                                                       
              used in the            formulatio                                                                                    
             tized (pentobarbitone, 32 mg/kg) beagle dogs.  Anesthetized dogs were administered 
intravenously with 1.5 U/kg of aerosol insulin and systolic (Ps), diastolic (Pd) in brachial artery 
were measured.    Heart rate was integrated from the Ps/Pd signal.  Left ventricular pressure 
(LVP) and the mean pulmonary artery pressures were measured by a Millar tip catheter.  
Cardiac output was determined by thermodilution method.  A comparator group of animals 
were also treated with Humulin® intravenously (1.5 U/kg, Lilly).  To prevent the potential effect 
of insulin induced hypoglycemia, glucose levels were maintained constant and monitored every 
5 min.  Cardiovascular parameters were measured for 4 hrs post dose.                          increased 
systolic blood pressure (SBP) as a consequence of an increase in dp/dtmax.  The positive 
inotropic effect of insulin has been reported by other investigators.  Similar effect was also 
noted with iv Humaninsulin® Normal 100 (1.5 U/kg, iv).  The positive inotropic effect appeared 
within 3 to 5 min post injection and lasted through out the test.  Previous published studies have 
shown insulin to produce inotropic and chronotropic effects, independent of hypoglycemic 
activity (Christensen et al, 1983). 
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2.6.2.5 Pharmacodynamic drug interactions:  No specific studies were performed. 

2.6.3 PHARMACOLOGY TABULATED SUMMARY  
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
  
2.6.4.1 Brief summary   
No specific pharmacokinetic studies were performed in animals except for toxicokinetic (TK) 
evaluations and relative bioavailability studies.  Most of the discussion will center on the human PK data 
and published literature.  The bioavailability of inhaled insulin in healthy subjects has ranged between 4 
to 9% relative to SC insulin.  The relative bioavailability appears to be slightly better in type 2 diabetes 
patients (8-11%).  Type 2 diabetic patients are generally heavier than type 1 diabetic patients.  The 
improvement in the relative bioavailability of INH insulin in type 2 diabetics is suspected to be due to 
greater amount of subcutaneous adipose tissue and poor absorption of SC insulin.  SC insulin is 
generally given as international units (U) rather than in mg.  One mg of insulin is equal to 26 U of 
insulin. 
 
2.6.4.2 Analytical Methods 
Plasma concentrations of insulin were measured by radioimmunoassay method (RIA).  Non-validated 
Coat-A-Count RIA kit from Diagnostic Products Corporation and validated RIA kits from LINCO 
(Human insulin Kit, Linco Research Inc, St. Charles, MO) were used to measure serum and plasma 
insulin.  Non-validated assays were used primarily in pharmacology and non-clinical pilot studies.  
These assays have been extensively used in research. 

    
2.6.4.3 Absorption   
Published literature and the sponsors' data suggest that after the administration of powder inhalation 
insulin, each step in the process (device to lung structure) reduces the total availability of the contents of 
the insulin blister pack.  It appears that after the pump device is triggered, approximately 30% of the 
insulin powder is not inhaled at all and remains in the blister/inhalant device.  Only 40% of blister pack 
is actually available at the absorption site. 
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Once insulin is deposited (40%) into the alveolar region, a portion of it is absorbed into the systemic 
circulation.  A significant amount of insulin remaining in the alveolar region in the lungs undergoes 
degradation by phagocytes, alveolar macrophages, insulin specific and non-specific enzymatic 
degradation and lymphatic drainage.  All these factors limit the bioavailability of the insulin delivered by 
inhalation.   Powder insulin deposited in the lungs, has been presumed to cross alveolar epithelium by 
passive diffusion to blood stream thought extracellular tight membrane (paracellular transport).  Insulin 
transported across a concentration gradient (high to low) is affected by particle size, charge, site of 
deposition and the condition of the lung tissue itself (smoking, fibrosis).  Whether other transport 
systems such as transcytosis (from luminal airspace to blood stream) are involved is unknown.  Large 
protein products (≥ 40 KDa) have been shown to be transported by transcytosis.   
In clinical studies, powder insulin was delivered using pulmonary inhaler.  In rats, the inhalation insulin 
was delivered by nose only while in monkeys via a head dome.  In anesthetized dogs, powder insulin 
was delivered via endotracheal tube.   These different methods/devices may have increased variability in 
insulin delivery.  Thus is not surprising that the relative bioavailability in animals ranged from 10 to 
90%.  The mean relative bioavailability of           formulation was about 44% in rats and 12% in 
monkeys.  In dogs and humans, the relative bioavailability was 7 and 10% respectively.  Accuracy of the 
pulmonary dose delivery (major factor), changes in the formulation and species difference appeared to 
account for most of the variability in the insulin bioavailability.   
 

  
 
2.6.4.4 Distribution:  
Multiple dose pre-clinical studies suggests that repeated administration of inhaled insulin does not lead 
to insulin accumulation.  This is in part due to biological nature of the insulin.  As a protein, insulin is 
rapidly degraded both locally in the lungs and in the circulation (i.e. liver).  In healthy subjects Tmax for 
INH ranged from 41 to 89 min compared to 63 to 148 min for SC insulin (lispro).  Tmax for INH in 
diabetics was between 38 and 78 min compared to SC insulin (83 to 258 min).  Cmax of INH was 
comparable to SC injectable insulin.  
 
 
2.6.4.5 Metabolism:  
Published studies suggest that most of the insulin degradation takes place in the lungs by enzymes 
resident in the airway fluid and as it is absorbed across the air/blood barrier.  Aminopeptidase is thought 
to be the primary enzyme responsible for the metabolism of insulin in the rat lungs.  Insulin degrading 
enzyme (IDE), a metalloprotease generally localized in the cytosolic compartment of cells with multiple 
cellular function also plays an important role.  Although rats are thought to have low levels of IDE in the 
lungs, theses enzymes in type 2 alveolar epithelial cells may account for 80% of insulin metabolism.  
Alveolar macrophages containing potent lytic enzymes also play an important role in degradation of 
insulin in the lungs.   Studies with labeled insulin have shown that absorbed insulin enters the interstitial 
tissue of alveoli with in 5 -30 min and is cleared from the lungs by 6 hrs. 
 
2.6.4.6 Excretion: Not performed 
2.6.4.7 Pharmacokinetic drug interactions: Not performed 
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2.6.4.8 Other Pharmacokinetic Studies:  
Absorption of early formulations of inhalation powder insulin was compared to SC insulin in 
rats (Report #AA001).  Aerosol 2 with higher relative bioavailability (44%) was selected as the 
most suitable formulation for insulin delivery by inhalation route. 
 
  

  
 
 
PK in Multiple Dose Studies: 
 
Pilot Pharmacokinetic study in rats 
In a single dose pilot rat study (n=3/sex/dose), the PK parameters and relative bioavailability of           
insulin formulation insulin was compared to SC insulin (Lilly).   The relative bioavailability of the 
inhaled insulin (         ) was approximately 64% in the pilot study.   The mean residence time (MRT), the 
time it takes for 63.2% of the administered dose to be eliminated from the body was 0.94 hrs in rats.  The 
clinical signs of hypoglycemia in the fasted rats were marked by lethargy, hypoactivity and 
unresponsiveness.  Based on observed hypoglycemia in the pilot study, 6 mg/kg/d was considered the 
maximum tolerated dose (MTD) in rats. 
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Pilot Pharmacokinetic study in Monkeys 
In a single dose pilot study in monkeys (n=1/sex/dose), the PK parameters and relative bioavailability of 
          insulin formulation was compared to SC insulin (Lilly).   The relative bioavailability of inhaled 
         n (         ) was approximately 92% in the monkeys.  The mean residence time (MRT), the time it 
takes for 63.2% of the administered dose to be eliminated from the body was 2.5 hr in monkeys. 
Hypoglycemia was the most frequent clinical signs.  Hypoglycemia was marked by lethargy, 
hypoactivity and unresponsiveness.  Due to hypoglycemia, the 0.6 mg/kg/d was considered the MTD in 
monkeys. 
 

   
 
30-Day Toxicokinetic Monkey Study 
Monkeys were administered aerosol insulin           at doses of 135 (LD) and 583 µg/kg/day (HD) for 30 
days.  Plasma insulin concentrations were highly variable (large standard deviations). 
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30-Day Toxicokinetic Rat Study 
In the 30-Day TK study, SD rats were exposed to 10, 30 and 60 min of                                                 .  
Control group was exposed to placebo for 60 min.  Blood samples were collected from the retro-orbital 
plexus for RIA analysis, of glucose and human insulin (RIA, Linco Research).   Pulmonary 
administration of insulin significantly increased serum insulin levels with accompanied decrease in 
serum glucose suggesting that pulmonary administered insulin is biologically active.  The decrease in 
serum glucose, however, appeared to lag behind the increase in serum insulin levels.  Although some 
serum insulin levels on Day 30 appeared to be higher than day 1, the overall variability prevented any 
kind of conclusion.  It is not clear whether higher trend in serum insulin on Day 30 was due to rat 
acclimation to the procedure, or insulin accumulation.  As a protein, insulin should be quickly degraded. 
 

 



Reviewer: Fred Alavi, Ph.D.    NDA No.21-868 
 
 

 21 
 

 



Reviewer: Fred Alavi, Ph.D.    NDA No.21-868 
 
 

 22 
 

6-Month Toxicokinetic Rat Study 
In the 6-month rat study, animals were administered insulin formulation           for 10, 30 and 60 
min (insulin concentration 0.2 mg/l).  Placebo animals received the excipients in the 
formulation (see table).  An air control group receiving only air stream was also included in the 
study.  Serum insulin levels were determined on Day 1, 91 and 182.  There was no apparent 
accumulation in serum insulin with repeated administration of aerosol insulin in rats.    
Variability in plasma insulin levels observed in rats after repeated administration of insulin by 
pulmonary route suggests that there are significant inter- and intra-animal differences in 
addition to differences in species. 
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6-Month Toxicokinetic Monkey Study 
Monkeys were administered insulin formulation           for 10, 30 and 60 min by inhalation route 
(insulin conc.  0.2 mg/l).  Placebo animals received the excipients in the formulation. A separate 
air control group received only filtered air. 
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Bioavailability study in dogs with the new formulation (60% insulin) 
In an acute dog study, AUC for inhalation insulin (2 mg or 52 units) was compared to SC 
insulin (0.36 mg/kg).  The relative bioavailability of inhalation insulin was 7% in dogs.  The 
arterial AUC364 min for inhalation and injectable insulin were 8600±1200 µU/ml and 10200 ±999 
µU/ml.  The variability in the AUC was slightly greater in the inhalation insulin.  In addition to 
the differences in the exposure tissue (lungs vs. subcutaneous) tissue, the inflexibility of 
inhalation dose adjustment (2 mg of blister pack) to dogs with BW ranging from 8 to 10 kg was 
likely an important contributor to AUC variability in dogs.  
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PK in humans 
Pharmacokinetic parameters of INH in humans were not affected by age, gender or body mass 
index of the diabetic subjects.  Mean glucose AUC concentrations after 4 mg INH in humans 
was similar to 12 Units of SC insulin.  Some of the factors that may affect Pk parameters of 
INH are smoking and diabetes. Absorption of INH was greater in diabetic subjects than healthy 
subjects.   Smoking increased the absorption rate and bioavailability of INH.  It appears that 
smoking can increase the permeability of the lungs to aerosols.  In smokers the Tmax was 
reduced to 20 to 30 min and Cmax increased by approximately 3 to 5 fold compared to non-
smokers.  The pk parameters of inhalation insulin in several clinical studies are shown in the 
table below. 
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The AUC for 4 mg (104 U) inhaled insulin appeared to be equivale         12 U of insulin by SC 
route.  The relative bioavailability of the EXUBERA®             with          insulin) was about 10% 
in humans.  Nearly 90% of the inhalation insulin is lost to complex          ery system, powder 
settlement in the device and degradation in the lungs.  Clinical data also have shown significant 
variability in drug delivery.  In 
addition to the factors identified 
in animals, insulin absorption in 
humans has been shown to be 
improved by smoking and 
decreased by emphysema.  
 
. 
 
 
 
 
 
 
 
2.6.4.9 Discussion and Conclusions  
 
The bioequivalence of different inhalation insulin formulations were compared to subcutaneous 
insulin in SD rats, monkeys, dogs and humans.  Several insulin formulations with different 
concentrations of excipients were formulated to enhance pulmonary absorption of insulin 
powder.  The mean relative bioavailability of the           aerosol insulin formulation (                     
                                                                ) was about 44% in rats and 12% in monkeys                 
and humans, the relative bioavailability of inhalation insulin (         ) was about 7 and 10%.    
 
Native insulin in blood is quickly degraded by the liver.  Insulin powder administered by 
inhalation is both metabolized locally by the lungs and by the liver after reaching the systemic 
circulation.  In chronic nonclinical studies, repeated administration of inhalation insulin was not 
associated with any notable insulin accumulation.  There was only a dose-related increase in 
serum insulin and decrease in serum glucose.  The variability in the relative bioavailability was 
a consistent finding across all inhalation insulin formulations and all species tested.  The 
contributing factors to variability in pulmonary insulin were likely due to the formulation, 
delivery method/device, species differences and pulmonary metabolism.  Additional 
contributing factors in humans are lung health status (i.e. emphysema) and smoking condition.  
Smoking has been shown to increase absorption rate and bioavailability of INH.  It appears that 
smoking can increase the permeability of the lungs to aerosols.  In smokers the Tmax was 
reduced to 20 to 30 min and Cmax increased by approximately 3 to 5 fold higher than non-
smokers.   
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2.6.4.10 Tables and figures to include comparative TK summary   
 

2.6.5 PHARMACOKINETICS TABULATED SUMMARY  
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2.6.6 TOXICOLOGY 
 
2.6.6.1 Overall toxicology summary   
 
General toxicology:   
The toxicology profile of injectable insulin has been well documented, thus the objectives of the 
nonclinical studies were to evaluate the impact of inhalation of powder insulin formulation, 
EXUBERA® on the respiratory tract, pulmonary histopathology and function.  Most of the 
toxicology studies included inhalation of fixed concentration of insulin for 5 to 60 min.   Studies 
also included an excipient control and a filtered air control group (6-month studies).  The 
aerosol powder insulin and placebo treatments were delivered to rats via nose only and to 
monkeys by a nose dome.  The pivotal nonclinical studies were performed with an earlier 
insulin formulation (           ,                        containing approximately                         The new 
insulin formulation             ,                            used in the phase 3 clinical trials which will be also 
be marketed commercially                           1-month bridging study in rats to test toxicological 
bioequivalence of the new formulation             .   

   
 
The non-clinical studies performed are listed in table below with full review in the appendix 
(page 82).  In the pilot and dose range finding studies in rats and monkey, insulin induced 
hypoglycemia was considered the dose limiting factor.  Therefore, 6 mg/kg/d and 0.6 mg/kg/d 
were considered the maximum tolerated dose (MTD) in rat and monkeys, respectively. 
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In the initial 1-month rat study # N001603C (0, 1.1, 3.2 and 6 mg/kg/d, n=10/sex/group) there 
were no notable clinical signs except for the decrease in plasma glucose concentration at 3.2 and 
6 mg/kg/d in males and at ≥ 1.1 mg/kg/d in females.  The death one female at 3.2 mg/kg/d after 
blood collection was not determined but was unlikely to be drug related.  There was a 
significant increase in absolute lung weights in males treated with 1.1 mg/kg/d and female at 6.0 
mg/kg/d.    The exact nature of the increase in lung weight was not clear since it occurred at low 
dose in males and at high dose in females.  Furthermore, there were no associated histological 
findings in the respiratory system.  Whether the variability in insulin bioavailability or 
individual sensitivity to exogenous insulin played regarding increases in lung weight is 
unknown.  The exposure to inhalation insulin doses in rats (1.1, 3.2 and 6 mg/kg/d) were 1.2, 
3.8 and 6.4 fold greater than clinical dose of 0.15 mg/kg/day based on mg/m2.   
 
In the 6-month rat study # N002448A, (0, 0, 1, 0.9, 2.7 and 5.8 mg/kg/d, n=10/sex/group), 
animals were treated via nose with 0.2 mg/L aerosol powder insulin for 10 min (low dose, 
M:0.83 and F: 0.96 mg/kg/d), 30 min (mid dose, M:2.55 and F: 2.92 mg/kg/d) and 60 min (high 
dose, M: 5.4 and F: 6.17 mg/kg/d).   The total inhaled mass in the placebo, LD, MD and HD 
groups were 25, 4, 13 and 27 mg/kg/d in females and 29, 5, 15 and 31 mg/kg/d in male rats, 
respectively. The placebo and air controls were exposed to 60 min of excipients and stream of 
air, respectively.  Additional animals (6-10/sex/group) were used for evaluation of pulmonary 
function and toxicokinetic parameters.   
There were total of seven deaths (main study: 3MD, 1 HD, TK study: 1 MD, 2HD). The causes 
of deaths were attributed to accidental trauma (2 MD), hypoglycemia (1MD, 2HD) and 
pathological conditions unrelated to insulin such as hydronephrosis and cystitis (1MD, 1HD).  
There were excipient or insulin related changes in body weight, ophthalmic or pulmonary 
function.  As expected aerosol insulin administration significantly reduced serum glucose levels 
in dose-related manner.   Serum insulin levels generally increased with increase in insulin dose 
but the increase was not dose-proportional due to variability in insulin concentrations.  Similar 
variability in serum insulin levels have been observed in other nonclinical and clinical studies. 
Evaluation of presence of antibodies found only slight increase above the assay detection limits 
in one rat treated with human insulin.  Although majority of the antibody concentrations were 
below assay detection limits, rat data collectively suggest antibody formation against 
recombinant human insulin. A slight increase in lung weight in the females at 2.7 mg/kg/d was 
not seen at higher doses or in males at any dose.  There were no notable drug related changes in 
macroscopic or microscopic evaluations.    The sporadic increases in lung weights were also 
noted in the 1-month study with no specific histopathology or in dose-related manner.  The most 
common histopath findings observed in the lungs were minimal to mild focal or multifocal 
chronic-active inflammation and aggregation of alveolar histiocytes (foam cells) in all groups 
including the excipient and air control groups.    
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Retrospective analysis of lung tissue for cell proliferation found no evidence of insulin or 
placebo related cellular proliferation.  Evaluation of the pulmonary function in rats found no 
significant drug-related change in pulmonary parameters. 
  

  
 
In the absence of any significant drug related finding, the maximum dose used in the 6-month 
rats study, 5.8 mg/kg/d was considered NOAEL.  The exposure at NOAEL was approximately  
6.2X the clinical dose of 0.15 mg/kg/d based on mg/m2. The safety margins for rat NOAEL dose 
based in alveolar surface area was slightly lower (4 fold the clinical dose).  The excipient 
concentrations in the 6-month study provided sufficient safety margins for the clinical dose.  
The safety margins for mannitol, Na citrate and glycine were 34, 40 and 20X the excipient 
concentrations in the clinical dose based on mg/m2, respectively. 
 
In the 1-month Cynomolgus monkey study # N001603B (placebo, 0.14 and 0.58 mg/kg/d, 
n=4/sex/dose), animals were treated with aerosol insulin (30 µg/L) for 12 min (LD) or 30 min 
(HD).   As expected, human insulin aerosol treatment decreased plasma glucose and increased 
plasma insulin in a dose-related manner in monkeys.  There was no notable change in body 
weight, clinical chemistry, hematology, ophthalmic or ECG parameters.  Respiratory function 
parameters measured during the study were not significantly affected by the aerosol insulin 
administration.  There were no antibodies against human insulin in serum suggesting that 
exogenous human insulin was not antigenic.   Insulin levels increased with increase in the 
insulin dose.  Serum insulin levels on Day 29 were higher than Day 1 in the high dose groups.  
It is not clear whether higher insulin levels were due to gradual accumulation of insulin in the 
lungs were acclimation of the animals to the inhalation procedure.   Histopathological 
evaluation of the tissues revealed no major findings except for minimal subacute inflammation 
of the nasal and tracheal mucosa and subacute inflammation were noted sporadically in all 
groups in a non-dose dependent manner.  The only adverse effects noted in the study were a few 
incidences of hypoglycemia in the high dose females which were resolved with dextrose 
administration also suggesting that the high dose was likely the maximum tolerated dose.  The 
exposure at LD (0.14 mg/kg/d) and HD (0.58 mg/kg/d) were approximately 0.3 and 1.2X the 
clinical dose of 0.15 mg/kg/day, based on mg/m2, respectively. 
 
In the follow up 6-month monkey study # N002448B (0, 0, 0.29 and 0.64 mg/kg/d, 
n=4/sex/group), animals were exposed to human insulin aerosol (30 µg/L) for 18 min (LD, 
M:0.298, F:0.284 mg/kg/day insulin) and 60 min (HD, M: 0.624 and F: 0.654 mg/kg/day 
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insulin).  Placebo (excipient) control and air controls were exposed for 60 min to excipients or 
filtered air, respectively.  Human insulin aerosol treatment decreased plasma glucose and 
increased plasma insulin in a dose-related manner.  Similar to the 1-month study, several 
incidences of hypoglycemia were noted in the high dose groups.   Body weight gain in the 
insulin treated groups increased relative to air control.  Respiratory difficulties were observed in 
some of the control and treatment groups in the first 2 to 3 weeks of the study, which were 
likely related to inhalation of the excipients.   A low incidence of cough and sneezing were 
observed through out of the study with inhalation of both insulin and placebo powder in 
monkeys.   
 

  
 
Examination of the lungs found no drug-related pathological abnormalities except for mature 
dense fibrous connective tissue in the periphery of the lung lobes representative of adhesion in 
one female at low dose.   Acute inflammation was noted in one low dose male and epithelial 
ulcer in one low dose female.  The remaining pulmonary, tracheal and larynx findings were seen 
in controls and treated groups thus were considered related to mechanical trauma due to 
bronchial alveolar lavage procedure.   

   
 
There were no notable treatment or excipient related changes in ophthalmic, hematologic, 
clinical chemistry, ECG, immunologic or pulmonary function.  The insulin exposure at 0.14 and 
0.64 mg/kg/d were approximately 0.6 and 1.4X the clinical dose of 0.15 mg/kg/day based on 
mg/m2. With the lower concentrations of excipients in the clinical insulin formulation, the safety 
margins for the excipients were adequate.  The safety margins for the mannitol, Na citrate and 
glycine were 8, 9 and 4X the excipients in the clinical dose based on mg/m2, respectively. 
To assess the toxicological equivalence of the new clinical insulin formulation,            a 1-
month bridging study was performed in rats (0, 0, 1, 3.2 and 5.9 mg/kg/day, n=10/sex/group, 
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study # 01-906-06).   Similar to other studies, the dose level was adjusted by changing the 
duration of the inhalation of 333 µg/L of insulin (LD: 10 min, MD: 30 min and HD: 60 min).  
The new formulation,           was made with               recombinant human insulin          ) 
containing lower proportions of mannitol, Na citrate and glycine.  In addition to TK group, the 
study also included a placebo (excipients) and air control (filtered air) groups similar to 6-month 
studies.  There were total of 3 deaths (1 air control, 1 placebo and 1 HD) that occurred on Day 
16.  Deaths appear to be CO2 anesthesia related.  There were no treatment related changes in 
BW, ophthalmic or hematology parameters in the main study. However, as expected plasma 
glucose levels decreased and serum insulin levels increased in a linear manner.  Glucose levels 
decreased within 30 min of MD and HD after insulin administration.  Analysis of antibody 
against human insulin found at least 18 animals (air control=1, LD=3, MD=5, HD=9) with 
antibody levels above the assay detection limits suggesting that human insulin with dissimilar 
sequence to rat insulin is weakly immunogenic in rats.  There were no drug-related changes in 
lung weight or any other organ weights, suggesting that sporadic increase in lung weight in rats 
is not consistent.  Whether the inconsistent increase in the lung weight is due to the variability 
in bioavailability or lung insulin sensitivity is not clear.  Histopathological analysis found 
minimal focal thickening of the lung interstitium in 1 MD and 1 HD female.  In addition 
minimal hyperplasia of the bronchial epithelium was noted in 1 placebo control and 1 MD male. 
Common to all rats was the incidence of alveolar inflammation.  Although there may have been 
a slight tendency for a treatment related effect on the lungs, collectively there was no concrete 
evidence of insulin related lung toxicity.  Pharmacokinetic analysis found no accumulation in 
serum insulin with repeated administration of           in the 1 month bridging study in rats.  The 
1-month bridging study findings appeared to be in agreement with the results of the 1 and 6-
month rats study with previous formulation (          .  The NOAEL dose of 5.9 mg/kg/d was 
approximately 6.4 fold the clinical dose of 0.15 mg/kg/d, based on mg/m2.  The  
 
Human safety margins for the clinical dose of 0.15 mg/kg/d was calculated based on body 
weight, body surface area and alveolar surface area.   

Human safety margins (animal/human) based on 
different criteria 

Species Dose, 
mg/kg/d 

Dose, 
mg/m2 

mg/kg body 
weight 

mg/m2  body 
surface area 

mg/m2 alveolar 
surface area 

1.1 6.6 7 1  
3.2 19.2 21 4  

Rat, 1-month study 

6 36 40 6 4 
0.14 1.68 1 0.3  Monkey, 1- month study 
0.58 7 4 1.2 1 
0.9 5.4 6 1 0.6 
2.7 16.2 18 3 2 

Rat, 6-month study 
(NOAEL 5.8 mg/kg/d) 

5.8 35 39 6 4.0 
0.29 3.4 2 0.6 0.5 Monkey, 6-month study 

(NOAEL 0.64 mg/kg/d) 0.64 7.7 4 1.4 1 
Rat, 1 month bridging study 5.9 36 40 6 4 
Clinical therapeutic dose, 
                 0.15 mg/kg/d 

0.15 5.6    

 
Since the safety margins based body surface area (1.4 to 6 fold) and alveolar surface area (1 to 4 
fold) were in close agreement and in stark contrast to overstated safety margins based on mg/kg 
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body weight, the safety margins based on mg/m2 were used throughout the review.  As for the 
excipients, the higher proportion of mannitol, Na citrate and glycine in the           formulation 
provided even greater safety margin than the “to be marketed” clinical formulation,             The 
safety margins the excipients based on mg/m2 and body weight for are listed in tables below.   
 
Human Safety margin for excipients based on body surface area (mg/m2) 

Excipient doses,  
mg/kg/day (mg/m2) 

Human safety margins (animal/human) 
based on body surface area, mg/m2 

Species 

Mannitol Na Citrate 
 

Glycine 
 

mannitol Na Citrate Glycine 

Rat, 6-month study 5.3 
(31.8) 

17.1 
(102.6) 

0.8 
(4.8) 

34 40 20 

Monkey, 6-month study 0.582 
(6.98) 

1.89 
(22.7) 

0.083 
(1) 

7.5 9 4 

Clinical dose of excipients, 
mg/kg/d  (mg/m2) 

0.025 
(0.93) 

0.0687 
(2.54) 

0.0065 
(0.24) 

   

 

 
 
 
 
Genetic toxicology:  The sponsor had conducted several genotoxicity studies for the insulin 
formulation.  Under the assay conditions, insulin was not genotoxic.  
 
Carcinogenicity:  Insulin is an endogenous protein with long history of use in humans, thus 
required no specific carcinogenicity studies.  The excipients used in the formulation are 
generally regarded as safe (GRAS).   
 
Reproductive toxicology:  No specific reproductive toxicity studies were done or required. 
 
Special toxicology: NA 
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2.6.6.2 Single-dose toxicity.   
Single dose studies were briefly reviewed but will not be discussed here due to limited 
toxicological value.  
 
2.6.6.3 Repeat-dose toxicity   
 The 6-month rat and monkey studies were reviewed earlier by Dr. Herman Rhee.  The reviews 
are attached to the appendix on page 73. 
 
Study title:  One month inhalation toxicity study with insulin powder to rats 
 
Key study findings:  In this 1-month rats study (333 µg/L of insulin for 10, 30 ad 60 min), animals were 
treated with the clinical formulation              containing                                   ).  The study was designed 
to bridge previous pre-clinical studies with earlier form                                    ning                      and to of 
confirm the toxicological equivalence of the two formulations.  As expected there was a significant dose-
related decrease in blood glucose and increase in serum insulin levels.  Although there appeared to be 
slight increase in incidence of focal thickening of the interstitium with alveolar inflammation in 1 MD 
and 1 HD female and hyperplasia of bronchial epithelium in 1 vehicle and 1 HD male, the pulmonary 
signals were not decisive.  Analysis of insulin antibodies revealed a small but dose-related increase (3 
LD, 5 MD and 9 HD) in insulin antibodies above the limits of quantification (3 µU/ml).   
 
Study no.: 01-906-06                   MN10214) 
Volume #, and page # electr  nic submission, page 1-340 
Conducting laboratory and location:                                                                                       
Date of study initiation:  Aug 20, 2001 
GLP compliance:  yes 
QA report:  yes ( x ) no (  ) 
Drug, lot #, and % purity:  lot#                                                                           
Methods 

 
 
 Doses:  333 µg/L for 10, 30 ad 60 min for LD, MD, HD, respectively 
 Species/strain:  Crl: CD® (SD) IGS BR, Charles River Labs 
 Number/sex/group or time point (main study):  20/sex/dose 
 Route, formulation, volume, and infusion rate:  inhalation 
 Satellite groups used for toxicokinetics or recovery:  yes 
 Age:  6-8 weeks 
 Weight: 128.8 to 278.2 g 

Sampling times:    TK samples for analysis of glucose and insulin were collected at 3, 10 and 30 
min post exposure from groups 2, 3, 4 and 5 on Day 1 and 30.  Blood samples were also 
collected for human insulin antibody analysis on Day 31 at the time of necropsy. 
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Unique study design or methodology (if any):  This study was designed to bridge the existing 
pre-clinical studies with old formulation (                        to new clinical formulation containing 
                       Animals were exposed by nose only to the dry insulin powder. Control animals 
were exposed to vehicle excipients in the insulin powder or air for 60 min.  Histopathology of 
the entire respiratory tract (nasal turbinates, larynx, trachea and lungs with bronchial tree) was 
also examined.  Aerosol samples were analyzed for spatial and temporal uniformity.  Spatial 
uniformity is defined as the percent relative standard deviation (%RSD) of the mean aerosol 
concentration measurements collected from each of the different tiers. Chamber aerosol 
concentration spatial uniformity data indicated a uniform distribution (11 to 14 %RSD) of the 
aerosol within each exposure chamber.  Temporal stability is defined as the percent relative 
standard deviation (%RSD) of the aerosol concentration from a series of aerosol filter samples 
collected at the reference port of the exposure system over the duration of the expected dose 
period.  The results of the aerosol concentration temporal stability testing indicated stable 
aerosol concentrations (5 to B%RSD).  

 

  
 
 
Observations and times:  
Mortality:  daily observation 
Clinical signs:  twice daily 
Body weights:  weekly 
Food consumption:   not measured 
Ophthalmoscopy:  yes (before and near the end of the study) 
EKG:  not measured 
Hematology:  standard hematology 
Clinical chemistry:  standard clinical chemistry plus insulin and human insulin antibodies  
Urinalysis:  not measured 
Gross pathology:  standard tissue  
Organ weights (specify organs weighed if not in histopath table):  Adrenal glands, brain, heart, kidneys,   

liver, lungs, ovaries and testes 
  
Histopathology: Adequate Battery:  yes ( X ),  no (  )  (Full standard tissue pathology list) 
  Peer review:   yes ( x ),  no (  ) 
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Results 
There was variability in the aerosol concentrations.  Overall data suggest, the administered doses were 
close to target value of 333 µg/L.  
 
     
 
 
 
 
 
 
 
 
 
Mortality:   

• 3 Males in the main study died prior to inhalation on Day 16 during clinical pathology blood 
collections (#107, air control, #203, 0 mg/kg insulin, #501, 6 mg/kg insulin).  There were no 
notable clinical observations, injury or microscopic findings.  Since animals were anesthetized 
by CO2 for blood collection, it is likely that there was too high of exposure to CO2. 

 
Clinical signs:   

• Nine males and 5 females had clinical signs (alopecia, physical restraint abrasions) however, the 
abnormal clinical signs were not insulin or excipient related.    

 
Body weights:  

• There were no insulin related changes in body weight.  The BW of male non-exposed satellite 
group was higher than males in air control groups.  This is likely due to less activity and stress. 
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Ophthalmoscopy:  No insulin or excipient-related ophthalmic findings 
Hematology:  No notable finding 
 
Clinical chemistry:   
No notable insulin dose-related findings except for insulin, glucose and triglycerides.  

• On Day 31, triglycerides in the HD males (6 mg/kg/day) increased by 64% relative to air control 
and 44% relative to vehicle control (no change in triglycerides on Day 16). 

• On Day 1, glucose levels in LD, MD and HD males decreased by 11, 36 and 44% in males and 
1in females by 7, 33 and 52%, respectively.   

• On Day 30, glucose levels in LD, MD and HD males decreased by 9, 13 and 39% and in females 
by 24, 38 and 47%, respectively. 

• Significant decrease in glucose levels in rats at MD and HD at 30 min post dose on Day 1 and 
Day 30 suggests insulin was getting absorbed through the lungs after aerosol nose delivery of 
powder insulin.   

 

  
 
Analysis of human insulin antibody in rats 
Since the aerosol insulin was a recombinant human insulin, the antibodies in rat serum against human 
insulin was evaluated.   

• Majority of samples were below the insulin antibody assay limits of quantification (<3µU/ml).   
• Few serum samples from air control (n=3), vehicle control (n=1) low dose (n=3), mid dose (n=5) 

and high dose (n=9) had insulin antibodies that were above the limits of quantification in the 
antibody assay (3µU/ml of serum).  

• Overall, the insulin antibody formation appeared to increase with increase in recombinant human 
insulin dose suggesting that aerosol human insulin is weakly immunogenic. 
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Gross pathology:   
No drug or vehicle-related macroscopic findings.  As noted earlier there were 3 unscheduled deaths.  The 
deaths appeared to be due to blood collection with no respiratory tract pathology.  
 
Organ weights: No drug or vehicle-related change in organ weight.   
Histopathology:  

• Minimal focal thickening of the interstitium (inflammation, interstitial) associated with alveolar 
inflammation 1 MD, 1 HD female. This is occasionally seen in healthy animals as well. 

• Hyperplasia of bronchial epithelium in 1 male vehicle and 1 MD male 
• Small epithelial polyp in bronchus of 1 air control male 
• Isolated inflammatory foci in the nose and lungs of most rats including air control and vehicle 

control, likely related to route used in the study 
• There were no clear relationship between lung observations and treatment.  However, there 

appeared to be a trend to slightly higher incidence of interstitial thickening in vehicle and insulin 
treated groups.  
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Toxicokinetics:   

• On Day 1, mean maximum insulin levels in rats treated with 1 (LD), 3 (MD) and 6 mg/kg (HD) 
insulin were 174, 582 and 394 ng/ml in males and 171, 323 and 274 ng/ml in females  

• On Day 3, mean maximum insulin levels in rats treated with 1 (LD), 3 (MD) and 6 mg/kg (HD) 
insulin were 82, 200 and 456 ng/ml in males and 292, 326 and 280 ng/ml in females  
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Supplemental Toxicity studies: 
 
Study Title: Assessment of cellular proliferation indices in the lungs of Cynomolgus monkeys and   
 SD rats (Study #01-906-05) 
 
The potential for recombinant insulin administered by pulmonary route (inhalation) to induce 
proliferation of lung cellular indices were evaluated from subgroup of animals in the 6-month toxicology 
studies.     Lung samples fixed in formalin from a subgroup of monkeys (air and vehicle controls, 06 
mg/kg/d, n=4/sex/grup) and rats (air and vehicle controls, 6 mg/kg/d, n=10/sex/group) were used the 
immunohistochemistry staining with Ki-67 and PCNA, markers of cell proliferation.  Ki-67 is rabbit 
polyclonal antibody used in labeling proliferating cells in variety of tissue types and works well with 
formalin fixed tissue samples.  PCNA is a mouse IgG2a antibody used primarily to stain cell nuclei at 
different stage of cell division (S phase, G1 and G2 phases).  
Results: 
The lung tissues from monkeys and rats were successfully stained with Ki-67 and PCNA antibodies.  
The positive control, peribronchiolar lymphoid tissues from all animals had distinct yellow-brown 
staining of nuclei suggesting the staining procedure was reliable.  There was no statistical difference in 
control and insulin treated groups for bronchiole or alveolar cell labeling indices.   
In monkeys the mean labeling indices in the terminal/respiratory bronchiolar epithelium for all groups 
were less than 2% (range: 0.97-1.99%).  Mean alveolar labeling indices for monkeys were less than 1% 
(range: 0.5 1-0.95%).  In rats the mean labeling indices for bronchioles were less than 1% (range:0.20- 
0.63%) and the mean alveolar labeling indices were slightly lower (range: 0.15-0.49%).  In both of these 
6-month inhalation studies there was no evidence of a treatment-related increase in cell proliferation in 
the lungs of either species.  The absence of lung cell proliferation evaluated by immunohistochemistry 
supports lack of histopathology reported in the 6-month rat and monkey toxicology studies. 
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Title: Radioligand binding assay for insulin antibodies in serum and bronchial alveolar lavage 
 samples from 6-month inhalation toxicity study of aerosol insulin in monkeys (01-906-02) 
 
To examine the potential neutralization of recombinant human insulin, the presence of antibody to 
human insulin in the 6-month monkey study was evaluated using enzyme-linked immunosorbent assay 
(ELISA, Study # N002448B). The samples were also measured using a validated monkey anti-human 
insulin antibody radioligand binding assay (RLB) assay. 
 
Results: 
There were no detectable insulin antibodies in serum samples collected pre-dose and on Day 183 post 
dose and in bronchial alveolar lavage fluid (BAL) samples collected on Day 183 from monkeys.  The 
samples were also evaluated using RLB.  The RLB assay is a very sensitive assay for measuring insulin-
specific antibodies the samples.  Using this RLB assay, insulin antibodies were not detected in most of 
the stored serum and BAL. A few serum and BAL samples from both control and insulin-treated 
monkeys had measurable antibodies slightly above the limit of quantitation (LOQ).  Overall the findings 
suggest that inhaled insulin did not result in notable insulin antibody formation in monkeys. It should be 
noted that the degradation of antibodies during storage (approximately 3.5 years) could have affected the 
sample integrity. 

  
 
 
Title: Radioligand binding assay for insulin antibodies in serum samples from 6-month inhalation 
 toxicity study of aerosol insulin in rats (01-906-03). 
 
To examine the potential for neutralization of recombinant human, the presence of antibody to human 
insulin in the 6-month rat study was evaluated using a validated rat anti-human insulin antibody 
radioligand binding assay (RLB) assay. 
 
Results: 
Except for one rat treated with 3 mg/kg/d of inhaled insulin (3.6µU/ml), the antibody levels in rats were 
below the assay detection limit of 3 µU/ml.  
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2.6.6.4 Genetic toxicology   
 
Study title:  Bacterial Reverse Mutation Test 
 
Key findings:  The genotoxic potential of               insulin (                batch #            was tested 
using Salmonella strains TA100, TA1535, TA1537 and TA98 and E.coli WP2uvrA at insulin 
concentration ranging from 4 to 5000 µg/plate in the presence and absence of metabolic 
activation (S9 mix).                 was not mutagenic under the assay conditions described. 
 
Study no.:  98.0020  
Volume #, and page #:  electronic submission 
Conducting laboratory and location:                                                                               
Date of study initiation:  January 28, 1                              
GLP compliance: yes   
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  Bach #                                                         
 
Methods 
Strains/species/cell line:    

Additional mutation Tester bacterial strains his/trp mutation 
Repair Lipopolysaccharide 

Plasmid 

Salmonella typhimurium 
       TA98           (frameshift)      
       TA100         (base shift) 
       TA 1535     (base shift) 
       TA 1537     (frame shift) 

 
hisD3052  
hisG46  
hisG46  
hisC3076 

 
uvrB 
uvrB 
uvrB 
uvrB 

 
rfa 
rfa 
rfa 
rfa 

 
pKM101 
pKM101 

- 
- 

Escherichia coli         WP2  trp  uvrA, - pKM101 
 
Doses used in definitive study:   
Without metabolic activation: 4, 20, 100, 500, 2500 and 5000 µg/plate 
With metabolic activation: 4, 20, 100, 500, 2500 and 5000 µg/plate 
 
Basis of dose selection:  Standard limit dose is 5000 µg/plate.  In the dose ranging study used to 
determine toxicity and dose selection for the definitive test, the maximum insulin concentration 
was 5000 µg/kg/day.  
 
Negative controls: Untreated and vehicle control (dH20), DMSO was for positive controls 
Positive controls:   
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Incubation and sampling times:   
For metabolic activation, liver microsomes from rats treated with Aroclor (500 mg/kg, IP) were used.  
Triplicate plates were prepared for each concentration including positive and negative controls and 
solvent vehicle.   For mutagenicity testing top agar was prepared for the Salmonella strains by mixing 
100 ml agar (0.6 % (w/v) agar, 0.5 % (w/v) NaCl) with 10 ml of a 0.5 mM histidine-biotin solution. With 
E. coli, histidine was replaced by tryptophan (2.5 ml, 0.5 mM).  The following ingredients were added to 
2 ml of molten top agar: 
 

0.5 ml S9-mix (if required) or buffer 
0.1 ml of an overnight nutrient broth culture of the bacterial tester strain 
0.1 ml test compound suspension (suspended in double-distilled water) 

 
After mixing, the liquid was poured into a petri dish containing a 25 ml layer of minimal agar (1.5 % 
(wlv) agar, Vogel-Banner E medium with 2 % (wlv) glucose). After incubation for approximately 48 
hours at approximately 37 °C in the dark, colonies (his and trp revertants) were counted with an 
automatic colony counter 
 
Analysis: 
No. slides/plates/replicates/animals analyzed: 3 plate/ dose 
Cytotoxic endpoints: prevention of normal growth of bacteria (antibacterial toxic effect) 
Genetic toxicity endpoints/results: revertant mutation 
Statistical methods: No specific statistical methods were used except for mean ± SD. 

Results 
Study validity:   
The assay is considered valid if the foil owing criteria are met: 

• the solvent control data are within the laboratory’s normal control range for the spontaneous 
mutant frequency 

• the positive controls induced increases in the mutation frequency which were both statistically 
significant and within the laboratory’s normal range 

 
Criteria for a positive response: A test compound is classified as mutagenic if it has either of the 
following effects: 

• it produces at least a 2-fold increase in the mean number of revertants per plate of at least one of 
the tester strains over the mean number of revertants per plate of the appropriate vehicle control 
at complete bacterial background lawn 

• it induces a dose-related increase in the mean number of revertants per plate of at least one of the 
tester strains over the mean number of revertants per plate of the appropriate vehicle control in at 
least two to three concentrations of the test compound at complete bacterial background lawn. 

• If the test substance does not achieve either of the above criteria, it is considered to show no 
evidence of mutagenic activity in this system. 

• The test results must be reproducible. 
 
Study outcome:   
Insulin batch #          was dissolve in sterile distilled water and tested at up to maximum 
acceptable concentration of 5000 µg/plate.  Insulin did not produce an increase in reverse 
mutations in any of the bacterial strains tested.  Positive controls produced significant mutation 
in the bacterial strai                           at the study was valid and acceptable.  Under the conditions 
of the assay insulin                            from               was not mutagenic in the presence or absence 
of metabolic activat                            o bacterial reverse mutation assay. 
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Study title:  Bacterial Reverse Mutation Test 
 
Key findings:  The genotoxic potential of insulin (                batch               was tested using 
Salmonella strains TA100, TA1535, TA1537 and TA98 and E.coli WP2uvrA at insulin 
concentration ranging from 4 to 5000 µg/plate in the presence and absence of metabolic 
activation (S9 mix).                 was not mutagenic under the assay conditions described. 
 
Study no.:  98.0073  
Volume #, and page #:  electronic submission 
Conducting laboratory and location:                                                                               
Date of study initiation:  January 28, 1998 /Jan 30, 1998 
GLP compliance: yes   
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  Bach                                                                                    
 
Methods 
Strains/species/cell line:    

Additional mutation Tester bacterial strains his/trp mutation 
Repair Lipopolysaccharide 

Plasmid 

Salmonella typhimurium 
       TA98           (frameshift)      
       TA100         (base shift) 
       TA 1535     (base shift) 
       TA 1537     (frame shift) 

 
hisD3052  
hisG46  
hisG46  
hisC3076 

 
uvrB 
uvrB 
uvrB 
uvrB 

 
rfa 
rfa 
rfa 
rfa 

 
pKM101 
pKM101 

- 
- 

Escherichia coli         WP2  trp  uvrA, - pKM101 
 
Doses used in definitive study:   
Without metabolic activation: 4, 20, 100, 500, 2500 and 5000 µg/plate 
With metabolic activation: 4, 20, 100, 500, 2500 and 5000 µg/plate 
 
Basis of dose selection:  Standard limit dose is 5000 µg/plate.  In the dose ranging study used to 
determine toxicity and dose selection for the definitive test, the maximum insulin concentration 
was 5000 µg/kg/day.  
 
Negative controls:    Untreated and vehicle control (dH20),  
   DMSO was used for positive controls 
 
Positive controls:   
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Incubation and sampling times:   
For metabolic activation, liver microsomes from rats treated with Aroclor (500 mg/kg, IP) were used.  
Triplicate plates were prepared for each concentration including positive and negative controls and 
solvent vehicle.   For mutagenicity testing top agar was prepared for the Salmonella strains by mixing 
100 ml agar (0.6 % (w/v) agar, 0.5 % (w/v) NaCl) with 10 ml of a 0.5 mM histidine-biotin solution. With 
E. coli, histidine was replaced by tryptophan (2.5 ml, 0.5 mM).  The following ingredients were added to 
2 ml of molten top agar: 
 

0.5 ml S9-mix (if required) or buffer 
0.1 ml of an overnight nutrient broth culture of the bacterial tester strain 
0.1 ml test compound suspension (suspended in double-distilled water) 

 
After mixing, the liquid was poured into a petri dish containing a 25 ml layer of minimal agar (1.5 % 
(wlv) agar, Vogel-Banner E medium with 2 % (wlv) glucose). After incubation for approximately 48 
hours at approximately 37 °C in the dark, colonies (his and trp revertants) were counted with an 
automatic colony counter 
 
ANALYSIS: 
No. slides/plates/replicates/animals analyzed: 3 plate/ dose 
Cytotoxic endpoints: prevention of normal growth of bacteria (antibacterial toxic effect) 
Genetic toxicity endpoints/results: revertant mutation 
Statistical methods: No specific statistical methods were used except for mean ± SD. 

Results 
Study validity:   
The assay is considered valid if the foil owing criteria are met: 

• the solvent control data are within the laboratory’s normal control range for the spontaneous 
mutant frequency 

• the positive controls induced increases in the mutation frequency which were both statistically 
significant and within the laboratory’s normal range 

 
Criteria for a positive response: A test compound is classified as mutagenic if it has either of the 
following effects: 

• it produces at least a 2-fold increase in the mean number of revertants per plate of at least one of 
the tester strains over the mean number of revertants per plate of the appropriate vehicle control 
at complete bacterial background lawn 

• it induces a dose-related increase in the mean number of revertants per plate of at least one of the 
tester strains over the mean number of revertants per plate of the appropriate vehicle control in at 
least two to three concentrations of the test compound at complete bacterial background lawn. 

• If the test substance does not achieve either of the above criteria, it is considered to show no 
evidence of mutagenic activity in this system. 

• The test results must be reproducible. 
 
Study outcome:   
Insulin batch #           at concentrations up to 5000 µg/plate was tested for genotoxicity using in-
vitro reverse bacterial mutation assay.   Insulin did not produce a reverse an increase in 
mutations in any of the bacterial strains tested.  Positive controls produced significant mutation 
in the bacterial strains suggesting the study was valid and acceptable.  Under the conditions of 
the assay insulin                                        ) was not mutagenic in the presence or absence of 
metabolic activation  in the bacterial reverse mutation assay. 
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2.6.6.5 Carcinogenicity:  No performed. 
 
 
2.6.6.6 Reproductive and developmental toxicology: Not performed. 
 
 
2.6.6.10 Tables and Figures (includes in the studies) 

 

2.6.7 TOXICOLOGY TABULATED SUMMARY  
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions:   
EXUBERA® is new recombinant human inhalation insulin formulation being developed by 
Pfizer for the treatment of diabetes.  This new powder inhalation insulin is formulated with the 
excipients mannitol, sodium citrate and glycine.  To enhance bioavailability and stability of the 
powder insulin for inhalation, several formulations had been tested.  Early in the development, 
the           formulation containing                                         was prepared.  The sponsor used the    
        insulin formulation in all the non-clinical studies as well as in some clinical studies.  Late   
in development, the new formulation,           containing                                                              
was used in the phase 3 clinical trails as well as in the 1-month bridging toxicity study in rats.  
This formulation will be also marketed commercially. 
 
Administration of inhalation insulin powder produced a dose-related decrease in glucose and 
increase in serum insulin in rodent and monkey toxicology studies. With hypoglycemia limiting 
the insulin dose, 6 mg/kg/d in rats or 0.6 mg/kg/d in monkeys were considered the MTD.  Due 
to extensive clinical experience with injectable insulin, the scope of the nonclinical studies was 
limited to the 6-month rat and monkey studies with no carcinogenicity or reproductive 
toxicology studies.  The objectives of the rat and monkey studies were to evaluate the impact of 
the inhalation insulin on lung morphology and function and the potential for formation of 
antibodies.  Administration of INH to rats up for to 6-months via nose produced non-dose 
dependent and sporadic increases in lung weight.  Since the increase in lung weight occurred 
either at low dose (1.1 mkd) in males or high dose (6 mkd) in female in the 1-month study or at 
mid dose (2.7 mkd) in the 6-month study and was absent at any dose in the 1-month bridging 
study, it was not clear whether the increase in lung weight were coincidental or drug related.  
There was no apparent correlation between increased lung weight and serum insulin 
concentrations or any specific lung pathology in rats.  The incidences of inflammation and 
aggregation of alveolar histiocytes (foam cells) were seen in all groups in the 6-month rats study 
and retrospective analysis of lung tissue found no treatment related increase in cell proliferation.  
Furthermore, pulmonary function was unaffected with inhalation insulin in rats, suggesting that 
rat toxicology study was unable to detect any significant drug related lung toxicity. 
 
Inhalation insulin administered to monkeys for up to 6-months has no specific effect on 
pulmonary function or lung weights.  Monkeys treated with placebo or insulin had a greater 
incidence of cough and sneezing throughout the investigation.  Histological examination did not 
identify any drug-related pathology except for mature dense fibrous connective tissue in the 
periphery of the lungs lobes representative of adhesion in the low dose females.   Acute 
inflammation was also noted in one low dose male.   Most of the findings in the respiratory tract 
appeared to be related to mechanical trauma due to alveolar lavage or possible the drug delivery 
method.  Inhalation insulin up to 0.64 mg/kg/d had no effect on ECG, ophthalmic or pulmonary 
function in monkeys.   Safety pharmacology study with insulin reported an increase in systolic 
blood pressure in dogs.  This finding is in agreement with published literature with injectable 
insulin.  Insulin has been shown to have both chronotropic and inotropic effects on heart.  It 
seems that inotropic and chronotropic effects take place at much higher dose than the 0.6 
mg/kg/d used in the 6-month monkey study. 
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Since insulin used in the formulation is recombinant human insulin, the potential for formation 
of antibodies and neutralization were evaluated in both rats and monkey.  There was no 
evidence of antibody formation or decrease in insulin activity in monkeys.  Lung lavage 
analysis found no measurable antibody presence in either rat or monkey.  However, in rats, 
serum analysis found several samples to have antibodies against human insulin slightly above 
the assay limits of quantification.  Since, human insulin sequence is different from rat, the weak 
antibody response in not unexpected. There was no evidence that insulin activity was 
diminished with repeated exposure in either rats or monkeys.  The toxicokinetic evaluation 
found no insulin accumulation with repeated administration of inhalation insulin in either rats or 
monkeys.  This is not unexpected since insulin is a protein and rapidly degraded in the lungs 
and in the circulation.  It should be noted that variability in the bioavailability of inhalation 
insulin and serum insulin concentration made it very difficult to correlate insulin exposure to 
occasional toxicological findings.  Whether the absence of any specific dose-related findings 
were related to variability in bioavailability, dose limitation, or real absence of toxicological 
findings is not clear.  In absence of any specific pulmonary finding, the NOAEL dose was 5.8 
mg/kg/d in rats and 0.64 mg/kg/d in monkeys.  The safety margins based on the NOAEL dose 
in rats and monkeys were approximately 6 and 1.4 fold the clinical dose of 0.15 mg/kg/d based 
on mg/m2, respectively. The non-clinical studies provided significant safety margins for the 
excipients, mannitol, sodium citrate and glycine (Rats: 34, 40 and 20X, Monkeys: 8, 9 and 4X 
the clinical dose, based on mg/m2, respectively).  Although there may have been a slight 
tendency for a treatment related effect on the lungs, collectively there was no concrete evidence 
of insulin related lung toxicity. The potential value of both rat and monkey toxicology studies 
were limited by low insulin dose due to hypoglycemia and stressful mechanism of drug 
delivery, low number of animals per treatment and limited duration of exposure.   Considering 
the limitations of the nonclinical studies, there were no specific and consistent pulmonary 
findings in rats and monkeys to suggest that administration of inhalation insulin would be pose 
a safety concern to humans.    
 
Human Safety margin for inhalation insulin:  

Human safety margins (animal/human) based on 
different criteria 

Species Dose, 
mg/kg/d 

Dose, 
mg/m2 

mg/kg body 
weight 

mg/m2  body 
surface area 

mg/m2 alveolar 
surface area 

1.1 6.6 7 1.2  
3.2 19 21 4  

Rat, 1-month study 

6 36 40 6 4 
0.14 1.7 1 0.3  Monkey, 1- month study 
0.58 7 4 1 1 
0.9 5.4 6 1 0.6 
2.7 16 18 3 2 

Rat, 6-month study 
(NOAEL 5.8 mg/kg/d) 

5.8 35 39 6 4 
0.29 3.4 2 0.6 0.5 Monkey, 6-month study 

(NOAEL 0.64 mg/kg/d) 0.64 7.7 4 1.4 1 
Rat, 1 month bridging study 5.9 36 40 6 4 
Clinical therapeutic dose, 
                 0.15 mg/kg/d 

0.15 5.6    
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Recommendations:  Approval 
 
Suggested labeling:   

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenicity and fertility studies were not performed. Insulin was not mutagenic 
or clastogenic with or without metabolic activation in the Ames test with Salmonella 
typhimurium and Escherichia coli.  
 
Pregnancy Category C 
Animal reproductive studies have not been performed with EXUBERA®.  Whether 
EXUBERA® can cause fetal harm when administered to pregnant women is 
unknown.  

 
Signatures (optional):    
  
Reviewer Signature ___________________________________ 
 
Supervisor Signature_____________________________ Concurrence  Yes ___  No ___  
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STUDY: 30-DAY INHALATION TOXICITY STUDY OF AEROSOL INSULIN IN 
RATS                                                                 
 
Objective: To characterize the toxicity profile of aerosol insulin administered to male and female rats via 
inhalation for 30 days. 
Test article: Lot                                                                
 
Methods:  
A total of 80 male and 80 female Sprague-Dawley rats were used for the 30-day nose-only inhalation 
study. The rats were assigned to the various study groups as shown below. The satellite group rats were 
used for determination of baseline endogenous insulin and glucose. 

Experimental Group Aerosol Conc.      
(mg/L) 

Exposure 
Duration(min) 

Numbers of rats/sex 

Control       1      60      10 

Low dose       1      10      20 

Mid-dose       1      30      20 

High dose       1      60      20 

Satellite     None     None      10 

 
                                                                                                                                                                       
                                                                                                                                                                             
 
Results: 
Inhaled daily dose determination: The mean total inhaled mass dosages for the female animals were 
34.18, 5.71, 16.91, and 31.79 mg total inhaled mass/kg body weight/day for vehicle control, low, mid, 
and high dose groups, respectively.  The mean inhaled insulin dosages for the male animals were 0, 1.02, 
3.00, and 5.68 mg inhaled insulin/kg body weight/day for control, low, mid, and high dose groups, 
respectively. 
 
Clinical observations: There were no test article related effects, although there were signs that might 
have been related to physical trauma caused by restraint in nose-only inhalation tubes. 
 
Toxicokinetics:  
The mean serum glucose levels for male rats in the mid- and high dose groups and all treated females 
were lower than means for satellite group rats on Day 1 and Day 30. There was general increase in 
serum insulin levels in treated rats, which was preceded the reduction of serum glucose. 
 
Clinical Pathology:  
Sporadic increased or decreased pathology values were noted, which were not dose-dependent. There 
were no apparent test article related differences in organ weights, histopathology, and necropsy findings. 
 
Conclusions:  
Aerosol insulin was biologically active in the rat as indicated by the statistically significant decrease in 
mean serum glucose levels at Day 1 and Day 30.  The time to maximum serum insulin concentrations 
was encompassed by the 30-minute post exposure blood collection periods. There was no clear 
indication of toxicological effects of aerosol insulin. 
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Study: 30-DAY INHALATION TOXICITY STUDY OF AEROSOL INSULIN IN 
CYNOMOLGUS MONKEYS (N001603B).   
 
This study was conducted by                                                                                 under GLP conditions. 
 
Objective: to characterize the toxicity profile of aerosol insulin administered to male and female 
monkeys via inhalation for 30 days. 
 
Test Article (Lot                                               ) contains          recombinant human zinc insulin,               
sodium citrate,          % mannitol,             glycine and             citric acid.  
 
Methods:  
A total of 12 male and 12 female cynomolgus monkeys (Macaca fasicularis) were used. The animals 
were treated by head-only inhalation exposure to an aerosol of the test article or vehicle. The exposure 
groups and exposure levels were: 
 

Exposure 
Group 

Animal # 
and Sex 

Aerosol 
Conc(µg/L) 

Insulin 
Conc(µg/L) 

Exposure    
Time(min) 

Control 4M + 4F    150      0     60 

Low Dose 4M + 4F    150     30     12 

High Dose 4M + 4F    150     30     60 

 
Results: 
1) Dose estimation: The validation trials indicated that the delivery system was operated as designed.  
The following daily dosages were delivered. The expected maximum clinical dosage is 154 µg/kg/day 
and the high dose was sufficient to produce hypoglycemia in the female monkeys. 
 

            Inhaled Insulin Dosage (µg/kg/day)               

Group     Males    Females  Group Mean 

Control       0       0      0 

Low-dose     136     133    135 

High-dose     521     645    583 

 
Clinical observations:  
There were no male animals that had abnormal clinical symptoms attributed to exposure to the test 
article. In female animals, there were several observations that were considered to be a result of the test 
article, which were hunched posture, lethargy, prostration, and dilated pupils.  The signs were judged to 
be caused by hypoglycemia produced by exposure of aerosolized insulin because the signs were 
disappeared within 1 hour after dextrose injection. 
Body weights:  
There were no changes in the parameter attributed to exposure to the test article. 
Serum insulin and glucose: According to the sponsor’s radioimmunoassay data, insulin absorption was 
in insulin dose-dependent. In males, low and high doses groups had 4.39 and 20.64 ng/ml, respectively 
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29 days after treatment. In females, the concentrations were 6.34 and 30.29 ng/ml, respectively. It 
appeared that the decrease in serum glucose follows a trend similar to the elevations in serum insulin. 
Clinical pathology:  
There were no remarkable observations attributed to exposure to the test article. 
 
Immunologic evaluation:  
Bronchial alveolar lavage samples were assayed for anti-human insulin antibody levels. There were no 
positive titers in the samples. 
 
Conclusions:  
Twenty-four monkeys were exposed to aerosol insulin for 30 days, which delivered insulin in drug-dose 
dependently. There were several incidences of hypoglycemia, which were rescued by dextrose 
administration.  There were no abnormal findings or changes as a result to exposure to aerosol insulin in 
major parameters. 
 
RECOMMENDATIONS: (Letter to the sponsor) 
 
Please consider to perform 3- to 6-month toxicology study to support long-term clinical studies.  And 
please provide this Division experimental data or published findings as to the safety of 18% mannitol in 
respiratory tracts.  
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6-MONTH INHALATION TOXICITY STUDY OF AEROSOL INSULIN IN RATS 
                                                 
 
Objective:  To evaluate the toxicity profile of aerosol insulin administered to male and female rats via 
inhalation for 6-months under GLP condition.  The study was conducted by                                 , 
                             
 
Test article:          rh- zin           in with               sodium citrate,               mannitol,           glycine and             
citric acid (Placebo Lot#           ).  Insulin Lot # was             and            . The particle size was ranged 
from                   µm and the flow rate was maintained at one liter per minute.  
 
Study Design: Ten SD rats/sex/group were administered air or placebo as control, or insulin by oral 
inhalation at dose of I mg/l with 10-, 30- or 60-minute exposure.  The rats were necropsied one day after 
the last dose administration.  The satellite group and remaining rats were designated 
toxicokinetic/pulmonary function subgroup rats and were euthanized without necropsy after final 
toxicokinetic blood collection or pulmonary function measurement on Day 183 as shown below. 
 

Study Design for 6-Month Toxicity Study in Sprague-Dawley Rats(#N002448A) 
Animal group Treatment group Aerosol 

dose(mg/L) 
Exposure 

duration(min) 
Number of 

rats/sex 
1 Air  Control 0 60 16 
2 Placebo 1 60 16 
3 Low dose 1 10 20 
4 Mid dose 1 30 20 
5 High dose 1 60 20 
6 Satellite None None 10 

 
Biological measurements included mortality, body weight (weekly), clinical observations (twice a day), 
ophthalmology (core toxicology group only), pulmonary function (TK and pulmonary function group 
only) and clinical chemistry (core toxicology group only). Post-exposure serum insulin and glucose 
levels were determined on Days 1, 91 and 182 (TK and pulmonary function groups 3, 4, and 5 and 
satellite groups only).  Postmortem studies for the core toxicology subgroup rats included gross 
necropsy, organ weights (adrenals, brain, ovaries, heart, kidneys, liver, lungs, and testes), and 
microscopic examination of selected tissues (nasal turbinates, larynx, trachea, and lungs with bronchial 
tree and bronchial lymph nodes of animals in core toxicology subgroups).  
 
Toxicokinetic Study: Two blood samples from the retro-orbital plexus were collected in tubes without 
anticoagulant from the 3 toxicokinetic dose groups (Group 3, 4, and 5) and satellite group (Group 6) for 
the analysis of glucose and insulin after exposure on Days 1, 91 and 182.  The target time points for the 
toxicokinetic subgroups were 3, 10, and 30 minutes post-exposure. 
 
Pulmonary function evaluations were performed in the anesthetized rats with Ketamine (80-100 mg/kg 
ip) and diazepam (2 mg/kg ip). Respiratory rate, tidal volume, minute volume, peak inspiratory flow, 
peak expiratory flow, resistance, and compliance were recorded. 
 
 
RESULTS 
Mortality and Clinical signs: There were seven unscheduled deaths during the study, which were due to 
accidental trauma (2 deaths), urinary tract infections (2 deaths) and hypoglycemia (3 deaths) as an 
extension of pharmacodynamic effects of inhaled insulin as shown below. There were no insulin or 
excipient-related effects indicated by clinical observations throughout the study except for isolated 
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instances of the expected physiological response of hypoglycemia after insulin inhalation as shown 
below.  The observation of labored respiration and convulsive behavior for low dose male 318 occurred 
on Days 146 and 147. Clinical signs were also summarized in a table below. 
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Inhaled Aerosol Insulin Dosage and Clinical Ratio as Safety Margin:   
In this 6-month rat study, therapeutic exposure ratio was calculated based on the expected maximum clinical 
dosage of 0.2 mg/kg/day (3 mg/blisters and 3 blisters/day) as summarized below in a table. 

Inhaled Insulin 
(mg/kg/day)* 

Clinical Ratio@ Treatment  
Group 

Aerosol Dose 
(mg/L) 

Exposure 
Duration 
(min) Male Female Male Female 

Air Control 0 60 0 0 0 0 
Placebo 1 60 0 0 0 0 
Low Dose 1 10 1 1 4 5 
Mid Dose 1 30 3 3 13 15 
High Dose 1 60 5 6 27 31 
*Calculated by multiplying aerosol conc. by exposure time, 20% mass fraction of insulin, and minute 
volume per kg body weight. @Based on the expected maximum clinical dosage of 0.2 mg/kg/day(3 
mg/blister x 3 blisters/day /50 kg) 

 
The starting clinical dose is 0.15 mg/kg/day.  
 
Body Weights: There was no insulin or excipient-related effects indicated by weekly mean body weights.  An 
exception would be mean body weights in satellite group, which had stress of blood sampling via eyes as shown 
below. 
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Ophthalmology: There were no treatment-related ophthalmologic abnormalities as shown below. 

 
Pulmonary Resistance: There was no insulin or excipient-related effects indicated by resistance or 
compliance measurements as shown below.  PIF and PEP stand for peak inspiratory and expiratory flow, 
respectively. 
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Toxicokinetics: The aerosol insulin was active in the rat as indicated by significant decreases in mean serum 
glucose levels on Days 1, 91, and 182 in the toxicokinetic subgroups as shown below. There were dose-dependent 
increases in serum insulin levels in both male and female treated rats, although the values fluctuated markedly as 
shown below. 

Clinical chemistry: Isolated instances of significant difference (P<0.05) were seen in hematology and clinical 
pathology parameters in the main core toxicology rats on Days 87 and 183 as shown below.  However, insulin 
dosage effects were not apparent.  None of the clinical pathology results were interpreted to indicate insulin or 
excipient effects. 
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Macroscopic pathology finding: There were 7 unscheduled deaths as indicated under Mortality Section. 
The causes of some deaths are as follows: male#408: prostatic and urinary infection with 
hydronephrosis; female #459: fractured tibia; male #402: thoracic trauma resulting in lung rupture and 
hemorrhage; and male #511: urinary tract infection (cystitis). In male rats #411 and 510, there were signs 
of moderate neuronal degeneration and edema involving portions of the cerebrum and cerebellum, which 
might be related to prolonged hypoglycemia as a result of pharmacodynamic action of treated substance. 
There were no gross or microscopic lesions that were noted for female rat #569.  But, serum glucose 
levels for this animal were very low. Some of gross observations in the study were summarized in two 
tables below. 
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Organ Weights: There were no apparent insulin or excipient-related differences seen in mean organ 
weight data for core toxicology subgroup animals collected one day after final inhalation exposure. 
Significant increases in mean absolute lung weights and lung-to-brain weights for females in the mid 
dose group were not dose related since there was no such effect at the HD group.  Similar observation 
was noted in the reduction of male kidney-to-body weight ratios as summarized in a table below 
including findings from the females. 
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Histopathology: The most common changes in rats from all study group were focal or multifocal 
chronic-active inflammation in the lungs and aggregations of alveolar histiocytes (foam cells).  It appears 
that the inflammation was random foci of interstitial mononuclear cells or clusters of intra-alveolar 
polymorphonuclear leukocytes with mononuclear cells.  The changes were observed in rats from all dose 
groups including the air controls. Thus, it appears that the observation was incidental as the result of 
exposure to forced air, rather than the insulin or excipients.  The microscopic findings are summarized in 
4 tables below. 
 



Reviewer: Fred Alavi, Ph.D.    NDA No.21-868 
 
 

 96 
 

 
 
 



Reviewer: Fred Alavi, Ph.D.    NDA No.21-868 
 
 

 97 
 

Postmortem data for the rats revealed no insulin or excipient-related lesions at scheduled necropsy on 
Day 183.  Histopathologic examination of the respiratory tract and bronchial lymph nodes indicated no 
clear insulin or excipient-related abnormalities as summarized below. 
 
 

 
Summary and Conclusions: 
A total of 204 SD rats were used to characterize the toxicity profile of nose-only inhalation of aerosol 
insulin for 6-months. The inhaled insulin concentration was 1000 µg/l. The exposure duration was 10, 
30, and 60 minutes for low, mid, and high dose groups, respectively.   Group mean inhaled insulin 
dosages of 1, 3, and 5 mg/kg/day were achieved for males and dosages of 1, 3, and 6 mg/kg/day were 
achieved for females, respectively for the low, mid, and high dose groups. According to toxicokinetic 
data, there were marked decreases in serum glucose levels in both male and female rats during the 30-
minute post exposure period.  
 
There were seven unscheduled deaths during the six-month study period.  Two deaths were associated 
with accidental trauma and two were with pathologic conditions unrelated to insulin treatment.  Three 
remaining deaths were associated in part with possible hypoglycemia-induced by the aerosol insulin. 
There was no indication of toxicological effects of aerosol insulin except for three animals whose deaths 
might have been related to hypoglycemia after the aerosol insulin administration.  
 
Mean body weights for male and female rats in the non-exposed satellite group were higher than those 
for rats in the air control group due to possible repeated blood sampling stress.  There were no treatment 
effects indicated by ophthalmology examinations and pulmonary function assessment after the aerosol 
treatment.  
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6-month inhalation toxicity study of aerosol insulin in monkeys                                          ) 

1. Objective:  To evaluate the toxicity profile of aerosol insulin administered to male and female monkeys via 
inhalation for 6-months under GLP condition.  The study was conducted at                                                                    
 
2. Methods: 
Test article:          rh- zinc insulin with               sodium citrate,               mannitol,           glycine and             citric acid 
(Placebo Lot#           ).  Insulin Lot number used were                                 The particle size ranged from                  
µm and the flow rate was maintained at one liter per minute.  
 
Animals: A total 36 purpose bred cynomolgus monkeys (Macaca fascicularis) at least 17 months of age were used. 
Average weights of animals at Day 1 were 2.3 kg and 2.2 kg for males and females, respectively. 
 
Study Design: Four Cynomolgus monkeys/sex/group were administered air or placebo as control or insulin by oral 
inhalation at dose of 30 µg/l with 18- or 60-minute exposure.  The low and high doses were the same, but the 
exposure duration was different as shown below. 
 

Animal Group Treatment Aerosol  
Conc(µg/L) 

Exposure 
duration(min) 

1 Air control 0 60 
2 Placebo 0 60 
3 Low dose 30 18 
4 High dose 30 60 

 
Biological measurements included mortality, body weight (weekly), and clinical observations (twice a day).  
Ophthalmologic and electrocardiographic evaluations were performed before study start and prior to necropsy.  
Toxicokinetic evaluations of serum insulin and glucose were performed at 5, 15 and 30 minutes after treatments 
during the study (Days 1, 91 and 178). Evaluations of hematology, clinical chemistry and urinalysis were 
performed 3 times during the study (prior to treatment initiation and on Days 87 and 183).  Immunogenicity of 
inhaled insulin was evaluated by indirect ELISA tests for the presence of anti-human insulin antibodies in the 
serum (prior to treatment and Day 183) and in the lungs of the test subjects during the study on Day 183.  All 
animals were euthanized and submitted for complete necropsy. The lung and upper respiratory structures (nasal 
turbinates, larynx, trachea, lungs with bronchial tree) were evaluated for histopathologic changes. 
 
 
RESULTS 
Inhaled Dose Estimation: Inhaled doses of insulin or excipients were estimated based on weekly 
dosimetry measurements. That is, the fraction of insulin that was absorbed from the total insulin 
estimated from the products of  total inhaled volume and average  aerosol concentration. Inhaled doses 
of insulin were corrected for animal body weight, which were summarized below. 
 

Group Mean Insulin and Excipient Exposure Levels (µg/kg/day) in Monkeys@ 
Group Insulin Mannitol Glycine Citric Acid Sodium 

Citrate 
Satety 

Margin* 
Air 0 0 0 0 0 0 

Placebo 0 519 74 0 2255 2.9^ 

Low Dose 291 265 38 0.9 860 1.5 
High 
Dose 

639 582 83 1.9 1888 3.2 

@ Values were calculated based on respired volume x concentration x absorption fractions) / Body 
Weight; *Safety margin of Group Mean Exposure relative to maximum clinical exposure was 
based on 20% absorption after the maximum clinical exposure in 50 kg subject (0.2 mg/kg/day). 
^Except for sodium citrate which was 3.8 times the maximum clinical exposure due to replacement 
of 20% insulin with sodium citrate in the placebo formulations. 
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Mortality and Clinical signs: On three separate occasions, animals were observed with symptoms of 
hypoglycemia: females 451 and 452, and male 403, were lethargic or found unresponsive to activity 
approximately 2 to 3 hours post exposure. The typical hypoglycemic signs were removed quickly upon 
either glucose injection or oral administration of fluid with sugar.   Minor coughing, sneezing, and 
wheezing occurred in placebo, low and high dose animals sporadically throughout the entire study.  
There were no clinical observations that were considered to be a result of exposure to aerosol insulin or 
placebo. 
 
Body Weights: Across the study there were some time periods of increased rates of weight gain observed 
in insulin treated animals as shown below.  Occasionally these weight gains were significant relative to 
the air control group, which may be considered to be the result of the test article in young, growing 
animals (Textbook of Med. Physiol. 9th Ed., Guyton & Hall, W.B. Saunders, Philadelphia, PA 1996).  
 
Hematology:  It appeared that none of the hematologic results were interpreted to indicate  treatment 
effects. 
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Clinical Chemistry: Toxicokinetic mean serum insulin and glucose sampled on Days 1, 91 and 178 as 
measured at 5, 15, and 30 minutes after the end of dosing decreased after the test article treatment as 
shown below.  The air and placebo dose group did not have any post-exposure changes in serum glucose 
concentrations.  There were no other clinical chemistry results that were interpreted to indicate specific 
treatment effects except a few sporadic changes in chloride or potassium concentrations as attached 
below. 
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Urinalysis: None of the urinalysis results were interpreted to indicate treatment effects. However, there 
was a significant decrease in urine pH in the females in aerosol treated groups on Day 87, which might 
be incidental since there were no such incidences in other time period as shown below. 
 
 

 
Ophthalmic Examination: All animals were found to be normal during the ophthalmologic examinations 
performed on Day 183.  Animal 104 had pale pigmentation of retina, which was a pre-existing condition. 
 
ECG Analysis: ECG tracings were assessed by Robert L. Hamlin, D.V.M., Ph.D.  All ECGs were within 
normal limits. 
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Pulmonary function: Lung resistance measurements indicate the resistance to air flow primarily in the 
large airways while compliance measurements indicate the elasticity of the lung tissue. There were 
statistically significant increases in minute volume in the high dose groups of both sexes when the data 
were compared with those in air control or placebo group. At the same time, there was a decrease in lung 
compliance in the high dose males, compared to the value in the air control  or  placebo group,  based on 
Dunnett’s test.  The sporadic significant differences between dose groups observed both pre-study and at 
the end of study for tidal volume, peak expiratory flow rate (PEF) and respiratory rate appeared to be due 
to individual animal differences because these findings were also observed in placebo group as shown 
below. 
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Anti-human Insulin Antibody: There were no positive titers in any of the samples, which indicates the 
absence of an immunologic response to insulin in the lungs. 
 
Gross pathology and Organ weights: Group 3 (LD insulin) females 352 and 353 had small, pale nodules 
on their spleens at necropsy.  No microscopic correlation for the nodules was examined.  Female 353 
also had pulmonary adhesions involving the right apical and diaphragmatic lobes, which were between 
the lobes and the pleural wall.  The group mean absolute, percent organ-to-body weight ratio and per 
cent organ-to-brain weight ratio were summarized in a table below.  Significant differences in mean 
weights of thyroid, lung and liver were noted between treated groups from the air control animals. 
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Microscopic Pathology: The most frequently observed changes consisted of focal to multifocal 
inflammation and minute aggregations of a few alveolar histiocytes in the lungs, which were observed in 
all monkeys including air and placebo controls as shown below.  Other lesions consisted of pulmonary 
alveolar hemorrhage in group 2 female #252, and ulceration of the tracheal epithelium in group 3 female 
#354. Focal, acute inflammation involving the epithelium of the external nares was observed in group 3 
male #301, which appears to be incidental in nature because of similar morphology and the presence in 
monkeys from all groups as shown. 
 
 

Summary and Conclusions: 
Thirty-two cynomolgus monkeys were exposed to air, placebo (vehicle) or aerosol insulin by oral 
inhalation for up to one hour per day for 182 days. The inhaled insulin concentration was 30 µg/l. The 
exposure duration was 18 minutes for low dose group while it was 60 minutes for high dose group.   
Group mean insulin doses were 291 and 639 µg/kg/day, respectively, for the low and high dose groups. 
There was no significant difference between genders. 
 
The main effects of aerosol insulin were the expected elevations in serum insulin as verified by 
pharmacokinetic data and the concomitant decreases in serum glucose in the low and high dose groups.  
The magnitude of the high dose exposure was manifested by the few animals that experienced symptoms 
of profound hypoglycemia, which was dissipated with oral dextrose. 
 
Several animals from placebo and insulin exposure groups experienced respiratory difficulties during 
inhalation exposure that required premature removal from exposure. It was noted that these incidents 
occurred primarily during the second and third weeks of exposure without such incidents in air control 
group. This may suggest that adaptive process was needed to the materials in the placebo and aerosol 
preparations. At the same time there were sporadic observations of minor coughing and sneezing in the 
dose groups. 
There was no clear evidence of physiologic and toxicological changes in ophthalmologic, 
electrocardiographic, hematologic, and immunologic parameters that could be attributed to the aerosol 
insulin or excipients.  There were also no gross or histopathologic abnormalities that related to the 
treatment articles.    
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