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Disclaimer 
 
Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA # 204,485 are owned by JHP Pharmaceuticals, LLC or are data for which JHP 
Pharmaceuticals, LLC has obtained a written right of reference. Any information or data 
necessary for approval of NDA # 204,485 that JHP Pharmaceuticals, LLC does not own or have 
a written right to reference constitutes one of the following: (1) published literature, or (2) a prior 
FDA finding of safety or effectiveness for a listed drug, as reflected in the drug’s approved 
labeling.  Any data or information described or referenced below from reviews or publicly 
available summaries of a previously approved application is for descriptive purposes only and is 
not relied upon for approval of NDA # 204,485. 
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1 Executive Summary 

1.1 Introduction (and Clinical Rationale) 

Arginine Vasopressin (AVP, PitressinⓇ), as vasoconstrictor and antidiuretic drug has been in the 
market as an unapproved product for the treatment of vasodilatory shock for the last several 
decades (prior to 1938 by Parke-Davis). Low arterial blood pressure and slow tissue perfusion as 
a result of decreased systemic vascular resistance are the major causes of vasodilatory shock. 
Severe shock may also occur as a result of either sepsis or surgery requiring cardiopulmonary 
bypass. The major challenge for the treatment of vasodilatory shock is a decreased plasma 
vasopressin (Landry 2001) concentration and poor response to catecholamine (the usual 
vasopressor drug) leading to an increased mortality rate (30 to 60%). 
 
The proposed treatment for vasodilatory shock (0.01 to 0.067 units/minute) including post-
cardiotomy (0.005 to 0.10 unit/minute) and septic shock (0.01 to 0.03 unit/minute) is an 
intravenous administration of AVP for continuous infusion to maintain a MAP of ≥ 65−70mm 
Hg. Due to an enormous non-clinical data (PubMed, TOXNET (including TOXLINE, HSDB, 
DART, etc., EMBASE, Registry of Toxic Effects of Chemical Substances (RTECS), CAplus, 
and Beilstein) available on vasopressin (8-AVP), a full battery of non-clinical studies were not 
conducted by the Sponsor to support the present NDA. 
 

1.2 Brief Discussion of Nonclinical Findings 
AVP is mainly synthesized in the hypothalamus, and its cellular effects are mediated via V1a, 
V1b and V2 receptors. Binding to the V1a receptor results in vasoconstriction, glycogenolysis, 
platelet aggregation and adrenocorticotropic hormone release. AVP binding to the V1a receptor, 
that is present on vascular smooth muscle cells, causes vasoconstriction mediated by an increase 
in intracellular calcium via the phosphatidyl-inositol-bisphosphonate pathway (see Fig. 3 pg. # 
16).  
 
Thus, the cardiac effects of AVP are largely due to an indirect mechanism resulting from 
coronary vasoconstriction, decreased coronary blood flow, and altered vagal and sympathetic 
tones. Plasma half-life of AVP in humans ranges from 17 to 35 minutes (Jackson 2006).  Due to 
inactivation by trypsin in the gastrointestinal tract, AVP treatment for vasodilatory shock is given 
by continuous IV administration. 
 
Peripheral vasoconstriction as a result of an increased blood pressure and a compensatory 
decrease in heart rate are the adverse effects of AVP treatment in rats and dogs given 
IV bolus and IV infusion, however, no mortalities were reported in these studies (Miyazaki et al 
2000, Rysa et al 2006, Tsukada et al 2002, Groszmann et al 1982, Barr et al 1975). A 14-Day 
dose range finding (DRF) study and  28-Day repeated dose toxicity study in Sprague-Dawley 
rats , bacterial mutagenesis (Ames) and CHO chromosome aberration assays were conducted by 
the Sponsor for safety assessment of AVP and AVP degradation products (

 to evaluate the toxic and mutagenic potential of AVP.  
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2 Drug Information 

2.1 Drug     PitressinⓇ (Vasopressin Injection, USP) 

CAS Registry Number (Optional)  113-79-1 
 
Generic Name     Vasopressin  
 
Code Name      PitressinⓇ 

 
Chemical Name    Cyclo (1-6) L-Cysteinyl-L, Tyrosil-L, 

Phenylalanyl-L-Glutaminyl-L-Asparaginyl-
LCysteinyl- L-Propyl-L-Arginyl-L-Glycineamide 

        
Molecular Formula    C46H65N15O12S2 
 
Molecular Weight      1084.23Structure or Biochemical Description  

                                           
            
 

      
 
 

       
Figure 1: Space filling model of Vasopressin (Wikipedia) 

 
 
Pharmacologic Class                  Vasopressin  
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Pediatric Dose 
In pediatric patients the dose is calculated based on weight, derived from an average weight-
based on adult dose. In several clinical studies conducted in pediatric population, AVP doses of 
0.0001 to 0.002 U/kg/min  were safely administered (Lechner et al 
2007, Alten et al 2012, Rosenzweig et al 1999) on post-cardiotomy hemodynamics in children, 
including neonates. 
 
Septic Shock 
Sponsor has proposed an AVP dose of 0.01 U/min and increased to 0.03 U/min to maintain a 
MAP of 60–70 mm Hg (Holmes at al 2001) in septic shock patients.  The AVP dose will be 
tapered by 0.005 U/min every hour and discontinued when the patient has been stable for at least 
8 hrs.  
 
Pediatric Dose 
No evidence for benefit in the use of vasopressin in pediatric patients has been demonstrated. 
 

2.7 Regulatory Background 
Pitressin (vasopressin injection, USP) was submitted by JHP Pharmaceuticals (September 26, 
2012) for treatment of vasodilatory shock including post-cardiotomy shock and septic shock as a 
505(b) (2) application (NDA 204485) based on published literature.  
 
The Pitressin product was previously manufactured and distributed by Parke-Davis for the 
treatment of diabetes insipidus. JHP Pharmaceuticals acquired all the intellectual property and 
trademark from Parke-Davis associated with Pitressin drug product.  
 
The Pitressin formulation in oil with a trade name of Pitressin Tennate (5 unit/mL) was approved 
by FDA (NDA 003402), however; withdrawn by the Sponsor later for unknown reason(s). 

3 Studies Submitted 

3.1 Studies Reviewed  
3.1.1 Repeat-dose Toxicity  
Maximum Tolerated Dose and Dose-Range Finding Study for Arginine Vasopressin and its 
Degradation Products in Sprague- Dawley Rats (Study No. 249985)  
 
A 28-Day Repeated Dose Intravenous Toxicity Study in Sprague- Dawley Rats Given Arginine 
Vasopressin Alone and in Combination with Arginine Vasopressin Impurities (Study No. 
253051)  
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3.1.2 Genotoxicity  
  Bacterial Reverse Mutation Assay of Pitressin® Drug Substance/API 
(Study No. 249866)  
 
In vitro Chromosome Aberration Test of Pitressin® Drug Substance/API in Chinese Hamster 
Ovary Cells (Study No. 249865)  

3.2 Studies Not Reviewed  
Development and validation of an LC/MS/MS method for the measurement of vasopressin in 
dosing solutions and its use in support of toxicology studies (Calibration range: 20.00 ng/mL to 
300.00 ng/mL) (Study No. 253921-T) 

 
Development and validation of an LC/MS/MS method for the measurement of vasopressin in 
dosing solutions and its use in support of toxicology studies (Calibration range: 200.0 μg/mL to 
3000.00 μg/mL) (Study No. 253921-GT) 

 

3.3 Previous Reviews Referenced 
None 

4 Pharmacology 

4.1 Primary Pharmacology 
No new pharmacological studies were conducted by the Sponsor and the pharmacological studies 
submitted were taken from the review chapter by Jackson (2006) that was updated by Reilly and 
Jackson (2010).  
 
Human AVP is synthesized in hypothalamus as a 168-amino acid pro-hormone with a ~23 amino 
acid signal peptide (Fig. 2). The pro-hormone contains three domains: vasopressin (residues 1-9), 
vasopressin (VP)-neurophysin (residues 13-105), and VP-glycopeptide (residues 107-145).  
 
Monooxygenase, and lyase act sequentially on the pro-hormone to produce AVP, VP-
neurophysin (sometimes referred to as neurophysin II or MSEL-neurophysin), and VP-
glycopeptide (sometimes called copeptin) in secretory granules. AVP is also synthesized in heart 
and adrenal glands.  
 
An increase in plasma osmolality is one of the main physiological factors for vasopressin 
secretion and release. A 2% increase in plasma osmolality causes ~ 2- to 3-fold increase in 
plasma vasopressin levels, which in turn causes increased solute-free water reabsorption, with an 
increase in urine osmolality. 
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4.2 Safety Pharmacology 
No formal safety pharmacological studies were conducted by the Sponsor. The effects reported 
in published literature are given below: 
 
Cardiovascular Effects 
Effects of AVP on hemodynamic system, cardiac resuscitation, and angina/ischemia and ECG 
endpoints are reported in literature and provided by the Sponsor. No mortalities were observed 
following intravenous administration of AVP in rats (0.053 U/kg) and dogs (0.014 U/kg/min) as 
reported in hemodynamic studies (Table 5).   
 
AVP administration (IV) resulted in a decreased ventricular fibrillation in rats (0.8 U/kg, Studer 
et al, 2002 ) and increased diastolic blood pressure, mean arterial blood pressure, coronary 
perfusion in pig (0.4 U/kg, Prengel et al, 2005), models of cardiac arrest and cardiac arrhythmia, 
and aid in restoring blood pressure (Table 6).  
 
In models of cardiac angina and ischemia (rat/rabbit), a depression of the ST segment of the 
ECG, decreased heart rate, myocardial hypoxia, and fibrosis were recorded (Table7/8). 

 
Table 5: Effects of AVP on Hemodynamics (Sponsor’s table) 
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Table 6: Effects of AVP on Cardiac Resuscitation (Sponsor’s table) 

 

Table 7: Effects of AVP on Angina/Ischemia and ECG Endpoints (Sponsor’s table) 
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Table 8: Effects of AVP on Angina/Ischemia and ECG Endpoints (Sponsor’s table). 

 

 

5 Pharmacokinetics/ADME/Toxicokinetics 
No formal pharmacokinetic or absorption/distribution/metabolism/excretion (ADME) studies 
were conducted by the Sponsor. Information obtained from published literature is as below. 
 
AVP is metabolized in liver and kidney, and cleaved at NH2 terminal by enzyme 
aminopeptidases and at the COOH terminal by reductases. AVP is also inactivated by trypsin in 
GI tract, and orally not bioavailable. The physiological plasma level of vasopressin in human 
varies from 0.20-0.50 pg/mL (Oosterbaan 1989) to 0.76-1.19 pg/mL (Risberg 2009).  
 
The variation across reports in values is likely due to different methodology used in measuring 
the vasopressin levels in different studies. The plasma half-life for vasopressin is reported to vary 
from 17 to 35 min in human (Jackson, 2006). The Cmax values in rats following intravenous 
administration of AVP are given as below (Miyazaki et al 2000 and Ginsberg et al 1953): 
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6 General Toxicology 

6.1 Single-Dose Toxicity 
No single dose toxicity studies were conducted by the Sponsor and others for this application. 
 

6.2 Repeat-Dose Toxicity 

6.2.1.  A 28-Day Repeated Dose Intravenous Toxicity Study in Sprague-Dawley Rats 
Given Arginine Vasopressin Alone and in Combination with Arginine Vasopressin 
Impurities. 
 
Conducting laboratory and location:   

Study number(s):      253051 (JHP-2011-012-D)  
Date of study initiation:     April 4, 2012 
Drug lot/batch number:   PitressinⓇ (8-arginine vasopressin (310571-1)   
Molecular Weight:     1084.24 daltons 
Molecular Formula:     C46H65N15O12S2 
Lot No.:      310571-1       
 
Impurity 1:       
Molecular Weight:     
Molecular Formula:      
Lot No.:      

 
Impurity 2:       
Molecular Weight:     
Molecular Formula:      
Lot No.:      
 
GLP compliance:      Yes 
QA statement:      Yes 
 
Key Study Findings 
8-arginine vasopressin (PitressinⓇ AVP) and its degradation products  and  

 did not reveal any related toxicity in rats when administered intravenously daily for 28 days 
at a dose of 0.76 μg/kg AVP alone, or with the addition of impurities at 0.1, 0.32 and 1.14 μg/kg. 
The no observed adverse effect level (NOAEL) was considered to be 0.76μg/kg for AVP and 
1.14 μg/kg for impurities. 
 
Purpose 
The 28 Day repeated dose study with 8-arginine vasopressin (PitressinⓇ AVP) and its 
degradation products  and  was conducted to evaluate their toxic effects in 
rats following intravenous administration. 
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Results 
 
Mortality 
No mortality was observed except one animal (#047) that died on Day 21 in AVP+30% 
impurities group. Analysis of necropsy and histpathological data implicated the urinary 
obstruction (urolithiasis) leading to cystis, hydronephrosis and pyelonephrosis for the cause of 
death, and was not related to the treatment. 
 
Body weights and Food Consumption 
A slight to moderate gain was observed in body weights; however, no difference in food 
consumption was seen in treated animals throughout the study period (Table 10) 

Table 10: Changes in Body Weights and Food Consumption 
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Ophthalmology 
Crystalline corneal deposits were seen in one animal in each group of treated animals, and 
characterized as spontaneous occurring lesions in Sprague Dawley rats (11-46%) with a 
background incidence of cataracts (9.8%). These findings were not considered to treatment 
related. 
 
Hematology 
There were no statistically significant differences observed in hematology parameters (Table 11), 
coagulation data (Table 12), and biochemical indices (Table 13). The RBC counts, reticulocytes, 
hemoglobin, hematocrit and RBC indices (MCV, MCH and MCHC) were within the normal 
physiological range when compared with treated group of animals. 

Table 11: Hematological Parameters (Sponsor’s table) 
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Table 12: Coagulation Data (Sponsor’s table) 

 

Table 13: Biochemical Parameters (Sponsor’s table) 
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Histopathology 
The histopathological data did not show any adverse outcome or toxicity of daily administration 
of AVP (0.76 µg/kg/day) or AVP impurities (1.14 µg/kg/day) in Sprague-Dawley rats when 
compared with respective control treated animals.  
 
Mild focal inflammatory lesions found in lung, liver and kidney of control and treated animals 
had no histopathological concern related to the treatment.  
 
A small increase in weight of adrenal, lung and heart in treated group of animals compared to 
controls did not indicate any histopathological correlation of toxicological significance. 
 
 
Conclusion 
There were no toxicities of concern when AVP was administered intravenously daily for 28 days 
at a dose of 0.76 μg/kg alone, or with impurities at 0.1, 0.32 and 1.14 μg/kg.  
 
The no observed adverse effect level (NOAEL) was considered to be 0.76 μg/kg for AVP and 
1.14 μg/kg for impurities. 
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S. typhimurium and E. coli cultures were grown overnight to obtain a density of 0.11 to 1.38 x 
109 colony forming units per mL. PitressinⓇ (0, 0.31, 0.62, 1.3, 2.5 and 5.0 mg per plate), 
negative or positive controls were  mixed with 0.1 mL of overnight bacterial culture and 
incubated at 370C for 48 to 72 hours in the presence and absence of S9 mix. The number of 
revertant colonies was counted. A positive result was defined as a significant increase (p<0.01, at 
least ≥2 fold) in number of revertant colonies in a dose dependent and reproducible manner in 
the presence and absence of S9 mix when compared with controls. 
 
Results 
The positive controls exhibited a significant increase (≥2 fold) in revertant colonies, however, 
PitressinⓇ did not show a ≥2 fold increase in revertant colonies at any dose level in any of the 
strains of S. typhimurium or E. coli (Table 15/16/17 ). 

Table 15: Plate Incorporation Assay (Sponsor’s table) 
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Table 16: Plate Incorporation Assay (Sponsor’s table) 
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Table 17: Plate Incorporation Assay (Sponsor’s table) 
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was counted using trypan blue exclusion procedure and relative cell growth (RCG) was 
calculated using the following equation: 
 

   

Chromosomal slides were prepared from cell suspension using fresh fixative and 10% Giemsa 
stain (Evans, 1976) and relative mitotic index (RMI) was calculated to evaluate the toxic effect 
of Pitressin as follows: 

   
 
Cells in metaphase with 19-23 chromosomes were analyzed for chromosome aberrations as 
defined in Protocol JHP/249865 (Appendix I; Scott, et al., 1990; OECD, 1997). 
 

Study Validity 
The positive result of a test article is defined as a significant increase (p<0.001) in chromosomal 
aberration (including gaps, chromatid/chromosomal breaks, chromatid/chromosomal exchange) 
when tested in presence or absence of S9 metabolic activation system and compared with 
historical negative/positive controls. 

Results 
The short term treatment (3 hrs) of CHO cells with Pitressin at 1.0, 2.3 and 5.0 mg/mL showed a 
relative cell growth (RCG) of 103, 107 and 103% in the absence and 92, 105 and 109%, in the 
presence of S9, respectively. In the absence of S9, the 21 hrs. treatment showed a RCG of 94, 92 
and 51% at 1.0, 2.3 and 5.0 mg/mL concentration of Pitressin, respectively (Table 18). 

Table 18: Relative Cell Growth (Sponsor’s table) 
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A relative mitotic index (RMI) of 101, 89 and 85% and of 101, 96 and 72% was seen in absence 
and presence of S9 in Pitressin treated cells at 1.0, 2.3 and 5.0 mg/mL concentrations, 
respectively. In the absence of S9, the 21 hr. treatment of Pitressin at 1.0, 2.3 and 5.0 mg/mL 
showed (Table 19) a RMI of 101, 96 and 72%, respectively. 

Table 19: Relative Mitotic Index (Sponsor’s Table) 

 
As recommended for a non-toxic compound, Pitressin was tested at the maximum concentration 
(5 mg/mL) in chromosomal aberration assay. A low level of chromosome aberrations was 
observed at all concentrations including the solvent control (Table 20). 

Table 20: Chromosomal Aberrations* due to Pitressin Treatment (Sponsor’s Table) 

 
*Chromosomal aberrations per 100 cells in absence or presence of metabolic activation  
system (S9) are shown in this table. The positive control (MMC 0.2µg/Ml) has shown a 
significantly (p<0.001) high level of aberrations (37/100 cells). 

 
Conclusions 
The results from chromosomal aberration assay using the CHO cells have demonstrated that 
Pitressin treatment did not produce any structural or numerical chromosomal aberration beyond 
those observed in vehicle treated solvent controls, and, therefore, was considered to be non-
clastogenic. 
 
7.2 Other Genetic Toxicity Studies 
No additional genetic studies were conducted by the Sponsor for this indication. 
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8 Carcinogenicity 
There are no formal carcinogenic studies available in published literature and none were 
conducted by the Sponsor for this application.  

9 Reproductive and Developmental Toxicology 
There were no formal reproductive toxicological studies conducted by the Sponsor to assess the 
effects of AVP on reproductive competence in sexually mature males and females. Available 
reports from published literature are given below. 
 
Reproductive Toxicity 
A recent study has shown that VP has a detrimental effect on sperm function (the percentage of 
motility, capacitation status, and protein tyrosine phosphorylation), fertilization, and embryonic 
development, suggesting its critical role in the acquisition of fertilizing ability of mouse 
spermatozoa (Kwon et al 2013). The data available in published literature have shown that AVP 
affects the renal function of rats during the reproductive phase when it was administered 
intravenously on each of the four days of estrus cycle (10, 20 and 40 fmol/min of AVP for one 
hour followed by a recovery period of 90 min).  A dose dependent antidiuresis response was seen 
at pro-estrous and disastrous day -1 (Hartley 2002).  
 
An intravenous injection of AVP has been reported to increase basal level of pre-surge 
leutinizing hormone (LH) in ovariectomized female rats (Salisbury et al, 1980). Another study 
(Wube 2008) has shown a suppressed reproduction and a significant decrease in spermatogenic 
index (as measured by distribution of seminiferous tubules) in Acomys russatus spiny mice when 
AVP was administered intraperitoneally (50 ug/kg AVP at 3-day interval for 4 weeks) and 
compared to controls (Table 21). There were no effects on female reproductive function (as 
determined by uterine weight and number of estrous cycles). Testis mass was also decreased to 
almost 50% in experimental group compared to controls in Acomys russatus mice, however, 
effects were not noticed in Acomys cahirinus. 
 
Table 21: Testis mass, body mass and spermatogenic index values in Acomys russatus and  
Acomys cahirinus (mean ± SD, p<0.01).  
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Placental Transfer 
Following an intravenous administration (25 to 50 mU AVP), placental transfer of AVP was 
detected in 43% (3/7) guinea pigs (Forsling 1977) having the similar type of hemochorial 
placenta as in humans, however, no placental transfer of endogenous AVP was detected in 
humans (Harding and Bocking 2001). Radiolabeled study with AVP has shown that 50% of 
radiolabeled AVP is degraded during in vitro perfusion of maternal intervillous space (Landon 
1988) in humans.  
 
Results from ovine placental study have shown an absence of AVP gene expression in the 
placenta and fetal membranes eliminating the possibility of AVP synthesis therein, however, V1a 
receptor gene expression was evidently present and increased during the gestation period from 
Day 45 to 66 (Koukoulas et al, 2003) and correlated with the maximum placental growth in the 
sheep. 
 
Data from recent study (Ray 2004) has shown that the desmopressin (DDAVP), a synthetic 
analogue of AVP does not cross the placenta within detectable limits at therapeutic doses (30 
pg/mL). At higher concentration (60,000 pg/mL), it may cross the placenta in small amounts. 
Likewise oxytocin that is closely related with vasopressin and binds to vasopressin receptors 
crosses the placental barrier by simple diffusion (Malek et al 1996). 
 
Developmental toxicity 
Results of in vitro exposure of AVP (of 65 and 130 mU/kg/hr.) to fetal lambs (epitheliochorial 
placenta in contrast to humans with haemochorial placenta are less permeable to hydrophilic 
molecules) have shown increased level of Na+/K+ in amniotic fluid followed by a significant 
decrease in fetal heart rate, increase in systolic and diastolic blood pressure (Ross 1985). 
 
Evaluation of cardiovascular response following an infusion of AVP (1.06 to 2.33 
mU/kg/minute) in fetal lambs (120 to 140 days of gestation), has shown a persistent decrease in 
heart rate (HR) and an increase in mean arterial pressure (MAP) that returned to normal after 
dosing was stopped (Miyake 1991).  
 
Dose response effects of AVP on fetal heart rate, and arterial pressure were also observed 
(Tomita 1985) when fetal sheep (122 to 136 days of gestation) were infused with AVP (0.5, 3.3, 
10, 33 and 700 ng/minute). Plasma concentration of AVP was significantly increased. 
 
Heart rate and arterial blood pressure 
A 3-day IV infusion of AVP (45 mU/kg/hour) to fetal sheep (121-136 day old) has shown acute 
effects of decreased HR, rise in arterial blood pressure, acidemia and failure of glomerulotubular 
balance and were reversed by Day 3 (Gibson 1997). Role of AVP has also been suggested in 
brain development in particular to learning and memory processes (Ermisch 1987 and Swenson 
1990).  
 
Subcutaneous treatment of AVP to pregnant rats (1 U/day) and their offspring (0.5 U/day up 
until Day 30 post-parturition) led to 50%  fetal mortality and 15% decrease in body weight with 
an increased learning indices in surviving pups (Ermisch 1987). 
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An intravenous administration of AVP (1 µg/24 hour) to pregnant rats (gestations days 13-19) 
led to visual discrimination and passive avoidance responses at 65 days postpartum. Impaired 
memory retrievals were observed in males while females were not affected (Tinius 1987). The 
subcutaneous administration of AVP (1 µg /day) to female rats (gestation days 13 – 19) 
demonstrated an enhanced retention of the responses while males were not affected when pups 
were evaluated at 65 days postpartum (Swenson 1990). 
 
Behavioral Effects 
Subcutaneous treatment of AVP (1 µg every 24 hours) to homozygous Brattleboro rats (deficient 
in brain AVP) did not cause an expected low body and brain growth, eye opening or any adverse 
effects (Snijdewint 1985). Intracisternal administration of AVP (10 or 100 ng) directly into the 
CNS of fetal rats (gestation day 20) led to a significant increase in fetal movement and effects 
were ceased within few minutes after the treatment (Varlinskaya 1994). A significant increase in 
forelimb activity, increase in head and mouth activity was evident at higher dose levels (10.0 to 
100.0 ng) 
 
Effects of AVP on Lactation 
Intravenous administration of AVP (0.1, 0.3 and 1.0 ng/kg/minute over 90 minutes) to goats (2-3 
months postpartum) has shown a ~8 fold increase in milk flow over the base line that returned to 
normal within 60 minutes (Olsson 2003). No effects of AVP (10 mU followed by 6 mU/minute 
for 60 minutes) were observed on plasma osmolality or volume of lactation in lactating goats 
(Dahlborn 1990). 

10 Special Toxicology Studies 
No special toxicological studies were conducted by the Sponsor for this indication. 

11 Integrated Summary and Safety Evaluation 
Vasopressin (AVP) has been in the market for a long time (prior to 1938) for a number of 
indications. The present submission for the treatment of vasodilatory, postcardiotomy and septic 
shock deals with an intravenous infusion of vasopressin ranging from 0.01 to 0.10 units/minute 
as continued infusion for up to several days.  
 
Due to vast amount of information available in published data base (PubMed, TOXNET, 
TOXLINE, HSDB, DART, EMBASE, Registry of Toxic Effects of Chemical Substances 
(RTECS), CAplus, and Beilstein) on vasopressin and its extensive use in experience in humans. 
Except for a 28 day repeated dose study no formal single dose studies in animals were conducted 
by the Sponsor for pharmacological, toxicological and safety evaluation of vasopressin in present 
submission. 
 
Primary Pharmacology 
Vasopressin (VP) synthesis (Fig. 2) occurs in the two specific hypothalamic nuclei, the 
supraoptic nucleus (SON) and paraventricular nucleus (PVN) and is regulated at transcriptional 
level in CNS as a result of an increase in plasma osmolality. It is synthesized as 168- amino acid 
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prohormone and 23 amino acid signal peptide. The VP domain (1-9 residues) in the prohormone 
is linked to VP neurophysin domain (13-105 residues) that is linked to VP glycopeptide domain 
(107 to 145 residues).  
 
In addition to this, VP is also synthesized in heart and adrenal gland.  
Physiological stimulus such as hypervolemia and hypotension play an important in VP synthesis 
and release. Severe decreases (20-30%) in blood volume could increase VP concentration to 20-
30 times to normal physiological level.  
 
Three types of VP receptors: V1a, V1b, and V2 are responsible toward the pharmacological action 
of VP. The V1a receptor is the main subtype of VP receptor found in vascular smooth muscle, 
adrenal gland, myometrium, and bladder that activates the Gq-PLC-IP3 pathway causing 
vasoconstriction, glycogenolysis, and platelet aggregation (Fig. 3).  
 
The V1b receptors are found in the anterior pituitary, several brain regions, pancreas, and adrenal 
medulla. The V2 receptors are located on renal collecting-duct system and on vascular 
endothelial cells. The most prominent response to V2 receptors is an increased water 
permeability of the renal collecting duct at concentrations as low as 50 fM. 
 
Safety Pharmacology 
There were no safety pharmacological studies conducted by the Sponsor, and cardiovascular 
effects of VP are reported below.  
 
Cardiovascular Effects 
Intravenous administration of AVP in rats (0.026 U/kg/min) and dogs (0.0055 U/kg/min- 0.026 
U/kg/min) as reported in hemodynamics studies submitted by the Sponsor did not cause any 
mortalities. Decreased heart rate (HR), decreased cardiac output, increased mean arterial pressure 
(MAP) were the primary outcomes from these studies.  
 
AVP administration (IV) resulted into an increased diastolic blood pressure, mean arterial blood 
pressure, coronary perfusion in pig (0.4 U/kg) models of cardiac arrest and cardiac arrhythmia. 
 
Central Nervous System (CNS) 
As a neurotransmitter and/or neuromodulator VP can modulate CNS autonomic systems 
controlling heart rate, arterial blood pressure, respiration rate, and sleep patterns, however, 
physiological significance is not understood. VP may also have an effect on certain learned 
behaviors, in the development of some complex social problems, and in the pathogenesis of 
complex psychiatric diseases such as depression.  
 
Pharmacokinetics 
AVP is metabolized in liver and kidney by aminopeptidases and inactivated by trypsin in GI 
tract. The physiological plasma level of vasopressin in human varies from 0.20-0.50 pg/mL 
(Oosterbaan 1989) to 0.76-1.19 pg/mL (Risberg 2009).  
 
The variation across reports in values is likely due to different methodology used in measuring 
the vasopressin levels in different studies.  
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The plasma half-life for vasopressin is reported to vary from 17 to 35 min in human (Jackson, 
2006). Antidiuretic effects of vasopressin last 2-8 hours following intramuscular or subcutaneous 
injection.  
 
General Toxicology 
No single dose toxicity studies were conducted by the Sponsor in animals and little information 
is available in published literature. The Sponsor conducted a dose range finding (DRF) study, 
and a 28-Day repeat dose study to evaluate the toxic effects of AVP and impurities in rats.  
 
Data from 28-Day repeat dose study  did not reveal any AVP related toxicity in rats when 
administered intravenously daily for 28 days at a dose of 0.76 μg/kg AVP alone, or with the 
addition of impurities at 0.1, 0.32 and 1.14 μg/kg. No adverse effects have been reported in 
animal studies other than expected pharmacological effects.  
 
The NOAEL dose of AVP administered intravenously to rats over a 28-day period was 
considered to be 0.76 μg/kg and for impurities 1.14 μg/kg. AVP impurities did not have any 
additive or synergistic toxic effects in repeated dose rat study. 
 
Genetic Toxicology 
Data from genetic toxicity studies did not show any mutagenic or clastogenic potential of AVP 
in mammalian cell chromosomal aberration assay . 
 
Reproductive and Developmental Toxicology  
Published studies assessing the effects on in utero exposure to the fetus have not resulted in any 
morphological teratogenic effects. A significant decrease in spermatogenic index was noticed in 
spiny mice when AVP was administered intraperitoneally (50 µg/kg AVP at 3-day interval for 4 
weeks), while no effects were seen on female reproductive function.  
 
VP has a detrimental effect on sperm function (the percentage of motility, capacitation status, 
and protein tyrosine phosphorylation), fertilization, and embryonic development, suggesting its 
critical role in the acquisition of fertilizing ability of mouse spermatozoa. 
 
Results of in vitro exposure of AVP (of 65 and 130 mU/kg/hr) to fetal lambs (epitheliochorial 
placenta in contrast to humans with haemochorial placenta are less permeable to hydrophilic 
molecules) have shown to be associated with an increased level of Na+/K+ in amniotic fluid 
followed by a significant decrease in fetal heart rate, increase in systolic and diastolic blood 
pressure.  
 
Intracisternal administration of AVP (10 or 100 ng) directly into the CNS of fetal rats (gestation 
day 20) led to a significant increase in fetal movement and effects were ceased within few 
minutes after the treatment. A significant increase in forelimb activity, increase in head and 
mouth activity was evident at higher dose levels (10.0 to 100.0 ng) of VP. 
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Safety Evaluation 
Based upon the NOAEL (0.76 μg/kg) obtained in repeated dose toxicity study in rats, the 
calculated human equivalent dose of AVP (0.76x.16=0.12 μg/kg) is at least 57X than the 
proposed dose of intravenous administration of AVP (0.01 to 0.067 U/min = 0.019 to 0.13 
μg/min equivalent to 0.00032 to 0.0021 μg/kg for a 60 kg adult). 
 
The combination of the extensive historical use of Pitressin (AVP) in humans, and with an 
adequate safety margin, this reviewer has no nonclinical safety concern from the 
pharmacological and toxicological perspectives for current NDA 204485. 
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studies/data requested by the Division 
during pre-submission discussions? 

   x  

 
 

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

x  

 
 
 

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

x  

 
No impurities were identified. 
 

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

 
 
 N/A 

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

  

 
 
 N/A 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE?   Yes 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
None 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
 
None 
 
 
Rama Dwivedi                                                                                   October 31, 2012 
Reviewing Pharmacologist      Date 
 
Thomas Papoian         October 31, 2012 
Team Leader/Supervisor      Date 
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