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1 Executive Summary

1.1 Introduction

Eagle Pharmaceuticals, Inc has submitted NDA 205579 for marketing approval of 
Ryanodex® (dantrolene sodium for injectable suspension), 250 mg/vial, for the 

 prevention of Malignant Hyperthermia (MH).  The NDA was submitted 
as a 505(b)(2) application referencing the Agency’s previous finding of safety and 
effectiveness of Dantrium Intravenous (dantrolene sodium for injection) (NDA 18-264).  
MH is a rare, life-threatening condition characterized by rigidity of skeletal muscles, 
skeletal muscle hypermetabolism, metabolic acidosis, and extreme pyrexia that is 
triggered in a small, genetically-susceptible proportion of the population following 
exposure to inhalant anesthetics or the depolarizing neuromuscular blocking agent 
succinylcholine. The etiology of this condition is thought to be underlied by a mutation 
at the ryanodine receptor at the sarcoplasmic reticulum of muscle cells which promotes 
the excess release of Ca2+ into the intracellular compartment with many downstream 
deleterious ramifications.  To date, dantrolene sodium marketed as Dantrium IV remains 
the only specific and effective intravenous treatment for MH and acts by blocking 
excitation-contraction coupling in muscle cells, targeting in particular the ryanodine 
receptor.  Note that dantrolene sodium was first approved for the treatment of chronic 
spasticity in the US on 1/15/74 as Dantrium capsules (NDA 17-443) and then Dantrium
IV (NDA 18-264) was approved for the treatment of MH on 9/19/79.  Dantrium IV is 
available as a lyophilized product (20 mg/vial) that requires reconstitution with a large 
volume (60 mL) of sterile water for injection (SWfI) due to poor solubility resulting in a 
solution with a dantrolene concentration of 0.33 mg/mL.  As such, many vials are 
frequently required to treat a patient experiencing an MH crisis.   Ryanodex is a novel 
dantrolene sodium formulation available as a 250 mg lyophilized nanocrystalline 
product, which is reconstituted in 5 mL SWfI resulting in a dantrolene concentration of 
50 mg/mL.  Though no labeling claims are being pursued by the Applicant, the larger 
amount of dantrolene per vial, 150-fold higher concentration, and easier reconstitution 
of Ryanodex compared to Dantrium IV may offer potential clinical benefit with respect to 
treating an MH crisis more rapidly.  Indeed, this potential clinical benefit argument has 
led the Division to grant this NDA priority review designation.  

Due to the extremely rare occurrence and life-threatening nature of MH, there was 
agreement early in development between the Applicant and Division that it would be 
appropriate to demonstrate the efficacy of Ryanodex under the Animal Rule (21 CFR
314.600 Subpart I).  The Applicant presented a persuasive argument that the most 
relevant animal model to the human clinical condition is the MH-susceptible (MHS) 
swine, which is homozygous for the recessive allele for the MH sensitive gene ryr1
encoding the hyper-responsive ryanodine receptor. Note, however, that as 
development progressed, the Division advised the Applicant at a Pre-NDA meeting (See 
minutes dated 8/29/13) that a 505(b)(2) application not submitted under Subpart H 
(Accelerated Approval of New Drugs for Serious or Life-Threatening Illnesses) or I 
(Approval of New Drugs When Human Efficacy Studies Are Not Ethical or Feasible) 
may be a feasible strategy if the pharmacokinetic (PK) parameters of Ryanodex were 
nearly identical to that of the listed drug since it could be inferred that efficacy and 
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safety of the two products would be comparable.  Critical points to consider for this 
approach were that if dantrolene exposure with Ryanodex was less than with Dantrium 
IV, then evidence of efficacy (through nonclinical studies) with Ryanodex would be 
required and the amount of safety data required would be reduced.  Conversely, if 
dantrolene exposure with Ryanodex was more than Dantrium IV, then efficacy would be 
assumed and a demonstration of safety would be critical.  The conducted human clinical 
studies ultimately showed that the AUCs were comparable at similar doses of Ryanodex 
and Dantrium IV and the Cmax was approximately 40% higher after Ryanodex 
administration.  Based in part on this data, the Applicant has submitted the NDA via the 
505(b)(2) pathway without the need to demonstrate efficacy under the Animal Rule.  As 
such, the animal efficacy data in the MHS swine described below may not be deemed 
critical for approval but rather may serve as supportive information.  

1.2 Brief Discussion of Nonclinical Findings

Nonclinical Efficacy

The efficacy (and safety) of Ryanodex was characterized using MHS swine (all from the 
same supplier) in a series of studies, including four pilot studies and one “pivotal” study.  
Note that pilot studies were also designed to optimize instrumentation, blinding, and 
sample collection procedures. The general study design was similar for all five studies.  
On Study Day (SD) 1, animals were surgically prepared, MH episodes were induced by 
exposure to 1-2% halothane or 4% sevoflurane (used in “pivotal” study), with an
additional 1 or 2 mg/kg IV succinylcholine injection if necessary.  After MH episode 
onset, animals were treated immediately according to randomized treatment 
assignment (e.g., Ryanodex, Dantrium IV, or Saline), with or without supportive care 
(e.g. injection of sodium bicarbonate to adjust blood pH, administration of lidocaine to 
treat arrhythmia, application of external cooling devices [ice, cold wet towels]), and then 
monitored until MH resolution, death, or euthanasia in extremis, after which select 
tissues were preserved and examined. Animals were then followed for safety and 
survival typically until SD6 (scheduled necropsy). Assessments over the course of the 
study included reversal of MH symptoms, PK analysis of dantrolene and 5-
hydroxydantrolene exposure, and safety evaluations (e.g., clinical signs, clinical 
pathology, gross pathology, and histopathology). Note that the onset of the MH episode 
was defined as the presence of at least two of the following criteria:  end tidal carbon 
dioxide (CO2) ≥ 70 mmHg; arterial pCO2 ≥ 75 mmHg; arterial pH ≤ 7.20; tachycardia (≥ 
40% increase above baseline heart rate); cardiac arrhythmia present; body temperature 
increase ≥ 1.5ºC; muscle rigidity.  Full resolution of the MH episode was determined 
using clinical judgment by a staff veterinarian that the animal had no life-threatening 
conditions and that changes in all MH parameters listed above had reversed. The 
studies were also designed with methods to control bias.  

In the “pivotal” study entitled Evaluation of the efficacy and safety of Dantrolene in the 
treatment of malignant hyperthermia in susceptible swine (Study report #1773-004), 
MHS swine received Ryanodex or Dantrium IV at 2 dose levels (2.5 mg/kg and 10 
mg/kg [administered as 2.5 mg/kg x QID with 5 min between doses]), or Saline as a 
control.  All animals also received supportive care.  The efficacy endpoints established 
by the Applicant were as follows:
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 The primary endpoint
o Time to MH Resolution

 Secondary endpoints
o Proportion of Subjects Achieving MH Resolution
o Time to reversal of the first two parameters among those defining MH 

(F2P)
o Proportion of Subjects Achieving F2P

Reviewer’s note: There were numerous correspondences between the Applicant and 
Division to discuss the design of the “pivotal” efficacy study, but the protocol was not 
ultimately submitted to gain agreement under a Special Protocol Assessment (SPA).  
Nevertheless, the design of this study is acceptable from the nonclinical perspective.  
Note that the statistics reviewer raised the point that Time to MH Resolution is not an 
ideal primary efficacy endpoint for this study.  Since none of the Saline group animals 
achieved MH resolution, there is no comparative control value (time) for the test groups 
to determine efficacy.  Rather, the primary endpoint should have been Proportion of 
Subjects achieving MH Resolution.  

The “pivotal” nonclinical efficacy study clearly demonstrated the efficacy of Ryanodex to 
reverse MH triggered by sevoflurane (with or without succinylcholine) in MHS swine
(see summary table below).  While none of the animals administered saline achieved 
MH resolution or F2P, 15 out of 16 Ryanodex-treated animals achieved MH resolution 
and 16 out of 16 achieved F2P.  The difference in the proportion of subjects achieving 
the event of MH resolution in the Ryanodex-treated group and the Saline group was 
statistically significant in favor of Ryanodex-treated subjects (p=0.0003).  It was similarly 
significant in favor of Ryanodex with respect to the event of F2P (P<0.0001).  The study 
was not adequately powered to determine a statistical difference between the Ryanodex 
and Dantrium IV groups, but the two dantrolene formulations showed comparable 
efficacy with respect to achieving MH reversal and F2P with all 16 out of 16 Dantrium 
IV-treated animals achieving both endpoints. Note that MH was not triggered in one 
animal from the 10 mg/kg Ryanodex group following sevoflurane exposure and required 
succinylcholine for induction of MH.  Following Ryanodex treatment (with supportive 
care), the animal subsequently reversed most of the MH-defining parameters following 
Ryanodex treatment but failed to reach MH Resolution due to persistent muscle rigidity 
and elevated potassium.  At about 2 hours after Ryanodex treatment, the animal had 
heart rate fluctuations and, shortly thereafter, had elevation of end tidal CO2 and PaCO2

and lowering of arterial pH, indicative of MH recrudescence.  An additional 2.5 mg/kg 
dose of Ryanodex was administered without improvement and the animal was 
euthanized in extremis ~4 hours after the start of treatment.  It was unclear why this 
animal did not respond to treatment and experienced recrudescence of MH.  

A summary of the dantrolene PK parameters following Ryanodex and Dantrium IV 
administration shortly after onset of MH crises in MHS swine is shown in the table 
below.  Consistent with the human PK data, the AUC values were similar between the 
Ryanodex and Dantrium IV groups.  Moreover, the Cmax was approximately 1.5- to 2-
fold greater in the Ryanodex 10 mg/kg group relative to Dantrium IV 10 mg/kg group as 

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

6

would be expected based on the human and animal toxicity exposure data.  Oddly, the 
mean Cmax value for the Dantrium IV 2.5 mg/kg group (18,181 ng/mL) appeared 
aberrantly high as it was approximately 3-fold and 1.5-fold higher than the Cmax values 
from the Ryanodex 2.5 mg/kg group (6,860 ng/mL) and the Dantrium 10 mg/kg group 
(12,781 ng/mL), respectively.  The study report included a protocol deviation that noted 
that “the proximal lumen of the central line was used to administer the comparator 
article (2.5 mg/kg Dantrium IV) to animal number 413 [from Dantrium IV 2.5 mg/kg 
group], rather than the protocol-specified distal lumen” and that the 1 minute sample 
was collected while the Dantrium IV was still being administered.  Inspection of the 
individual PK data showed that this may have been attributable for the aberrantly high 
dantrolene concentration (38,400 ng/mL) that was observed in this animal at the 1 
minute time point.  However, dantrolene concentrations appeared aberrantly high at the
1 minute time point for numerous animals from the Dantrium IV 2.5 mg/kg group.  An 
Information Request was sent to the Applicant requesting an explanation for the 
aberrantly high dantrolene concentrations at the 1 minute time point for these animals 
from the Dantrium IV 2.5 mg/kg group.

Summary of Efficacy Endpoint Results
Saline Ryanodex Dantrium IV

2.5 mg/kg 10 mg/kg 2.5 mg/kg 10 mg/kg
N=5 N=8 N=8 N=8 N=8

MH Resolution
Proportion of animals
achieving MH reversal

0
(0%)

8
(100%)

7
(87.5%)

8
(100%)

8
(100%)

Time to MH reversal (min)
Mean

Median
N/A
N/A

35.5
28

29.1
28

40.0
21

32.9
27

F2P
Proportion of animals
achieving F2P

0 8
(100%)

8
(100%)

8
(100%)

8
(100%)

Time to F2P (min)
Mean

Median
N/A
N/A

19.1
17

19.0
16

19.3
14

16.0
13

Survival to SD6
(termination)

0 7 7 7 7

Pharmacokinetics
Dantrolene 

Cmax (ng/mL)
AUC0-24 (ng∙hr/mL)

N/A
N/A

6,860
9,077

22,912
93,608

18,191*
10,250

12,781
111,496

5-Hydroxydantrolene 
Cmax (ng/mL)

AUC0-24 (ng∙hr/mL)
N/A
N/A

400
2,811

1070
12,811

517
3,988

1500
20,106

*Artifact due to blood sampling during Dantrium IV administration

In the Applicant’s response to the IR, they stated “the aberrant (high) dantrolene plasma 
concentrations obtained for the 1 minute timepoint in the Dantrium IV dose group 2 [2.5 
mg/kg] are considered an artifact of the study methodology employed for test article 
dosing and blood sampling. Namely for Dantrium IV dose groups (only), it is possible 
that artificially high dantrolene plasma concentrations were reported for the 
pharmacokinetic timepoints where samples were obtained coincident with drug 
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administration. It is important to note that these methodology artifacts only impacted the 
Dantrium dose group(s) and only affect the assessment of Dantrium IV Cmax and Tmax, 
but have no substantive influence on Dantrium IV AUC.”  They also note that the study 
was designed as such to maintain the blind for treatment.  The Applicant explained “the 
study was conducted in a blinded fashion whereby the study personnel responsible for 
the dosing of the test article (Ryanodex, Dantrium IV or placebo) were located behind a 
screen such that the staff responsible for the management of the animals’ condition 
were unaware of the treatment provided. In order to maintain this ‘blind’, post-dose 
study procedures (including the timing of pharmacokinetic blood draws) were kept 
uniform across all animals and dose groups.”  Ultimately, they acknowledge that 
“caution should be exercised when interpreting Dantrium IV data from this blood 
sampling regimen. These timepoints coincident with drug infusion are therefore an 
imprecise measurement of the dantrolene concentration in the immediate vicinity to the 
venous point of drug administration, and are not representative of systemic dantrolene 
blood levels.”  Therefore, the bottom line is that the Dantrium IV Cmax values are not 
reliable, the Dantrium IV AUC values were not significantly impacted, and the Ryanodex 
PK values are reliable.

Nonclinical Safety/Toxicology

The nonclinical safety program included an evaluation of cardiovascular safety of 
Ryanodex in anesthetized farm pigs (i.e. non-MH susceptible swine), 14-day repeat-
dose general toxicology studies in dogs and minipigs, a safety evaluation of Ryanodex 
in MHS-swine undergoing MH crises, local tolerance evaluations in rabbits, and an in 
vitro evaluation of hemolytic potential to support the safety of Ryanodex, which enables 
faster infusion and introduces a bolus containing a 150-fold increased concentration of 
dantrolene sodium relative to the listed drug Dantrium IV.  Note that many of these
studies were designed to compare Ryanodex safety against Dantrium IV, and not 
necessarily to establish NOAELs (though they were identified for the 14-day studies in 
dogs and minipigs). There were many differences inherent to the formulations which 
required accommodation in study design. Different concentrations were generally used 
(50 mg/mL dantrolene in Ryanodex vs. 0.33 mg/mL in Dantrium IV), different infusion 
volumes (0.2 mL/kg for Ryanodex vs. 30 mL/kg for Dantrium IV), and different rates of 
infusion (bolus injection possible with Ryanodex while Dantrium IV is a slow infusion). 
While this in some ways makes direct comparison difficult, assessing the impact of the 
methodological differences was a principal purpose of the studies.

Cardiovascular safety pharmacology
Safety pharmacology studies were conducted in anesthetized Yorkshire swine (non-MH 
susceptible) to evaluate the effects of Ryanodex on systemic hemodynamics and 
determine the potential for pulmonary embolism following intravenous administration.  In 
a pilot study, the following Ryanodex doses were administered as rapid bolus doses 
(<10 sec/dose):  a single bolus injection of a 100 mg/kg dose, 12 serial bolus injections 
of 10 mg/kg/dose (120 mg/kg cumulative) with 5 minutes between doses, and 9 serial 
bolus injections of 3 x 10 mg/kg, 3 x 20 mg/kg, and 3 x 40 mg/kg with 5 to 14 minutes 
between doses (210 mg/kg cumulative dose).  This pilot study showed that repeated 10 
to 40 mg/kg doses of the Ryanodex at up to a cumulative dose of 210 mg/kg or a single 
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dose administration of 100 mg/kg did not result in an occlusive pulmonary event.  
However, repeated doses (>100 mg/kg cumulative dosage) of Ryanodex produced 
significant effects on hemodynamics, but they could be attributed to the pharmacologic 
activity of dantrolene as the effects were observed with other dantrolene solution 
formulations at high doses.  In a GLP hemodynamics study, Ryanodex was tested as a 
single bolus dose of 10 mg/kg and up to 10 serial bolus injections of 15 mg/kg/dose for 
a cumulative dose of 150 mg/kg.  This study showed that a single dose of 10 mg/kg and 
multiple bolus doses of up to 15 mg/kg up to a cumulative dose of 100 mg/kg did not 
result in significant effects on systemic hemodynamics.  In contrast, administration of 9 
or more doses of 12.5 or 15 mg/kg/dose with cumulative doses of over 112.5 mg/kg 
produced significant decrease in systemic blood pressure, a significant increase in heart 
rate, an increase in femoral flow, and a decrease in peripheral vascular resistance, 
which were most likely attributed to the pharmacology of dantrolene.  

General Toxicology 
Dog
An initial 14-day general toxicology study conducted in the beagle dog involved
repeated daily peripheral vein injection of vehicle, Ryanodex at 2.5, 5.0, or 10 mg/kg
(bolus), or 10 mg/kg Dantrium IV (slow infusion). Animals were sacrificed acutely on
Study Day 15 (SD15) or after a 14-day follow-up (SD29) to address reversibility. A
species-specific anaphylactoid response was noted in all vehicle-containing groups, this
response has been previously described for polysorbate (Tween) 80-containing
formulations in the dog1,2. Notable clinical pathology changes included elevated WBC 
(neutrophils-driven), monocytes and fibrinogen levels that were noted to be dose
dependently associated with Ryanodex and greater in magnitude than under Dantrium 
or vehicle conditions. Gross and histopathologic evaluation revealed evidence of local 
toxicity to explain these findings: suppurative inflammation, seroma, granulation tissue 
and necrosis was noted with Ryanodex and was less significant in incidence and 
severity in Dantrium IV and was not noted with vehicle. Animals sacrificed on SD29 
demonstrated largely resolving local toxicity which was paralleled by reduced 
perturbation of WBC parameters.  

A subsequent 14-day administration study was undertaken solely to evaluate the effect
of saline infusion before and/or after bolus Ryanodex on local tolerability at the 
equivalent dose (10 mg/kg) of administered Dantrium IV. There was no vehicle control 
and no acute sacrifice, instead animals were evaluated clinically through dermal scoring 
and sacrificed on SD19, 5 days after the final dose. While erythema and edema was 
noted with administration, this appeared less apparent with the Ryanodex formulation 
administered with continuous saline infusions bracketing bolus injection when compared 
to Dantrium IV.  At 5-days post-treatment, mild dermal and perivascular inflammation 

                                           
1

Masini E, Planchenault J, Pezziardi F, Gautier P, Gagnol JP. 1985. Histamine-releasing properties of
Polysorbate 80 in vitro and in vivo: correlation with its hypotensive action in the dog. Agents Actions 
16:470-7
2

Hohenhaus AE and Matus RE. 1990. Etoposide (VP-16) Retrospective analysis of treatment in 13 dogs 
with lymphoma J Vet Intern Med 5:239-41
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was noted with both groups with similar general severity. Overall, local toxicity is judged 
as minimal, reversible and/or monitorable at 10 mg/kg in the dog.  

Minipig
A 14-day repeat-dose general toxicity study was conducted in minipigs implanted with 
jugular catheters and vascular access ports to reduce the effects of repeated site 
puncture. Vehicle, Ryanodex 10, 30, or 70 mg/kg or Dantrium IV 10 mg/kg was 
administered daily. Recovery groups were included which received 14-days treatment-
free period prior to sacrifice and evaluation. Toxicokinetic data revealed the AUC 
exposure was equivalent between the 10 mg/kg formulations of Ryanodex and 
Dantrium IV though Cmax was approximately 2-fold higher with Ryanodex. Clinical signs 
of dantrolene-related pharmacodynamic toxicity, muscle-weakness, ataxia, limb 
dysfunction, and reduced activity were more apparent in the Ryanodex condition as 
would be predicted by the elevated Cmax compared to Dantrium. No alterations in clinical 
pathology were noted at ≤ 30 mg/kg Ryanodex and ECG changes (reduced QT and 
QTc) compared to vehicle-treated animals while potentially treatment-related were not 
toxicologically significant. No significant evidence of lesions on gross pathology were 
noted ≤ 30 mg/kg and at equivalent dantrolene doses there was similar minimal to 
moderate local toxicity at the administration site consisting of hemorrhage, perivascular 
inflammation, and hypertrophy/hyperplasia of media and intimal layers of the vessel 
receiving the injection. At the 70 mg/kg Ryanodex dose, mortality was observed 
beginning on SD7 which required early termination of a number of animals with 
evidence of bone marrow suppression, severe stress, yellow discolored organs 
(assumed to represent high levels of dantrolene) and thrombus containing brilliant 
yellow-brown crystals in one animal which also had findings indicative of adverse renal 
function. Thrombi were noted in all treatment groups, including vehicle, though the 
incidence was higher at ≥30 mg/kg Ryanodex.  The NOAEL is 30 mg/kg in the minipig.

MHS-Swine
Toxicity endpoints were also evaluated in the pivotal efficacy study entitled Evaluation of 
the efficacy and safety of Dantrolene in the treatment of malignant hyperthermia in 
susceptible swine (Study report #1773-004).  In general, the toxicities observed were 
attributable to the MH crises and/or catheterization procedures and appeared 
comparable across the Ryanodex and Dantrium treatment groups.  In total, nine 
animals died prior to scheduled necropsy on SD6.  Six animals were euthanized in 
extremis after failure to recover from the MH episode.  These included all 5 animals 
from the Saline group and one Ryanodex-treated animal from the 10 mg/kg arm, which 
achieved F2P but not MH resolution.  In addition, one animal from the Ryanodex 2.5 
mg/kg group died from suspected Porcine Stress Syndrome (PSS) and two animals 
from the Dantrium IV-Treated group died just prior to scheduled necropsy on SD6, one 
from accidental iatrogenic exsanguination and the other from suspected PSS.  The 
adverse event profile was comparable for the Ryanodex and Dantrium IV groups.  The 
only AE that occurred with an incidence of >1 was pyrexia.  12 Ryanodex-treated 
animals experienced pyrexia (12 [75.0%] subjects) of minimal to moderate severity 
compared 13 Dantrium-treated animals, which experienced either pyrexia (9 [56.3%] 
subjects) or intermittent pyrexia (4 [25.0%] subjects), 4 of which were judged to be 
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severe.  Similar clinical signs were generally noted across dantrolene treatment groups.  
Notable clinical signs included tremor and ataxia, both of which were observed only 
transiently on SD1 shortly after onset of MH and treatment with either Ryanodex or 
Dantrium IV.  Hindlimb impairment and red eye discoloration were also generally 
observed in at least one animal from each dantrolene treatment group.   Altered clinical 
pathology parameters were likely a secondary inflammatory response to the MH-
induced skeletal muscle damage associated with the MH crisis and were generally 
similar across dantrolene treatments and saline control though all control animals died 
several hours after MH onset and therefore were unavailable for comparison thereafter.    
Notable changes in hematology parameters, relative to baseline levels, included 
elevations in absolute reticulocytes, eosinophils, erythrocytes, hematocrit, hemoglobin, 
white blood cells, and neutrophils, which were observed as early as 1 hour post 
treatment in both Ryanodex- and Dantrium IV-treated animals as well as in saline-
treated controls. Both aPTT and Fibrinogen were elevated as early as 1 hour after 
saline treatment (note they were euthanized several hours later).  In Ryanodex- and 
Dantrium-treated animals, the dantrolene appeared to temporarily attenuate changes in 
these parameters though they were eventually elevated by 24 hours postdose and 
remained elevated on SD6.  Notable changes in clinical chemistry parameters, relative 
to baseline values, included moderate to marked elevations in aldolase, creatine kinase, 
myoglobin, creatine kinase MM, creatine kinase MB, alanine aminotransferase, 
aspartate aminotransferase, and lactate dehydrogenase that were observed as early as 
1 hour post-treatment in both Ryanodex- and Dantrium IV-treated animals as well as in 
saline-treated controls.  No notable gross findings or organ weight changes were 
observed.  Notable microscopic findings were observed in heart (inflammation and 
myofiber degeneration), kidneys (thrombi in the small arteries and arterioles), skeletal 
muscle (inflammation, myofiber degeneration/necrosis, and myofiber regeneration), and 
at injection sites that appeared linked to the MH episode and/or catheterization 
procedure and were observed in both the Ryanodex and Dantrium IV animals with 
similar incidence and severity.  Note the saline-treated animals died much earlier on 
SD1 and therefore were not useful as an appropriate control.  Moreover, no adverse 
Ryanodex-related microscopic findings were observed in non-MHS swine administered 
Ryanodex at up 30 mg/kg daily for 14 consecutive days in Study 1773-012 (GLP), which 
argues that the histopathological findings observed here are likely due to the MH crises 
and catheterization.

Local Tolerance
Local tolerance studies conducted with intravenous administration to the ear vein of
rabbits resulted in minimal to moderate erythema and edema, perivascular hemorrhage,
inflammation, and fibrin deposition with Ryanodex administration and while there was
relatively limited findings with Dantrium it is noted that the doses, volumes, and
concentrations are not equivalent to allow comparison, though of course this is in many
ways the point of the evaluation. Perivenous administration of Ryanodex, and not
Dantrium, resulted in yellow crystalloid material assumed to be dantrolene associated
with mild acute perivascular inflammation. 
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Ryanodex did not demonstrate direct hemolytic potential when mixed as 50 mg/mL at a 
1:1 ratio of drug:whole blood and incubated at 37C for 30 minutes.  This represents the 
maximal concentration at the proposed intravenous administration site.

Formulation
All of the excipients in the Ryanodex formulation are listed in the FDA Inactive 
Ingredient Database with maximum concentrations for the IV route that exceed those in 
Ryanodex.  Moreover, the safety of the excipients was qualified by their inclusion in the 
formulation used in the 2 week repeat-dose toxicity studies in dogs and minipigs.

Impurities
Potential impurities in the dantrolene sodium drug substance from  

(DMF ) include  and Impurity A, which are listed as synthesis 
impurities, and Impurities B and C, which are potential degradants.  Impurities A, B, and 
C contain structural alerts for mutagenicity that are shared with the parent compound 
dantrolene.  However, dantrolene itself has been shown to be mutagenic in the Ames 
test and tumorigenic in rodents and this is captured in the Dantrium IV label and the 
proposed Ryanodex label.  The proposed drug substance and drug product 
specifications for  are within the listed drug.  However, based on much 
lower levels observed in registration batch stability studies, ONDQA advised the 
Applicant to lower the specifications.  The Applicant complied so the current 
specifications for these impurities are acceptable from the nonclinical perspective.  
Synthesis impurity , which does not appear to be associated with the listed drug, 
also contains structural alerts for mutagenicity, but they are unique from the parent 
compound.  Though the proposed specification for this impurity was within the ICH Q3A 
qualification level of NMT 0.15%, we advised the Applicant to lower the specification to 
NMT % so that the potential daily exposure of this impurity based on the maximum 
daily dose of Ryanodex would be within the acceptable daily intake of mutagenic 
impurities in accordance to the ICH M7 Draft Consensus Guideline Assessment and 
Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential 
Carcinogenic Risk, which allows up to 120 mg/day for an individual mutagenic impurity 
in a drug with intended treatment duration of  1 month.  The Applicant complied so the 
current impurity specification for  is acceptable from the nonclinical perspective.  
In addition, the acceptance criteria for residual solvents are acceptable.  

Extractable/Leachables
From the nonclinical perspective, there is minimal concern regarding the safety of 
potential leachables from the container closure with use of Ryanodex based on the 
Applicant’s extractables evaluation (See Special Toxicology Section of this review), a
minimal concern for leaching into the lyophilized Ryanodex drug product during its 
storage shelf-life, it’s short 6 hour in-use time after reconstitution, and the use of these 
container components (vial and stopper) in numerous approved parenteral products, 
including solutions and lyophilized powders for injection.  In addition, the level of 
leachables arising from the Ryanodex container system upon 6 hours after 
reconstitution with water do not represent a safety issue in the opinion of this reviewer 
as it is a small fraction of the normal range in healthy adult plasma, orders of magnitude 
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lower than the amount in the typical human diet, and well within levels detected in 
approved parenteral products according to published reports.  

SAFETY ASSESSMENT
Safety margins based on AUC and Cmax were evaluated from the NOAEL-associated 
nonclinical TK values from the minipig study relative to available human PK data (as 
shown in the table below).  It is important to keep in perspective that minipigs were 
dosed daily for 14 consecutive days while clinical dosing is acute. 
 The Cmax and AUC values associated with the minipig NOAEL provide a 7-fold and 

3-fold safety margin, respectively, when compared to the mean clinical PK values 
from subjects administered 2.5 mg/kg Ryanodex.  

 Human PK values for the maximum recommended daily dose of dantrolene 
(according to label) of 10 mg/kg were predicted based on linear progression of data 
from humans given Ryanodex at doses from 1 to 2.5 mg/kg (see graphs below).  
Compared to the predicted AUC value for a clinical dose of 10 mg/kg, the AUC 
associated with the minipig NOAEL provides an approximate 0.7-fold exposure 
margin.  Note though that the AUC was comparable after administration of 
Ryanodex and Dantrium IV at all doses tested in both animals and humans and we 
are not concerned about Dantrium IV at the 10 mg/kg dose level.  Therefore, this 
exposure margin is considered adequate.  In contrast, the Ryanodex Cmax was 
typically around 40-50% higher than Dantrium at equivalent dose levels in both 
animals and humans and therefore may pose a potential safety concern.  However, 
the Cmax associated with the minipig NOAEL provides an approximate 1.3- to 1.6-
fold exposure margin compared to the predicted human Cmax at 10 mg/kg.  This is 
considered to be adequate. 

In summary, the animal safety and efficacy studies support the safety of clinical dosing 
up to the maximum labeled dose of 10 mg/kg based on adequate safety/exposure
margins from the minipig toxicity study.  Note that the dog toxicity study and the efficacy 
study in MHS swine did not raise safety concerns since the toxicity profile appeared 
comparable between Ryanodex and Dantrium.   

Nonclinical safety margins Clinical dose
2.5 mg/kg 10 mg/kg

(predicted)*
Study Dose

(mg/kg/d)
Exposure Cmax

8.978 
g/mL

AUC
77.72 

g∙hr/mL

Cmax

39.65
g/mL

AUC
338.22
g∙hr/mL

Minipig
14 day RD 
tox study

30 mg/kg/d 
NOAEL

D1 Cmax: 52.6 g/mL 5.9x 1.32x

D1 AUC: 242 g∙hr/mL 3.1x 0.71x

D14 Cmax: 64.5 g/mL 7.2x 1.62x

D14 AUC: 216 g∙hr/mL 2.8x 0.64x

* Human PK values for the maximum recommended daily dose of dantrolene (according to label) 
of 10 mg/kg were predicted based on linear progression of data from humans given Ryanodex at 
the following doses: 1, 1.75, 2, 2.25, 2.5 mg/kg
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1.3 Recommendations

1.3.1 Approvability

From the nonclinical pharmacology toxicology perspective, NDA 205579 may be 
approved.

1.3.2 Additional Non Clinical Recommendations

No additional nonclinical studies are recommended.

1.3.3 Labeling

The table below contains the draft labeling proposed by the Applicant, changes 
suggested by this reviewer, and the rationale for this reviewer’s changes.  Note that text 
to be omitted from the Applicant’s proposed draft label is indicated by bold 
strikethrough.  Text added by this Reviewer is indicated in underlined bold.   

 

 
 

Applicant’s proposed labeling Reviewer’s suggested changes Rationale for Reviewer’s 
changes

8.1 Pregnancy
Pregnancy Category C

 
 

 
 

 
 

 

 

8.1 Pregnancy
Pregnancy Category C
Adequate and well controlled 
studies have not been conducted 
with Ryanodex in pregnant 
women  

 

 

Revised to reflect most recent 
information regarding 
nonclinical reproductive 
toxicity of dantrolene sodium, 
which is from Dantrium 
capsule label revised in 2012 
(based on approval of NDA 
17443 S-049; approved 7-17-
12).  Note that there will be 
further discussion prior to the 
Action date to determine 
whether this reviewer’s 
suggested language, which 
does not include additional 
data but rather is a re-
evaluation of the original data, 
from Dantrium capsules can 
be used since it is not the 
listed drug.
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13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility
Carcinogenesis
Sprague-Dawley female rats fed 
dantrolene sodium for 18 months 
at dosage levels of 15, 30, and 60 
mg/kg/day showed an increased 
incidence of benign and malignant 
mammary tumors compared with 
concurrent controls. At the highest 
dose level (approximately the 
same as the maximum 
recommended daily dose on a 
mg/m2 basis), there was an 
increase in the incidence of benign 
hepatic lymphatic neoplasms. In a 
30-month study in Sprague-
Dawley rats fed dantrolene 
sodium, the highest dose level 
(approximately the same as the 
maximum recommended daily 
dose on a mg/m2 basis) produced 
a decrease in the time of onset of 
mammary neoplasms. Female rats 
at the highest dose level showed 
an increased incidence of hepatic 
lymphangiomas and hepatic 
angiosarcomas.

The only drug-related effect seen 
in a 30-month study in Fischer-344 
rats was a dose-related reduction 
in the time of onset of mammary 
and testicular tumors. A 24-month 
study in HaM/ICR mice revealed 
no evidence of carcinogenic 
activity.

13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility
Carcinogenesis
Sprague-Dawley female rats fed 
dantrolene sodium for 18 months at 
dosage levels of 15, 30, and 60 
mg/kg/day showed an increased 
incidence of benign and malignant 
mammary tumors compared with 
concurrent controls. At the highest 
dose level (approximately the same 
as the maximum recommended 
daily dose on a mg/m2 basis), there 
was an increase in the incidence of 
benign hepatic lymphatic 
neoplasms. In a 30-month study in 
Sprague- Dawley rats fed 
dantrolene sodium, the highest 
dose level (approximately the same 
as the maximum recommended 
daily dose on a mg/m2 basis) 
produced a decrease in the time of 
onset of mammary neoplasms. 
Female rats at the highest dose 
level showed an increased 
incidence of hepatic
lymphangiomas and hepatic 
angiosarcomas.

The only drug-related effect seen in 
a 30-month study in Fischer-344 
rats was a dose-related reduction in 
the time of onset of mammary and 
testicular tumors. A 24-month study 
in HaM/ICR mice revealed no 
evidence of carcinogenic activity.

The significance of carcinogenicity 

No changes suggested by this 
reviewer
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The significance of carcinogenicity 
data relative to use of Ryanodex in 
humans is unknown.

Mutagenesis 
Dantrolene sodium has produced 
positive results in the Ames S. 
Typhimurium bacterial 
mutagenesis assay in the 
presence and absence of a liver 
activating system.

Impairment of Fertility
Dantrolene sodium administered to 
male and female rats at dose 
levels up to 45 mg/kg/day 
(approximately 1.4 times the 
maximum recommended daily 
dose on a mg/m2 basis) showed 
no adverse effects on fertility or 
general reproductive performance.

data relative to use of Ryanodex in 
humans is unknown.

Mutagenesis 
Dantrolene sodium has produced 
positive results in the Ames S. 
Typhimurium bacterial mutagenesis 
assay in the presence and absence 
of a liver activating system.

Impairment of Fertility
Dantrolene sodium administered to 
male and female rats at dose levels 
up to 45 mg/kg/day (approximately 
1.4 times the maximum 
recommended daily dose on a 
mg/m2 basis) showed no adverse 
effects on fertility or general 
reproductive performance..

2 Drug Information

2.1 Drug

CAS Registry Number (Optional)
24868-20-0

Generic Name
Dantrolene Sodium , USP
Code Name
N/A

Chemical Name
2,4-Imidazolidinedione, 1-[[[5-(4-nitrophenyl)-2-furanyl]methylene]amino]-, sodium salt,
hydrate (2:7)
1-[[5-(p-Nitrophenyl)furfurylidene]amino]hydantoin sodium salt hydrate

Molecular Formula/Molecular Weight
C14H9N4O5Na ● 3.5H2O / MW=399.29

Structure or Biochemical Description

Established Pharmacologic Class (EPC)
Skeletal Muscle Relaxant
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2.2 Relevant INDs, NDAs, BLAs and DMFs

App type/
#

Product Status
Date

Managing
Division

Manufacturer/Owner

NDA 
17-443

Dantrium Oral capsules
25, 50, 100 mg

Approved
1/15/74

DNP Par Sterile Products
(Formerly JHP Pharma)

NDA 
18-264

Dantrium IV Injection 
20 mg/vial

Approved
9/19/79

DAAAP Par Sterile Products
(Formerly JHP Pharma)

DMF Dantrolene sodium, 
 USP*

* This dantrolene sodium drug substance is different than the one used in the listed drug

2.3 Drug Formulation

Ryanodex® (dantrolene sodium) Suspension for Injection is a lyophilized product which 
is reconstituted at the time of use with 5 mL of Sterile Water for Injection.  The 
composition of the formulation is shown in the Applicant’s table below.

Reconstitution with 5 mL SWfI yields a product with the following API/excipient 
concentrations with maximal daily intake estimations.  Note that the concentration of 
dantrolene sodium in Ryanodex is 150-fold higher than in the listed product Dantrium IV 
(0.33 mg/mL).

Compound MTDI* Concentration
mg mg/mL w/v%

Dantrolene sodium 600 50 mg/mL 5.0%
Mannitol 300 25 mg/mL 2.5%
Povidone K12 9.6 0.8 mg/mL 0.08%
Polysorbate 80 60 5 mg/mL 0.5%
*MTDI=maximum total daily intake based on dantrolene dose of 10 
mg/kg and a 60 kg human weight.
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2.4 Comments on Novel Excipients

All of the excipients in the Ryanodex formulation are listed in the FDA Inactive 
Ingredient Database (IID) in intravenous (IV) products at maximum concentrations that 
exceed those found in Ryanodex.  Although it is unclear if there is coverage from 
approved products for the systemic total daily exposure to all of these excipients, they 
are all adequately qualified for safety since the intended drug product was used in the 
GLP 14-day repeat dose toxicology studies and acceptable levels of toxicity associated 
with the excipients were observed.

Mannitol: Mannitol is a monosaccharide that is used  for lyophilized 
parenteral products. Mannitol concentration as reconstituted in Ryanodex is 2.5% with 
a TDI of 300 mg. It is listed in the FDA IID with a maximum concentration of 93.75% for 
IV infusion (lyophilized powder for injection) and at up to 1035 mg for the oral route.  
Mannitol is also listed as an excipient in the listed drug Dantrium IV at 3000 mg per 70 
mL vial, which contains 20 mg dantrolene sodium.  At the MDD of Dantrium IV, the TDI 
of mannitol is 90 grams.

Povidone K12: Povidones are synthetic, water soluble polyvinylpyrollidones used in 
pharmaceutical formulations .  Povidone K12 is listed in the 
FDA IID with a maximum concentration of 10%.  The approved product with this 
concentration is a generic formulation of docetaxel (ANDA 203551; Sagent 
Pharmaceuticals), which is indicated for the treatment of breast cancer, non-small cell 
lung cancer, hormone refractory prostate cancer, gastric adenocarcinoma, and 
squamous cell carcinoma of the head and neck.  The mg level of povidone K12 in the 
docetaxel formulation could not be identified by this reviewer.  Note that the Applicant
identified a product Alkeran® for injection (NDA 20-207; Apo-Pharma USA, Inc), which 
is indicated for the palliative treatment of patients with multiple myeloma for whom oral 
therapy is not appropriate. The povidone concentration in Alkeran, as reconstituted, is 
20 mg/10 mL = 0.2%; total dose at 40% API = 6.4 mg/m2 @ 1.7 m;  estimated 
TDI. Povidone in Ryanodex is 0.08% w/v and the maximum TDI estimated by the 
Applicant is . While this exceeds daily levels associated with Alkeran, as the 
intended drug product containing povidone was used in 14-day nonclinical toxicology 
studies as well as local tolerance studies with acceptable levels of toxicity the excipient 
has been appropriately qualified for use.

Polysorbate 80: Polysorbate 80 is a nonionic surfactant in pharmaceutical formulations 
.

Polysorbate 80 as reconstituted in Ryanodex is 0.5% with a TDI of 60 mg. It is listed in 
the FDA IID in IV formulations with concentrations that range from 8% to 50% 
formulations. The product containing 50% polysorbate 80 was identified as docetaxel 
marketed as Taxotere (NDA 20449; Sanofi Aventis) though it is unclear what the mg 
levels of polysorbate 80 per dose are.  The TDI of polysorbate 80 from another 
approved product M.V.I.-12 Lyophilized would be  mg, which is based on  mg 
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polysorbate 80/vial and a daily dose of one vial.  Therefore, both the concentration and 
mg level of polysorbate 80 in Ryanodex are covered by levels in an approved product.

2.5 Comments on Impurities/Degradants of Concern

Drug substance
Potential impurities in the dantrolene sodium drug substance from  

 are shown in the Applicant’s table below.   and Impurity A are 
listed as synthesis impurities while Impurities B and C are potential degradants.  

 
while  appears to be unique for this drug substance.

The Applicant’s drug substance specifications, as proposed with the NDA submission,
are shown in the table below.  Note that the specifications for  were
above the qualification threshold of NMT 0.15% according to ICH Q3A.   

Reference ID: 3534003

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



NDA #205579 Ryanodex Reviewer: Jay H. Chang

19

The following comment was sent to the Applicant with the 60-day Filing Letter.
We note that the specifications for several related substances in the drug substance and drug product 
exceed the qualification thresholds per ICH Q3A and Q3B, respectively. If you cannot lower these 
specifications to be in accordance with ICH qualification thresholds, these impurity and degradant 
products must be adequately qualified for safety or be demonstrated to be within the specifications of 
the listed drug used for approval through the 505(b)(2) pathway. In order to provide adequate 
qualification, you must complete:

Reference ID: 3534003

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)



NDA #205579 Ryanodex Reviewer: Jay H. Chang

20

1. A minimal genetic toxicology screen (two in vitro genetic toxicology studies, e.g., one point 
mutation assay and one chromosome aberration assay) with the isolated impurity, tested up to 
the limit dose for the assay

2. A repeat-dose intravenous toxicology study in a single non-rodent species of appropriate duration 
to support the proposed indication

Impurities  so the Applicant addressed this issue by 
changing the proposed specifications for these impurities in the Drug Product (see 
below).  It was subsequently determined that  

  It should also 
be noted that though each of these impurities contains a structural alert for 
mutagenicity, the same structural alert is in the parent compound dantrolene, which 
itself was mutagenic in the Ames and tumorigenic in rodents.  This is captured in the 
Dantrium IV label and the proposed Ryanodex label so the specifications are 
acceptable. 

Although the synthesis impurity  is within the qualification threshold according to 
ICH Q3A, the CMC reviewer informed the team that it contains a structural alert that is 
not in the parent. Therefore, this reviewer submitted the structure to the FDA 
Computational Toxicology Consultation Services to be evaluated for genetic toxicity 
using QSAR models.  The results from this evaluation showed that  was 
predicted to be positive for Salmonella and E. Coli mutagenicity.  An Information 
Request was sent to the Applicant informing them of the comptox result and stated “The 
Agency’s current stance on the acceptable daily intake of mutagenic impurities, which is 
outlined in the ICH M7 Draft Consensus Guideline Assessment and Control of DNA 
Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic 
Risk, allows up to 120 mg/day for an individual mutagenic impurity in a drug with 
intended treatment duration of  1 month. Therefore, you must lower the drug 
substance specification limit to NMT  for , which is based on the 
recommended maximum daily dose of 10 mg/kg of dantrolene sodium.  Alternatively, 
you can demonstrate that  is negative in an appropriately conducted GLP-
compliant bacterial mutagenicity assay.”  The Applicant responded that they would 
lower the specification as indicated in the following revised table below.  These drug 
substance impurity specifications are acceptable from the nonclinical perspective.
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The acceptance criteria for residual solvents is acceptable from the nonclinical 
perspective.
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Drug product
As noted above, the proposed specifications for  

 exceed the qualification thresholds according to ICH Q3B.  In response to our 
comment in the Filing Letter, the Applicant noted I

 
.  They also cited a recent a recent paper authored by

 
which indicated that the acceptable limit for  in the marketed 

dantrolene sodium for injection is   Therefore, based on the acceptable limit in 
the listed drug, the proposed specification for  of NMT % at release and 
NMT % throughout shelf-life is acceptable.  Nevertheless, the Applicant proposed to 
reduce the specification for  to NMT % at release and throughout shelf-life.  
The Applicant also proposed to reduce the specification of  which was 
originally set to NMT %, to NMT %, which is within the ICH Q3B qualification 
threshold.  The revised impurity specifications for the drug product are shown in the 
Applicant’s table below.  These are all acceptable from the nonclinical perspective.
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Container closure system
The container closure system for Ryanodex is intended for single use and consists of a 
20 mL Type I glass vial  and a  
stopper  and a flip off seal as shown in the Applicant’s table below.  The drug
product is  

.  At the time of use, the drug product is reconstituted with Sterile Water for 
Injection (SWI) and may be stored for up to 6 hours at room temperature.  

The Applicant submitted an extractables evaluation that focused on the extractables 
profile of the rubber stopper and a leachables evaluation that assessed the levels of 

 from the container system that might leach into the reconstituted Ryanodex 
suspension after the 6 hour in-use period after reconstitution with Sterile Water for 
Injection.  From the nonclinical perspective, there is minimal concern regarding the 
safety of potential leachables from the container closure with use of Ryanodex based on 
the Applicant’s extractables evaluation (See Special Toxicology Section of this review), 
a minimal concern for leaching into the lyophilized Ryanodex drug product during its 
storage shelf-life, it’s short 6 hour in-use time after reconstitution, and the use of these 
container components (vial and stopper) in numerous approved parenteral products, 
including solutions and lyophilized powders for injection.  In addition, the level of  
leachables arising from the Ryanodex container system upon 6 hours after 
reconstitution with water do not represent a safety issue in the opinion of this reviewer 
as it is a small fraction of the normal range in healthy adult plasma, orders of magnitude 
lower than the amount in the typical human diet, and well within levels reported in the 
literature for approved parenteral products.  
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2.6 Proposed Clinical Population and Dosing Regimen

The following information has been adapted from the proposed Ryanodex label, which 
is based on the label of the listed drug Dantrium IV: 

 
 

 
 
 

 

 
 

 
 

 
 

 
 
 

 

 

 
 

 

 

 
 

 

 

2.7 Regulatory Background

A significant degree of interaction was provided to the Applicant as detailed in PIND 
meetings held on July 23, 2009 and January 26, 2011 (meeting minutes dated 8/20/09 
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and 2/17/11) and a Pre-NDA meeting held on August 7, 2013 (meeting minutes dated 
August 29, 2013),. Refer to these minutes for detailed recommendations and 
discussion. Broadly, the following recommendations and agreements were:

 The Animal Rule pathway is the appropriate pathway for approval of a dantrolene 
reformulated product for malignant hyperthermia.

 The 505(b)(2) pathway is also appropriate referencing Dantrium IV. 
 Povidone K12, as an inactive ingredient, was acceptable for use in the product 

as it is found in an IV drug (Alkeran®) with higher total daily intake values.
 To support the safety of a 150X higher dantrolene sodium concentration in 

Ryanodex, a sub-acute repeat-dose toxicology study should be conducted in a 
rodent and non-rodent using the IV route as well as an evaluation of Ryanodex in 
a hemolysis assay.  Nonclinical toxicology studies could be conducted in dog or 
minipig if sufficiently high exposures could be achieved. Concentrations 
administered should meet or exceed the clinical concentration to provide 
evidence of safety for human use.  Dosing should seek to achieve information on 
target organ toxicity rather than attempt to support a specific human dose. 
Therefore, higher drug concentration and administered doses should be utilized.

 Numerous comments provided regarding the Animal Efficacy studies (see 
minutes).

 No claims would be allowed for Ryanodex being “  
” unless evidence of a clinical benefit 

could be demonstrated, also the claim that Ryanodex use may be associated 
with  

ould need to be supported with data.
 The Applicant’s proposal for the evaluation of the extractables and leachables 

from the container closure system with Ryanodex acceptable for NDA filing.
  leachate from the glass vials need to be measured after 6 hour in use 

period after reconstitution and evaluated for safety based on ONDQA advice.
 The nonclinical studies summarized in the 2011 meeting package appear an 

adequate basis for judging Ryanodex safety.
 A single dose human study needs to be conducted to provide PK data on 

dantrolene and 5-hydroxydantrolene and to allow comparison with nonclinical 
data obtained. The study could be conducted in healthy volunteers if necessary 
but preferably would be conducted in pre-surgical patients who need MH 
prophylaxis due to a better risk:benefit profile.

 At the Pre-NDA meeting held 8/7/13 (minutes dated 8/29/13), the Division 
advised that a 505(b)(2) application not submitted under Subpart H (Accelerated 
Approval of New Drugs for Serious or Life-Threatening Illnesses) or I 
(Accelerated Approval of New Drugs for Serious or Life-Threatening Illnesses) 
may be a feasible strategy if the pharmacokinetic (PK) parameters of Ryanodex 
were nearly identical to that of the listed drug since it could be inferred that 
efficacy and safety of the two products would be comparable.  Critical points to 
consider for this approach were that if dantrolene exposure with Ryanodex was 
less than with Dantrium IV, then evidence of efficacy (through nonclinical studies) 
with Ryanodex would be required and the amount of safety data required would 
be reduced.  Conversely, if dantrolene exposure with Ryanodex was more than 
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Dantrium IV, then efficacy would be assumed and a demonstration of safety 
would be critical.  The conducted human clinical studies ultimately showed that 
the AUCs were comparable at similar doses of Ryanodex and Dantrium IV and 
the Cmax was approximately 40% higher after Ryanodex administration.  Based in 
part on this data, the Applicant elected to submit the NDA via the 505(b)(2) 
pathway.  Therefore, the conducted animal efficacy data in the MHS swine may 
not be deemed critical for approval but rather may serve as supportive 
information.   

3 Studies Submitted

3.1 Studies Reviewed 

The following table lists all of the nonclinical studies that were submitted with the NDA.  
All of the studies were reviewed here with the exception of the non-GLP 
pharmacokinetic studies listed in Section 3.2 Studies Not Reviewed.  Note that the CMC 
Biopharmaceutics team reviewed the In Vitro Dissolution of Ryanodex (dantrolene 
sodium suspension) in Human Plasma Study #1773-018.
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3.2 Studies Not Reviewed 

Study Title Study Number Compliance
Collection and bioanalytical analysis of samples for pharmacokinetic 
analysis of dantrolene sodium suspension (Ryanodex) in male beagle 
dogs after a single intravenous dose

1773-005 Non-GLP

Single Dose Intravenous Toxicokinetic Study of Dantrolene Sodium 
Suspension for Injection in Gottingen Minipigs

1062-09256 Non-GLP

In Vitro Dissolution of Ryanodex (dantrolene sodium suspension) in 
Human Plasma Study

1773-005 Non-GLP

3.3 Previous Reviews Referenced

 IND 105411 Pharmacology Toxicology Review dated 2/1/13 in DARRTS

4 Pharmacology

4.1 Primary Pharmacology

Malignant hyperthermia (MH) is a rare, life-threatening condition characterized by 
rigidity of skeletal muscles, skeletal muscle hypermetabolism, metabolic acidosis, and 
extreme pyrexia that is triggered in a small, genetically-susceptible proportion of the 
population following exposure to inhalant anesthetics or succinylcholine. The etiology of 
this condition is thought to be underlied by a mutation at the ryanodine receptor at the 
sarcoplasmic reticulum of muscle cells which promotes the excess release of Ca2+ into 
the intracellular compartment that leads to the deleterious skeletal muscle effects 
associated with MH.  Dantrolene is an antagonist of the ryanodine receptor that acts by 
blocking excitation-contraction coupling in muscle cells.  As the ryanodine receptor is 
expressed only on the sarcoplasmic reticulum of striated muscle cells, dantrolene does 
not act on smooth or cardiac muscle tissue.

The NDA included a series of pharmacodynamic studies, including four pilot studies and 
one pivotal study that evaluated the efficacy (and safety) of Ryanodex using malignant 
hyperthermia susceptible (MHS) swine (all from the same supplier), which is 
homozygous for the recessive allele for the ryanodine receptor gene ryr1.  Note that 
pilot studies were also designed to optimize instrumentation, blinding, and sample 
collection procedures. The study design was generally similar for all five studies.  On 
Study Day (SD) 1, animals were surgically prepared, MH episodes were induced by 
exposure to 1-2% halothane or 4% sevoflurane (used in pivotal study), with an 
additional 1 or 2 mg/kg IV succinylcholine injection if necessary.  After MH episode 
onset, animals were treated immediately according to randomized treatment 
assignment (e.g., Ryanodex, Dantrium IV, or Saline), with or without supportive care 
(e.g. injection of sodium bicarbonate to adjust blood pH, administration of lidocaine to 
treat arrhythmia, application of external cooling devices [ice, cold wet towels]), and then 
monitored until MH resolution, death, or euthanasia in extremis, after which select 
tissues were preserved and examined.  Animals were then followed for safety and 
survival typically until SD6 (scheduled necropsy).
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The table below summarizes some of the subtle differences in the designs of the 
efficacy studies with respect to MH triggering agents, how quickly Ryanodex and 
Dantrium IV were administered, and whether supportive care was administered with 
dantrolene treatment. 

Study MH Trigger MH Treatment Supportive
care

CRO GLP
status

A pilot intravenous study of two 
dantrolene formulations in domestic 
swine susceptible to MH 
(1062-09226)

Halothane 2% 
+
Succinylcholine
2 mg/kg

Ryanodex: 2.5 mg/kg
(delivered in < 1min)

Dantrium IV: 2.5 mg/kg 
(delivered in ~17 min)

Yes Non-
GLP

Single IV dose range-finding GLP 
study for evaluation of the efficacy 
and safety of Dantrolene 
formulations in the treatment of MH 
in susceptible swine 
(1062-09225)

Halothane 2% 
+
Succinylcholine
2 mg/kg

Ryanodex: 1. 2.5, 5, 10 mg/kg
(delivered in < 10 sec)

No GLP

Single IV dose GLP study for the 
evaluation of the efficacy and safety 
of Dantrium IV in the treatment of 
MH in susceptible swine 
(1062-09336)

Halothane 1-2% 
+
Succinylcholine
2 mg/kg

Dantrium IV: 2.5 mg/kg 
(delivered in ~30 min)

No GLP

Pilot evaluation of the efficacy and 
safety of Dantrolene in the 
treatment of MH in susceptible 
swine 
(1773-002)

Sevoflurane 4-6% Dantrium IV: 2.5 mg/kg
(delivered in 3-4 min)

Yes Non-
GLP

Evaluation of the efficacy and 
safety of Dantrolene in the 
treatment of MH in susceptible 
swine 
(1773-004) *

Sevoflurane 4%
+
Succinylcholine 
1-2 mg/kg if 
needed

Ryanodex: 2.5 mg/kg, 10
mg/kg (2.5 mg/kg x QID)
(each dose delivered in 10-20 
sec)

Dantrium IV: 2.5, 10 mg/kg 
(2.5 mg/kg x QID)
(each dose delivered in 3-4 
min)

Yes GLP

*=”Pivotal” efficacy study
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Study title:  A pilot intravenous study of two dantrolene formulations in domestic 
swine susceptible to malignant hyperthermia

Key Study Findings

According to the study report, the objective of this study was to assess the 
instrumentation, blinding, and sample collection procedures to be used in a future study 
to evaluate a novel dantrolene formulation as an acute treatment for an induced 
Malignant Hyperthermia (MH) episode in MHS Pietrain swine.  MH was triggered in two 
males and two females via halothane administration (initially at 2%, lowered to 1% in 
cases of hypotension) and subsequent succinylcholine (2 mg/kg) injection. Following the
onset of MH, animals were administered either 2.5 mg/kg of Ryanodex or 2.5 mg/kg 
Dantrium IV via the ear vein.  In addition, all animals received supportive care (see study 
design below for details).

 All animals developed MH after exposure to the triggering agents, halothane and 
succinylcholine.

 The MH episodes resolved for all animals, including those treated with Ryanodex 
or Dantrium though the time elapsed for the first 2 MH-defining parameters to 
reverse and for the MH episode to resolve was shorter for animals treated with 
Ryanodex when compared to animals treated with Dantrium.  Following dosing 
with Ryanodex, the first 2 MH-defining parameters that reversed were end tidal 
CO2 and heart rate for the male, which occurred at 13 min, and arterial CO2 and
heart rate for the female, which occurred at 15 minutes.  MH resolution occurred 
at 37 and 45 minutes in the Ryanodex-treated male and female, respectively, and 
the last parameter to resolve for both animals was arterial pH.  In comparison, 
following dosing with Dantrium, the first 2 MH-defining parameters that reversed 
were arterial and end tidal CO2 for both animals, which occurred at 38 and 21 
minutes for the male and female, respectively.  MH resolution for the Dantrium-
treated animals occurred at 56 and 53 minutes in the male and female, 
respectively, and the last parameter to reverse was arterial pH in both animals. 

 Though the MH episode had resolved, the male pig treated with Dantrium was 
found dead approximately 5 hours after dosing.  Notable gross necropsy findings 
in this male included red foci in the thymus, which correlated with microscopic 
evidence of hemorrhage in this tissue.  The Applicant attributed this to inadvertent 
trauma associated with blood sampling procedures and did not consider this 
related to the test article administration, which is reasonable.  All other animals 
survived until scheduled termination on Day 6.

 Notable clinical pathology changes observed after the onset of the MH episode 
were consistent with the MH episode and were not clearly dantrolene-related.  All 
animals had elevated absolute neutrophil counts and clinical chemistry 
parameters including glucose, aldolase, AST, ALT, CK, LDH, and myoglobin were 
elevated as early as 1 hour after MH onset.  In addition, glucosuria and 
myoglobinuria were noted in most animals at various time points after the onset of 
the MH episode.

 At scheduled necropsies, all surviving animals were observed grossly with firm 
and mottled skeletal muscle tissues with red and/or yellow linear striations in the 
biceps femoris, triceps, semitendinosus, semimembranosus, longissimus dorsi, 
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and/or epaxial muscles.  Microscopic correlates to these macroscopic findings 
included muscle necrosis with hyaline degeneration and/or granular degeneration 
of large bundles of muscle fibers and cellular infiltration into the remaining stroma.  

 Peak dantrolene plasma concentrations occurred at 1 minute and 1 hour after the 
initiation of dosing in animals given Ryanodex and Dantrium, respectively.  
Dantrolene plasma concentration was below the limit of quantitation at 24 and 48 
hours after the initiation of dosing with Dantrium® and Dantrolene Sodium 
Suspension, respectively.  Peak hydroxydantrolene plasma levels occurred 4 to 8 
hours after the initiation of dosing, regardless of test article administered.  
Hydroxydantrolene plasma concentration was below the limit of quantitation at 24 
to 48 hours after dosing, regardless of test article administered.

Summary of Key Findings
Ryanodex (2.5 mg/kg) Dantrium (2.5 mg/kg)
Male Female Male Female

Time: Reversal of first 2 
MH-parameters
(parameters)

13 min
(end tidal CO2

& heart rate)

15 min
(arterial CO2

& heart rate)

38 min
(arterial &

end tidal CO2)

21 min
(arterial &

end tidal CO2)
Time: Reversal of MH
(last parameter to reverse)

37 min
(arterial pH)

45 min
(arterial pH)

56 min
(arterial pH)

53 min
(arterial pH)

Survived to termination
(Time of death)

Yes Yes No
(5 h post-dose)

Yes

Mean dantrolene Cmax 2676 ng/mL 1241 ng/mL
Mean dantrolene Tmax 1 min 1 hour

Study no.: 1062-09226
Study Status: Final Report

Study report location: SD#1(1/22/14), eCTD 4.1.1.1
Conducting laboratory 

and location:

Date of study initiation: 9/3/09
GLP compliance: No

QA statement: No, but included a signed pathology report
Drug, lot #, and % purity: Ryanodex, Lot# B090299

Dantrium IV, Lot #439556
The study report stated “Available documentation from the 
commercial supplier on the identity, strength, purity, 
composition, stability, and other pertinent information on 
each batch of comparator article is included in the study 
record.
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Methods

Doses: Dantrolene Sodium Suspension (Ryanodex): 2.5 
mg/kg bolus
Dantrium IV: 2.5 mg/kg

Frequency of dosing: Once 
Route of administration: Intravenous (via ear vein)

Dose volume: Ryanodex: 0.05 mL/kg (dose delivered in less 
than 1 minute); Dantrium IV: 7.5 mL/kg at an 
infusion rate of approximately 15 mL/min
(dose delivered in approximately 17 minutes).

Formulation/Vehicle: Both Ryanodex and Dantrium were reconstituted 
in sterile water for injection. 

Species/Strain: Malignant hyperthermia sensitive (MHS) Pietrain 
swine (Sus scrofa domestica) (homozygous for 
the recessive allele for malignant hyperthermia
sensitive gene RYR1)

Number/Sex/Group: 1/sex/group
Age: 3-4 months

Weight: 28.4-33.8 kg
Satellite groups: None

Unique study design: See below
Deviation from study protocol: None that impacted integrity or interpretation of 

the study.

Applicant’s Unique Study Design per study report:
Anesthesia and Instrumentation of Animals
Prior to instrumentation, all animals received sequential intramuscular injections of 
atropine sulfate (0.05 mg/kg), ketamine HCl (20 mg/kg), xylazine HCl (2.5 mg/kg) and 
acepromazine maleate (0.2 mg/kg). The time of administration of these drugs was 
recorded for each animal. Additionally, topical tetracaine was administered at the 
laryngeal inlet upon laryngoscopy. Following sedation, animals were instrumented as 
follows:

• The right ear vein was cannulated for the administration of thiopental (10 mg/kg) 
and intravenous fluid (0.9% saline; initially 4.0 ml/kg/hr, up to 8.0 ml/kg/hr). The 
animals were endotracheally intubated and artificial ventilation (100% O2) was 
initiated to ensure adequate oxygenation.

• The left ear vein was cannulated for administration of the test or comparator 
articles.

• The femoral artery was cannulated for arterial blood pressure monitoring and 
arterial blood sampling for measurement of blood gas parameters.

• Leads were placed for ECG monitoring (lead II configuration).
• Core body temperature was measured by a rectal probe.

Triggering the MH episode:  
Animals were endotracheally intubated and artificial ventilation was initiated. Following 
a stabilization period, administration of halothane at 2% was initiated. Halothane may

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

34

have been reduced to 1% on a case by case basis and dependent on the animal’s
condition. After approximately 15 minutes of halothane administration, succinylcholine 
(2 mg/kg) was administered via a catheter into an ear vein.  Halothane was 
discontinued approximately 15 minutes after initiation.

Onset of the MH episode:
Documented by the presence of at least 2 of the following MH-defining parameters:

• end tidal CO2 ≥ 70 torr (ETCO2)
• arterial CO2 (PaCO2 or pCO2) ≥ 90
• increase in core body temperature ≥ 3°C
• arterial pH ≤ 7.25
• tachycardia (≥ 40% increase above baseline heart rate)
• cardiac arrhythmia (abnormal ECG documented by printed record)
• significant muscular rigidity (qualitative observations) 

Treatment of MH:
After confirmation of onset of the MH episode, sevoflurane was discontinued and 
ventilation (100% oxygen) was increased to normalize CO2 and pH.  Administration of 
2.5 mg/kg Dantrolene Sodium Suspension (Ryanodex) or Dantrium IV at the dose 
volumes and concentrations shown in the table below occurred within 1 minute following 
the diagnosis of onset of the MH episode for all animals.  

In addition, supportive care was initiated following onset of MH, which included but was 
not limited to: injection of sodium bicarbonate to adjust blood pH, application of external 
cooling devices during periods of elevated temperature, increase in intravenous fluids, 
or administration of secondary treatments deemed necessary by the veterinarian in life 
threatening situations to try to stabilize the animals, including bolus injections of 
atropine for brachycardia, increased fluids for acidosis or hypotension or furosemide for 
treatment of oliguria, and dextrose, insulin, and/or calcium gluconate for hyperkalemia.

Resolution of MH Episode:
Resolution of the MH episode meant a clinical decision was made in that: (a) the animal 
is not responding to the treatment, is moribund and should be euthanized to prevent 
further discomfort; or (b) the animal has responded to the treatment and was sufficiently 
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stable to be returned to a run without further therapy. Reversal of MH criteria was 
documented by the presence of at least 2 of the following parameters:

• reduced muscle rigidity (qualitative)
• stabilized or reduced (from peak) core body temperature
• arterial pH trending to baseline pH
• CO2 concentration trending to baseline levels as evidenced by either ETCO2 or 

pCO2

• ECG evidence of return to normal cardiac rhythm (normal ECG documented by a
printed record)

• cessation of tachycardia

Blinding (to control bias)
• Information regarding the coded dosing information and observations were 

recorded on separate forms.
• The test agents were administered to each swine in a random manner, using a 

randomization schedule supplied by the Applicant’s independent statistician.
• Formal unblinding of the study occurred following termination of the in-life phase.
• The drug administered to the animals was blinded to all attending staff to the 

extent possible
• All attempts to mask the dantrolene administration set from view were made due 

to the difference in color and volumes of the test and comparator articles.
• The test and comparator articles were prepared in an area separate from the 

animal preparation and dosing area by the pharmacy personnel and were 
assigned a unique code

• The decision that a MH episode had been induced, the treatment of the swine 
during the MH crisis and time of MH resolution were made by the attending staff 
(who were blinded as to which treatment was administered) so all treatment 
decisions were made independent of the dosing group.

Observations and Results

Physiological Monitoring during Procedure
After stabilization, the physiological parameters listed below were recorded at a 
targeted time of every 2 minutes from at least 10 minutes prior to the 
administration of triggering agents until termination of the treatment procedure 
monitoring was monitored at a targeted time of every 2 minutes.  For arterial pH, 
CO2 (PaCO2), and O2 (PaO2), whole blood (approximately 1.0 mL) was collected 
from the femoral artery at least twice prior to administration of triggering agents 
and thereafter at a targeted time of every 2 minutes until termination of the 
procedure.
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All animals developed MH after exposure to the triggering agents. Typical signs of an 
MH episode included elevated end tidal and arterial CO2, reduced arterial pH, 
tachycardia, and/or muscular rigidity.  The time from initiation of dosing to reversal of 
the first two MH parameters and resolution of the MH episode are summarized in the 
following table.  Note that time to reversal of the first 2 MH parameters and resolution of 
the MH episode was shorter in animals receiving Ryanodex though no statistical 
comparisons were made.

Note: Dantrolene Sodium Suspension=Ryanodex

Following dosing with Ryanodex, the first 2 MH-defining parameters that reversed were 
end tidal CO2 and heart rate for the male and arterial CO2 and heart rate for the female. 
The last parameter to reverse in both animals was arterial pH.  Following the initiation of 
dosing with Dantrium®, the first 2 MH-defining parameters that reversed were arterial 
and end tidal CO2 for both animals. The last parameter to reverse in both animals was 
arterial pH.

Morbidity/Mortality
All animals were observed at least twice a day for morbidity, mortality, injury, and 
availability of food and water.
All animals survived until scheduled termination on SD6 with the exception of the single 
male pig treated with Dantrium, which was found dead approximately 5 hours after 
dosing.  Notable gross necropsy findings in this male included red foci in the thymus, 
which correlated with microscopic evidence of hemorrhage in this tissue.  The Applicant 
attributed this to inadvertent trauma associated with blood sampling, which was 
performed by puncture of the cranial vena cava using needle and syringe.

Clinical Observations
Beginning on Day 1, examinations for general signs of toxicity, including fecal 
and urine quality, were conducted for all animals at least once daily.
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All surviving animals were noted with muscle rigidity and lame/limping on SD2. Muscle 
weakness/paresis was also noted in both the female given Ryanodex and the female 
given Dantrium on SD2.  These signs were largely resolved by SD3 or 4 except muscle 
rigidity was still present in the Ryanodex- and Dantrium-treated females at termination 
on SD6.  Only the Ryanodex-treated female exhibited skin cool to touch and body 
shaking at 8 hours postdose. The observation of skin cool to touch was resolved on 
SD2 while body shaking was still present at termination on SD6. 

Individual Clinical Observations

Note: Dantrolene Sodium Suspension=Ryanodex

Body Weight Measurements
Beginning on the day prior to dosing, body weights were recorded for all animals 
at least once daily continuing through recovery to scheduled euthanasia.
All surviving animals had reduced body weights on Day 2 likely due to procedures 
conducted on Day 1, the overnight fasting required prior to collection of blood, and 
clinical observations including muscle weakness and limping. However, all surviving 
animals exhibited comparable body weight gain and had higher body weights on Day 6 
than on Day -1 (predose).

Individual Body Weights

X=animal dead; CZO1=Ryanodex; CZO2=Dantrium

Food Consumption
Food consumption estimates (0%, 25%, 50%, 75%, or 100%) were recorded for all 
animals twice daily beginning prior to dosing and continuing through recovery to 
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scheduled euthanasia. Animals were fasted overnight prior to scheduled sample 
collections for clinical chemistry analysis and prior to scheduled necropsy.
Reduced food consumption was noted for all surviving animals on Days 1 and 2, and on 
Days 3, 4 and 6 for the female given Dantrolene Sodium Suspension.

Hematology
Whole blood (approximately 0.75 mL) was collected, in appropriate anticoagulant 
tubes, from all surviving animals pretest, at targeted times of 1 and 24 hours after 
confirmation of a malignant hyperthermia episode, on Day 4, and prior to 
scheduled euthanasia for determination of the following hematology parameters:

Hematological changes observed after the onset of MH appeared to be related to the 
episode and not to test article. Moreover, the changes observed were comparable in 
both the Ryanodex- and Dantrium-treated animals.  At one hour after the onset of the 
MH episode, all animals had reduced red cell mass parameters (i.e., red blood cell 
counts, hemoglobin concentrations and/or hematocrit values) and elevated absolute 
neutrophil counts compared to pretest values.  Red cell mass parameters remained 
lower than pretest values on Days 2, 4, and 6, but absolute neutrophil counts were
normal on Days 2 and 4 in animals given either Ryanodex or Dantrium. Although red 
cell mass parameters were decreased on Days 4 and 6, a regenerative response was 
occurring in most animals as evidenced by a concurrent increase in reticulocyte counts.

Treatment Ryanodex Dantrium IV
Dose (mg/kg) Male Female Male Female

N 1 1 1 1
RBC (10

6
cells/μL)

Pretest 8.91 9.31 8.52 8.29
1 hr post-dose 6.49 7.69 7.25 7.92
24 h post-dose 7.5 7.54 X 8.44
3 d post-dose 7.79 7.73 X 6.97
5 d post-dose 6.60 7.11 X 6.19

Abs Neutrophil (10
3

cells/μL)
Pretest 8.93 5.42 5.63 4.28

1 hr post-dose 16.99 16.71 11.44 17.13
24 h post-dose 7.57 7.94 X 20.50
3 d post-dose 8.26 3.94 X 2.14
5 d post-dose 7.68 5.90 X 4.29

Reticulocytes (%)
Pretest 0.62 1.28 0.45 0.98

1 hr post-dose 1.55 1.32 0.77 0.60
24 h post-dose 0.81 0.91 X 0.49
3 d post-dose 1.75 2.91 X 1.13
5 d post-dose 2.02 2.65 X 1.62

C=clotted sample; X=Animal dead
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Coagulation
Whole blood (approximately 1.3 mL) was collected from all surviving animals at 
pretest, at targeted times of 1 and 24 hours after confirmation of a malignant 
hyperthermia episode, on Day 4, and prior to scheduled euthanasia for 
determination of the following coagulation parameters:

After the onset of MH, prothrombin times were increased in both Ryanodex- and 
Dantrium-treated animals, but the severity of change was higher in the Dantrium-treated 
animals. 

Treatment Ryanodex Dantrium IV
Dose (mg/kg) Male Female Male Female

N 1 1 1 1
Prothrombin time (sec)

Pretest 12.1 12.1 12.1 12.2
1 hr post-dose C 14.1 17.9 16.0
24 h post-dose 15.5 13.9 X 18.6
3 d post-dose 12.4 14.4 X 15.3
5 d post-dose 11.4 11.3 X 11.2

C=clotted sample; X=Animal dead

Clinical Chemistry
Whole blood (approximately 4.0 mL) was collected from all surviving animals at pretest, 
at targeted times of 1 and 24 hours after confirmation of a malignant hyperthermia 
episode, on Day 4, and prior to scheduled euthanasia. Blood was processed to serum 
and the following clinical chemistry parameters were evaluated:

Clinical chemistry changes observed after the onset of MH appeared to be related to the 
episode and not to test article.  The changes observed were comparable in both the 
Ryanodex- and Dantrium-treated animals.  At 1 hour post-dose, notable changes 
included elevation of serum AST, CK, LDH, aldolase, myoglobin, and glucose 
concentrations in most animals compared to pretest values. At 24 hours post-dose,
glucose concentrations were normal. Serum ALT, AST, and CK were elevated on Days 
2, 4, and 6. Additionally, elevated serum LDH, aldolase, and myoglobin were evident in 
all animals on Day 2. On Days 4 and 6, serum LDH activity was elevated in both 
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females.  Serum aldolase was elevated in all animals on Day 4 and normal on Day 6 for
animals given Ryanodex. Elevated serum myoglobin was normal on Day 4 in the male 
given Ryanodex and the female given Dantrium®.

Urinalysis
Urine was collected from all animals at pretest via metabolism cage, at a targeted 
time of 1 hour after onset of a malignant hyperthermia episode (by 
cystocentesis), on Days 2 and 3 (by metabolism cage collection), and at the 
scheduled necropsy by cystocentesis. The following parameters were evaluated:

Myoglobin

Glucosuria was noted at one hour after the MH episode onset in the female given 
Dantrium and on Day 2 for both animals given Dantrolene Sodium Suspension. 
Myoglobinuria was noted at one hour after the onset of the MH episode for the female 
given Dantrium®, on Day 2 for all surviving animals, and on Day 3 for the male given 
Dantrolene Sodium Suspension and the female given Dantrium. These temporal 
increases in urinary glucose and myoglobin are consistent with secondary effects 
related to the MH episode.

Pharmacokinetics
Whole blood samples of approximately 4.0 mL were collected using needle and 
syringe by puncture of the cranial vena cava of all animals for determination of 
plasma concentrations of dantrolene and its metabolite, hydroxydantrolene. 
Samples were collected at the following target time points on Day 1: 0 (predose), 
1, 5, 10, 20 and 30 min, and 1, 2, 4, 8, 12, 24, 48, 72 and 96 hr relative to the 
beginning of the infusion. 

After Ryanodex administration, peak plasma concentrations of dantrolene occurred at 1 
minute postdosing in both animals and ranged from 2567 to 2786 ng/mL. Plasma 
concentrations of dantrolene were below the limit of quantitation of the assay at 48 
hours postdose.  Detectable concentrations of hydroxydantrolene were present at 30 
minutes postdosing. Peak plasma concentrations of hydroxydantrolene occurred at 8
and 4 hours postdosing in the male and female, respectively, and ranged from 81 to 77 
ng/mL. Plasma concentrations of hydroxydantrolene were below the limit of quantitation 
at 48 and 24 hours postdose for the male and female, respectively.

After Dantrium administration, plasma concentrations of dantrolene in the male reached 
9649 ng/mL at 1 minute after the initiation of the infusion. Retest of two aliquots from 
the same sample resulted in similar values. Note that it took up to 17 minutes to deliver 
the Dantrium IV dose so this could be attributable to the collection of sample during 
administration.  Nevertheless, this result was considered aberrant by the Applicant and 
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therefore disregarded.  As a result, peak plasma concentrations of dantrolene occurred 
at one hour after the initiation of dosing in both animals and ranged from 1017 to 1465 
ng/mL. Plasma concentrations of dantrolene were below the limit of quantitation of the 
assay in the surviving female at 24 hours postdose.  Detectable concentrations of 
hydroxydantrolene were present at 20 minutes postdosing. Peak plasma 
concentrations of hydroxydantrolene occurred at 4 hours in the male (died prior to the 
next blood collection) and 8 hours in the female and ranged from 458 to 565 ng/mL. 
Plasma concentration of hydroxydantrolene was below the limit of quantitation in the 
surviving female at 48 hours after the initiation of dosing.

Mean Dantrolene concentrations

Mean Hydroxydantrolene Concentrations
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Postmortem Evaluations
Macroscopic Pathology
Postmortem examinations were performed on all animals dying spontaneously or 
euthanized at scheduled necropsy. Animals surviving to scheduled necropsy 
were fasted overnight prior to euthanasia. On Day 6, all surviving animals were 
euthanized for postmortem examinations. At necropsy, the animals were 
examined visually for external abnormalities including palpable masses. The 
abdominal, thoracic, and cranial cavities and their contents were examined for 
abnormalities and the organs removed, examined, and, where specified in the 
following table, placed in 10% neutral buffered formalin and submitted for 
microscopic examination.

Firm and mottled muscles with red and/or yellow linear striations in skeletal muscles 
(including biceps femoris, triceps, semitendinosus, semimembranosus, longissimus 
dorsi, and/or epaxial muscles) were observed in all surviving animals on SD6. 
Microscopic correlates included cellular infiltration and necrosis in skeletal muscle 
tissue.

Histopathology
Histopathological evaluation was performed on selected tissues indicated 
in the table above and included brain, colon, heart, injection site, lungs, 
muscle (biceps femoris), thymus (region), trachea, and gross lesions. 
Necropsies, tissue collection, and histoprocessing were performed by 

. Microscopic evaluation of the available hematoxylin and 
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eosin stained paraffin processed tissue sections was performed by 

Notable microscopic findings observed in all minipigs included muscle necrosis 
with hyaline degeneration and/or granular degeneration of large bundles of 
muscle fibers and cellular infiltration into the remaining stroma. Mononuclear cell 
perivascular cuffing was evident in the brain and meninges of the female given 
Dantrium.  Microscopic findings distributed among all animals included lungs 
with multifocal to diffuse mononuclear cell pneumonitis, subpericardial
mononuclear cell infiltration in heart sections, thymus cortical lymphocyte
necrosis and modest injection site irritation. Peritracheal hemorrhage for the 
female (CZO1F03) given Ryanodex was attributed to inadvertent trauma 
associated with blood sampling procedures.

Study title:  Single intravenous dose range-finding GLP study for 
evaluation of the efficacy and safety of Dantrolene formulations in the 
treatment of malignant hyperthermia in susceptible swine

Key Study Findings

The objective of this study was to evaluate the efficacy and safety of dantrolene
sodium suspension (Ryanodex) when administered at different doses for the 
treatment of a malignant hyperthermia episode in malignant hyperthermia 
sensitive (MHS) Pietrain swine. MH was triggered via administration of 
halothane (initially at 2%, lowered to 1% in cases of hypotension) for 10 minutes 
and subsequent administration of succinylcholine (2 mg/kg) via a catheter into an 
ear vein.  Ryanodex was administered via femoral (Phase A) or ear vein (Phase 
B) at doses of 1, 2.5, 5, or 10 mg/kg.  No supportive care was administered in 
this study.

 MHS swine were successfully instrumented and sample collections were
optimal in this study to monitor the onset and resolution of an induced 
malignant hyperthermia episode. 

 Ryanodex was efficacious at 1 to 10 mg/kg to reverse episodes of induced 
malignant hyperthermia in MHS swine except in 1 male dosed at 1 mg/kg 
(via ear vein). Despite reversal of MH, nearly all Phase A and Phase B 
animals died between 1 to 27 hours post Ryanodex treatment.  Deaths did 
not occur in a Ryanodex dose-related manner.  Rather, they were likely 
attributable to the absence of supportive care concomitant with Ryanodex 
treatment. 

 In animals dosed via femoral vein (Phase A), peak plasma dantrolene
concentrations reached 837, 2355, 3442, and 10,998 ng/mL at 1 minute 
after dosing with 1, 2.5, 5 and 10 mg/kg, respectively. In animals dosed 
via ear vein (Phase B), group mean peak plasma dantrolene
concentrations reached 881, 3320, 4096, and 17695 ng/mL for animals at 
1 minute after dosing with 1, 2.5, 5 and 10 mg/kg, respectively. 

 Notable clinical pathology changes that were observed regardless of 
venous site of administration included elevated absolute neutrophil counts 
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and altered sodium, chloride, potassium, glucose, uric acid, aldolase, 
AST, ALT, CK, LDH, aldolase, and myoglobin concentrations at 1 hour 
after the onset of the MH episode. Additionally, proteinuria, erythrocyturia, 
and myoglobinuria were evident in most urine samples collected at 
scheduled and unscheduled deaths.

 Notable gross findings included firm, dark or pale muscles with red or red 
to yellow striations in biceps femoris, triceps, semimembranosus, and/or 
longissimus dorsi muscles at scheduled and unscheduled deaths. The left 
heart ventricle of 8 animals that had unscheduled deaths were noted as 
being thickened and the lumen appeared qualitatively to be decreased in 
size. This macroscopic heart lesion appeared to be inherent and pre-
existent in the animals used in this study. Two of the 3 female stock (i.e. 
untreated) Pietrain pigs that were found dead during the acclimation 
period had the same macroscopic heart lesions. Microscopic correlates to 
these macroscopic findings included hyaline degeneration of large 
bundles of muscle fibers with necrosis and/or cellular infiltration into the 
remaining stroma of skeletal muscles, and myocardial hypertrophy.

Study no.: 1062-09225
Study Status: Final report

Study report location: SD#1(1/22/14), eCTD 4.1.1.1
Conducting laboratory 

and location:

Date of study initiation: 9/21/09
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Ryanodex, Lot# B090299, Purity=101.4%

Methods

Doses: Dantrolene Sodium Suspension (Ryanodex):
Phase A:  1, 2.5, 5, 10 mg/kg (via femoral vein)
Phase B:  1, 2.5, 5, 10 mg/kg (via ear vein)

Frequency of dosing: Once
Route of administration: Bolus intravenous infusion in less than 10 

seconds via femoral (Phase A) or ear vein 
(Phase B)

Dose volume: See table above
Formulation/Vehicle: Both Ryanodex and Dantrium IV were 

reconstituted in Sterile Water for Injection.
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Species/Strain: Domestic swine (Sus scrofa)/Pietrain (positive 
for the recessive gene for malignant 
hyperthermia)

Number/Sex/Group: 6 males, 6 females (1 or 2 animals/dose group 
depending on phase)

Age: 4-6 months
Weight: 28.6-47.4 kg

Satellite groups: N/A
Unique study design: See below

Deviation from study protocol: The following deviations were noted but did not 
impact the integrity or interpretation of the study.
 Body weight of animal 1007 was not recorded 

on SD5
 Color and appearance of urine samples 

collected at unscheduled necropsy for animals 
2001 (SD1) and 2005 (SD6) were not 
recorded.

 Lungs, aorta, esophagus, and trachea of 
animal 1004 were not placed in 10% neutral 
buffered formalin.

Applicant’s Unique Study Design per report:
Anesthesia and Instrumentation
Prior to dosing, all animals received intramuscular injections of atropine sulfate (0.05 
mg/kg), ketamine HCl (20 mg/kg), xylazine HCl (2.5 mg/kg) and acepromazine maleate 
(0.2 mg/kg), delivered in this order. Additionally, topical Cetacaine® was administered at 
the laryngeal inlet upon laryngoscopy. The time of administration of drugs (for sedation) 
was recorded for each animal.
Animals were instrumented as follows:

 The right ear vein was cannulated for the administration of thiopental (10 mg/kg), 
and intravenous fluid (0.9% saline; initially approximately 4.0 ml/kg/hr). 
Anesthesia was initiated by bolus infusion of thiopental.  The timing of all 
medication administration was recorded. The animals were endotracheally 
intubated and artificial ventilation (100% O2) initiated to ensure adequate 
oxygenation.

 A femoral artery was cannulated for blood pressure monitoring and sampling for 
blood gas.

 A femoral vein (Phase A) or the left ear vein (phase B) was cannulated for the 
administration of the test article. 

 Leads were placed on the animals for ECG monitoring.
 Core body temperature was measured by the rectal probe

Triggering the MH episode:  
Animals were endotracheally intubated and artificial ventilation was initiated. Following 
a stabilization period, administration of halothane at 2% was initiated and discontinued 
after 10 minutes. Halothane may have been reduced to 1% on a case by case basis 
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and dependent on the animal’s condition. After approximately 16 minutes of halothane 
administration, succinylcholine (2 mg/kg) was administered via a catheter into an ear 
vein.  

Onset of the MH episode:
Documented by the presence of at least 2 of the following MH-defining parameters:

• end tidal CO2 ≥ 70 torr (ETCO2)
• arterial CO2 (PaCO2 or pCO2) ≥ 90
• increase in core body temperature ≥ 3°C
• arterial pH ≤ 7.25
• tachycardia (≥ 40% increase above baseline heart rate)
• cardiac arrhythmia (abnormal ECG documented by printed record)
• significant muscular rigidity (qualitative observations) 

Treatment of MH:
Following a definitive diagnosis of an MH episode, minute ventilation was increased in 
an attempt to normalize CO2.  During and following the MH episode, no supportive care 
was administered as it was judged to be clinically unnecessary to achieve stabilization.  
Dantrolene Sodium Suspension was administered at different dosages. During Phase
A, test article formulations were administered to 2 male pigs via femoral vein at 2.5 and 
10 mg/kg and to 2 female pigs via femoral vein at 1 and 5 mg/kg body weight. During 
Phase B, test article formulations were administered to 4 male and 4 female pigs via ear 
vein at dosages of 1, 2.5, 5 and 10 mg/kg of body weight.

Resolution of MH Episode:
Resolution of the MH episode meant a clinical decision was made in that: (a) the animal 
is not responding to the treatment, is moribund and should be euthanized to prevent 
further discomfort; or (b) the animal has responded to the treatment and was sufficiently 
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stable to be returned to a run without further therapy. Reversal of MH criteria was 
documented by the presence of at least 2 of the following parameters:

 end tidal CO2 < 70 torr
 arterial CO2 < pCO2 90
 arterial pH > 7.20
 tachycardia (below 40% threshold for heart rate)
 cardiac arrhythmia absent (by observed ECG)
 muscular rigidity absent (qualitative observations)

Blinding
 The test article dosages were administered to each animal in a random manner, 

using a randomization schedule supplied by an independent statistician. The 
randomization code was available only to the pharmacy personnel preparing the 
test article doses. No member of the attending staff or Applicant representative 
involved in the generation, review, or query of the study were allowed to see the 
randomization schedule or data that might otherwise unblind dose assignment. 
The technician administering the dose was not blinded but did not participate in 
any animal care or record keeping during the MH crisis.  

 Formal unblinding of the study occurred after termination of the in-life phase. A 
Data Release Memo was signed by the Applicant authorizing the statistician to 
unblind the data and proceed with analysis. The Study Pathologist was unblinded 
separately after all histopathology slides had been evaluated.

 Administration of the test article doses was masked from view, to the extent 
possible, from all attending staff due to the difference in volumes of the doses. 

 The test article doses were prepared in an area separate from the animal 
preparation and dosing area by pharmacy personnel and were delivered labeled 
with only a code.

 The decision that a MH episode was initiated, the treatment of swine during the 
crisis and resolution of the MH episode were made by the attending staff (who 
were blinded as to which test article dosage was administered) so all decisions 
were made independent of the dosing group.

Observations and Results

Physiological Monitoring during Procedure
After stabilization, parameters were recorded at a targeted time of every 2
minutes from at least 10 minutes prior to the administration of triggering agents 
through termination of the procedure. Following the stabilization period, whole 
blood (approximately 1.0 mL) was collected, in appropriate anticoagulant 
syringes, at the following targeted timepoints for determination of arterial pH, CO2

(PaCO2), and O2 (PaO2):  at least twice following stabilization, 15 minutes from the 
beginning of the halothane exposure, and then at a targeted time of every 2 
minutes until termination of the procedure or resolution of the MH episode.
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Phase A
All Phase A animals developed an MH episode after exposure to the triggering agents,
halothane and succinylcholine, and displayed typical signs of an episode, which
included elevated end tidal and arterial CO2, reduced arterial pH, tachycardia, and/or
muscular rigidity.  The time from dosing to resolution of the first two MH parameters and 
the MH episode are shown in the following table:

Following dosing with Dantrolene Sodium Suspension, the first 2 MH-defining
parameters that resolved were arterial and end tidal CO2 for animals 1001,
2001 and 2002, and end tidal CO2 and tachycardia for 1002. The last parameter to 
resolve was tachycardia in 1001 and arterial pH in 1002, 2001, and 2002.

Phase B
All Phase B animals (except one male that was replaced) developed an MH episode 
after triggering and displayed typical signs.  The time from dosing to resolution of the 
first two MH parameters and the MH episode are shown in the following table:

Following dosing with Dantrolene Sodium Suspension, the first 2 MH-defining
parameters that reversed were end tidal CO2, arterial CO2, and/or tachycardia. The last 
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parameter to reverse typically was arterial pH.  Following reversal of end tidal and 
arterial CO2, and tachycardia, animal 1004 had an apparent recrudesce of MH and died 
prior to termination of the procedure. Recrudesce of an MH episode was evident by 
elevations in core body temperature, end tidal and arterial CO2, as well as decreases in 
arterial pH and O2.

Morbidity/Mortality
All animals were observed at least twice a day for morbidity, mortality, injury, and 
availability of food and water.
Phase A (femoral vein)
Females 2001 and 2002 administered 1 and 5 mg/kg, respectively, were found dead at 
approximately 2 hours after dosing. Phase A male 1001, administered 2.5 mg/kg, was 
found dead at 27 hours and 44 minutes after dosing. Phase A male 1002, administered 
10 mg/kg, survived to scheduled euthanasia on Day 6.  Deaths were considered by the 
Applicant to be consistent with complications from MH (e.g. hypermetabolism (metabolic 
acidosis, lactacidemia), cardiovascular collapse).

Phase B (ear vein)
The males given 1, 5, and 10 mg/kg (1004, 1003, and 1006) died between 1 and 2 
hours after dosing. The females given 2.5 and 10 mg/kg (2004 and 2003) died between 
3 and 8 hours after dosing. The male given 2.5 mg/kg (1007) and females given 1 and 5 
mg/kg (2005 and 2006) survived to the scheduled termination on Day 6.

Phase
(infusion site)

Dose (mg/kg) Males Females

Phase A
(Femoral vein)

1 2001 (SD1: 2 hr PD)
2.5 1001 (SD2: 27 hr PD)
5 2002 (SD1: 2 hr PD)
10 1002 (SN)

Phase B
(Ear vein)

1 1004 (SD1: 1-2 hr PD) 2005 (SN)
2.5 1007 (SN) 2004 (SD1: 3-8 hr PD)
5 1003 (SD1: 1-2 hr PD) 2006 (SN)
10 1006 (SD1: 1-2 hr PD) 2003 (SD1: 3-8 hr PD)

SD=study day; PD=post-dose; SN=scheduled necropsy@SD6

Clinical Observations
Beginning on Day 1 after the first dose, and continuing through the day of
scheduled euthanasia, examinations for general signs of toxicity, including fecal 
and urine quality and ability to ambulate, were conducted for all animals twice 
daily. If appropriate, some clinical observations were ranked for severity as either 
mild, moderate, or marked. Body temperatures via a rectal probe were collected 
from some surviving animals twice daily.
Phase A
Both males, which survived to at least SD2, had signs consisting of decreased activity, 
marked muscle weakness/paresis, marked muscle rigidity, and marked lame/limping.  
Male 1001, which died on SD2, also exhibited swelling and red discoloration of the right 
hindlimb, and labored breathing.
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Phase B
Two animals that survived to scheduled necropsy including a male given 2.5 mg/kg 
(1007) and a female given 1 mg/kg (2005) showed moderate to marked muscle 
weakness/paresis, marked muscle rigidity, and/or marked lame/limping beginning on 
SD2 and continuing until SD6.

Adverse Events
Adverse events (AEs) were assigned one of the following causal relationships by 
the Attending Veterinarian (in consultation with the Study Director). These 
guidelines were provided as an aid for consistency and were not intended to be 
an absolute rule nor a replacement for the Attending Veterinarian’s judgment.

The AEs noted in the Applicant’s table below were considered either ‘probably not’ or 
‘possibly related’ to administration of the test article since the observations were 
consistent with an MH episode.  AEs considered as ‘possibly related to the test article’ 
such as muscle weakness/paresis could be directly related to MH or a side effect of 
dantrolene or a combination of both factors.  The lack of a control group in this study 
precluded a clear link to either.
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Electrocardiograms
Qualitative assessments of cardiac function/rhythm were recorded at a targeted 
time of every 2 minutes from at least 10 minutes prior to the administration of 
triggering agents until resolution of the MH episode or termination of the 
procedure. Electrocardiograms were evaluated by the Attending Veterinarian for
arrhythmia or tachycardia for qualitative assessment of the MH episode and
episode resolution.
The study report noted that all animals displayed normal sinus rhythms during the 
baseline recording period and during the early exposure to halothane. Sinus 
tachycardia developed in all animals developed soon after succinylcholine 
administration and resolved by the end of the procedure except in animal 2001.

Animals 1004 (died SD1), 1007 (survived), 2003 (died SD1), and 2004 (died SD1) were 
evaluated by echocardiography by a board certified veterinary cardiologist 4 to 6 days
prior to commencing study procedures for these animals. The study report noted that 
there was no convincing evidence of prior left ventricular hypertrophy detectable by
ECG examination in this study population. Animal 2004 (stock animal #36) had mild to 
moderate mitral valve leak. There was no secondary left atrial or left ventricular volume 
load. This valve leak should not have created a significantly increased risk for morbidity 
or mortality.  Animal 2003 (stock animal #28) had a TR velocity of 3.68 m/sec which is
suggestive of mild (to moderate) pulmonary hypertension. Pulmonary hypertension (or 
its underlying causes including chronic pulmonary thromboembolic disease, chronic 
lung disease, elevated left-sided heart pressures, or pulmonary vascular disease) could 
have increased this animal’s risk for morbidity or mortality on this study.

Body Weight Measurements
Beginning on the day prior to dosing, body weights were recorded for all animals 
at least once daily continuing through scheduled sacrifice.
Effects on body weight could not be determined due to the limited number of animals 
that survived to scheduled necropsy and the absence of a control group.

Food Consumption
Food consumption estimates (0%, 25%, 50%, 75%, or 100%) were recorded for all 
animals twice daily beginning prior to dosing and continuing through scheduled 
euthanasia. Animals were fasted for a minimum of eight hours prior to scheduled 
sample collections for clinical chemistry analysis and fasted overnight prior to 
scheduled necropsy.
Effects on food consumption could not be determined due to the limited number of 
animals that survived to scheduled necropsy and the absence of a control group.

Hematology
Whole blood (approximately 0.75 mL) was collected, in appropriate anticoagulant 
tubes, from all surviving animals pretest, at targeted times of 1 and 24 hours after 
confirmation of a malignant hyperthermia episode, on Day 4, and prior to 
scheduled euthanasia for determination of the following hematology parameters:
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Phase A and B
Consistent with findings observed in the pilot study, red cell mass parameters were 
generally decreased and absolute neutrophil counts were elevated relative to pretest 
values by 1 hour after MH onset.  The Applicant attributed the red cell changes to the 
volume of IV saline administered and the elevated neutrophil counts as an inflammatory 
response to the MH episode.  Moreover, reticulocyte counts were increased by SD4 and 
6 in the surviving male indicating a regenerative response.  Note that no notable clinical 
pathology changes were observed at the 10 mg/kg dose level in the 2 week repeat-dose 
toxicity study in minipigs so the Applicant’s notions are reasonable though no control 
groups were included in this study to rule out a contribution from the test article.

Coagulation
Whole blood (approximately 1.3 mL) was collected from all surviving animals at 
pretest, at targeted times of 1 and 24 hours after confirmation of a malignant 
hyperthermia episode, on Day 4, and prior to scheduled euthanasia for 
determination of the following coagulation parameters:

No notable changes were observed.

Clinical Chemistry
Whole blood (approximately 4.0 mL) was collected from all surviving animals at 
pretest, at targeted times of 1 and 24 hours after confirmation of a malignant 
hyperthermia episode, on Day 4, and prior to scheduled euthanasia. Blood was 
processed to serum and the following clinical chemistry parameters were 
evaluated:

Notable clinical chemistry changes that occurred after the onset of the MH episode and 
administration of Ryanodex included:
By ~1 hr post-Ryanodex

  AST, ALT, CK, LDH, and aldolase. 
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 Changes in serum sodium, potassium, chloride, phosphorus, blood urea 
nitrogen, calcium, total bilirubin, uric acid, myoglobin, and glucose concentrations 
were present in most animals.  

  sodium, chloride, and calcium concentrations.
By SD2: 
 glucose concentrations resolved in animals 1007 and 2005; 
 AST, ALT, CK, LDH, and/or aldolase remained elevated
  myoglobin
By SD6:
 ALT, AST, CK, LDH, and/or aldolase remained elevated in animals 1007, 2005, 

and 2006. 
  myoglobin remained elevated
 Other clinical chemistry parameters were decreasing in the surviving animals 

from Days 2 to 6.

Urinalysis
Urine was collected from all animals at pretest via metabolism cage, at a targeted 
time of 1 hour after onset of a malignant hyperthermia episode (by 
cystocentesis), on Days 2 and 3 (by metabolism cage collection), and at the 
scheduled necropsy by cystocentesis. The following parameters were evaluated:

Myoglobin

Phase A
Urine collected from animals at the unscheduled deaths revealed the male (1001) and 
female (2001) had proteinuria, erythrocyturia, and myoglobinuria.  The other female 
(2002) had glucosuria, erythrocyturia, and myoglobinuria.  At scheduled euthanasia, the 
male (1002) had myoglobinuria.

Phase B
Urine collected from animals at unscheduled deaths revealed had proteinuria, 
erythrocyturia, glucosuria, and/or myoglobinuria in most animals.  At scheduled 
euthanasia, the male (1007) and female (2005) had myoglobinuria.  These changes are 
consistent with secondary effects related to the MH episode.

Pharmacokinetics
Whole venous blood samples of approximately 4.0 mL were collected from the 
cranial vena cava of all animals for determination of plasma concentrations of the 
test article. Samples were collected at the following targeted time points on Day 
1: prior to dosing (pre-dose), 1, 5, 10, 20, and 30 minutes, 1, 2, 4, 8, 12, 24, 48, 72
and 96 hours relative to the beginning of Ryanodex administration. Samples for
pharmacokinetics were not collected from the surviving animal in Phase A or
animals in Phase B at 4 and 12 hours after dosing.

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

54

Phase A
Animals given 1, 2.5, 5 and 10 mg/kg Ryanodex via the femoral vein had peak plasma 
concentrations of dantrolene of 837, 2355, 3442, and 10998 ng/mL, respectively, at 1 
minutes postdose. In the surviving male given 10 mg/kg, dantrolene was below the
lower limit of quantitation by 48 hours postdose.
Hydroxydantrolene was detectable at as early as 10 minutes postdose with peak 
plasma concentrations (26 to 1002 ng/mL) occurring between 1 and 8 hours after 
dosing.

Phase B
Animals given 1, 2.5, 5 and 10 mg/kg Ryanodex via the ear vein had group mean peak 
plasma concentrations of dantrolene of 881, 3320, 4096, and 17695 ng/mL,
respectively, at 1 minute postdose. Dantrolene was below the lower limit of quantitation 
of the assay at 24 hours after dosing in the surviving female (2005) given 1 mg/kg and 
at 48 hours for the surviving male (1007) given 2.5 mg/kg and the surviving female 
(2006) given 5 mg/kg.
Hydroxydantrolene was detectable as early as 10 minutes postdose with peak plasma 
concentrations (31 to 291 ng/mL) occurring between 1 and 8 hours after dosing.  The 
male given 1 mg/kg (1004) had concentrations that were below the limit of quantitation 
for all collected timepoints. 

Femoral vein vs ear vein administration
When plasma concentrations of dantrolene and hydroxydantrolene were compared 
between animals treated via ear and femoral veins, there appeared to be no 
appreciable differences between the two administration methods except for animals 
given 10 mg/kg in which ear vein administration produced higher levels, the reasons for 
which is not clear. 

Postmortem Evaluations
Macroscopic Pathology
Postmortem examinations were performed on all animals dying spontaneously, 
euthanized in extremis, or euthanized at scheduled necropsies. Animals surviving 
to scheduled necropsy were fasted overnight prior to euthanasia. At necropsy, 
the animals were examined visually for external abnormalities including palpable 
masses. The abdominal, thoracic, and cranial cavities and their contents were 
examined for abnormalities and the organs removed, examined, and, where 
specified in the following table, placed in 10% neutral buffered formalin. Bone 
marrow slides were prepared from each animal at scheduled necropsy but were 
not evaluated.
Phase A and B animals exhibited firm, dark, or pale muscles with red or red to yellow
striations in several skeletal muscles including the biceps femoris, triceps, 
semimembranous, and/or longissimus dorsi muscles.  These gross findings correlated 
with microscopic findings including hemorrhage, cellular infiltration, muscle necrosis, 
and/or hyaline degeneration.  Several animals from Phase A (1001, 2001, and 2002) 
and B (1003, 1004, 1006, 2003, 2004) also had thickened left heart ventricles with 
decreased lumen size, which correlated with microscopic findings of myocardial 
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hypertrophy.  The Applicant proposed that the myocardial findings may have been pre-
existing in this animal population since two stock MH-sensitive Pietrain female pigs
(untreated) that were found dead also had the same heart lesions.

Organ Weights
Pre-necropsy fasted body weights, and necropsy weights of the organs indicated 
in the following table, were recorded for animals sacrificed at scheduled 
necropsy. Paired organs (designated by * in the following table) were weighed 
together. Organs were not weighed for animals dying spontaneously or 
euthanized in extremis. Pre-necropsy fasted body weights were used only for 
calculation of organ weight to body weight ratios. Organ weights were expressed 
as absolute values and as organ weight:body weight and organ weight:brain 
weight ratios.
Organ weights effects were not assessed due to the lack of animals that survived to 
scheduled termination and the lack of a control group.

Histopathology
Microscopic examination of fixed hematoxylin and eosin-stained paraffin sections 
were performed on tissues indicated in the following table. All specified tissues 
from all animals were examined microscopically.
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Phase A
Three of four Phase A animals died prior to scheduled necropsy and had 
enlarged hearts (cardiomegaly) with thickened ventricular walls and reduced 
ventricular chamber size.  Microscopic correlates included cardiomyocyte 
hypertrophy.  However, the heart findings were considered to be pre-existent as 
several untreated, MH-sensitive swine that were not induced to experience an 
episode also displayed these heart lesions.  MH-associated findings included 
muscle necrosis with hyaline degeneration of large bundle of muscle fibers with 
or without hemorrhage and/or cellular infiltration into the remaining stroma.
Phase B
Five of eight Phase B animals died early and had gross and microscopic 
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changes consistent with MH crisis.  All five had enlarged hearts with grossly 
thickened ventricular walls and reduced ventricular chamber size.  Microscopic 
correlates included diffuse cardiomyocyte hypertrophy evident as robust cardiac 
muscle cells with expanded cytoplasm filled with organized contractile myofibrils.  

Study title:  Single intravenous dose GLP study for evaluation of the
efficacy and safety of Dantrium IV in the treatment of malignant
hyperthermia in susceptible swine

Key Study Findings

The objective of this study was to evaluate the efficacy and safety of Dantrium IV 
when administered for the treatment of a malignant hyperthermia episode in 
malignant hyperthermia sensitive (MHS) Pietrain swine.  MH was triggered via 
administration of halothane (initially at 2%, lowered to 1% in cases of 
hypotension) for 10 minutes and subsequent administration of succinylcholine (2
mg/kg) via a catheter into an ear vein.  Dantrium IV was administered via ear 
vein at a dose of 2.5 mg/kg (N=4 animals) as an infusion at a dose volume of 7.5 
mL/kg and at an infusion rate of approximately 15 mL/min (total dose delivery in
approximately 25 minutes).  No supportive care was administered in this study.
 All animals developed MH after exposure to halothane and succinylcholine 

except one male.  This animal was replaced with another male, which did 
develop MH.  All four animals that did develop MH achieved MH resolution 
after treatment with Dantrium IV 2.5 mg/kg within 27 to 40 min postdose.  

 All four animals that achieved MH resolution died prior to schedule 
termination on SD6.  One male and two females were found dead on SD1 or 
SD2 of the study.  The other male was euthanized in extremis 1 hour after 
dosing after developing non-recoverable, significant ECG waveforms 
aberrations and periods of tachycardia.  Note that no supportive care was 
administered during and following the MH episode.

 Altered clinical pathology included reduced red cell mass parameters (red 
blood cell counts, hemoglobin concentrations and/or hematocrit values), 
elevated neutrophil counts, and elevations in serum AST, CK, LDH, aldolase, 
potassium, phosphorus, uric acid, myoglobin, and glucose concentrations at 1 
hour after the onset of the MH episode.  Decreases in sodium, chloride, and 
calcium concentrations were also reported.  Moreover, both males and 1 
female had proteinuria and all 4 animals had erythrocyturia and 
myoglobinuria.

 All animals were observed with firm, dark, or pale muscles with red striations,
in at least one skeletal muscle, including biceps femoris, triceps,
semimembranosus, and/or longissimus dorsi muscles. Microscopic
correlates included hemorrhage, cellular infiltration, muscle necrosis, and/or
hyaline degeneration.  Animals 1M02, 1F03, and 1F04 were noted with 
cardiac findings including thickened left ventricle and decreased lumen size. 
These cardiac observations were correlated with microscopic observations of
myocardial hypertrophy. 
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 Peak dantrolene concentrations were reached at 20 min to 2 hours and 
ranged between 1,162 to 1,725 ng/mL. 

Study no.: 1062-09336
Study Status: Amended Final Report

Study report location: SD#1(1/22/14), eCTD 4.1.1.1
Conducting laboratory 

and location:

Date of study initiation: 10/27/09
GLP compliance: Yes, signed

QA statement: Yes, signed
Drug, lot #, and % purity: Dantrium IV, Lot# 439556, Purity=% (The study 

report stated “Available documentation from the 
manufacturer on the identity, strength, purity, 
composition, stability, and other pertinent
information (as included in the prescribing 
information) on each batch of test article is included 
in the study record.)

Methods

Doses: Dantrium IV: 2.5 mg/kg
Frequency of dosing: Once

Route of administration: Intravenous via ear vein
Dose volume: 7.5 mL/kg (15 mL/min) delivered in approx. 30 

min
Formulation/Vehicle: Dantrium IV was reconstituted in Sterile Water 

for Injection 
Species/Strain: Domestic Swine (Sus scrofa)/Pietrain (positive 

for malignant hyperthermia sensitivity)
Number/Sex/Group: 2 males, 2 females

Age: Approximately 4.5 months
Weight: 49.8 – 51.6 kg

Satellite groups: N/A
Unique study design: See below

Deviation from study protocol: None that impacted integrity or interpretation of 
the study

Applicant’s Study Design per report:
Anesthesia and Instrumentation
Prior to dosing, all animals received intramuscular injections of atropine sulfate (0.05 
mg/kg), ketamine HCl (20 mg/kg), xylazine HCl (2.5 mg/kg) and acepromazine maleate 
(0.2 mg/kg). Additionally, topical Cetacaine® was administered at the laryngeal inlet 
upon laryngoscopy. The time of administration of drugs (for sedation) was recorded for 
each animal.
Animals were instrumented as follows:

Reference ID: 3534003

(b) (4)



NDA #205579 Ryanodex Reviewer: Jay H. Chang

59

 An ear vein was cannulated for the administration of thiopental (10 mg/kg), and 
intravenous fluid (0.9% saline; initially approximately 4.0 ml/kg/hr). Anesthesia 
was initiated by bolus infusion of thiopental.  The timing of all medication 
administration was recorded. The animals were endotracheally intubated and 
artificial ventilation (100% O2) initiated to ensure adequate oxygenation.

 A femoral artery was cannulated for blood pressure monitoring and sampling for 
blood gas.

 A contralateral ear vein was cannulated for administration of the test article.
 Leads were placed for ECG monitoring (lead II configuration).
 Core body temperature was measured by the rectal probe

Triggering the MH episode:  
Following stabilization, animals were exposed to 2% halothane for 10 minutes. At
approximately 16 minutes after initiation of halothane exposure, succinylcholine (2 
mg/kg) was administered intravenously in an ear vein cannulated for thiopental and 
saline administration.  

Onset of the MH episode:
Documented by the presence of at least 2 of the following MH-defining parameters:

• end tidal CO2 ≥ 70 torr (ETCO2)
• arterial CO2 ≥ pCO2 90
• arterial pH ≤ 7.20
• tachycardia (≥ 40% increase above baseline heart rate)
• cardiac arrhythmia present (observed ECG)
• muscular rigidity present (qualitative observations) 

Treatment of MH:
Following a diagnosis of an MH episode, minute ventilation was increased in an attempt 
to normalize CO2.  Initiation of dosing for all animals occurred within 1 minute following 
the diagnosis of onset of the MH episode.  During and following the MH episode, no 
supportive care was administered as it was deemed clinically unnecessary to achieve 
stabilization.  Following extubation, animals received Butorphanol (0.3 mg/kg IM) and
Naxcel (5 mg/kg IM).  Dantrium IV was administered at a single dosage, 2.5 mg/kg (at 
7.5 mL/kg [15 mL/min] delivered in approximately 30 minutes), to four animals as shown 
in the table below. 

Resolution of MH Episode:
Resolution of the MH episode meant a clinical decision was made in that: (a) the animal 
is not responding to the treatment, is moribund and should be euthanized to prevent 
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further discomfort; or (b) the animal has responded to the treatment and was sufficiently 
stable to be returned to a run without further therapy. Reversal of MH criteria was 
documented by the presence of at least 2 of the following parameters:

 end tidal CO2 < 70 torr
 arterial CO2 < pCO2 90
 arterial pH > 7.20
 tachycardia (below 40% threshold for heart rate)
 cardiac arrhythmia absent (by observed ECG)
 muscular rigidity absent (qualitative observations)

Blinding
Not necessary since all animals received same test article and dosage.

Observations and Results

Physiological Monitoring during Procedure
After stabilization, the following parameters were recorded at a targeted time of 
every 2 minutes from at least 10 minutes prior to the administration of triggering
agents through termination of the procedure.

All animals developed MH after exposure to the triggering agents except for one male 
1M01.  For the animals that did develop MH, the time to reversal of the first 2 MH 
parameters and resolution of the MH episode are shown in the following table.

Note that the first 2 MH-defining first two parameters that reversed were tachycardia 
and end tidal CO2 for 1M02, tachycardia and arterial CO2 for 1M05, tachycardia and 
arterial CO2 for 1F03, and end tidal and arterial CO2 for 1F04. The last parameter to 
reverse in all animals was arterial pH.

Morbidity/Mortality
All animals were observed at least twice a day for morbidity, mortality, injury, and 
availability of food and water.
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All animals in the study died prior to schedule termination.  One male (1M01) was 
euthanized on SD1 after failing to meet protocol criteria defining an MH episode. One 
male and both females were found dead on SD1 or SD2 of the study. Male 1M05 was 
euthanized in extremis 1 hour after dosing after developing non-recoverable, significant 
ECG waveforms aberrations and periods of tachycardia.

Clinical Observations
Beginning on Day 1 after the first dose, and continuing through the day of
scheduled euthanasia, examinations for general signs of toxicity, including fecal 
and urine quality and ability to ambulate, were conducted for all animals twice 
daily.
On SD2, male 1M02 was found with markedly decreased activity and was recumbent 17 
hours and 44 minutes after dosing and was found dead at 23 hours and 44 minutes 
after dosing.  Female 1F04 was noted with labored breathing at 2 hours and 4 minutes 
after dosing and was found dead 17 minutes later.

Adverse Events
Adverse events were assigned one of the following causal relationships by the 
Attending Veterinarian (in consultation with the Study Director). These guidelines 
were provided as an aid for consistency and were not intended to be an absolute 
rule nor a replacement for the Attending Veterinarian’s judgment.
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The adverse and serious adverse events reported are shown in the Applicant’s table
below.  

Electrocardiograms
Qualitative assessments of cardiac function/rhythm were recorded at a targeted 
time of every 2 minutes from at least 10 minutes prior to the administration of 
triggering agents until resolution of the MH episode or termination of the 
procedure. Electrocardiograms were evaluated by the Attending Veterinarian for
arrhythmia or tachycardia for qualitative assessment of the MH episode and
episode resolution.
All animals displayed normal sinus rhythms during the baseline recording period and 
during initial exposure to halothane. All animals that developed an MH episode had 
sinus tachycardia soon after succinylcholine administration. Sinus tachycardia resolved 
soon after Dantrium infusion was initiated.

Body Weight Measurements
Body weights were recorded on Days -1 and 1.
Effects on body weight and body weight change were not determined since no animals 
survived to the end of the study.

Food Consumption
Food consumption estimates (0%, 25%, 50%, 75%, or 100%) were recorded for all 
animals on Days -1 and 1. Animals were fasted for at least 8 hours prior to 
scheduled sample collections for clinical chemistry analysis.
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Effects on food consumption were not determined since no animals survived to the end 
of the study.

Hematology
Whole blood (approximately 0.75 mL) was collected from all surviving animals 
pretest, at targeted times of 1 hours after confirmation of a malignant 
hyperthermia episode for determination of the following hematology parameters:

Hematological changes included reduced red cell mass parameters (red blood cell 
counts, hemoglobin concentrations and/or hematocrit values) and elevated absolute 
neutrophil counts at 1 hour after the onset of MH. 

Coagulation
Whole blood (approximately 1.3 mL) was collected from all surviving animals at 
pretest, at a targeted time of 1 hour after confirmation of a malignant 
hyperthermia episode for determination of the following coagulation parameters:

There were no toxicologically significant changes in coagulation parameters at 1 hour 
after the onset of the MH episode when compared to pretest values.

Clinical Chemistry
Whole blood (approximately 4.0 mL) was collected from all surviving animals at 
pretest, at a targeted times of 1 hour after confirmation of a malignant 
hyperthermia episode. Blood was processed to serum and the following clinical 
chemistry parameters were evaluated:

Notable clinical chemistry changes included elevations in serum AST, CK, LDH,
aldolase, potassium, phosphorus, uric acid, myoglobin, and glucose concentrations at 1 
hour after the onset of the MH episode.  Decreases in sodium, chloride, and calcium 
concentrations were also reported. These changes were consistent with secondary 
effects of an MH episode.

Urinalysis
Urine was collected from all animals at pretest via metabolism cage and at the 
scheduled necropsy by cystocentesis. The following parameters were evaluated:
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Myoglobin

Both males and 1 female had proteinuria and all 4 animals had erythrocyturia and 
myoglobinuria.

Pharmacokinetics
Whole venous blood samples of approximately 4.0 mL were collected from the 
cranial vena cava of all animals for determination of plasma concentrations of the 
test article. Samples were collected at the following targeted time points on Day 
1: prior to dosing (pre-dose), 1, 5, 10, 20, and 30 minutes, 1, 2, 4, 8, and 12 hours 
following the beginning of the infusion dose. Samples were analyzed by a 
validated method to measure dantrolene and hydroxydantrolene (metabolite) 
concentrations.
Peak dantrolene concentrations were reached as follows:
Gender Animal Cmax (ng/mL) Tmax

Males 1M02 1725 2 hours
1M05 1162 20 min

Females 1F03 1334 1 hour
1F04 1350 1 hour

The following table from the study report shows dantrolene concentrations over time.
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Hydroxydantrolene was detected as early as 20 minutes postdosing with peak plasma 
concentrations (45 to 142 ng/mL) occurring between 1 and 8 hours after the initiation of
dosing.

Postmortem Evaluations
Macroscopic Pathology
Postmortem examinations were performed on all animals dying spontaneously or 
euthanized in extremis. At necropsy, the animals were examined visually for 
external abnormalities including palpable masses. The abdominal, thoracic, and 
cranial cavities and their contents were examined for abnormalities and the 
organs removed, examined, and, where specified in the following table, placed in 
10% neutral buffered formalin. Bone marrow slides were not prepared since all 
animals died prior to scheduled euthanasia.

All animals were observed with firm, dark, or pale muscles with red striations, in at least 
one skeletal muscle, including biceps femoris, triceps, semimembranosus, and/or 
longissimus dorsi muscles. Microscopic correlates included hemorrhage, cellular 
infiltration, muscle necrosis, and/or hyaline degeneration.  Animals 1M02, 1F03, and 
1F04 were noted with cardiac findings including thickened left ventricle and decreased 
lumen size. These cardiac observations were correlated with microscopic observations 
of myocardial hypertrophy. 
The skin/subcutis in the dorsal lumbar area of 1M02 was noted with red, gelatinous fluid 
which was correlated with microscopic observations of hemorrhage and edema. The 
trachea of DAP1M02 was noted with white, frothy material and was correlated with 
microscopic inflammation.

Organ Weights
Organ weights were not collected since all animals died prior to scheduled
euthanasia.

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

66

Histopathology
Microscopic examination of fixed hematoxylin and eosin-stained paraffin sections 
were performed on tissues indicated in the table above. All specified tissues from 
all animals were examined microscopically.
Gross findings in skeletal muscle correlated with microscopic findings including 
hemorrhage, cellular infiltration, muscle necrosis, and/or hyaline degeneration.  
Subcutaneous edema and hemorrhage was noted for animal 1M02 on Day 2. These 
findings were consistent with malignant hyperthermia.  Grossly enlarged heart 
(cardiomegaly) with microscopic myocardial hypertrophy evident for all animals was 
considered preexistent and probably contributed to the death.

Study title:  Pilot evaluation of the efficacy and safety of Dantrolene in the 
treatment of malignant hyperthermia in susceptible swine

Key Study Findings

The objective of this pilot study was to establish clinically relevant supportive 
care procedures (e.g. more vigorous use of saline infusion, body surface cooling, 
control of metabolic acidosis and hyperkalemia, and post-MH crisis pain 
management) to be used concurrently with dantrolene in the MHS swine model
to improve prognosis for animal survival post-MH crisis resolution.  In this study, 
animals were exposed to 4% sevoflurane (2.0 L/min) until the onset of MH and 
then Dantrium IV (2.5 mg/kg), but not Ryanodex, was administered via jugular 
vein.  All animals also received supportive care.
 Five animals developed MH in response to sevoflurane exposure and all five 

achieved reversal of the first two MH-defining parameters (ranged between 7 
to 31 min post-treatment) and ultimately the MH crises (ranged between 13 to 
112 min post-treatment) as well.

 Following MH resolution, one animal had a body temperature increase that 
exceeded the protocol-designated level defining MH indicative of MH 
recrudescence as well as tachycardia and hyperkalemia. A second 2.5 mg/kg 
dose of Dantrium IV was administered without improvement. With the 
exception of this animal, all other animals survived to scheduled termination.

 All 5 (100%) animals in the Dantrium IV treated group experienced at least 
one AE. Four out of five experienced either pyrexia or intermittent pyrexia,
one of which was judged to be severe. Two (40%) animals were assessed 
with an SAE.  One died of cardiac arrest following prolonged tachycardia and 
the other recovered after requiring a second dose of Dantrium IV following a 
prolonged and unresponsive increase in body temperature (suspected 
recrudescence of MH).  

 Altered hematology parameters included decreased red cell mass 
(erythrocytes, hemoglobin, and hematocrit) by Day 2 with subsequent 
resolution of these changes by Day 6, increased reticulocytes on Days 1 and 
6 indicating a regenerative response, and mild transient increases in 
neutrophils on Day 1 and mild transient decreases in lymphocytes on Day 2.  
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Coagulation parameter changes included minimally prolonged thromboplastin 
time (APTT) on Days 1, 2, and/or 6 relative to pretest and minimally increased 
fibrinogen concentration in males on Day 2 relative to pretest.  Clinical 
chemistry changes included mild transient decreases in total protein, albumin, 
and/or globulin, mild increases in AST, ALT, and LDH on Days 1 and/or 2 that 
had resolved by Day 6.  Additionally, total creatine kinase (CK) was 
moderately increased by 1 hour postdose and was markedly elevated by 24 
hours postdose (SD2).  Mild increases in myoglobin were also observed on 
SD1 and SD6, which correlated with marked urine myoglobin observed in 
SD6.  All of these changes were likely procedure and/or MH-related and not 
associated with administration of Dantrium IV. 

 In animals that survived to scheduled termination, there was no evidence of 
macroscopic or microscopic changes consistent with malignant hyperthermia 
in this study, which was likely due to the progress of MH being halted before 
extensive cellular damage could occur.  Moreover, there were no test article-
related gross or microscopic findings indicative of toxicity observed in the 
study.

Study no.: 1773-002
Study Status: Final report

Study report location: SD#1(1/22/14), eCTD 4.1.1.1
Conducting laboratory 

and location:

Date of study initiation: 6/1/10
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: Dantrium IV (JHP Pharmaceuticals, LLC), Lot 

#10050A, The study report stated “The test article 
was used as received from the manufacturer. No 
adjustment was made for purity when preparing the 
test article formulations.

Methods

Doses: Dantrium® IV:  2.5 mg/kg
Frequency of dosing: Once on SD1.  However, a single additional 

dose (2.5 mg/kg) was administered as needed 
for recrudescence of MH in the same manner as 
the original dose for animals 201 and 207. 
Following each dose, the central line was 
flushed with 10 mL of saline.

Route of administration: Rapid intravenous (IV) infusion via a central line
(jugular vein) over a period of 3 to 4 minutes

Dose volume: ~7.6 mL/kg at ~50 mL/min
Formulation/Vehicle: Sterile Water for Injection, USP
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Species/Strain: Swine (Sus scrofa domesticus)/MHS Pietrain 
swine homozygous recessive for the autosomal 
dominant gene (Hal-1843)

Number/Sex/Group: 4 males and 1 female
Age: Approximately 10 weeks

Weight: Males: 21.5 to 26.0 kg; Female: 23.0 kg
Satellite groups: N/A

Unique study design: See below
Deviation from study protocol: The deviations noted below did not significantly 

impact the results or interpretation of the study:
 A physical examination was not conducted on Day -1 for 

animal number 207.
 Physiological monitoring parameters were collected as 

needed, as directed by the Applicant and Study Director, 
and as possible, from the stabilization period through  24 
hours post confirmation of MH, and did not necessarily 
follow the protocol specified monitoring times. Some 
parameter measurements were not met at the designated 
recording time points due to equipment failure.

 The 5 minute postdose blood sample collected from animal 
number 201 for plasma concentration analysis was collected 
2 minutes late, and the 24 hour blood sample collected from 
animal number 203 for plasma concentration analysis was 
collected 34 minutes late.

 On Day 6, the method of urine collection was not 
documented.

Applicant’s Unique Study Design per report:
Pre-test procedures
Prior to test article dosing, animals received the medications listed in Table B below.
Anesthesia was induced via an intramuscular injection of ketamine, an intravenous 
bolus injection of fentanyl and propofol, and oxygen/nitrous oxide (O2/N2O) inhalation 
via facemask. An ear vein was cannulated for the administration of fentanyl, propofol, 
and intravenous fluids. Anesthesia was maintained by slow infusion of fentanyl and 
propofol  Other appropriate medications were administered at the discretion of a staff 
veterinarian.
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The animals were endotracheally intubated and artificial ventilation of O2 was initiated to
ensure adequate oxygenation. Ventilation was adjusted as needed to maintain end tidal
carbon dioxide between 36 and 42 mm Hg during the stabilization period. The carotid 
artery was cannulated for blood pressure monitoring and arterial blood gas sampling. A 
dual lumen (catheter) central line was placed in the jugular vein. One lumen (proximal 
aperture) was used for collection of blood samples for dantrolene and metabolite 
plasma concentrations. The second lumen (distal aperture) was used for administration 
of the test article. Both catheters were exteriorized (dorsally) and held in place using an 
antibiotic occlusive material and bandaging. Leads were placed on the animals for ECG 
monitoring during surgery. Body temperature was measured via a rectal probe and 
microchip (implanted in the muscle region of the thigh) until MH resolution (for up to 18 
minutes post MH resolution). Following resolution of MH, body temperature was 
monitored via the microchip only.

Triggering of the Malignant Hyperthermia Episode
Once instrumentation with catheters was completed, the animals were monitored for an
approximate 10 minute stabilization period. At the end of this period, animals were 
exposed to 4% sevoflurane (2.0 L/min) until the onset of MH. Sevoflurane was 
increased from 4% to 6% (for the last 10 minutes of exposure) for animal number 201 to 
trigger MH. Onset of the MH episode was defined as the presence of at least two of the 
following criteria:

 End tidal carbon dioxide (ETCO2) ≥ 70 mm Hg
 Arterial pCO2 ≥ 75 mm Hg
 Arterial pH  7.20
 Tachycardia (≥ 40% increase above baseline heart rate)
 Cardiac arrhythmia present
 Body temperature increase ≥ 1.5ºC 
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Treatment of the Malignant Hyperthermia Episode
After confirmation of onset of the MH episode, sevoflurane was discontinued. Ventilation
was adjusted to normalize end tidal CO2. All animals received the dose of test article 
administered according to the assignment as shown in the table below.

Note that animal number 201 received a second dose of Dantrium IV 5 hours and 34 
minutes after the start of the first Dantrium IV dose. Animal number 207 received a 
second dose of Dantrium IV 2 hours and 36 minutes after the start of the first Dantrium 
IV dose. The test article was administered intravenously through the distal end of the 
dual lumen central line at a dose level of 2.5 mg/kg (7.6 mL/kg) and a rate of 
approximately 50 mL/minute. Following dosing, the line was flushed with 10 mL of 0.9% 
sodium chloride (NaCl). Animal numbers 201 and 207 each received an additional 2.5 
mg/kg dose of the test article for treatment of MH recrudescence or failure to respond to 
the initial MH episode. Concurrent with dosing, supportive care was initiated, which 
included but was not limited to: injection of sodium bicarbonate to adjust blood pH,
administration of lidocaine to treat arrhythmia, application of external cooling devices
(e.g. ice, cold wet towels) during periods of elevated body temperature, or 
administration of secondary treatments deemed necessary by the attending veterinarian 
in life-threatening situations to stabilize the condition of the animal, including increased 
intravenous fluids for acidosis or hypotension, phenylephrine for hypotension, and 
furosemide for treatment of oliguria. Additional supportive care treatments administered 
at the direction of the veterinarian included 5% dextrose in 0.9% NaCl, calcium 
gluconate, acepromazine, fentanyl, flunixin meglumide, oxygen therapy, and cold saline 
rectal lavage.

Reversal of First Two Parameters (F2P)
When at least two of the parameters that define an MH episode were reversed to a level 
that no longer fit the protocol definition for MH, F2P was achieved and the time was 
recorded. Achievement of F2P required that two of the following parameters were met:

 End tidal CO2 < 55 mm Hg
 Arterial pCO2 <55 mm Hg
 Arterial pH >7.20
 Tachycardia decreased to below 20% over baseline heart rate
 Cardiac arrhythmia absent
 Body temperature  1.5ºC over baseline and stable for 30 minutes or declining

Resolution of the MH Episode
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Resolution of the MH episode was determined using clinical judgment by a staff 
veterinarian that the animal had no life-threatening conditions and all six MH-defining 
parameters listed above had reversed.

Physiological Monitoring During Procedure
Physiological monitoring included but was not limited to the following parameters:

 Arterial lactate
 Arterial blood gasses (PaO2 and PaCO2)
 Arterial pH
 Arterial blood pressure (mean, systolic, and diastolic)
 End tidal CO2

 Heart rate
 Body temperature (rectal or muscle)
 Qualitative cardiac function/rhythm (along with ECG)
 Oxygen saturation (SpO2)

Physiological monitoring parameters were collected at various intervals following
induction of anesthesia through 24 hours post resolution of MH or death. 

Post-operative Procedures
Animals demonstrating resolution of the MH episode were extubated when the animal
regained the swallow reflex and palpebral reflexes returned. 

Observations and Results

Efficacy
Only animals achieving MH and dosed with Dantrium IV (i.e. qualified for study) are 
included in Table F. In Dantrium IV treated subjects, median Time to F2P was 23 
minutes (range: 14 to 31 minutes) and median Time to MH resolution was 34 minutes 
(range: 13 to 112 minutes).
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Safety
Deaths
Only animals achieving MH and dosed with Dantrium IV qualified for study and are 
included in the table below.  Of the five that qualified (1 female and 4 males), the one 
female died of cardiac arrhythmia following resolution of MH. 

The following narrative was provided in the study report for the female that died 
following resolution of MH:
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Adverse Events
Only abnormalities considered unrelated to MH or a worsening of the MH 
condition after test article treatment (including symptoms thought to be related to 
MH that reoccurred after MH resolution) were considered AEs.
All 5 (100.0%) animals in the Dantrium IV treated group experienced at least one AE. 
Most of these animals experienced either pyrexia (four [80%] animals) or intermittent 
pyrexia (four [80%] animals), of which one incidence was judged to be severe. The 
designation of intermittent pyrexia was occasionally used to account for multiple 
episodes of pyrexia.
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Two (40%) animals were assessed with an SAE. Animal number 201 (tachycardia, Day 
1) died of cardiac arrest following prolonged tachycardia (approximately 6 hours and
22 minutes after the first dose of Dantrium IV and 48 minutes after the second dose of
Dantrium IV). Animal number 207 (severe pyrexia, Day 1) required a second dose of 
test article following a prolonged and unresponsive increase in body temperature 
(suspected recrudescence of MH). Following the second dose of test article, animal 
207 recovered and completed the study without incident. Since recovery from this 
severe episode of pyrexia took approximately 1.5 hr after the second dose of Dantrium 
IV, it is not clear whether the recovery was due to the second dose of test article or 
whether it was due to supportive measures such as external surface cooling. This 
pyrexia episode was not accompanied by other apparent symptoms of MH and, 
therefore, was not necessarily considered a recrudescence of MH.
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Cageside Observations
All animals were observed for morbidity, mortality, injury, and the availability of 
food and water twice daily throughout the duration of the study. A detailed 
clinical examination of each animal was performed during the acclimation period, 
every 30 minutes during the first 8 hours post dose, and at least twice daily 
thereafter. On occasion, clinical observations were recorded at unscheduled 
intervals. The animals were observed for general signs of toxicity, including fecal 
output, urine quality, body temperature, heart rate, general condition of the 
skeletal muscles, and the ability to ambulate. The observations included, but 
were not limited to, evaluation of the skin, eyes, ears, nose, oral cavity, thorax, 
abdomen, external genitalia, limbs and hooves, and respiration.
Clinical findings on Day 1 were limited to findings related to post anesthesia recovery or
urine discoloration and muscle weakness associated with the MH event. The findings of
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audible breathing, tremors, urine discoloration (red/brown) and muscle weakness were
expected findings associated with MH and not adverse events related to test article
administration. Findings on subsequent days included abrasions in one animal, material 
around the eyes in two animals, decreased activity in one animal, and yellow discharge 
from the incision site of one animal.  These findings are common for animals post
anesthesia/surgical procedures and were not test article-related findings.

Body Weights
Body weights for all animals were measured and recorded on the day of receipt, 
at least twice weekly during the acclimation period and daily during the study.
No dantrolene-related effects.

Food Consumption
Food consumption estimates were recorded daily during the study beginning on 
the day after transfer to study.
No dantrolene-related effects.

Physical Examinations
A complete physical examination was conducted on all surviving animals by a 
staff veterinarian pretest, and on Days -1 and 5, with the exception of animal 
number 207, which did not have a Day -1 physical examination.  The following 
physiological parameters were measured starting from 10 minutes before 
sevoflurane exposure (prestudy, Baseline 1) through MH resolution or 
euthanasia: end tidal CO2, arterial CO2, arterial pH, muscle temperature (by 
implanted microchip), body temperature (rectal probe), arterial O2, arterial lactate, 
heart rate, and potassium.
Physiological changes observed in this study were consistent with those known to occur 
during MH. 

Clinical Pathology
Clinical pathology evaluations (hematology, coagulation, clinical chemistry) were 
conducted on all surviving animals pretest, approximately 1 and 24 hours 
postdose on Day 1, and on Day 6. Blood samples (approximately 4.8 to 5.8 mL) 
were collected from the jugular vein or jugular vein catheter. Animals were fasted 
prior to these additional collections. 

Hematology
The hematology changes observed in animals experiencing MH and subsequently 
treated with Dantrolene (2.5 mg/kg) included decreased red cell mass (erythrocytes, 
hemoglobin, and hematocrit) by Day 2 with subsequent resolution of these changes by 
Day 6, increased reticulocytes on Days 1 and 6 indicating a regenerative response, and 
mild transient increases in neutrophils on Day 1 and mild transient decreases in 
lymphocytes on Day 2. All of these findings had resolved by Day 6. 
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Coagulation
Notable coagulation parameter changes included minimally prolonged thromboplastin 
time (APTT) on Days 1, 2, and/or 6 relative to pretest and minimally increased 
fibrinogen concentration in males on Day 2 relative to pretest.  

Clinical Chemistry
The following notable clinical chemistry changes were observed:

 Moderate to occasional marked transient derangements among electrolytes (e.g. 
sodium, chloride, calcium, phosphorus) on Day 1 relative to pretest that had 
mostly resolved by Day 2. 

 Mild transient decreases in total protein, albumin, and/or globulin
 Mild increases in AST, ALT, and LDH on Days 1 and/or 2 that had resolved by

Day 6. 
All of these changes were likely to be procedure and/or MH-related and not associated 
with administration of the test article.
In addition, the following changes in special serum chemistry parameters were 
observed:

 Total creatine kinase (CK) was moderately increased by 1 hour postdose and 
was markedly elevated by 24 hours postdose (SD2). These increases had 
generally declined by the SD6 interval. These increases were primarily attributed 
to increases in CK-MM, the isozyme associated with skeletal muscle. 

 A similar pattern of increase was seen in aldolase. All of these changes were 
typical of skeletal muscle injury and were considered likely to be procedure 
and/or MH-related and not associated with administration of the test article. 

 Mild increases in myoglobin were also observed on SD1 and SD6 that support 
these conclusions.

Urinalysis
Urinalysis evaluations were conducted on all surviving animals pretest and on 
Day 6. The animals had access to drinking water but were fasted overnight prior 
to sample collection. Urine samples were collected using steel pans placed under 
the cages overnight for the pretest collections, and the method of collection was 
not documented for the Day 6 collections.
Marked increases in urine myoglobin were observed on SD6 which support the 
conclusion of muscle injury as described previously.

Plasma Analysis
Blood samples (approximately 1.0 or 2.0 mL) were collected from all surviving 
animals via a suitable vein or the jugular vein catheter for determination of the 
plasma concentrations of dantrolene and 5-hydroxydantrolene. Samples were 
collected predose and at 5, 10, and 30 minutes and 1, 4, 8, and 24 hours postdose 
(relative to first dose) on Day 1. Animals were not fasted prior to blood collection, 
with the exception of the intervals that coincided with fasting for surgery and/or 
clinical pathology collections. Note that male 207 received a second Dantrium 
dose at approximately 2.5 hr after the start of the first dose and females 201 
received a second dose approximately 5.5 hr after the start of the first dose.  Male
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207 had a sample collected 1 hour postdose (relative to the second dose). For
relative comparison purposes, calculated parameters excluding the 3.75, 4, 8, and 
24 hr data for animal 207 are presented in the tables below. No samples were
obtained after 4 hr post (first) dose for animal 201(and thus all data for this 
subject are included in tables below).
Peak dantrolene concentrations were reached rapidly after administration of Dantrium 
IV and decreased considerably over the first 10 minutes post dose, suggesting rapid 
distribution of the drug out of the systemic circulation and into the tissues. Mean 
dantrolene plasma concentrations over the first hour postdose ranged from ~1,300 to 
~660 ng/mL and continued to decrease slowly until the last measurement at 24 hours, 
where most subjects were at or below the limit of assay quantification (50 ng/mL). The 
pharmacokinetic parameters for dantrolene were generally consistent between subjects, 
with the exception of animal 207, which received an additional 2.5 mg/kg dose (2 hr 36 
min after the first dose) to treat a suspected MH recrudescence event.  AUC appeared 
to increase more than dose-proportionately for animal 207 (5 mg/kg total dose) in
comparison to other animals (2.5 mg/kg) in the study.

Mean Dantrolene Plasma Concentration over time*
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Summary of Dantrolene Plasma Concentration

Mean plasma concentrations of 5-hydroxydantrolene increased over time, reaching
peak concentrations at 1 to 4 hours post dose, and then decreasing until the last 
measurement at 24 hours. In general, 5-hydroxydantrolene concentrations were a 
fraction of the corresponding dantrolene concentrations.

Mean 5-Hydroxydantrolene Plasma Concentration over time*
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Summary of 5-Hydroxydantrolene Plasma Concentration

Postmortem Study Evaluations
Macroscopic
Necropsy examinations were performed under procedures approved by a 
veterinary pathologist on animal number 201 that died on Day 1, and those 
euthanized at the scheduled necropsy (Day 6). Animals were examined carefully 
for external abnormalities including palpable masses. The skin was reflected from 
a ventral midline incision and any abnormalities were identified and correlated 
with antemortem findings. The abdominal, thoracic, and cranial cavities were 
examined for abnormalities and the organs removed, examined, and, where 
required, placed in neutral buffered formalin.
There was no evidence of macroscopic changes consistent with malignant hyperthermia 
(e.g. soft, pale, edematous muscles). The minimal nature of the findings was likely due 
to the progress of MH being halted before extensive cellular damage could occur. There 
were no test article-related macroscopic findings indicative of toxicity in this study.

Organ Weights
Body weights and protocol-designated organ weights were recorded for all 
surviving animals at the scheduled necropsy and appropriate organ weight ratios 
were calculated  (relative to body and brain weights). Paired organs were weighed 
together.
There were no test article-related organ weight changes indicative of toxicity in this 
study.

Histopathology
Microscopic examination of fixed hematoxylin and eosin-stained paraffin sections 
were performed on protocol-designated sections of tissues. The slides were 
examined by a board-certified veterinary pathologist. A four-step grading system 
was utilized to define gradable lesions for comparison between dose groups. The 

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

81

organs and tissues collected, weighed, and examined for this study are presented 
in the table below.

There was limited evidence of microscopic changes consistent with MH as the only 
notable finding included minimal myofiber degeneration/regeneration observed in most 
males and the female that dies prior to scheduled termination. The Applicant suggested 
that the minimal nature of the findings was likely due to the progress of MH being halted 
before extensive damage could occur. The only other notable microscopic findings 
were injection/procedure-related and included minimal to mild vacular 
degeneration/regeneration, minimal to mild inflammation, mild thrombus at the injection 
sites of most animals.
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Study title:  Evaluation of the efficacy and safety of Dantrolene in the 
treatment of malignant hyperthermia in susceptible swine

Key Study Findings

The objective of the study was to characterize the efficacy and safety of 
Ryanodex (Dantrolene Sodium Suspension, DSS) when administered for the 
treatment of a malignant hyperthermia (MH) episode in malignant hyperthermia 
sensitive (MHS) Pietrain swine, using Dantrium IV as a comparator.  In this 
study, MH was induced with 4% sevoflurane and, if necessary, succinylcholine. 
Animals were then treated intravenously with saline, Ryanodex (2.5, 10 mg/kg) or 
Dantrium IV (2.5, 10 mg/kg).  All animals also received supportive care. 
 The pivotal nonclinical efficacy study clearly demonstrated the efficacy of 

Ryanodex to reverse MH triggered by sevoflurane (with or without 
succinylcholine) in MHS swine.  The proportion of subjects achieving MH 
resolution was statistically higher in Ryanodex-treatment groups (15 out of 16 
in total) compared to the saline group (0 out of 5) (p=0.0003).  Similarly, the 
proportion of subjects achieving reversal of the first 2 MH-defining parameters 
(F2P) was also statistically higher in the Ryanodex-treatment groups (16 out 
of 16 in total) compared to the saline group (0 out of 5) (p=0.0003).  

 The Dantrium IV groups (16 out of 16) also showed a statistical higher 
proportion of subjects that achieved MH resolution compared to the saline 
group.  The study was not adequately powered to determine whether the 
Ryanodex and Dantrium groups were statistically different with respect to this 
endpoint but they were qualitatively comparable.

 Since no animals from the saline treatment groups achieved MH resolution or 
F2P, a comparison could not be made between this control group and the 
dantrolene groups with respect to time to MH resolution.  The time to MH 
resolution and F2P for the Ryanodex- and Dantrium IV-treated was 
comparable.  In Ryanodex-treated animals, Median Time to MH Resolution 
was 28 minutes (range: 23 to 54 minutes) compared to 24 minutes (range: 15 
to 104 minutes) for Dantrium IV-treated animals when combining the 2.5 and 
10 mg/kg subgroups.  Mean Time to MH Resolution was 32.5 minutes for the 
combined Ryanodex-treatment groups compared to 36.4 minutes for the 
combined Dantrium-treated groups.  

 In total, nine animals died prior to scheduled necropsy on SD6.  Six animals 
were euthanized in extremis after failure to recover from the MH episode.  
These included all 5 animals from the Saline group (animal #407, 408, 426, 
433, and 434) and one Ryanodex-treated animal from the 10 mg/kg arm 
(#422), which achieved F2P but not MH resolution.  In addition, one animal 
from the Ryanodex 2.5 mg/kg group (#410; suspected Porcine Stress 
Syndrome (PSS)) and two animals from the Dantrium IV-Treated group 
(#405; 10 mg/kg group; iatrogenic exsanguination, and #418; 2.5 mg/kg 
group; suspected PSS) died prior to the scheduled necropsy on Day 6 as 
described in the SAE section. 

 The adverse event profile was comparable for the Ryanodex and Dantrium IV 
groups.  The only AE that occurred with an incidence of >1 was pyrexia.  12 
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Ryanodex-treated animals experienced pyrexia (12 [75.0%] subjects) of 
minimal to moderate severity compared 13 Dantrium-treated animals, which 
experienced either pyrexia (9 [56.3%] subjects) or intermittent pyrexia (4 
[25.0%] subjects), 4 of which were judged to be severe.

 Similar clinical signs were generally observed across dantrolene treatment 
groups.  Notable clinical signs following Ryanodex/Dantrium IV treatment, 
resolution of MH, and recovery from anesthesia included tremor and ataxia, 
both of which were observed only transiently on SD1.  Hindlimb impairment 
and red eye discoloration were also generally observed in at least one animal 
from each dantrolene treatment group.    

 Notable changes in clinical pathology parameters were comparable for the 
Ryanodex and Dantrium IV groups and they were attributed primarily to the 
MH crises and not clearly linked to dantrolene treatment.  Relative to baseline 
levels, there were elevations in absolute reticulocytes, eosinophils, 
erythrocytes, hematocrit, hemoglobin, white blood cells, and neutrophils 
observed as early as 1 hour post treatment in both Ryanodex- and Dantrium 
IV-treated animals as well as in saline-treated controls.  Both aPTT and 
fibrinogen were elevated as early as 1 hour after saline treatment (note they 
were euthanized several hours later).  In Ryanodex- and Dantrium-treated 
animals, the dantrolene appeared to temporarily attenuate changes in these 
parameters though they were eventually elevated by 24 hours postdose and 
remained elevated level at 6 days postdose.  Notable changes in clinical 
chemistry parameters, relative to baseline values, included moderate to 
marked elevations in aldolase, creatine kinase (CK), myoglobin, creatine 
kinase MM (CK-MM), creatine kinase MB (CK-MB), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) 
that were observed as early as 1 hour post treatment in both Ryanodex- and 
Dantrium IV-treated animals as well as in saline-treated controls.

 There were no notable gross findings or organ weight changes.  Notable 
microscopic findings were observed in heart (inflammation and myofiber 
degeneration), kidneys (thrombi in the small arteries and arterioles), skeletal 
muscle (inflammation, myofiber degeneration/necrosis, and myofiber 
regeneration), and at injection sites that appeared linked to the MH episode 
and/or catheterization procedure and were observed in both the Ryanodex 
and Dantrium IV animals with similar incidence and severity.  Note the saline-
treated animals died much earlier on SD1 and therefore do not represent an 
appropriate control.  Moreover, no adverse Ryanodex-related microscopic 
findings were observed in non-MHS swine administered Ryanodex at up 30 
mg/kg daily for 14 consecutive days in Study 1773-012 (GLP), which argues 
that the findings here are likely due to the MH crises and catheterization.
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Study no.: 1773-004
Study Status: Final

Study report location: eCTD 4.2.1.1
Conducting laboratory 

and location:

Date of study initiation: 6/24/10
GLP compliance: Yes, signed

QA statement: Yes, signed
Drug, lot #, and % purity: Ryanodex , Lot# B090299, Used as received from 

manufacturer (i.e., no adjustment for purity)
Each vial reconstituted in 5 mL SWfI to 50 mg/mL
Dantrium IV, Lot# 439556, Used as received from 
supplier (i.e., no adjustment for purity)
Each vial reconstituted in 60 mL SWfI to 0.33 
mg/mL

Methods

Doses:  Ryanodex (test):  2.5 and 10 mg/kg (2.5 mg/kg/dose x QID) 
administered by IV bolus administration via the central line 
over 10 to 20 seconds per dose.

 Dantrium IV (comparator):  2.5 and 10 mg/kg (2.5 mg/kg x
QID) administered by rapid intravenous (IV) infusion via the 
central line over a period of 3 to 4 minutes per dose.  

Frequency of 
dosing:

 Animals in Groups 2 and 3 were administered Dantrium IV and 
Ryanodex, respectively, at a dose of 2.5 mg/kg once on SD1.

 Animals in Groups 4 and 5 were administered Dantrium IV and 
Ryanodex, respectively, at a dose of 10 mg/kg by
administering 2.5 mg/kg every 5 minutes over a 20 minute 
period using the same dose volumes as in Groups 2 and 3. 

 A single additional dose (2.5 mg/kg) was administered as
needed for recrudescence of MH in the same manner as the 
original dose(s) for Groups 2 through 5. Following each dose, 
the central line was flushed with 10 to 20 mL of saline. 

 For Saline group animals, no treatment was administered
(dosing was simulated). 

 The start and end time of each dose administration was 
recorded. For animals receiving no treatment, the dose start 
and end times were the same and were recorded within 1 
minute of MH onset.

Route of 
administration:

Intravenous (same as intended clinical route of administration)

Dose volume: Ryanodex: 0.05 mL/kg/dose (2.5 mg/kg/dose)
Dantrium IV: 7.5 mL/kg/dose (2.5 mg/kg/dose) 
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Formulation/Vehicle: Control: Saline
Vehicle: Sterile Water for Injection (SWfI)

Species/Strain: Domestic Swine (Sus scrofa domesticus)/MHS Pietrain 
homozygous recessive for the autosomal dominant gene (Hal-
1843)

Number/Sex/Group:

Age: 13 to 21 weeks of age on the day of dosing
Weight: Males: 35.5 to 52.0 kg; Females: 24.5 to 50.5 kg on the day of 

sevoflurane exposure.
Satellite groups: N/A

Unique study 
design:

See below

Deviation from study 
protocol:

Numerous deviations from the protocol were noted but potentially 
impactful deviations are shown below.  Note that the study 
ultimately demonstrated the efficacy of Ryanodex compared to 
saline with respect to Proportion of subjects achieving MH 
resolution.  Moreover, the PK of dantrolene after Ryanodex 
administration was as expected based on PK in humans and from 
the nonclinical toxicity studies.  Therefore, I am confident that the 
assigned animals received Ryanodex as planned.  The deviation 
regarding the 1 minute blood sample for animal 413 from the 
Dantrium IV 2.5 mg/kg group likely was attributable to the 
aberrantly high dantrolene concentration observed.  Moreover, the 
study was designed to collect blood samples at the 1 minute time 
point for the Dantrium IV 2.5 mg/kg group while drug was being 
administered over 3-4 minutes to maintain the treatment blind.  
This resulted in aberrantly high dantrolene concentrations at the 1 
minute time point for many animals from this group.  Therefore, 
the Cmax values are not reliable from Dantrium IV group while the 
AUC values are not likely impacted.  The Ryanodex PK values are 
considered reliable.  The overall results regarding efficacy of 
Ryanodex were not impacted by any deviations noted in the 
study.   
 It was not documented that the vial of test article was gently shaken just 

prior to dosing for any animal on study.
 The proximal lumen of the central line was used to administer the 
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comparator article (2.5 mg/kg Dantrium IV) to animal number 413, rather 
than the protocol-specified distal lumen. The dose was administered over a 
3 minute period from 10:12:20 to 10:15:20. The 1, 5, 10 and 20 minute 
blood samples were collected from the distal lumen. The 1 minute sample 
was collected at 10:13 during the infusion and may have resulted in higher 
test article levels being detected in the blood.

Applicant’s Study Design per study report:  
Animal preparation and surgical procedures
Prior to dosing, animals received the appropriate medications and doses as listed in the 
table below.

Anesthesia was induced via an intramuscular injection of Ketamine, an intravenous 
bolus injection of fentanyl and propofol, and oxygen/nitrous oxide (O2/N2O) inhalation 
via facemask. An ear vein was cannulated for the administration of fentanyl, propofol, 
and intravenous fluids. Anesthesia was maintained by slow infusion of fentanyl and 
propofol. Other appropriate medications were administered at the discretion of a staff 
veterinarian. The timing of all medication administration was recorded.
The animals were endotracheally intubated and artificial ventilation of O2 was initiated to 
ensure adequate oxygenation. Ventilation was adjusted as needed to maintain expired 
CO2 between 36 and 42 mmHg. Actual expired CO2 varied and are documented in the 
study file. The carotid artery was cannulated for blood pressure monitoring and arterial 
blood gas sampling. A dual lumen central line was placed in the jugular vein. The 
proximal tip lumen was used for collection of blood samples (dantrolene and 5-
hydroxydantrolene plasma).

Triggering of the Malignant Hyperthermia Episode
Once stabilized, the animals were monitored for an approximate 10 to 20 minute 
stabilization period. At the end of this period, animals were exposed via inhalation to 
4% sevoflurane delivered in oxygen (2.0 L/min) until the onset of MH. The propofol and 
fentanyl infusion was discontinued after the first 30 minutes of exposure to sevoflurane 
or following onset of MH, whichever came first. Onset of the MH episode was defined as 
the presence of at least two of the following criteria:

 End tidal carbon dioxide (CO2) ≥ 70 mmHg
 Arterial pCO2 ≥ 75 mmHg
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 Arterial pH ≤ 7.20
 Tachycardia (≥ 40% increase above baseline heart rate)
 Cardiac arrhythmia present
 Body temperature increase ≥ 1.5ºC
 Muscle rigidity

When an MH episode had not been triggered after approximately the first hour of 
sevoflurane exposure, succinylcholine was administered by bolus IV injection to trigger 
MH. Note that MH was not triggered in animal #401 by 1 hour post initiation of 
sevoflurane and therefore received a 1.0 mg/kg dose of succinylcholine.  In addition MH 
was not triggered in animals # 415 (R2.5 mg/kg group male), 419 (D2.5 mg/kg group 
male), and 422 (R10 mg/kg group male) by 45 minutes post initiation of sevoflurane and 
received a 2.0 mg/kg dose of succinylcholine.    
In the event that a MH episode was not triggered within 30 minutes of succinylcholine 
administration, all observations ceased and the animal was euthanized by an 
intravenous overdose of sodium pentobarbital solution followed by auscultation to 
confirm death.  Note animal #401 did not experience an MH episode and was 
euthanized.

Treatment of the Malignant Hyperthermia Episode
After confirmation of onset of the MH episode, sevoflurane was discontinued. Ventilation
(100% oxygen) was adjusted to normalize CO2 and the assigned treatment was
administered as described below within 1 minute of MH onset. 

Note: red boxes indicated animals that required succinylcholine to trigger MH episode

Following onset of MH, supportive care was initiated, which included but was not limited 
to: injection of sodium bicarbonate to adjust blood pH, application of external cooling 
devices during periods of elevated temperature, increase in intravenous fluids, or 
administration of secondary treatments deemed necessary by the veterinarian in life 
threatening situations to try to stabilize the animals, including bolus injections of 
atropine for brachycardia, increased fluids for acidosis or hypotension or furosemide for 
treatment of oliguria, and dextrose, insulin, and/or calcium gluconate for hyperkalemia.

Reversal of MH episode
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When a parameter exceeded the value defining an MH episode, it was considered as 
reversed when it achieved the following criteria:

 End tidal carbon dioxide (CO2) < 55 mmHg
 Arterial pCO2 < 55 mmHg
 Arterial pH > 7.20
 Not tachycardic (< 145 BPM, which is ~ 20% above the upper range of 

normal HR of 100 – 120 BPM; however, due to the influence of anesthesia on 
the HR, reversal of tachycardia was ultimately a judgment by the veterinarian)

 Cardiac arrhythmia absent
 Body temperature increase ≤ 1.0ºC
 Muscles not rigid

Full resolution of the MH episode was determined using clinical judgment by a staff 
veterinarian that the animal had no life-threatening conditions and that changes in all six 
MH parameters listed previously had reversed.

Post-operative Procedures
Animals were extubated when the animal regained the swallow reflex and palpebral 
reflexes returned. Post-operative procedures were conducted in accordance with  

SOPs, with the exception that incision site checks were not performed; 
however, the bandages were inspected daily.

Blinding (to control bias)
 The test and comparator articles (or no treatment) were administered to each 

animal in a random manner.
 The test and comparator article doses were prepared in an area separate from 

the animal preparation and surgical procedure area, and were coded.
 Administration of the test and comparator articles, as well as sham injection of no 

treatment, was masked from view from all attending staff due to the difference in 
dosage volumes of the test and comparator articles.  

 Staff veterinarian that determined onset and resolution of an MH episode and the 
treatment of the animal during the MH episode was blinded from the treatment 
administered.

Measurements: Physiological monitoring included but was not limited to the following 
parameters:

o Arterial lactate
o Arterial blood gasses (PaO2 and PaCO2)
o Arterial pH
o Arterial blood pressure (mean, systolic, and diastolic)
o End tidal CO2

o Heart rate
o Body temperature
o Qualitative cardiac function/rhythm (along with ECG)
o Oxygen saturation (SpO2)
o Muscle rigidity (when noted)

 Body weight and qualitative food consumption.
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 Clinical pathology (hematology, coagulation, clinical chemistry, and urinalysis)
 Plasma dantrolene and hydroxydantrolene concentration and 

toxicokinetic/pharmacokinetic analysis.
 Organ weights

Additional safety parameters described in the design and measurements sections were 
evaluated.

Observations and Results

Efficacy

The efficacy endpoints were as follows: 
 The primary endpoint

o Time to MH Resolution (time was based on reversal of the MH-defining 
parameters and the veterinarian’s clinical judgment that the MH episode 
was resolved)

 Secondary endpoints
o Proportion of Subjects Achieving MH Resolution
o Time to reversal of the first two parameters among those defining 

MH (F2P)
o Proportion of Subjects Achieving F2P

The Applicant’s table below summarizes the results for all of the efficacy endpoints.

Time to MH Resolution
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Note that the study was not powered sufficiently to demonstrated superiority with 
respect to Time to MH Resolution between the two dantrolene products.  Nevertheless, 
Time to MH Resolution appeared at least qualitatively comparable amongst Ryanodex 
and Dantrium IV treatment groups.  In Ryanodex-treated animals, median Time to MH 
Resolution was 28 minutes (range: 23 to 54 minutes) compared to 24 minutes (range: 
15 to 104 minutes) for Dantrium IV-treated animals when combining the 2.5 and 10 
mg/kg subgroups.  Mean Time to MH Resolution was 32.5 minutes for the combined 
Ryanodex-treatment groups compared to 36.4 minutes for the combined Dantrium-
treated groups.  There appeared to be a modest dantrolene dose effect on Time to MH 
Resolution as the 10 mg/kg groups for both Ryanodex and Dantrium IV showed a 
shorter mean Time to MH Resolution when compared to the 2.5 mg/kg groups.  Note 
that none of the animals receiving saline plus supportive care achieved MH Resolution 
and one female from the 10 mg/kg Ryanodex group also did not achieve MH 
Resolution.  These animals were censored from the Time to MH Resolution analysis.  

Time to F2P
As with Time to MH Resolution, the study was not powered sufficiently to demonstrated 
superiority with respect to Time to F2P between the two dantrolene products.  None of 
the animals receiving saline plus supportive care achieved F2P.  In contrast all 
Ryanodex and Dantrium IV-treated animals did achieve resolution of at least 2 MH-
defining parameters.  Time to F2P was comparable amongst Ryanodex and Dantrium 
IV treatment groups with slightly shorter median and mean times for the Dantrium IV 
groups.  

Proportion of subjects achieving MH resolution and F2P
As noted above, none of the animals administered saline plus supportive care achieved 
MH resolution or F2P.  In contrast, all 16 Ryanodex-treated and all 16 Dantrium IV-
treated animals achieved F2P.   The Applicant noted that the difference in the 
proportion of subjects achieving the event of F2P in the Ryanodex-treated group and 
the Saline group was statistically significant in favor of Ryanodex-treated subjects (p < 
0.0001).  15 of the 16 Ryanodex-treated animals and 16 of 16 Dantrium IV-treated 
animals achieved MH Resolution.  The study report noted that one female (#422) from 
the 10 mg/kg Ryanodex group required succinylcholine for induction of MH and 
subsequently reversed most of the MH-defining parameters following Ryanodex
treatment but failed to reach MH Resolution due to persistent muscle rigidity and 
elevated potassium. At about 2 hours after Ryanodex treatment, this animal had heart 
rate fluctuations and, shortly thereafter, had elevation of end tidal CO2 and PaCO2 and 
lowering of arterial pH, indicative of MH recrudescence. An additional 2.5 mg/kg dose 
of Ryanodex was administered without improvement and the animal was euthanized in 
extremis ~4 hours after the start of treatment. It was unclear why this animal did not 
respond to treatment and experienced recrudescence of MH.  Despite the failure of this 
Ryanodex-treated animal to achieve MH Resolution, it was noted that the difference in 
the proportion of subjects achieving the event of MH resolution in the Ryanodex-treated 
group and the Saline group was statistically significant in favor of Ryanodex-treated 
subjects (p=0.0003) as shown in the Applicant’s table below.
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Proportion of Animals Achieving MH Resolution

SAFETY

Adverse Events (AEs) and Serious Adverse Events SAEs)
An adverse event (AE) was considered any untoward, undesired, unplanned
event (including signs, symptoms, disease, or laboratory or physiological 
observations) that occurred in an animal following administration with test or 
comparator article (or no treatment), regardless of causal relationship. Only 
abnormalities considered unrelated to MH or a worsening of the MH condition 
(including symptoms thought to be related to MH that reoccurred after MH
resolution) were considered AEs. A serious adverse event (SAE) was defined as 
any adverse experience occurring at any dose that resulted in any of the 
following outcomes: death, a life-threatening adverse drug experience, or a 
persistent or significant disability/incapacity. SAEs may have included:  signs 
and symptoms consistent with pulmonary embolism; pulmonary edema,
thrombophlebitis, extravasation, and anaphylaxis. Any worsening of the MH 
condition that fell under this description was treated as an SAE. Adverse drug 
experiences and serious adverse drug experiences were defined as adverse
events and serious adverse events that were possibly, probably, or definitely 
related to study medication. 
The AE profile was similar between the Ryanodex and Dantrium IV groups.  14 (87.5%) 
Ryanodex-treated animals experienced at least one AE compared to 15 of the Dantrium 
IV-treated animals.  The only AE that had an incidence of more than one animal was 
pyrexia.  12 Ryanodex-treated animals experienced pyrexia (12 [75.0%] subjects) of 
minimal to moderate severity compared 13 Dantrium-treated animals, which 
experienced either pyrexia (9 [56.3%] subjects) or intermittent pyrexia (4 [25.0%] 
subjects), 4 of which were judged to be severe. 
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Summary of Adverse Events

The number of animals experiencing an SAE was the same for the Ryanodex-treated (2 
[12.5%]) and Dantrium IV-treated groups (2 [12.5%]). Animal #410 from the Ryanodex 
2.5 mg/kg arm was found dead due to unknown causes after MH had resolved at 
approximately 69 hours after treatment. The Applicant suspected Porcine Stress 
Syndrome (PSS) as a possible cause of death as MHS swine are highly susceptible to
spontaneous MH episodes resulting in sudden death4. However, the study report noted 
that no post-mortem parameters were attained to confirm the suspected diagnosis of 
PSS. In addition, animal #422 from the Ryanodex 10 mg/kg arm achieved F2P about 
46 minutes after treatment, but did not achieve MH resolution due to persistent muscle 
rigidity and elevated arterial potassium. At about 2.5 hours after first treatment, this 
animal experienced recrudescence of MH as evidenced by elevation in heart rate, end 

                                           
4

Topel DG, Bicknell EJ, Preston KS, Christian LL, Matsushima CY. 1968. Porcine stress syndrome. Mod 
Vet Practice. 49:40-41,59-60.
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tidal CO2 and arterial CO2, accompanied by a decrease in arterial pH. Temperature and 
arterial lactate did not rise substantially during this period. The animal was given an 
additional 2.5 mg/kg dose of Ryanodex about 3 hours after the first treatment but did not 
respond and was euthanized approximately 4 hours after the initial onset of MH.  
In the Dantrium IV treated group, animal #405 from the 10 mg/kg arm died of internal 
hemorrhaging when the central line catheter was inadvertently dislodged from the 
jugular vein during preparation for scheduled necropsy (iatrogenic exsanguination) on 
SD6. In addition, animal #418 from the 2.5 mg/kg arm died after an apparent stress-
induced episode of PSS during preparation for scheduled necropsy on SD6. No 
physiological parameters were measured in this animal at the time of death to confirm 
the suspected diagnosis of PSS. Similarly to animal #410, PSS was suspected 
because MHS swine are highly susceptible to stress-related/spontaneous MH episodes 
resulting in sudden death.

Summary of Serious Adverse Events

Mortality

In total, nine animals died prior to scheduled necropsy on SD6.  Six subjects were 
euthanized in extremis after failure to recover from the MH episode.  These included all 
5 animals from the Saline group (animal #407, 408, 426, 433, and 434) and one 
Ryanodex-treated animal from the 10 mg/kg arm (#422), which achieved F2P but not 
MH resolution.  In addition, one animal from the Ryanodex 2.5 mg/kg group (#410; 
suspected PSS) and two animals from the Dantrium IV-Treated group (#405; 10 mg/kg 
group; iatrogenic exsanguination, and #418; 2.5 mg/kg group; suspected PSS) died 
prior to the scheduled necropsy on Day 6 as described in the SAE section.  The 
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following narratives were provided for the Ryanodex- and Dantrium IV-treated animals 
that died prior to scheduled necropsy:
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Clinical Signs

Detailed clinical observations were conducted during the acclimation period, 
every hour during the first 8 hours post-dose, and twice daily thereafter. 
Similar clinical signs were generally observed across dantrolene treatment groups.  
Notable clinical signs are shown in the table below.  Tremors were observed in one 
male from the 2.5 mg/kg Ryanodex group and four total animals treated with Dantrium 
IV (two from 2.5 mg/kg arm and two from 10 mg/kg arm).  This finding was only 
observed transiently on SD1 typically shortly after dosing for a period of 1 to 3 hours.  
Ataxia was observed in one Ryanodex-treated (2.5 mg/kg) animal and one Dantrium IV-
treated (10 mg/kg) animal on SD1.  Hindlimb impairment and red eye discoloration were 
also generally observed in at least one animal from each dantrolene treatment group.  
Other clinical signs (not shown in the table) observed included decreased activity, 
lacrimation, abrasions (dorsal surface, hindlimbs, nose, shoulder), scabbed areas
(cervical/dorsal/lumbar/sacral regions, ears, forelimbs, shoulder, tail), and scars, which 
were generally observed in several animals across both dantrolene treatment groups
and at both doses (2.5 and 10 mg/kg).  

Notable Clinical Signs
Treatment Dose Gender Animal Notable clinical observations Days

present
Ryanodex 2.5 mg/kg Males 403 N/A

415 Tremors 1 (2-4h PD)
Limb function impaired, Hind limb/left 
Limb function impaired, Hind limb/right

1 (8 hr PD)
1 (8 hr PD)

429 N/A
437 Ataxia 1 (5-6h PD)

Females 406 N/A
410* N/A
420 Eye discolored, Red, Eye/left

Eye discolored, Red, Eye/right
2
2

430
10 mg/kg Males 411 N/A

423
Eye discolored, Red, Eye/left
Eye discolored, Red, Eye/right

2
2-5

431 Breathing audible 2
Eye discolored, Red, Eye/left 1 (5-8 hr PD), 2-6

435 N/A
Females 404 N/A

422** Body rigid 1 (3 hr PD)
428 N/A
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440 N/A
Dantrium IV 2.5 mg/kg Males 413 N/A

Swelling, eye/right 1 (4-7 hr PD), 2-6
419 Tremors 1 (2-5 hr PD)

Limb function impaired, Hind limb/left 
Limb function impaired, Hind limb/right 

3
3

427 N/A

441 N/A
Females 402 N/A

418# Breathing rapid 1 (2 hr PD)
Mass 1, small 1-1.9 cm, abdominal 
region

2-6

424 Breathing rapid 1 (2-6 hr PD)
Tremors 1 (2 hr PD)

438 Eye discolored, Red, right 5,6
10 mg/kg Males 405## N/A

421 Limb function impaired, Hind limb/left 
Limb function impaired, Hind limb/right 

1 (8 hr PD), 2
1 (8 hr PD), 2

Skin discolored, Red, Anogenital region 
Skin discolored, Red, Tail 

2-4
2-4

Swelling, Ear/left 3-6
Tremors 1 (2-4h PD)
Vocalization 1 (7-8 hr PD)

425 Ataxia 1 (6 hr PD)
Tremors 1 (3-5 h PD)

439 N/A
Females 412 Breathing difficult 1 (1-5 hr PD)

Breathing rapid 1 (3 hr PD)
Tremors 1 (3-5 hr PD)

414 N/A
432 N/A
436 N/A

*Animal 410 (Ryanodex 2.5 mg/kg ♀) suspected PSS; found dead on SD4
**Animal 422 (Ryanodex 10 mg/kg ♀) achieved F2P but not MH resolution; euthanized 4 hr after 
onset of MH
#Animal 418 (Dantrium IV 2.5 mg/kg ♀) suspected PSS, euthanized SD6
##Animal 405 (Dantrium IV 10 mg/kg ♂) accidental death via iatrogenic exsanguination; 
euthanized SD6
N/A=No notable clinical signs observed

Body Weights/Food Consumption

Measured and recorded daily.
There were no adverse effects on body weight or food consumption that were clearly 
related to Ryanodex or Dantrium IV treatment.

ECG

Excerpted from the study report:
The only MH-defining physiological parameter that proved to be problematic was heart rate.  MH 
onset was defined, in part, by the appearance of tachycardia, defined as a 40% increase in heart 
rate over baseline (based on the 10 min stabilization period before sevoflurane administration 
began).  In the pilot study ( 1773-002), reversal of tachycardia was defined 
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as “heart rate decreased to below 20% over baseline”.  However, heart rate was suppressed at 
baseline due to TIVA.  Typical heart rates under TIVA conditions were 70-80 BPM while the 
average conscious heart rate is 100-120 BPM.  Since TIVA was discontinued upon MH onset, the 
baseline heart rate could no longer be considered a relevant target for reversal.  Therefore, the 
definition was changed to “heart rate decreased to <145 BPM (~20% greater than the upper 
range of normal average level of 100 – 120 BPM)” for the present study.  However, many of the 
subjects’ heart rates did not exceed 145 BPM after MH onset and thus reversal of tachycardia, as 
a MH-defining parameter became the attending veterinarian’s judgment rather than an objective 
endpoint.  Therefore, only animals with heart rate exceeding 145 BPM were included for analysis 
of tachycardia as detailed in Table V.  
The ECG findings for tachycardia/arrhythmia assessed during the procedure are summarized in 
Table V.  All 5 (100.0%) subjects in the Saline group were assessed with tachycardia and/or 
arrhythmia compared to only 25.0% of Ryanodex Treated and Dantrium IV Treated subjects.  The 
difference in the proportion of subjects assessed with tachycardia (and/or arrhythmia) between 
the Ryanodex Treated group and the Saline group was statistically significant (p = 0.0062).  
Ryanodex Treated and Dantrium IV Treated groups were comparable.  There were no apparent 
gender differences.
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Clinical Pathology

Clinical pathology evaluations (hematology, coagulation, clinical chemistry) were 
conducted on all surviving animals pretest, approximately 1 and 24 hours post 
dose (first dose) on Day 1, and on Day 6. Urinalysis evaluations were conducted 
on all surviving animals pretest and on Day 6. Laboratory parameters were 
assessed for change from baseline.  Data were available for the Saline group at 
only the 1 hour time point because none of the subjects survived until the 24 hour 
assessment. 

Hematology

The following hematology parameters were evaluated: absolute reticulocytes, 
basophils, eosinophils, erythrocytes, hematocrit, hemoglobin, leukocytes, 
lymphocytes, mean corpuscular hemoglobin concentration, mean corpuscular 
hemoglobin, mean corpuscular volume, monocytes, neutrophils, other cells, 
platelets.  Additionally, the following coagulation parameters were evaluated:
activated partial thrombin time, fibrinogen, prothrombin time, 
Notable changes in hematology and coagulation parameters are shown in the tables 
below.  Relative to baseline levels, there were elevations in absolute reticulocytes, 
eosinophils, erythrocytes, hematocrit, hemoglobin, white blood cells, and neutrophils 
observed as early as 1 hour post treatment in both Ryanodex- and Dantrium IV-treated 
animals as well as in saline-treated controls, which lends to the argument that the 
changes were likely a secondary inflammatory response to the MH-induced skeletal 
muscle damage associated with the MH crisis and are not test article related.  Values 
for nearly all parameters returned to baseline levels by SD6 (scheduled termination) 
with the exception of reticulocytes, leukocytes, and neutrophils, which remained 
elevated in some Dantrium-treated animals at SD6.

Notable Changes in Hematology Parameters (mean values)
Treatment Saline Ryanodex Dantrium IV

Dose 2.5 mg/kg 10 mg/kg 2.5 mg/kg 10 mg/kg
N@ Baseline 5 8 8 8 8
N@ 1 hr post 3 8 8 8 8

N@ 24 hr post 0 8 7 8 8
N@ 6 d post 0 7 7 8 7

Parameter

Abs Reticulocytes (10
3
/L)

Baseline 64.5 80.9 51.0 41.0 47.9
1 hr post 209.7 118.5* 109.7** 81.4* 100.6*

24 hr post N/A 82.7 50.9 49.5 93.1
6 d post N/A 101.9* 66.4 140.4 63.2

Eosinophils (10
3
/L)

Baseline 0.1 0.1 0.1 0.1 0.1
1 hr post 0.2 0.2 0.2 0.2 0.1

24 hr post N/A 0.6 0.6 0.7 0.4
6 d post N/A 0.3 0.2 0.3 0.3

Erythrocytes (10
6
/L)

Baseline 6.0 6.2 6.5 6.0 5.9
1 hr post 7.7 7.2 7.7 7.2 6.9
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24 hr post N/A 7.1 7.3 7.0 7.1
6 d post N/A 6.6 6.2 6.6 6.3

HCT (%)
Baseline 28.8 29.3 30.8 28.4 28.2
1 hr post 41.8** 34.6** 37.6** 35.0** 33.8**

24 hr post N/A 33.4** 35.7** 32.2* 34.3**
6 d post N/A 31.0 28.8 32.1 29.6

Hg (g/dL)
Baseline 9.4 9.5 9.9 9.4 9.3
1 hr post 12.3** 11.1** 11.6** 11.0** 10.8**

24 hr post N/A 10.9** 11.3** 10.6** 10.9**
6 d post N/A 10.1* 9.6 10.2* 9.9

Leukocytes (10
3
/L)

Baseline 15.1 13.6 15.7 15.2 14.3
1 hr post 22.3** 16.2* 20.3** 19.4** 16.3

24 hr post N/A 18.2** 15.4 17.8** 14.2
6 d post N/A 15.5 13.3 15.0 18.1

Neutrophils (10
3
/L)

Baseline 4.9 3.7 4.2 4.4 5.0
1 hr post 3.8 5.9** 8.7** 7.3* 6.3*

24 hr post N/A 7.0** 5.8* 7.3* 6.6
6 d post N/A 4.9 4.6 4.1 7.9

*=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.05) 

**=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.01) 

 Both aPTT and Fibrinogen were elevated as early as 1 hour after saline treatment.  
In Ryanodex- and Dantrium-treated animals, the dantrolene appeared to temporarily 
attenuate changes in these parameters though they were eventually elevated by 24 
hours postdose and remained elevated level at 6 days postdose.  These changes 
were likely a secondary inflammatory response to the MH-induced skeletal muscle 
damage.

Notable Changes in Coagulation Parameters
Treatment Saline Ryanodex Dantrium IV

Dose 2.5 mg/kg 10 mg/kg 2.5 mg/kg 10 mg/kg
N@ Baseline 5 8 8 8 8
N@ 1 hr post 3 8 8 8 8

N@ 24 hr post 0 8 7 8 8
N@ 6 d post 0 7 7 8 7

Parameter
aPTT (sec)

Baseline 11.9 11.3 11.4 11.6 11.7
1 hr post 17.4 11.7 12.2 13.6* 13.3**

24 hr post N/A 14.0** 14.0* 14.1** 15.0*
6 d post N/A 11.9 13.6 13.2 13.8

Fibrinogen (mg/dL)
Baseline 177.0 188.8 172.1 176.3 170.3
1 hr post 197.3 189.6 178.9 175.0 183.7

24 hr post N/A 398.8** 428.0** 367.4** 399.3**
6 d post N/A 254.8* 226.1 242.5** 320.8

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

100

*=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.05) 

**=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.01) 

Clinical Chemistry

The following clinical chemistry parameters were evaluated: alanine 
aminotransferase, albumin, albumin/globulin ratio, aldolase, alkaline 
phosphatase, aspartate aminotransferase, blood urea nitrogen, calcium, chloride, 
creatine kinase MB, creatine kinase MM, creatinine, gamma glutamyltransferase, 
globulin, glucose, lactate dehydrogenase, MB%, MM%, myoglobin, phosphorous, 
potassium, sodium, sorbitol dehydrogenase, total bilirubin, total cholesterol, total 
creatine kinase, total protein, triglyceride.
Notable changes in clinical chemistry parameters are shown in the tables below.  
Relative to baseline levels, there were moderate to marked elevations in aldolase, 
creatine kinase (CK), myoglobin, creatine kinase MM (CK-MM), creatine kinase MB 
(CK-MB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and 
lactate dehydrogenase (LDH) that were observed as early as 1 hour post treatment in 
both Ryanodex- and Dantrium IV-treated animals as well as in saline-treated controls. , 
which argues that the changes were likely a secondary inflammatory response to the 
MH-induced skeletal muscle damage associated with the MH crisis and are not test 
article related.  Changes in aldolase, CK, myoglobin, LDH, CK MM, and CK MB are 
typical indicators of MH-induced skeletal injury.  Though the changes in AST and ALT 
could be associated with cardiac or hepatic injury, both may also increase following 
skeletal muscle trauma. Given the lack of a concurrent change in the CK-MB/MM ratio 
and the absence of significant microscopic pathology in the heart, the increase in AST is 
unlikely to be attributable to cardiac injury. Moreover, there were no significant changes 
in GGT or bilirubin and there was no evidence of hepatic injury upon microscopic 
evaluation. Therefore, it is likely that the observed changes are a result of the skeletal 
muscle trauma that is characteristic of MH.

Notable Clinical Chemistry Changes
Treatment Saline Ryanodex Dantrium IV

Dose 2.5 mg/kg 10 mg/kg 2.5 mg/kg 10 mg/kg
N@ Baseline 5 8 8 8 8
N@ 1 hr post 3 8 8 8 8

N@ 24 hr post 0 8 7 8 8
N@ 6 d post 0 7 7 8 7

Parameter
Aldolase (U/L)

Baseline 126.3 127.8 105.9 103.7 154.2
1 hr post 163.9 385.1 449.7 205.7 255.8

24 hr post N/A 3370.8* 2949.9 5865.3 9283.3*
6 d post N/A 158.2 150.8 168.6 167.5

CK (U/L)
Baseline 4501.0 5088.8 4043.3 4272.4 7938.8
1 hr post 12845.7 27293.3 34086.8 23455.3* 34483.9

24 hr post N/A 245658.1* 173702.9* 262360.3* 370065.0

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

101

6 d post N/A 6398.0 4233.7 7621.0* 10317.4
Myoglobin

Baseline 3628.2 4665.1 1909.7 2397.8 3471.2
1 hr post 13865.0 5712.3 4484.6 7630.2 9312.0

24 hr post N/A 3545.9 861.3 2758.2 3522.5
6 d post N/A 1379.9 141.5 294.6** 309.3

CK-MM (U/L)
Baseline 4351.8 4932.8 3816.0 4092.5 7700.0
1 hr post 12631.7 26552.8 33220.0 22684.8* 33677.6

24 hr post N/A 241314.3* 170216.7* 256049.4* 362672.5
6 d post N/A 6231.9 4072.1 7376.9* 9988.1

CK-MB (U/L)
Baseline 48.6 57.0 88.0 74.8 100.6
1 hr post 67.3 353.8 412.9 338.1 378.4

24 hr post N/A 2186.4* 1901.1 3323.4* 4017.9*
6 d post N/A 50.0 47.3 92.8 148.1

ALT (U/L)
Baseline 56.2 59.5 53.8 54.1 62.9
1 hr post 66.3* 70.8* 67.8 65.4* 74.1

24 hr post N/A 297.4** 228.4** 298.6* 334.8**
6 d post N/A 167.9** 108.7* 149.1* 176.4*

AST (U/L)
Baseline 53.0 38.4 34.5 36.3 62.1
1 hr post 104.7 130.0 170.0 143.1* 194.0

24 hr post N/A 777.3* 592.7* 924.9* 1131.8*
6 d post N/A 62.9 48.3 73.0* 86.6

LDH (U/L)
Baseline 693.8 743.4 646.1 650.3 911.3
1 hr post 1608.1 5819.36 8502.23 3381.42 6237.3

24 hr post N/A 28389.8 7647.7 15037.9 30084.1
6 d post N/A 869.7 665.7 1038.0* 1403.9

*=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.05) 

**=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.01) 

Urinalysis

The following urinalysis parameters were evaluated: volume, urobilinogen, pH.
There were no notable changes in urinalysis parameters except for slight elevations in 
pH in all dantrolene groups at 6 hours post treatment.  However, note that samples 
were not collected at 1 hour post dose prior to the unscheduled deaths of all of the 
saline group animals.  Nevertheless, urinalysis parameters appeared similar in animals 
treated with Ryanodex and Dantrium IV.
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Notable Changes in Urinalysis Parameters 
Treatment Saline Ryanodex Dantrium IV

Dose 2.5 mg/kg 10 mg/kg 2.5 mg/kg 10 mg/kg
N@ Baseline 5 8 8 8 8
N@ 1 hr post 3 8 8 8 8

N@ 24 hr post 0 8 7 8 8
N@ 6 d post 0 7 7 8 7

Parameter
pH

Baseline 7.1 6.6 6.9 6.6 6.7
6 d post N/A 7.2 7.5 7.5* 7.4

*=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.05) 

**=Statistically significant change based on paired t-test of change from baseline within the group 

(P0.01) 

Gross Pathology

Necropsy examinations were performed on all animals found dead, euthanized in 
extremis, and those euthanized at the scheduled necropsy (Day 6).  The following 
tissues were examined for organ weight changes, and macroscopic and 
microscopic findings as indicated.

There were no adverse treatment-related macroscopic findings observed in any of the 
groups evaluated in this study.

Organ Weights

There were no notable differences in mean organ weights from animals treated with 
Ryanodex compared to those treated with Dantrium IV.

Histopathology

Notable microscopic findings observed in heart, kidneys, skeletal muscle, and at 
injection sites could not clearly be linked to treatment since the saline-treated animals 
died much earlier on SD1 and therefore do not represent an appropriate control.  
Moreover, the findings are typical of malignant hyperthermia and/or catheterization and 
treatment administration.  Note that no adverse Ryanodex-related microscopic findings 
were observed in non-MHS swine administered Ryanodex at up 30 mg/kg daily for 14 
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consecutive days in Study 1773-012 (GLP), which argues for the latter explanation.  
Importantly, the findings noted in the table below demonstrate a toxicity profile that 
looks similar between Ryanodex and Dantrium IV.  Therefore, from a safety 
perspective, the findings are less concerning.  The following descriptions of the 
microscopic findings were excerpted from the study report.

The inflammation and myofiber degeneration seen in the heart was minimal and sporadic, 
occurring in only one or no animals per sex, primarily at low doses of either Ryanodex or 
Dantrium, although one male treated with Dantrium10 mg/kg had minimal levels of both findings. 
The inflammation consisted of a mixture of lymphocytes, plasma cells, macrophages and 
neutrophils found multifocally or focally within cardiac muscle, often associated with degenerated 
or fragmenting muscle fibers. This finding may be more appropriately associated with malignant 
hyperthermia and was not considered to be an adverse finding. 

Renal findings were limited to low incidence of thrombi in the small arteries and arterioles of the 
kidney. These findings occurred in both males and females in Dantrium and Ryanodex treatment 
groups, with no consistent difference among the groups. These findings are considered to be 
thrombi secondary to catheterization and surgery, rather than a direct effect of dantrolene 
treatment, although a direct effect cannot be ruled out as there were no control animals surviving 
long enough to have fully developed thrombosis at (secondary) sites distal to the (primary) 
catheterization/injection site. This finding was not considered to be an adverse finding, given the 
low incidence and severity. 

Skeletal muscle effects included inflammation (granulomatous, subacute, and subacute/chronic), 
myofiber degeneration/necrosis, and myofiber regeneration, often occurring as a related 
collection of findings within a given animal. There was some degree of dose-dependent increase 
in incidence of myofiber degeneration/necrosis and inflammatory findings seen in Dantrium IV 
groups (Groups 2 and 4). To a more variable extent, there was a limited dose-dependent 
increase in incidence of myofiber degeneration/necrosis and inflammation findings in Ryanodex 
groups (Groups 3 and 5), although this incidence varied by sex. Severity was more variable and 
did not follow a dose-dependent pattern in either the Dantrium or Ryanodex groups. Myofiber 
regeneration was more variable in incidence and severity and did not demonstrate a consistent 
dose-dependent pattern. Often the 10 mg/kg dantrolene dose level had more pronounced lesions 
than the 2.5 mg/kg dantrolene dose level, with no clear distinction between Dantrium IV and 
Ryanodex in terms of incidence or severity of this constellation of skeletal muscle findings. 
Comparison to controls was not pathologically relevant as the control subjects all died on Day 1, 
before any inflammatory response (particularly any response other than acute inflammation) 
could fully develop or myofiber regeneration could occur. These findings may represent 
dantrolene-related effects on existing malignant hyperthermia/Porcine Stress Syndrome 
pathology at 10 mg/kg Dantrium IV. However, given the variable, dose independent severity of 
the findings and the limited sample size of skeletal muscles examined, these findings may 
alternatively reflect a degree of individual variation in the spectrum of changes caused by the 
malignant hyperthermia syndrome triggered in these animals prior to treatment.

The injection site findings form a constellation of lesions that are consistent with those seen in 
many catheterization or injection studies in a wide range of species. There is no apparent and 
consistent difference among the injection site lesions seen in animals after dantrolene 
administration. These injection site findings are not considered to be a dantrolene-related, but 
instead are likely due to the catheterization and administration process, rather than a direct 
response to dantrolene.
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Notable microscopic changes
Gender Males Females

Treatment Saline Ryanodex Dantrium 
IV

Saline Ryanodex Dantrium
IV

Dose (mg/kg) 0 2.5 10 2.5 10 0 2.5 10 2.5 10
N 2 4 4 4 4 3 4 4 4 4

Tissue
Kidney
Degeneration/regeneration, 
tubular

0/2 2/4 2/4 1/4 2/4 0/3 2/4 2/4 2/4 2/4

Minimal 0 1 1 1 2 0 1 2 2 0
Mild 0 1 1 0 0 0 1 0 0 2

Thrombus 0/2 1/4 1/4 0/4 0/4 0/3 0/4 0/4 0/4 1/4
Minimal 0 1 0 0 0 0 0 0 0 1

Moderate 0 0 1 0 0 0 0 0 0 0
Heart 
Inflammation, subacute/ 
chronic

0/2 1/4 0/4 1/4 1/4 0/3 0/4 0/4 1/4 0/4

Minimal 0 1 0 1 1 0 0 0 1 0
Degeneration, myofiber 0/2 0/4 0/4 1/4 1/4 0/3 0/4 0/4 1/4 0/4

Minimal 0 0 0 1 1 0 0 0 1 0
Injection site, tip of 
catheter 
Thrombus 0/2 2/4 1/4 1/4 1/4 1/3 1/4 1/4 2/4 3/4

Minimal 0 1 1 1 1 1 0 1 1 0
Mild 0 1 0 0 0 0 1 0 1 1

Moderate 0 0 0 0 0 0 0 0 0 2
Degeneration/necrosis, 
vascular

0/2 1/4 0/4 1/4 1/4 0/3 1/4 0/4 1/4 3/4

Minimal 0 1 0 1 1 0 0 0 0 0
Mild 0 0 0 0 0 0 1 0 1 1

Moderate 0 0 0 0 0 0 0 0 0 1
Severe 0 0 0 0 0 0 0 0 0 1

Regeneration, vascular 0/2 4/4 4/4 4/4 4/4 0/3 3/4 2/4 4/4 3/4
Minimal 0 1 2 1 0 0 0 0 1 1

Mild 0 3 2 3 4 0 3 2 2 2
Moderate 0 0 0 0 0 0 0 0 1 0

Inflammation, perivascular 0/2 0/4 0/4 0/4 0/4 0/3 0/4 0/4 1/4 2/4
Minimal 0 0 0 0 0 0 0 0 0 1

Mild 0 0 0 0 0 0 0 0 1 1
Inflammation, vascular 0/2 1/4 2/4 1/4 0/4 0/3 0/4 0/4 1/4 2/4

Minimal 0 1 1 1 0 0 0 0 1 1
Mild 0 0 1 0 0 0 0 0 0 1

Skeletal muscle, bicep 
femoris
Degeneration/necrosis, 
myofiber

0/2 2/4 3/4 1/4 3/4 3/3 4/4 3/4 2/4 4/4

Minimal 0 2 3 0 2 3 3 2 1 2
Mild 0 0 0 0 1 0 1 1 1 1

Moderate 0 0 0 1 0 0 0 0 0 1
Regeneration, myofiber 0/2 0/4 1/4 1/4 1/4 0/3 3/4 0/4 1/4 2/4

Minimal 0 0 1 0 1 0 0 0 1 0
Mild 0 0 0 1 0 0 3 0 0 2

Inflammation, 0/2 0/4 0/4 0/4 0/4 0/3 0/4 0/4 0/4 1/4
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granulomatous
Minimal 0 0 0 0 0 0 0 0 0 1

Inflammation, subacute 0 0 0 0 0 1/3 1/4 1/4 0/4 0/4
Minimal 0 0 0 0 0 1 1 1 0 0

Inflammation, 
subacute/chronic

0/2 1/4 4/4 1/4 3/4 1/3 3/4 2/4 1/4 4/4

Minimal 0 1 3 0 2 0 0 2 0 2
Mild 0 0 1 0 1 0 2 0 1 2

Moderate 0 0 0 1 0 0 1 0 0 0

Toxicokinetics

Blood samples (approximately 1 mL) were obtained from each animal at 0.017, 
0.083, 0.167, 0.267, 0.333, 0.5, 1, 4, 8 and 24 hours after the dose.
A summary of the dantrolene PK parameters following Ryanodex and Dantrium IV 
administration shortly after onset of MH crises in MHS swine is shown in the Applicant’s 
table below.  Consistent with the human PK data, the AUC values were similar between 
the Ryanodex and Dantrium groups.  Moreover, the Cmax was approximately 1.5- to 2-
fold greater in the Ryanodex 10 mg/kg group relative to Dantrium IV 10 mg/kg group as 
would be expected based on the human and animal toxicity exposure data.  Oddly, the 
mean Cmax value for the Dantrium IV 2.5 mg/kg group (18,181 ng/mL) appeared 
aberrantly high as it was approximately 3-fold and 1.5-fold higher than the Cmax values
from the Ryanodex 2.5 mg/kg group (6,860 ng/mL) and the Dantrium 10 mg/kg group 
(12,781 ng/mL).  The study report included a protocol deviation that noted that “the 
proximal lumen of the central line was used to administer the comparator article (2.5 
mg/kg Dantrium IV) to animal number 413 [from Dantrium IV 2.5 mg/kg group], rather 
than the protocol-specified distal lumen” and that the 1 minute sample was collected 
while the Dantrium IV was still being administered.  Inspection of the individual PK data 
showed that this may have been attributable for the aberrantly high dantrolene 
concentration (38,400 ng/mL) that was observed in this animal at the 1 minute time 
point.  However, dantrolene concentrations appeared aberrantly high at the 1 minute 
time point for numerous animals from the Dantrium IV 2.5 mg/kg group.  An Information 
Request was sent to the Applicant requesting an explanation for the aberrantly high 
dantrolene concentrations at the 1 minute time point for these animals from the 
Dantrium IV 2.5 mg/kg group.  
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In the Applicant’s response to the IR, they stated “the aberrant (high) dantrolene plasma 
concentrations obtained for the 1 minute timepoint in the Dantrium IV dose group 2 [2.5 
mg/kg] are considered an artifact of the study methodology employed for test article 
dosing and blood sampling. Namely for Dantrium IV dose groups (only), it is possible 
that artificially high dantrolene plasma concentrations were reported for the 
pharmacokinetic timepoints where samples were obtained coincident with drug 
administration. It is important to note that these methodology artifacts only impacted the 
Dantrium dose group(s) and only affect the assessment of Dantrium IV Cmax and Tmax, 
but have no substantive influence on Dantrium IV AUC.”  They also note that the study 
was designed as such to maintain the blind for treatment.  The Applicant explained “the 
study was conducted in a blinded fashion whereby the study personnel responsible for 
the dosing of the test article (Ryanodex, Dantrium IV or placebo) were located behind a 
screen such that the staff responsible for the management of the animals condition 
were unaware of the treatment provided. In order to maintain this ‘blind’, post-dose 
study procedures (including the timing of pharmacokinetic blood draws) were kept 
uniform across all animals and dose groups.”  Ultimately, they acknowledge that 
“caution should be exercised when interpreting Dantrium IV data from this blood 
sampling regimen. These timepoints coincident with drug infusion are therefore an 
imprecise measurement of the dantrolene concentration in the immediate vicinity to the 
venous point of drug administration, and are not representative of systemic dantrolene 
blood levels.”
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Dosing Solution Analysis

Both Ryanodex and Dantrium IV were used as received from manufacturer.  The study 
report does not indicate if dosing solution analyses were performed.

4.2 Secondary Pharmacology

N/A

4.3 Safety Pharmacology

Study title:  Pilot Study of Systemic Hemodynamics of Ryanodex in Farm 
Pigs (non-GLP)

Key Study Findings
 This pilot study showed in a limited number of animals (N=1-2/group) that 

repeated 10 to 40 mg/kg doses of the Ryanodex at up to a cumulative dose of 
210 mg/kg or a single dose administration of 100 mg/kg did not result in an 
occlusive pulmonary event.  However, repeated doses (>100 mg/kg 
cumulative dosage) of Ryanodex produced significant effects on 
hemodynamics, but they could be attributed to the pharmacologic activity of 
dantrolene as the effects were observed with other dantrolene solution 
formulations at high doses.  

Study no.: 1773-016
Study Status Final Report

Study report location: eCTD 4.2.1.3.1
Conducting laboratory and location:

Date of study initiation: Unclear (date of completion was noted as 
10/15/12)

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Not stated

Methods

Applicant’s study design table, below:
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Doses: Varied, see above table
Frequency of dosing: Varied, see above table (administered over single day)

Route of administration: Intravenous
Dose volume: Varied, see above table

Formulation/Vehicle: Ryanodex (250 mg/vial dantrolene sodium; lot B090441) 
was reconstituted in 5.0 mL SWFI and inverted to create a 
50 mg/mL suspension.  Placebo was made from 
appropriate amounts of mannitol, polysorbate 80, 
povidone K12 in SWFI with pH adjusted to 10.5 using 
sodium hydroxide.  

Dantrolene sodium (lot R090309C) was prepared on day 
of use as a 10 mg/mL or 30 mg/mL formulation in a 
vehicle that contained propylene glycol or propylene 
glycol, dimethylformamide and glycerin, respectively. 
Vehicles were the same without use of dantrolene.

Microsphere formulations used in the study included 15 
micron latex ( , lot#929578) formulated as a 
homogeneous suspension of 1 x 106 microspheres/mL or 
as a 50 micron polystyrene (lot unknown) formulated to be 
a homogeneous suspension of 137 x 106

microspheres/mL.
Species/Strain: Yorkshire crossbred swine ( )
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Number/Sex/Group: One female (Group 7) and seven males (1/Group 1-6)
Age: ~10 weeks

Weight: 25-32.5 kg
Satellite groups: N/A

Unique study design: Cardiovascular parameters were measured with surgical placement 
of:

Type Placement Purpose
Femoral artery flow 
probe

Femoral artery Peripheral blood 
flow; calculation of 
peripheral vascular 
resistance

Swan-Ganz 
catheter

Pulmonary artery Pressure and 
cardiac output

Arterial catheter Abdominal aorta Systemic blood 
pressure

Venous Catheter Superior vena cava Administration of all 
test formulations

Animals were allowed 15 minutes for stabilization post-implantation 
prior to administration of test formulations

Deviation from study 
protocol:

No deviation section

Summary

The objective of this study was to evaluate the effects of the test article, Ryanodex
(dantrolene sodium suspension), on systemic hemodynamics and determine the 
potential for pulmonary embolism following intravenous administration to anesthetized 
domestic Yorkshire crossbred swine. A number of formulations designed to produce 
comparisons with Ryanodex were studied, each in a single animal.  This summary 
review focused on just groups in which Ryanodex was administered that included Group 
2 and Group 7.  

One Group 2 male (#602) received a total of 12 serial doses of Ryanodex (10 
mg/kg/dose) at intervals of 5 to 8 minutes between doses for a cumulative dose of 120 
mg/kg.  Another Group 2 male (#603) received 9 serial doses of Ryanodex (3 x 10 
mg/kg/dose; 3 x 20 mg/kg/dose; 3 x 40 mg/kg/dose) at intervals of 5 to 14 minutes
between doses for a cumulative dose of 210 mg/kg.

 Pulmonary hemodynamics
o Following administration of 10-20 mg/kg (corresponding to dantrolene 

plasma concentrations of approximately 21,000 ng/mL to 48,000 ng/mL), a 
slight increase in pulmonary arterial pressure (PAP) was noted in each 
animal.  Subsequently PAP remained relatively stable in animal 602 
(during which time dantrolene plasma concentration peaked at 102,000 
ng/mL after Dose 11) and increased steadily in animal 603 to a peak
increase of 18 mmHg following cumulative administration of 130 mg/kg of 
test article (Dose 7; corresponding to a dantrolene plasma concentrations 
of 85,600 ng/mL). 
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Pulmonary Artery Pressure (Group 2, Ryanodex 10 to 40 mg/kg/dose)

o The PAP increase in animal 603 was also associated with a substantial 
increase in pulmonary vascular resistance (PVR). PVR increased 
substantially following (cumulative) administration of 30 mg/kg (Doses 1 to 
3) to animal 602 and following (cumulative) administration of 90 mg/kg to
animal 603 (Doses 1 to 6). PVR continued to increase in both animals 
following subsequent test article administration.
Pulmonary Vascular Resistance (Group 2, Ryanodex 10 to 40 
mg/kg/dose)

 Systemic hemodynamics
o Following administration of 10-20 mg/kg Ryanodex (Dose 1 to 2; 

dantrolene concentrations ~21,000 ng/mL to 48,000 ng/mL), an increase 
in mean arterial pressure (MAP) was noted in both animals with no 

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

111

corresponding effect on heart rate. Subsequently MAP remained relatively 
stable in animal 602 (when dantrolene concentration peaked at 102,000 
ng/mL after Dose 9), but decreased to baseline levels in animal 603 (when
dantrolene concentration peaked at 134,000 ng/mL after Dose 11). 
Following cumulative administration of 100 mg/kg to animal 602 (Doses 1 
to 10) and cumulative administration of 130 to 170 mg/kg to animal 603 
(Doses 1 to 8) where dantrolene plasma concentration exceeded 100,000 
ng/mL for both animals, MAP began to drop and HR increased. These 
changes were also associated with a substantial decrease in total vascular 
resistance (TVR) and peripheral vascular resistance (PVR) in animal 602 
and a substantial increase in CO in animal 603.  The changes in vascular 
resistance, HR and MAP were noted to be a result of the pharmacologic 
activity of dantrolene.  CO remained stable for animal 602 and initially 
decreased for animal 603 then recovered to baseline levels following 
(cumulative) administration of 210 mg/kg.

Mean Arterial Pressure (Group 2, Ryanodex 10 to 40 mg/kg/dose)
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Heart Rate (Group 2, Ryanodex 10 to 40 mg/kg/dose)

Cardiac Output (Group 2, Ryanodex 10 to 40 mg/kg/dose)

Total Vascular Resistance (Group 2, Ryanodex 10 to 40 mg/kg/dose)
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Peripheral Vascular Resistance (Group 2, Ryanodex 10 to 40 
mg/kg/dose)

 Pharmacokinetics (shown in the table below)
o Dantrolene and 5-hydroxydantrolene plasma concentrations showed a 

dose-dependent increase in exposure following multiple Ryanodex bolus 
doses.  Dantrolene plasma Cmax and corresponding AUC0-tlast values for 
animal 602 were 102,000 ng/mL and 97,571 hr*ng/mL, respectively (120 
mg/kg cumulative dose). For animal 603, dantrolene Cmax was 134,000 
ng/mL after the third bolus dose of 40 mg/kg (Dose 9) and AUC0-tlast was 
62,200 hr*ng/mL (210 mg/kg cumulative dose).
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Dantrolene and 5-Hydroxydantrolene Plasma Exposure Data (#602; 
Group 2, Ryanodex 10 mg/kg/dose)

Dantrolene and 5-Hydroxydantrolene Plasma Exposure Data (#603; 
Group 2, Ryanodex 10 to 40 mg/kg/dose)

 No remarkable macroscopic or microscopic findings were noted for animals #602 
or #603.
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The Group 7 female (#608) received a bolus dose of Ryanodex at the clinical 
concentration of 50 mg/mL for a total dose 100 mg/kg delivered over 60 seconds.  The 
animal was then followed for 60 minutes.  This animal had several tissues collected and 
evaluated including liver, kidney (pelvis), lung lobes 1-4.  Microscopic assessment 
performed on H&E sections of the brain (cerebrum, midbrain, cerebellum,
medulla/pons), lung with bronchi, and any gross lesions.  

 The initial pulmonary response to administration was a 220% increase in PAP
and a 125% increase in PVR which lasted for up to 10 minutes but was still 
elevated (+60% and +30%, respectively).  

Pulmonary Arterial Pressure (#608, Ryanodex 100 mg/kg)

Pulmonary Vascular Resistance (#608, Ryanodex 100 mg/kg)

 Systemic effects included a large decrease in MAP with concomitant increased 
HR.  TVR dropped, then returned to baseline while peripheral vascular resistance 
became elevated for 25 minutes.  Cardiac output was increased throughout the 
60 minute post-administration monitoring.  
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Mean Arterial Pressure (#608, Ryanodex 100 mg/kg)

Heart Rate (#608, Ryanodex 100 mg/kg)

Cardiac Output  (#608, Ryanodex 100 mg/kg)
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Total Vascular Resistance  (#608, Ryanodex 100 mg/kg)

Peripheral Vascular Resistance  (#608, Ryanodex 100 mg/kg)

 Dantrolene and 5-hydroxydantrolene levels are shown in the Applicant’s table 
below:

 Gross observation of tissues indicated this animal had yellow discoloration of the 
brain, heart and lungs without microscopic correlates in brain or lung using 
several techniques (bright field microscopy, polarization, and fluorescent 
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microscopy) on formalin-fixed, paraffin-embedded samples and fresh frozen
samples.

Study title:  Systemic Hemodynamics of Ryanodex in Anesthetized Farm 
Pigs (GLP)

Key Study Findings

 This study showed that a single dose of 10 mg/kg and multiple bolus doses 
of up to 15 mg/kg up to a cumulative dose of 100 mg/kg did not result in 
significant effects on systemic hemodynamics.  In contrast, administration of 
9 or more doses of 12.5 or 15 mg/kg/dose with cumulative doses of over 
112.5 mg/kg produced significant decrease in systemic blood pressure, a 
significant increase in heart rate, an increase in femoral flow, and a decrease 
in peripheral vascular resistance, which were most likely attributed to the 
pharmacology of dantrolene.

Study no.: 1773-015
Study Status: Final Report

Study report location: eCTD 4.2.1.3.1
Conducting laboratory 

and location:

Date of study initiation: August 2011
GLP compliance: Yes, signed

QA statement: Yes, signed
Drug, lot #, and % purity: Dantrolene Sodium Injection (Ryanodex) 250 

mg/vial, Lot# B090441.  Retest date:  (
)

Ryanodex vehicle (Mannitol  mg/mL, polysorbate 
80 mg/mL, povidone K-12  mg/mL) in SWFI, 
USP; pH 10

Methods

Applicant’s Study Design per report:
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Doses: See table above
Frequency of dosing: See table above and below

Route of administration: Intravenous
Dose volume: See table above

Formulation/Vehicle: Ryanodex vehicle (Mannitol  mg/mL, polysorbate 80
mg/mL, povidone K-12  mg/mL) in SWFI, USP; pH 
10

Species/Strain: Yorkshire crossbred swine
Number/Sex/Group: Up to 3 males/group

Age: 12-19 weeks
Weight: 33.5-57.0 kg

Satellite groups: N/A
Unique study design: See table above
Deviation from study 

protocol:
Many deviations were noted but they did not 
significantly impact the key study findings as stated 
above.

Observations and Results
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Hemodynamics
Pulmonary Arterial Pressure (PAP) and Pulmonary Vascular Resistance (PVR)
The following summarizes hemodynamic changes observed in animals given a 10 
mg/kg single bolus administration of Ryanodex (Group 2) when compared to control 
(Group 1) or baseline values.

 Slight change in PAP when compared to baseline values, but this change was 
not associated with a significant increase in PVR.

Mean Pulmonary Arterial Pressure (Groups 1 and 2)

Mean Pulmonary Vascular Resistance (Groups 1 and 2)
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 Significant decrease in cardiac output at 15 and 30 minutes following single bolus
dosing with a decreased cardiac output compared to baseline values of 1.07 
L/min at 15 minutes postdose and 1.77 L/min at 30 minutes postdose.  This 
change in cardiac output corresponded to a mild increase in systemic vascular 
resistance. 

Mean Pulmonary Cardiac Output (Groups 1 and 2)

Mean Systemic Vascular Resistance (Groups 1 and 2)
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 No statistically significant change in systolic, diastolic or mean arterial pressure 
when compared to vehicle treated animals.

 No significant change in heart rate compared to control Group 1 animals.
 No significant change in femoral blood flow or peripheral vascular resistance.

The following summarizes hemodynamic changes observed in animals given a 125-150 
mg/kg Ryanodex (Group 3) via 10 bolus injections and 30 mg/kg Ryanodex (Group 4)
via 12 bolus injections compared to control (Group 5) or baseline values.

 Administration of 125 or 150 mg/kg as 10 bolus doses of 12.5 to 15 mg/kg/dose 
or 30 mg/kg as 12 bolus doses of 2.5 mg/kg/dose of the test article did not 
produce a significant change in PAP or pulmonary vascular resistance. 

 Group 3 and 4 animals had no significant changes in cardiac output or effects on 
systemic vascular resistance compared to baseline values.

 Group 4 animals (30 mg/kg) had no significant change in systolic, diastolic or 
mean arterial blood pressure when compared to vehicle control animals.

Following the 10th dose of 12.5 or 15 mg/kg/dose and administration of a total 
dose of 125 or 150 mg/kg (corresponding to a plasma mean dantrolene 
concentration ≥98,400 ng/mL), systolic, diastolic, and mean arterial blood 
pressure were substantially decreased as compared to vehicle controls. This 
decrease in systolic, diastolic, and mean arterial blood was also associated with 
increases in heart rate and femoral blood flow and a decrease in peripheral 
vascular resistance.

Mean Arterial Pressure (Groups 3, 4, 5)
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Mean Heart Rate (Groups 3, 4, 5)

Mean Femoral Blood Flow (Groups 3, 4, 5)
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Mean Peripheral Vascular Resistance (Groups 3, 4, 5)

Cageside Observations
All animals were observed for morbidity, mortality, injury, and the availability of 
food and water twice daily.
All animals survived to the scheduled necropsy.  All animals were within acceptable 
weight ranges and were considered to be in good health and appropriate for study.

Body Weights
Body weights for all animals were measured and recorded periodically during the 
acclimation period, including within one day of arrival/transfer. Only the most 
recent body weight for each animal is reported.

Physical Examinations
A complete physical examination was conducted on all animals by a staff 
veterinarian one or more times pretest. All observations during the acclimation 
period are grouped together and reported in the pretest interval.

Pharmacokinetics
Blood samples (approximately 1 mL) were collected from all animals via the 
femoral vein for determination of the plasma concentrations of the test article5 
and metabolite. Samples were collected from animals in Groups 1 and 2 predose 
and at 0.5, 1, 5, 10, 20, 30, and 60 minutes postdose, and from animals in Groups 
3, 4, and 5 predose, at 0.5, 1, and 5 minutes post each dose, and 10 to 15 minutes 
post final dose (prior to termination). Animals were fasted prior to blood 
collection. Mean pharmacokinetic parameter were determined for the test article 
and metabolite following analysis of individual plasma concentration-time data 
for each animal and included parameters as applicable based on total duration of 
experimental exposure post dose.
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Following administration of Ryanodex 10 mg/kg (single bolus), plasma dantrolene 
concentrations were observed from the time of the first sample at 30 seconds (0.00833 
hours) until the time of the last sample collection at 60 minutes (1 hour) in all animals. 
Mean plasma dantrolene concentrations decreased rapidly during the first 5 minutes 
then more gradually from 5 to 60 minutes. Plasma 5-hydroxydantrolene concentrations 
were observed from 5 to 60 minutes in all animals increasing gradually with time.

Following administration of Ryanodex 125 to 150 (multiple bolus) or 30 mg/kg (multiple
bolus), all animals were exposed to dantrolene from 0.5 minutes after the first dose
(0.00833 hours) to the time of the last sample collection (either 60 or 67-68 minutes) 
and increased with each subsequent dose. Plasma 5-hydroxydantrolene 
concentrations were observed from 0.5 to 5 minutes (0.00833 to 0.08333 hours) after 
the first 125 to 150 mg/kg dose to the time of the last sample collection (either 60 or 67-
68 minutes) and increased with each subsequent dose. Plasma 5-hydroxydantrolene 
concentrations were observed from 30 seconds (0.09167 hours) after the second 30 
mg/kg dose to the time of the last sample collection (either 60 or 67-68 minutes) and 
increased with each subsequent dose.

Individual and mean dantrolene and 5-hydroxydantrolene pharmacokinetics are shown 
in the table below.

Postmortem Study Evaluations
Macroscopic
Necropsy examinations were performed on all animals euthanized at the 
scheduled necropsy. The animals were examined carefully for external 
abnormalities including palpable masses. The abdominal, thoracic, and cranial 
cavities were examined for abnormalities. Brain [cerebrum, midbrain, cerebellum, 
medulla/pons], heart, injection site [tip of catheter], kidneys, liver [3 sections 
collected; 2 examined], lung with bronchi [collected whole; 2 sections examined], 
skeletal muscle [biceps femoris], spleen and any gross lesions were removed, 
examined, and, where required, placed in fixative (10% neutral buffered formalin), 
or where noted, frozen in optimal cutting temperature (OCT) medium. Sections of
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one lobe of the lung, the spleen, one liver lobe, and one kidney were embedded in 
OCT medium and flash frozen. Formalin-fixed tissues were further processed and 
embedded in paraffin.
Test article-related macroscopic findings were present in the heart and lung of animals 
at 30 and 125 or 150 mg/kg.  The heart had mild yellow discoloration in males (3 of 3) at 
30 mg/kg and the heart (3 of 3) and lungs (1 of 3) had moderate yellow discoloration in 
males at 125 or 150 mg/kg. There were no microscopic correlates for these findings.

Organ Weights
Body weights and protocol-designated organ weights were recorded for all 
animals at the scheduled necropsy and appropriate organ weight ratios were 
calculated (relative to body and brain weights). Paired organs were weighed 
together.
There were no apparent test article-related organ weight differences.

Microscopic
Microscopic examination of fixed, hematoxylin and eosin-stained, paraffin-
embedded sections was performed on protocol-designated sections of tissues. 
Samples embedded in OCT were submitted for cryosectioning. Cryosections of 
12 μm were glass slide mounted and stained with hematoxylin and eosin for 
histological analysis. The slides were examined by a board-certified veterinary 
pathologist. A four-step grading system was utilized to define gradable lesions 
for comparison between dose groups.
There were no test article-related microscopic findings.  All microscopic findings at the 
injection site (hemorrhage and acute inflammation) were attributed to the dosing 
procedure and were not considered to be test article related due to the presence of 
these findings in both treated and control (vehicle) animals and the lack of a dose 
response.
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

The following studies were submitted but not reviewed.  The Applicant’s tables below 
summarize the pharmacokinetic results from these studies.
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Note: Study 1773-018 was reviewed by the ONDQA Biopharmaceutics reviewer (see 
review dated 6/24/14).

5.2 Toxicokinetics 

Included in toxicity study reports

6 General Toxicology

6.1 Single-Dose Toxicity

No single-dose toxicity studies were conducted with Ryanodex.
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6.2 Repeat-Dose Toxicity

Study title:  A 14-Day Study of Dantrolene Sodium Suspension (Ryanodex) by
Intravenous Injection in Dogs with a 14-Day Recovery Period
(Note: this study was originally submitted with the opening of IND 105411 (SDN16; 
6/29/12) and reviewed at that time by Dr. Wasserman (review dated 2/1/13).  His 
review is excerpted here with some minor reinterpretation of the clinical pathology 
data)

Study no.: 20001853
Study report location: eCTD 4.2.3.2

Conducting laboratory and 
location:

Date of study initiation: August 25, 2010
GLP compliance: Yes with the exception that:

1) Characterization and stability of test, control, and 
comparator articles were performed by the Applicant
subcontractor or manufacturer at a laboratory that 
follows FDA GMP regulations;
2) Concentration, stability, and homogeneity of test 
and control article formulations and comparator 
formulations not determined for the study. Test article 
CoA is provided and stability is on file with Applicant. 
Comparator is an approved product and was used 
within its expiration.

QA statement: Yes
Drug, lot #, and % purity: Ryanodex: Batch B090299 (expiration June 2011), 

Purity 101.4% nominal, 250 mg dantrolene 
sodium/vial ( )
Dantrium IV: Lot 148674 (expiration date Feb 2013), 
purity 101.0% nominal, 20 mg dantrolene sodium/vial 
(JHP Pharmaceuticals)
Placebo suspension:  mg/mL Mannitol, USP (Lot 
R100127, 99.3% nominal); 5 mg/mL Tween 80 (Lot 
R090206); and  mg/mL  (Lot 
36859768EO), USP in SWFI, USP

Key Study Findings

Beagle dogs received repeated daily peripheral vein injection of vehicle, Ryanodex 2.5 
mg/kg, 5.0 mg/kg, 10 mg/kg as a bolus injection or Dantrium IV 10 mg/kg as an infusion 
and were sacrificed acutely (SD15) or after a 14-day follow-up (SD29) to address 
reversibility.
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 Ryanodex groups demonstrated dose-related exposures to dantrolene and 5-
hydroxydantrolene that at 10 mg/kg were similar to that observed with Dantrium 10 
mg/kg with the exception of Cmax on SD1 in which dantrolene concentrations in 
Ryanodex were double that of Dantrium

 A species-specific anaphylactoid response was noted in all vehicle-containing 
groups. This response has previously been described for polysorbate (Tween) 80-
containing formulations

 Altered clinical pathology included ↓RBC parameters, ↓reticulocytes, ↑WBC 
(neutrophils-driven) and ↑fibrinogen; ↑cholesterol and globulin with Ryanodex-
treated groups (R) more affected than Dantrium (D) compared with Vehicle-treated 
animals (V). The decreases in RBC parameters (RBC, HGB, HCT [not shown]) were
mild, but slightly more apparent in the Ryanodex groups compared with Dantrium.  
Reticulocytes were lower in Ryanodex-treated groups compared to vehicle control 
and this was not observed in Dantrium-treated animals where a slight increase in 
reticulocytes was apparent.  However, note that the reticulocyte levels observed in 
Ryanodex-treated males at D15 were not notably different when compared to 
baseline levels for their respective groups.  Female dogs did not demonstrate 
significant alterations in RBC parameters or reticulocytes.  Fibrinogen levels were 
dose-dependently increased in Ryanodex male groups compared with vehicle and 
exceed Dantrium animals.  This was not observed in females and was attributed in 
the study report to the inflammation and lesions noted at injection sites.  This seems 
a reasonable interpretation as WBCs, monocytes and neutrophils were also 
observed to be increased in these groups.

 Gross and histopathologic findings revealed evidence of local toxicity at injection 
site: suppurative inflammation, seroma, granulation tissue and necrosis (R>D>>V). 
Bone marrow hyperplasia (myeloid) noted. In addition, myeloid-specific bone marrow 
hyperplasia was observed in Ryanodex 2.5 mg/kg females and 5 mg/kg and 10 
mg/kg male and female groups.  This was likely to be secondary to the degree of 
injection site reactions.

 14-day recovery group animals revealed apparent reversibility of findings with the 
exception of local fibrosis (R>D) at administration site.

Treatment-related effects were noted in clinical pathology and post-mortem evaluation 
and appear to be related to local tissue damage produced by dantrolene as formulated 
and administered. Ryanodex produces more local toxicity and reactive responses than 
Dantrium IV.
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Methods

Doses: 0, 10 mg/kg/day Dantrium IV, or 2.5, 5.0, or 10 mg/kg/day 
Ryanodex

Frequency of dosing: Once daily
Route of 

administration:
Intravenous to peripheral vein
Ryanodex: slow bolus over 40-90 seconds
Dantrium IV: Infusion over 1 hour (0.5 mL/kg/min)

Dose volume: Varied.  See table below.
Formulation/Vehicle:  Ryanodex reconstituted in 5.0 mL SWFI; formulation prepared 

daily and used within 6 hr of reconstitution 
 Dantrium reconstituted (per manufacturer’s instructions) in 60 

mL SFWI; formulation prepared daily and used within 6 hr
 Ryanodex placebo is a combination of Mannitol, Tween 80, 

 in SWFI
Species/Strain: Beagle Dog ( )

Number/Sex/Group: 5/sex/group
Age: ~ 6 months at initiation of study

Weight: Males 7.0-8.5 kg; Females 6.2-8.1 kg
Satellite groups: None

Unique study design: See below; differences in volume administered and duration of 
administration over each day. Administration was once daily to a 
peripheral vein (saphenous or cephalic, varied within an animal) 
using an infusion pump for Dantrium but a bolus injection over 
40-90 seconds for Ryanodex and control groups.
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Deviation from study 
protocol:

Minor, sporadic deviations noted in many phases of the study 
which do not appear to affect the integrity of the study or impact
interpretation.

Observations and Results

Mortality

Observed 2X/day, in morning and afternoon. 
All animals survived to scheduled sacrifice.

Clinical Signs

Cage-side observations performed once daily on SD1-14 (main study) and SD1-28 
(recovery animals), up to 6 hr postdose on SD1-3, and up to 3 hr postdose on 
SD4-14.  Detailed observations (with removal from cage) were made on each 
available animal at randomization prior to dosing on SD1,8,14, and on SD16-28.  
Observations during recovery period were focused on injection site.  Final 
detailed observation performed on day of scheduled euthanasia (SD15 or 29).
Clinical signs primarily consisted of an anaphylactoid-type response with additional 
signs in dogs (head shaking, facial swelling, red pinna, thickened pinna, scratching, 
partially closed eyelids, rubbing face on cage floor, vocalization and defecation) treated 
with vehicle or Ryanodex.  Aside from vocalization this was not observed with Dantrium 
IV administration, which was characterized by increased urination and salivation, and is 
reflective of a known sensitivity of the canine to Polysorbate 80 in the vehicle resulting 
in a marked histamine release that is responsive to diphenhydramine and other anti-
histamines (Masini et al., 1985; Hohenhaus and Matus, 1990). This reviewer notes that 
similar findings have been observed in other nonclinical development programs when 
polysorbate was administered by the IV route in dog toxicology studies.

Body Weights

Obtained at randomization and on SD-3, 1, 3, 8, 10, 14, 16, 21, 23, and 28.  Fasted 
body weight on day of scheduled euthanasia (SD15 or 29).
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No treatment-related effects.  Less than 1% difference in BW by end of treatment.

Feed Consumption

For each animal on SD-5 and SD1-28, reported in weekly intervals.
No treatment-related effects.

Ophthalmoscopy

Board-certified veterinary ophthalmologist examined once prior to initiation (SD-
8) and during last week of dosing (SD10).  Dilated with 0.5% tropicamide.  Slit-
lamp and indirect ophthalmoscope.  
No treatment-related effects.  Signed statement from veterinary ophthalmologist was 
included.

ECG

Evaluated by a board-certified veterinary cardiologist.  Obtained once on SD-7, 
SD2 and SD13 (approximately 5 minutes postdose for control and Ryanodex 
groups and within 5 minutes of completion of administration of Dantrium IV) and 
once during last week of recovery phase (SD28).  
There were no treatment-related effects.  Statistically significant changes to RR interval 
(Dantrium IV 2.5 mg/kg), QRS duration (Ryanodex 5 mg/kg) , and QT interval (Dantrium 
IV 2.5 mg/kg) on SD2 were observed but were non-dose-dependent, small in magnitude 
and are not considered to be toxicologically significant.  On SD13, HR in Ryanodex 2.5 
mg/kg females only and was associated with RR interval.  This was not seen in any 
other group and is not toxicologically significant.  All ECGs were read as normal on 
SD28.  Signed statement from the veterinary cardiologist was included.

Clinical Pathology

Jugular vein puncture.  Urine collected from cage pan.  Animals were fasted 
overnight prior to collection.

Hematology
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Compared to the vehicle control group, RBC parameters (RBC, HGB, HCT [not shown]) 
showed mild decreases in dantrolene-treated male groups, which was slightly more 
apparent in the Ryanodex groups compared with Dantrium.  However, these decreases 
were minimal when compared to baseline values. Likewise, though reticulocytes 
appeared lower in Ryanodex-treated groups when compared to vehicle control, the 
changes were not noteworthy when compared to baseline values.  Moreover, female 
dogs did not demonstrate significant alterations in RBC parameters or reticulocytes.  
Fibrinogen levels were dose-dependently increased in Ryanodex male groups 
compared with vehicle and exceed Dantrium animals.  This was not observed in 
females and was attributed in the study report to the inflammation and lesions noted at 
injection sites.  This seems a reasonable interpretation and WBCs, monocytes and 
neutrophils were also observed to be increased in these groups.

Notable Hematologic Parameters (absolute value and %change from control)
Parameter/
Study Day

Group
Males Females

1 2 3 4 5 1 2 3 4 5
Veh D10 R2.5 R5 R10 Veh D10 R2.5 R5 R10

RBC (10
6
/mL)

Pre-dose 6.87 6.59 6.60 6.30 6.50 6.54 6.47 6.86 6.81 6.79

D15
6.82 6.14*

-10%
5.97*
-13%

5.88*
-14%

5.78*
-15%

5.96 6.08 6.27 5.88 5.97

D29
# 7.28 6.72

-8%
6.82
-6%

6.40
-12%

5.95
-18%

HGB (g/dL)
Pre-dose 14.7 14.6 14.5 14.0 14.0 14.3 13.6 15.4 14.5 14.5

D15
15.0 14.1

-6%
13.6
-9%

13.7
-9%

12.8*
-15%

13.6 13.4 14.7 12.9 13.3

D29
# 16.1 15.6

-3%
15.6
-3%

14.8
-8%

13.1
-19%

Retic (10
9
/L)

Pre-dose 38.4 32.8 35.0 36.6 34.6 28.8 38.6 34.5 33.0 34.2
D10 (pd) 54.4 51.5 48.0 50.1 57.7

D15
51.4 58.5

+14
51.8
+1%

43.8
-15%

32.2
-38%

41.8 68.6 35.7 41.9 42.0

D29
# 60.1 86.5

+44
95.3

+59%
43.0
-29%

41.5
-31%

Fibrinogen (mg/dL)
Pre-dose 249 271 258 280 257 210 207 236 218 233
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D15
208 264

+27
349

+68%
399*
+92%

528*
+154%

188 211
+12

252
+34

398*
+112%

400*
+113%

D29
# 163 163 193

+19%
171
+5%

188
+16%

167 163 160 163 168
+1%

WBC (10
3
/mL)

Pre-dose 8.66 7.9 10.5 8.92 7.63 8.47 10.91 10.03 9.63 8.85

D15
8.30 10.14

+22%
11.40
+38%

11.60
+40%

16.97*
+104%

10.29 11.96
+16%

12.25
+19%

14.95
+45%

14.27
+39%

D29
# 8.49 8.64

+2%
9.39

+11%
8.22
-3%

8.29
-2%

8.99 10.87
+21%

8.47
-6%

8.00
-11%

9.20
+2%

Mono (10
3
/mL)

Pre-dose 0.58 0.51 0.79 0.69 0.45

D15
0.47 0.79

+70%
0.77

+64%
0.84

+80%
1.25*

+168%
0.56 0.83

+48%
0.92

+65%
1.08

+93%
1.05

+89%

D29
# 0.28 0.33

+18%
0.44

+55%
0.48

+70%
0.50

+80%
0.34 0.58

+75%
0.44

+31%
0.49

+45%
0.50

+49%
Segmented Neut (10

3
/mL)

Pre-dose 5.44 4.47 6.23 5.53 4.24

D15
5.06 6.31

+25%
7.08

+40%
7.58

+50%
12.10

+139%
6.03 7.54

+25%
7.99

+32%
10.09
+67%

9.50
+58%

D29
# 5.10 5.15

+1%
5.06
-1%

4.71
-8%

4.32
-15%

5.19 6.37
+23%

5.01
-3%

3.99
-23%

5.47
+5%

*, p<0.05 using ANOVA/Dunnett-test
#, SD29 data analyzed by Kruskal-Wallis/Dunn’s tests (n=2)

Clinical Chemistry

Minor changes were observed, primarily mild increases in globulin (affecting the A/G 
ratio) which the study report attributes to inflammation at the injection sites.  This seems 
reasonable injection sites appeared more inflamed in the Ryanodex treatment groups in 
a dose-related manner when compared to Dantrium and was absent in vehicle-treated 
animals.

Mild decreases in potassium appear to be dantrolene related as this was observed to be 
lower in both formulation groups.  Recovery data is limited by the number of evaluable 
animals (n=2/sex/group). 
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Notable clinical chemistry parameters (absolute value and % change from 
control)
Parameter/
Study Day

Group
Males Females

1 2 3 4 5 1 2 3 4 5
Veh D10 R2.5 R5 R10 Veh D10 R2.5 R5 R10

Globulin (g/dL)

15
2.35 2.38

+1
2.55
+9

2.77*
+18

3.16*
+34

2.32 2.36
+2

2.48
+7

2.64*
+14

2.73*
+18

29
# 2.44 2.43

0
2.38
-2

2.44
0

2.86
+17

2.36 2.21
-7

2.45
+4

2.52
+7

2.43
+3

A/G ratio
15 1.22 1.20 1.03 0.99 0.83*

-32
1.20 1.20 1.18 1.05

-13
1.00*
-17

29 1.20 1.21 1.17 1.20 0.97
-19

1.30 1.31
0

1.19
-9

1.17
-10

1.12
-14

Cholesterol (mg/dL)
15 142 184*

+29
168
+18

159
+12

200*
+41

129 131 167*
+29

161
+25

176
+37

29 164 192
+17

191
+17

139
-15

167
+2

164 132
-19

188
+15

167
+2

145
-11

Glucose (mg/dL)

15
109 110 107 108 97*

-11

29
86 98

+14
95

+11
105
+23

95
+11

Potassium (mmol/L)
15 4.63 4.31

-7
4.32
-7

4.24*
-8

3.93*
-15

4.25 4.01
-6

4.24
0

4.28
+1

4.01
-6

29 4.85 4.65
-4

4.61
-5

4.20
-13

4.39
-9

4.39 4.34
-1

4.34
-1

4.51
+2.5

4.18
-5

*, p<0.05 using ANOVA/Dunnett-test
#, SD29 data analyzed by Kruskal-Wallis/Dunn’s tests (n=2)

Urinalysis

No treatment-related effects were observed.

Gross Pathology
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The only noteworthy macroscopic observations were at the injection site and included 
thick appearance, open wound, or scabbing.  Findings increased in incidence and 
severity in a dose-related manner and were more severe in the Ryanodex groups than 
in the Dantrium group and was absent from the vehicle control.

Animals sacrificed on SD29 presented less apparent injection site reactions though 
some raised areas were noted at several injection sites.

Organ Weights

No treatment-related organ weight changes were noted according to the study 
pathologist.  However, there appears to be an increased liver weight in both males and 
females which is dose-dependent, and also observed to a lesser extent in the Dantrium 
group.  Kidney weight is also increased in both males and females when normalizing by 
group body weight though this did not reach statistical significance, likely due to the 
small sample size (n=3/gender/group).  Other parameters, while occasionally 
statistically significant, did not demonstrate dose-response or were not observed in both 
genders and are considered not toxicologically significant.
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Selected Organ Weights
Parameter/
Study Day

Group
Males Females

1 2 3 4 5 1 2 3 4 5
Liver (g)

Abs 207 246
+19

218
+5

221
+6

284*
+37

201 205
+2

202
0

219
+9

226
+12

Relative
†

- +14 +4 +11 +32* - +13 +7 +22 +17
Recovery 210 0 +15 +16 +15 186 -1 +1 +17 +17

Kidneys (g)
Abs 36 40

+13
37
+2

40
+12

44
+22

34 36
+7

32
-6

34
0

36
+7

Relative - +8 +1 +16 +18 - +18 +1 +13 +12
Recovery 41 -1 -3 +1 -6 34 -1 -9 +4 +15

Adrenals (g)
Abs 0.86 1.14*

+33
0.83
-4

1.00
+16

1.01
+18

1.16 1.04
-10

1.07
-8

1.03
-11

0.99
-15

Salivary glands (g)
Abs 7.0 7.9

+13
8.5
+22

8.5
+23

9.4
+35

7.7 6.4
-17

8.4
+10

8.7
+14

7.2
-5

Ovaries (g)
Abs 0.73 0.47

-36
0.58
-21

0.53
-28

0.52
-30

Recovery 0.59 +26 -37 -20 -7
Uterus (g)

Abs 3.01 2.16
-28

2.91
-3

1.66
-45

1.75
-42

Recovery 2.24 +66 -38 +22 -17
†, relative to body weight
*, P<0.05 (Anova/Dunnett-test)

Histopathology

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

140

Adequate Battery:  Yes
Peer Review: No

Histological Findings
The only apparent treatment-related findings were limited to treatment- and dose-
related injection site toxicity characterized primarily by suppurative inflammation, 
necrosis, granulation tissue, and seroma.   As shown in the Applicant’s tables below, 
the findings were generally more severe and frequent in all Ryanodex-treated groups 
compared with the Dantrium-treatment group animals and was not seen with vehicle 
alone.  As the number of injection sites (examined) differed between treatment groups 
the incidence numbers are affected but the trend is apparent.
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Bone marrow hyperplasia identified as myeloid-specific was increased in Ryanodex 2.5 
mg/kg females and 5 mg/kg and 10 mg/kg male and female groups compared to vehicle 
and Dantrium 10 mg/kg.  The study pathologist considered this likely secondary to the 
degree of injection site reactions, which seems reasonable.

SD29 animals demonstrated fibrosis at the injection sites and hyperplasia of bone 
marrow which was considered by the pathologist to be general and not myeloid-specific.  
Ryanodex groups appeared to have a greater degree of fibrosis than the Dantrium-
treated animals which correlates with the increased severity of injection site reactions 
observed in animals euthanized on SD15 from these groups.  Bone marrow hyperplasia 
was still observed in some animals after the 14 day recovery period but the incidence 
and severity were comparable between Dantrium and Ryanodex groups.
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Toxicokinetics

Ryanodex groups demonstrated dose-related exposures to dantrolene and 5-
hydroxydantrolene that at 10 mg/kg were similar to that observed with Dantrium 10 
mg/kg with the exception of Cmax on SD1 in which dantrolene concentrations in 
Ryanodex were double that of Dantrium.  Exposure to dantrolene was reduced (both 
Cmax and AUC) with repeated dosing in both dantrolene formulation groups without an 
increase in 5-hydroxydantrolene levels.  Tmax was directly related to duration of 
infusion and dantrolene half-life ranged from 1-3 hrs.  
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Dosing Solution Analysis

Acceptable
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Study title:  An Administration Study of Dantrolene Sodium Suspension 
(Ryanodex) by Intravenous Bolus Injection in Dogs
(Note: this study was originally submitted with the opening of IND 105411 
(SDN16; 6/29/12) and reviewed at that time by Dr. Wasserman (review dated 
2/1/13).  His review is excerpted here)  

Key Study Findings

To further evaluate local toxicity differences between Ryanodex and Dantrium IV, 
dogs received repeated (14-day) daily administration to a peripheral vein of
Ryanodex (R) 10 mg/kg bolus (with continuous saline infusion before and/or after 
bolus) or were administered Dantrium (D) 10 mg/kg as a continuous infusion. 
There was no vehicle control. Dogs were not sacrificed acutely but were 
examined at SD19 (5-days after final administration).
 Clinical observation (dermal scoring) indicated (R)<(D) for erythema and

edema when saline was given for 3-5 minutes before and after bolus
injection;

 On gross and microscopic evaluation no significant local toxicity was noted at 
5-days post-treatment but mild dermal and perivascular inflammation 
observed in both groups. Dantrium IV administration was associated with 
some evidence of thrombus formation in veins receiving the infusion.

When Ryanodex was administered using a slow saline flush prior and post-bolus,
evidence for local tissue toxicity observed in the previous dog study was less 
apparent and generally resembled that observed with Dantrium IV.

Study no.: 20008975
Study report location: eCTD 4.2.3.2

Conducting laboratory 
and location:

Date of study 
initiation:

November 17, 2010

GLP compliance: Yes, except analysis for CoA for Dantrium Sodium 
Suspension for Injection which was conducted in a 
laboratory that employs current USFDA GMP 
regulations

QA statement: Yes
Drug, lot #, and % 

purity:
Dantrolene sodium: B090299, purity 101.4% nominal –
250 mg/vial 

Dantrium IV: 148674, 148675, purity 101.0% nominal –
20 mg/vial (JHP Pharmaceuticals)

SWFI, USP: C797209 
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Methods

Doses: 10 mg/kg dantrolene as Ryanodex or Dantrium IV, no 
negative control used.

Frequency of 
dosing:

Once daily x 14 days

Route of 
administration:

Intravenous; bolus (Ryanodex), infusion 
(Dantrium IV)

Dose volume: 0.2 mL (Ryanodex), 30 mL (Dantrium IV)
Formulation/Vehicle: SWFI

Species/Strain: Beagle Dog )
Number/Sex/Group: 4 dogs/sex/group

Age: ~6 mo.
Weight: 7.2-8.5 kg (males); 6.2-6.9 kg (females)

Satellite groups: None; all animals used for “recovery” evaluation after 5-
days treatment free.

Unique study 
design:

The purpose of the study was to evaluate the delivery of 
Ryanodex using standard bolus intravenous administration 
paradigms used in a clinical setting and also to compare 
these to Dantrium IV given by intravenous infusion.  No 
negative control (vehicle) was used in the study.

General design below; note infusion rates are different between test article and 
comparator, necessary due to the difference in volume.  Concentration differences 
between test article and comparator are also significant.  No true negative or 
vehicle control.  Two test article groups to account for differences in saline flush or 
infusion methods. Cephalic or saphenous veins used.  All animals used for 5-day 
recovery (i.e. no sacrifice at conclusion of 14-day dosing period).  Administration 
was generally to the cephalic veins except when irritation or swelling precluded 
administration in which case saphenous veins were used.

Tables adapted from Applicant
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Deviation from study 
protocol:

Sporadic and non-consequential deviations were noted in 
all phases of the study report including observations and 
evaluations.  The only fundamental deviation which could 
conceivably impact the study conclusions was the following 
(per study report): 

Formulations and Dosing
From Days 1 to 14, there is no documentation for Groups 
2 and 3 that the test material was shaken gently just prior 
to extracting the required dose using a separate sterile 
needle and syringe for each animal. This lack of 
documentation for these procedures did not have an 
impact on the outcome of the study.

As Dantrolene exposure appeared to be acceptable and 
was similar to Dantrium IV, I agree this lack of assurance 
does not impact the findings or interpretation of the study.

Observations and Results

Mortality

Checked twice daily, once in morning and afternoon.
There were no unscheduled deaths during study.  All animals survived to scheduled 
euthanasia on SD19.

Clinical Signs

Cage side observations were performed once daily on SD1-19 up to 3 hrs post-
dose on dosing days and once daily on non-dosing days.  Detailed clinical 
observations occurred prior to study initiation and at randomization (SD-1).  All 
injection sites were observed daily prior to dosing and approximately 1 hr post-
dose and then daily during a 5-day observation period (SD15-19).  
The principal clinical observation noted with Ryanodex treatment groups was a 
histamine-type response which has been attributed to a canine-specific response to 
polysorbate (tween) 80 (Masini et al., 1985) and which was also observed in the 
previous 14-day toxicity study (#20008975) in the vehicle control group. A detailed 
description of the reaction may be found in that study review.
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Dantrium Ryanodex

Finding
Group 1 Group 2 Group 3

Males Females Males Females Males Females
Swelling 28/3 49/4 2/2 5/2 12/2 34/3

Discoloration 1/1 6/1 0/0 0/0 4 10/2

Notable swelling and discoloration at the injection site was observed with both 
Ryanodex and Dantrium, however the incidence was significantly less in Group 2 (bolus 
injection followed by saline flush).  Occasionally alternate sites had to be used (see 
Applicant’s table below).

Alternate Dosing Sites Used Due to Swelling above Initial Dosing Site

Animal No./Sex
Group

No. Day Initial Dosing Site
Alternate Dose Site

Used
 

D4532/Male 1
3 Left Cephalic Vein Right Cephalic Vein
4 Left Cephalic Vein Left Saphenous Vein
5 Right Saphenous Vein Left Saphenous Vein

D4541/Female 1
3 Right Cephalic Vein Left Cephalic Vein
6 Left Cephalic Vein Right Saphenous Vein

D4544/Female 1 9 Left Saphenous Vein Right Saphenous Vein
D4531/Male 1 13 Right Cephalic Vein Left Cephalic Vein

D4534/Female 1 13 Left Cephalic Vein Right Saphenous Vein
D4523/Male 2 10 Left Cephalic Vein Right Cephalic Vein

D4535/Female 3 8 Right Cephalic Vein Right Saphenous Vein
D4520/Male 3 11 Right Cephalic Vein Left Cephalic Vein

Body Weights

On randomization (SD-1) and on SD1, 4, 8, 12, 14, 15, and 18 with final fasted body 
weight on SD19.
No toxicologically significant effects on body weight.

Feed Consumption, Ophthalmoscopy, ECG, Hematology, Clinical Chemistry

Not recorded

Terminal Procedures
Animals euthanized by sodium pentobarbital injection followed by exanguination.  
Injection sites used for test article/control delivery were not used for introduction 
of euthanasia solution.  All animals received a necroscopic evaluation limited to 
injection sites and adjacent tissues such as draining lymph nodes, etc.  Tissues 
were fixed in 10% NBF, embedded in paraffin, sectioned and stained with H&E.  
Histopathology evaluation performed by a board-certified veterinary pathologist.
(Applicant’s tables, adapted by this reviewer, is below)
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Group
Number

Number of
Animals Scheduled

Euthanasia
Day

Necropsy Procedures Histology Histopathology

Males Females Necropsy
Tissue

Collection
Organ

Weights

1 4 4
19 X X -

Limitedª Limitedª

2 4 4 Limitedª Limitedª

3 4 4 Limitedª Limitedª

X = procedure conducted; - = not applicable.
a See Tissue Collection and Preservation table below for listing of tissues.

Provantis Tissue Protocol Tissue Weigh Collect
Micro
Eval Comment

Injection site(s)
(right cephalic, left 
cephalic, right 
saphenous/right 

saphenous)

Administration site(s) - X X
Injections site(s) and adjacent
areas ; including a cross 
section of the injection site(s)

- Animal identification - X - -

Gross 
Lesions/Masses

Gross lesions/masses
associated with
Administration site(s)

- X X -

Micro Eval = Microscopic Evaluation; X = procedure to be conducted; - = not applicable.

Gross Pathology

There were no test-article related gross findings on SD19 other than local tissue 
damage due to repeated dose administration.  

Organ Weights

Not obtained

Histopathology

Adequate Battery: Yes, for purposes of this limited local evaluation study

Peer Review: No.

Histological Findings:
No findings of toxicologic significance.  Some mild dermal and perivascular 
inflammation observed in generally all groups.  Dantrium IV-administered animals 
demonstrated some thrombus formation in veins receiving the injection but this was not 
a systemic response.  The Left Cephalic injection site is shown in table below.
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Males Females

Treatment
Group

1
Group

2
Group

3
Group

1
Group

2
Group

3
D-10 R-10

(
†
)

R-10
(
‡
)

D-10 R-10
(
†
)

R-10
(
‡
)

#Examined 4 4 4 4 4 4
WNL 1 1 1 1 1 0
Inflammation, subacute, dermis; focal (2) (3) (1) (2) (1) (0)

Minimal 0 1 1 2 1 0
Mild 2 2 0 0 0 0

Inflammation, Subacute; Subcutaneous;
Perivascular

(0) (0) (2) (1) (0) (0)

Minimal 0 0 1 1 0 0
Mild 0 0 1 0 0 0

Inflammation, Subacute, Eosinophilic;
Subcutaneous; Perivascular

(0) (0) (0) (0) (1) (0)

Minimal 0 0 0 0 1 0
Hemorrhage, subcutaneous, perivascular (1) (0) (2) (1) (2) (3)

Minimal 1 0 0 0 0 1
Mild 0 0 2 1 1 2

Moderate 0 0 0 0 1 0
Thrombosis, organizing in vein (2) (0) (0) (0) (0) (0)

Moderate 2 0 0 0 0 0
Thrombosis, old in vein (0) (0) (0) (2) (0) (0)

Mild 0 0 0 1 0 0
Moderate 0 0 0 1 0 0

Granulomatous inflammation; Dermis, focal (1) (0) (0) (0) (0) (2)
Minimal 1 0 0 0 0 1

Mild 0 0 0 0 0 1
Granulomatous inflammation; Dermis,
eosinophilic, focal

(1) (0) (0) (0) (0) (2)

Minimal 1 0 0 0 0 1
Mild 0 0 0 0 0 1

Granulomatous inflammation; Dermis,
eosinophilic, multifocal

(0) (0) (1) (0) (0) (0)

Mild 0 0 1 0 0 0
Chronic inflammation; Subcutaneous,
perivascular

(0) (0) (0 (1) (0) (1)

Mild 0 0 0 1 0 1
Inflammation, Epidermis, focal (0) (0) (0) (0) (0) (1)

Mild 0 0 0 0 0 1
Degeneration of vein wall, focal (0) (0) (0) (0) (0) (1)

Mild 0 0 0 0 0 1
†
, continuous infusion saline before and after Ryanodex administration

‡
, saline flush after Ryanodex administration

Special Evaluation

Dermal scoring performed predose and post-dose on SD1-14, once daily on 
SD15-18, and on SD19.  A detailed Draize-based dermal scoring system was used 
at the injection site and adjacent areas.
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Dermal observations using the modified Draize Macroscopic Dermal Grading System 
revealed irritation in Groups 1 and 3 that was greater than Group 2.  Typically this 
irritation was erythema and edema and ranged in severity from slight to severe though 
most were slight and mild.  While this irritation appeared to largely resolve in the 
treatment-free 5 day period, the findings were still apparent on SD19 in female dogs.

Study report tables reproduced below:
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Toxicokinetics

Blood was collected from the jugular vein with a single sample collected from 
each animal on each day of dosing.  Group 1 sampling was at 30 minutes after the 
end of infusion while for Groups 2 and 3 this was collected 30 minutes after the 
end of bolus dosing.  Plasma samples evaluated by  using a 
validated analytical procedure (LC-MS/MS) for dantrolene and 5-
hydroxydantrolene.

Group 1 Group 2 Group 3
All Groups

Dantrium Ryanodex with Saline Ryanodex

Mean (ng/mL) 5750 5850 5870 5820

S.D. (ng/mL) 632 637 1140 837

RSD (%) 11.0 10.9 19.4 14.4

n 111 112 112 335

Intra-day and Intra-subject means were not substantially different between treatment 
groups.
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Dosing Solution Analysis

Samples were not collected for testing and analysis.  Stability information is provided by 
the Applicant’s evaluation of the test article in vehicle under the same conditions as 
used in the present study.  

Study title:  Dantrolene Sodium Suspension: A Dose Range-Finding 
Toxicity Study in Minipigs
(Note: this study was originally submitted with the opening of IND 105411 
(SDN16; 6/29/12) and reviewed at that time by Dr. Wasserman (review dated 
2/1/13).  His review is excerpted here)  

Key Study Findings

Minipigs were administered escalating doses of Ryanodex diluted in SWFI to
achieve 48 mg/mL (20, 30, 45, 70, 105, or 160 mg/kg) on SD1 to determine an 
MTD with a subsequent 5-day dose range-finding evaluation of 20, 40, or 80 
mg/kg administered via jugular catheter
 Mortality at 160 mg/kg acutely; 105 mg/kg Ryanodex acutely produced 

decreased tone in limbs, ataxia and decreased activity with emesis and 
salivation. Animals recovered within 48 hours.

 Decreased muscle tone at 40 mg/kg with decreased activity for 8 hrs post-
dose; at 80 mg/kg these findings lasted longer each day

 RBCs and reticulocytes reduced in females receiving ≥40 mg/kg/day which 
suggests potential bone marrow suppression of the erythroid line; 
neutrophils increased at doses ≥40 mg/kg/day. Effects on coagulation 
parameters ≥40 mg/kg/day.

 Some evidence of crystal nephropathy of minimal severity.
The systemic NOAEL for the 5-day dosing portion of the study is 20 mg/kg/day.

Study no.: 1773-011
Study report 

location:
eCTD 4.2.3.2

Conducting 
laboratory and 

location:
Date of study 

initiation:
April 13, 2011

GLP compliance: No
QA statement: No

Drug, lot #, and % 
purity:

Ryanodex (Dantrolene Sodium Suspension for Injection)
250 mg/vial, lot# B090299 [exp 6-11], 101.4% purity

SWFI Lot 94-535-FW, 02-0907-FW; 

 Lot#68075216KO; Mannitol Lot# R100127; 
Polysorbate 80 Lot#R090206
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Methods

Group Assignments

Group       Dose Level     Study
Number        (mg/kg)b             Day

Animal Numbers
Male                  Female

Phase A (MTD) 
Vehicle/20a             1

30                5

1                   
45                9                

1001                      1501
70               15
105              19
160             31c

Phase B (Dose Range Finding, DRF)
2                  20              NA               2001                    2501
3                  40              NA               3001                    3501
4                  80              NA               4001                    4501

aThe administration of the vehicle and the 20 mg/kg dose level both
occurred on Day 1 of Phase A.
bDose Level given in terms of mg/kg/dose (Group 1) or mg/kg/day
(Groups 2 – 4).  Dosages are nominal values; test article, as reconstituted
in 5 mL water for injection, contains approximately 48 mg/mL
dantrolene sodium.
cFor animal number 1001 only.
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Doses: Vehicle, 20, 30, 45, 70, 105, and 160 mg/kg 
(Phase A); 20, 40, or 80 mg/kg (Phase B)

Frequency of dosing: Varied; single-administration followed by several 
day washout for Part A, five daily doses for 
Phase B

Route of administration: Intravenous (jugular vein catheter) except for 
animal 1501 on SD19 which received 105 mg/kg 
via an ear vein using a percutaneous peripheral 
catheter.

Dose volume: Varied; administered as 48 mg/mL to achieve 
desired dose.

Formulation/Vehicle: True vehicle (Ryanodex without the dantrolene 
sodium) composed of mannitol, povidone 

 and polysorbate 80 and SWFI.
Species/Strain: Swine/Gottingen Minipigs (  

)
Number/Sex/Group: Varied, see above.

Age: 4-5 months
Weight: 10.4-12.2 kg (male); 10.7-13.7 kg (female) at 

randomization
Satellite groups: None

Unique study design: One male and one female used for Part A dose 
escalation; two animals (one per gender) used 
for each dose group in Part B.  Animals 
surgically implanted jugular catheter with 
vascular access port.  

Deviation from study protocol: None described

Observations and Results

Mortality

The male animal in Part A died shortly after administration of 160 mg/kg on SD31.  The 
animal displayed clinical signs including shallow breathing, salivation, decreased activity 
and tone in limbs, and lateral recumbancy.  There was no post-mortem determination of 
the cause of death as minor findings such as minimal hemorrhage in lungs was not 
considered by the pathologist to be unusual and generally is a perimortem change.  All 
other animals survived the study.  No clinical signs were noted with administration of 
vehicle.  However, administration of Ryanodex at all doses produced a dose-dependent 
decrease in activity and muscle tone in all four limbs that became longer-lasting as 
doses were escalated.  At 45 mg/kg ataxia was noted to last 4 hrs and decreased 
activity was observed for 8 hrs and an additional finding was yellow skin which resolved 
by 8 hrs.  All findings were normal by the following day.  At 105 mg/kg the male and 
female had decreased activity, ataxia, and decreased tone in all four limbs.  Decreased 
activity lasted into the following day.  Animals also had yellow discharge from the mouth 
which was attributed as emesis or salivation.  Animals returned to normal within 48 hrs.  
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Due to mortality noted above at 160 mg/kg in the male, the female was not dosed.  No 
changes in body weight were apparent with this limited study design.  Some decrease in 
RBC parameters with subsequent increase in reticulocytes was attributed to “serial
blood sampling”, though it is apparent this is an effect of the test article from additional 
studies supplied by the Applicant.  Some increase in fibrinogen noted in females.  BUN 
and creatinine increase noted in both the male and female minipig subsequent to ≥ 70 
mg/kg dosing.  The female was examined 17-days after receiving the 105 mg/kg/day 
dose – note the long delay.  No gross findings were noted and the only histologic finding 
noted was some infiltrates in the liver which the study report noted was consistent with 
background findings in this species.

Toxicokinetic data obtained from Phase A is reported in the figure reproduced from the 
study report below:

Mean Plasma Concentrations of Dantrolene in Male and Female Minipigs Given a
Single (Phase A) Intravenous Dose of Dantrolene Sodium Suspension

Part B:  Decreased activity and muscle tone which resolved by 8 hrs postdose in male 
at 20 mg/kg and in both gender at 40 mg/kg through SD4 with some extension of limb 
weakness through 8 hr on SD5.  At 80 mg/kg effects on activity and muscle tone were 
prolonged through 8 hrs and in a female vomiting and yellow skin noted lasting 
throughout the dosing period.  RBCs and reticulocytes were reduced in females ≥ 40 
mg/kg/day which suggests potential bone marrow suppression of the erythroid line.  
Neutrophils were increased with doses ≥ 40 mg/kg.  Coagulation parameters indicated a 
potential effect with prolonged APTT and fibrinogen (80 and ≥40 mg/kg, respectively).  
The study report notes elevation of BUN and creatinine at 80 mg/kg in females and an 
increased total bilirubin that while high (4X baseline) is still within historical ranges.  
These clinical chemistry findings were not described in the male but an increased AST 
and creatine kinase was considered secondary to “non-specific muscle injury”.  It is not 
clear what this means or why this was proposed.  The histologic findings summarized in 
the study report are reproduced verbatim below:
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In Phase B, possible test article-related microscopic findings were noted in the kidneys of 
one female (animal number 4501) at 80 mg/kg/day and consisted of minimal renal tubular 
degeneration/regeneration, granular casts, and rare intratubular birefringent crystals that
were clear to light golden brown, amorphous, irregular conglomerates of varying size and
shape, and readily visualized with a polarizing filter. Crystals were small, measuring
approximately 15 microns in diameter to approximately 150 microns in diameter, slightly
expanding the tubules, associated with granular casts and localized tubular degeneration,
and tended to be found in the medulla or at the cortico-medullary junction of the kidneys.
None of these were considered to be adverse findings, given the minimal severity, the
evidence of recovery from injury, and the indeterminate nature and rarity of the crystals.
Additionally, crystals were only visible in formalin-fixed, hematoxylin and eosin-stained
cryosections, suggesting that the crystal material is soluble or otherwise lost in the course
of normal histological processing used for paraffin embedding. Kidneys in this animal
were examined microscopically utilizing hematoxylin and eosin-stained sections of both
paraffin-embedded and cryosectioned, formalin-fixed tissue.

Lung inflammation was also noted in this 80 mg/kg/day animal and was associated with 
hemorrhage and Type II epithelial cell hypertrophy.  No evidence of foreign material was 
described in the lung.  The study report indicates the finding is not considered to be test 
article related.  It is difficult to judge in the absence of concurrent controls and small 
sample size.  The pathology report was signed by the study pathologist.  The NOAEL 
was considered to be 20 mg/kg/day for this phase of the study which appears to be 
appropriate.  

The toxicokinetic data obtained from Phase B is shown in the following figure from the 
study report:

Mean Plasma Concentrations of Dantrolene in Male and Female Minipigs Given Daily
(Phase B) Intravenous Doses of Dantrolene Sodium Suspension
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Study title:  Dantrolene Sodium Suspension (Ryanodex®): A 2-Week 
Toxicity Study in Minipigs with a 2-Week Recovery Period
(Note: this study was originally submitted with the opening of IND 105411 
(SDN16; 6/29/12) and reviewed at that time by Dr. Wasserman (review dated 
2/1/13).  His review is excerpted here with minor changes)  

Key Study Findings

Minipigs were implanted with jugular catheters with vascular access ports and 
administered vehicle, Ryanodex 10, 30, or 70 mg/kg or Dantrium 10 mg/kg for 
14-days. Recovery groups were included which received 14-days treatment free 
period prior to sacrifice and evaluation.
 Toxicokinetic data indicated that AUC exposure was equivalent between 

Ryanodex 10 mg/kg/day and Dantrium IV 10 mg/kg/day though Ryanodex 
Cmax was nearly twice as high.

 Mortality observed with Ryanodex at 70 mg/kg/day, cause not identified.  
However, all of the females given 70 mg/kg that died prior to scheduled 
necropsy had findings of minimal to moderate decreased cellularity of the 
bone marrow and generalized lymphoid depletion of the thymus and spleen 
suggestive of a non-specific stress response.

 Clinical signs consistent with dantrolene pharmacology: muscle weakness, 
ataxia ↓limb function and activity at all doses (R10>D10), red skin in all 
vehicle-treated animals, yellow skin observed at 70 mg/kg without 
microscopic correlate

 No significant treatment-related effects on clinical pathology or ECG were 
clearly noted ≤ 30 mg/kg/day.  At 70 mg/kg/day increased neutrophils were 
noted on SD7 while on SD9 in the surviving 3 animals there were decreases 
in reticulocytes and lymphocytes.  These effects resolved by evaluation at 
SD14 except the single female remaining exhibited significant neutropenia.  
Animals sacrificed moribund on SD9 had no significant hematologic 
perturbations.  

 No gross pathology lesions noted ≤ 30 mg/kg; minimal to moderate local 
toxicity noted at injection site including hemorrhage, perivascular 
inflammation, and hypertrophy/hyperplasia of media and intimal layers of 
vessel receiving injection (R=D).  

In summary, Ryanodex and Dantrolene IV appeared to have similar toxicity when 
administered at the same total dose (10 mg/kg) except for greater 
pharmacodynamic effects associated with the higher Ryanodex Cmax.  
The NOAEL is 30 mg/kg for this study due to mortality at the 70 mg/kg Ryanodex 
dose with evidence of bone marrow suppression, severe stress, yellow 
discolored organs (assumed to represent high levels of dantrolene) and
thrombus containing brilliant yellow-brown crystals in one animal which also had
findings indicative of adverse renal function.  Cmax and AUC values associated 
with minipig NOAEL provide a 7-fold and 3-fold safety margin, respectively, when 
compared to mean clinical PK values from subjects administered 2.5 mg/kg 
Ryanodex.
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Study no.: 1773-012
Study report 

location:
eCTD 4.2.3.2

Conducting 
laboratory and 

location:
Date of study 

initiation:
January 3, 2012;

Study report 
status

Audited Draft Report [signed pathology report]

GLP compliance: Present but unsigned: the study report awaits final 
documentation for formulation analysis from 

QA statement: Present but unsigned
Drug, lot #, and % 

purity:
Ryanodex 250 mg/vial Batch ENG1117, 108.5%

Polysorbate 80 (  R090206; exp 7/2012), 
Povidone ( , R120112; exp 6/2013), Mannitol 
( 09-083- ; exp 9/2013)

SWFI (05-737-FW)

Dantrium IV ( ., 221157; exp 
9/2014)

Methods

Applicant’s table below:
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Doses: 0, 10, 30, or 70 mg/kg/day Ryanodex vs. 10 
mg/kg/day Dantrium IV

Frequency of dosing: Once daily
Route of administration: Intravenous (Bolus for Ryanodex; Continuous Infusion 

for Dantrium IV)
Dose volume: 0.2 – 1.4 mL/kg (Ryanodex), 1.4 mL (Vehicle), 30.3 

mL/kg (Dantrium IV)
Formulation/Vehicle: Ryanodex excipients only (  mg/mL mannitol,

mg/mL polysorbate 80, mg/mL povidone  
 in SWFI.  Prepared daily, used within 6 hr.

Species/Strain: Swine/Gottingen Minipig )
Number/Sex/Group: 5 animals/sex/group (3 animals main study/sex/group; 

2 animals/sex/group allowed 14-day treatment-free 
recovery period)

Age: 4-5 months at initiation of dosing
Weight: Males 8.15-12.90 kg; Females 9.85-13.20 kg at 

randomization
Satellite groups: None

Unique study design: Different dosing volumes between test article and 
comparator Dantrium IV; different rates of 
administration.  Ryanodex and placebo were 
administered using an implanted jugular catheter with 
vascular access port; the Dantrium IV animals 
received through the same method.  Due to prolonged 
infusion time necessary for Dantrium, Group 5 
animals were acclimated to a sling.  Placebo, 
Dantrium IV or Ryanodex was flushed with 1.5 mL of 
SWFI after administration of test article, comparator or 
control.  Ryanodex suspension was inverted slowly 
prior to syringe removal of drug product.  Dantrium IV 
used bags to deliver drug.

Statistical evaluation Applicant’s table below

Ryanodex groups 2, 3, 4 compared with vehicle group 
1; Dantrium IV group 5 compared with Ryanodex 
group 2.

Reference ID: 3534003

(b) (4)

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)



NDA #205579 Ryanodex Reviewer: Jay H. Chang

160

Deviation from study 
protocol:

70 mg/kg/day Ryanodex group had main study 
animals sacrificed on SD9 (6 days early) due to 
toxicity, 2 males and 1 surviving female allowed a 12-
13-day recovery period before sacrifice and 
evaluation.

Observations and Results

Applicant’s table:

Mortality

A single 70 mg/kg/day female minipig (#4501) was euthanized in extremis on SD7 after 
6 doses of Ryanodex.  This animal had numerous clinical signs of distress and 
impairment including vomiting and yellow froth around mouth, decreased activity and 
ataxia, inappetance and decreased fecal output, cold skin, skin discoloration – primarily 
yellow throughout the body, limb weakness and prostration.  The animal suffered from 
dehydration based on appearance and hematologic work-up.  Prior to sacrifice 
lymphocytes were significantly decreased, fibrinogen elevated, and renal failure 
parameters of increased creatinine, BUN, and phosphorus.  Globulins, total protein, 
trigs, cholesterol, sodium and chloride were all elevated as well.  Plasma levels of 
dantrolene noted on SD7 at 24 hr post-dose was considered to be “aberrantly high” 
according to the study report: 67,800 ng/mL which was noted to be 70% of Cmax on SD1 
(at 1 hr post-dosing).  Subsequent to this animal being euthanized three additional 70 
mg/kg/day animals of both genders were terminated on SD9 (#4001, 4002, 4003, 4502, 
4503, and 4504) with signs similar to animal #4501 described above with the exception 
that hematologic findings were not as evident.  Post-mortem tissue evaluation indicated 
some evidence of bone marrow suppression (decreased bone marrow cellularity) and 
reduced lymphocytes in thymus and spleen considered a general stress response and 
poor condition which appears a reasonable interpretation.  Yellow discoloration noted 
prior to termination was observed with gross inspection of skin and visceral organs 
without any microscopic attribution.  Notably animal #4501, terminated first, had 
evidence of thrombi at catheter tip that contained per study report “golden-brown, 
refractile, aggregates of spike-shaped crystals”. The specific cause of the test-article-
related death is unknown though renal failure appears likely for animal #4501.
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Clinical Signs

All animals observed for morbidity, mortality, or injury 2X daily.  Veterinary visits 
occurred during the study with any treatments recorded.  Detailed observations 
were obtained once during baseline and weekly during the study and included 
examination of skin, hair, eyes, ears, nose, oral cavity, thorax, abdomen, external 
genitalia, limbs and hooves, respiratory and circulatory effects, autonomic effects 
including tremors and convulsions.  Incision sites for jugular catheter and VAP 
were examined daily.  Unscheduled detailed observations were made when 
necessary.
Ryanodex doses of 10 mg/kg/day produced signs of motor weakness and ataxia, the 
latter in females only, when compared with Dantrium IV at the same 10 mg/kg/day dose 
and vehicle control.  The sole clinical sign which appeared related to Dantrium IV was 
salivation.  Red skin appeared to be an effect of vehicle as it was seen in this group and 
all Ryanodex groups but not Dantrium.  At doses of Ryanodex greater than 10 
mg/kg/day increasing evidence of motor impairment/weakness/decreased activity/ataxia 
was noted.  At the 70 mg/kg/day dose yellow skin and vomiting was observed in a 
number of animals along with more severe clinical signs as detailed above.

Notable Clinical Signs (Combined scheduled and unscheduled observations over SD1-14†)
Males Females

Group# 1 5 2 3 4 1 5 2 3 4
Tx V D R R R V D R R R

Dose
(mg/kg/day)

0 10 10 30 70 0 10 10 30 70

activity 0 0    0 0 0  

limb function 0 0    0 0   

Muscular 
weakness 
post-dosing

 0    / 0   

Ataxia 0 0    0 0   

Salivation 0  0   0    
Emesis/Vomit 0 0 0 0  0 0 0 0 
Inappetence 0 0 0 0 0 0 0 0 0 
Prostration 0 0 0 0 0 0 0 0 0 
Yellow skin 0 0 0 0  0 0 0 0 
Red skin  0     0   
Eye 
discoloration, 
yellow

0 0 0 0 0 0 0 0 0 

Cold skin 0 0 0 0 0 0 0 0 0 
†, most 70 mg/kg/day animals were sacrificed by SD8
0, not observed or generally absent; , infrequently observed in 1 or 2 animals; , frequently observed in multiple 
animals

There were no apparent treatment-related incision site findings based on clinical 
examination other than that normally associated with surgical procedures.
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Body Weights

Baseline available and twice weekly during the study.  
Decreased body weight (3-7%) noted in females at 70 mg/kg/day compared to vehicle 
and a reduced body weight in males (2%) at 70 mg/kg/day relative to baseline.  Slight 
decreases in mean body weight Applicant’s figures below:

Food Consumption

Qualitative (not quantitative) determination twice daily.
No significant treatment-related effects.
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Ophthalmoscopy

Veterinary ophthalmologist conducted exams at baseline, prior to sacrifice (main 
study and recovery animals).  Both eyes examined using slit lamp and indirect 
ophthalmoscope.  They used a short-acting mydriatic solution to facilitate exams.
Several notable findings observed

Notable ophthalmologic findings†

Males Females
Group# 1 5 2 3 4 1 5 2 3 4

Tx V D R R R V D R R R
Dose

(mg/kg/day)
0 10 10 30 70 0 10 10 30 70

#examined 5 5 5 5 5 5 5 5 5 5
Conjunctivitis 1 3 3 4 2 0 1 1 2 1
Iritis 1 1 1 0 1
Ocular 
discharge

1 1 1

Injected 
sclera

1

†, most 70 mg/kg/day animals were sacrificed by SD8

Conjunctivitis observed primarily in dantrolene-treated animals (both Dantrium and 
Ryanodex).  Some observations at 14-day recovery in 30 mg/kg/day which appeared 
to be less intense than at end of treatment.  Iritis was characterized with a mild 
vasculitis at iris periphery per study report.

ECG

Pre-test, postdose (15 min for groups 1, 2, 3, 4; immediately after completing 
infusion in group 5) on SD2, surviving animals in Group 4 on SD9, remaining 
animals on SD13 and during final week of treatment-free period.  ECGs read by 
veterinary cardiologist.
No treatment-related ECG abnormalities noted on SD2.  On SD9 (70 mg/kg/day 
females) and SD13 evaluation (all other groups) QT and QTc values were shorter in 
females receiving 10 and 70 mg/kg/day Ryanodex, and QTc was shorter in 10 
mg/kg/day Dantrium IV females. The study report indicates the QT values for females 
on SD9 and 13 in the vehicle group may contribute.  

Applicant’s table, below:
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Notable ECG alterations (msec and %change from vehicle)
Males Females

Group# 1 5 2 3 4 1 5 2 3 4
Tx V D R R R V D R R R

Dose
(mg/kg/day)

0 10 10 30 70 0 10 10 30 70

SD2

QT n.s. -
-31

(-12%)
-12

(-5%)
-10

(-4%)
-8

(-3%)

QTc n.s. -
-29

(-10%)
-10

(-3%)
-3

(-1%)
+6

(+2%)
SD9/13

QT n.s. -
-19

(-7%)
-35

(-13%)*
-15

(-4%)
-46

(-17%)*

QTc n.s. -
-21

(-7%)*
-29

(-9%)*
-18

(-6%)
-34

(-11%)*

All recovery traces were rated as within normal limits.  The veterinary cardiologist 
considered the findings to be of no toxicologic significance due to small magnitude, 
absence of effects in males, and no clear dose-response.  

Clinical Pathology:

Fasting blood drawn at pre-test, surviving animals from group 4 on SD9, all other 
animals prior to terminal necropsy and all groups at recovery necropsy.  Minipigs 
in Group 4 which were euthanized in extremis had plasma samples obtained on 
SD9.  Urine samples obtained in all animals pretest, and surviving animals from 
Groups 1, 2, 3, and 5 prior to terminal necropsy.

1 mL blood samples were obtained from the right VAP for obtaining plasma 
concentrations of dantrolene and 5-hydroxydantrolene.  Animals euthanized in 
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extremis had plasma levels collected on SD7 for one female (70 mg/kg #4501 and 
on SD8 from another female (70 mg/kg #4505).  

Hematology

No significant treatment-related effects were clearly noted ≤ 30 mg/kg/day.  At 70 
mg/kg/day increased neutrophils were noted on SD7 while on SD9 in the surviving 3 
animals there were decreases in reticulocytes and lymphocytes.  These effects resolved 
by evaluation at SD14 except the single female remaining exhibited significant 
neutropenia.  Animals sacrificed moribund on SD9 had no significant hematologic 
perturbations.  

Decreases were observed in absolute reticulocyte levels in animals administered 
Ryanodex when compared to pretest values.  These changes appear to be attributable 
to the vehicle as similar decreases were observed in the control groups.  However, 
females given 10 mg/kg Dantrium exhibited steeper decreases than females given 
Ryanodex at the same dantrolene dose.  None of the changes were deemed statistically 
significant perhaps due to the high variability in baseline levels and the variability within 
groups indicated by the large standard deviations.   

Hematology (Reticulocytes)
Males Females

Group# 1 5 2 3 4 1 5 2 3 4
Tx V D R R R V D R R R

Dose
(mg/kg/day)

0 10 10 30 70 0 10 10 30 70

Reticulocytes
Absolute 

Pretest
Mean
(SD)

218 
(209)

168 
(74)

136 
(56)

222 
(111)

183 
(131)

298
(367)

146
(67)

88 
(100)

242 
(286)

104 
(78)

SD7

 pretest

69 
(38)

-68%

171
(113)
+2%

133 
(127)
-2%

165 
(106)
-26%

104
(119)
-43%

114 
(78)

-62%

89
(32)

-39%

64 
(40)

-27%

157
(83)

-35%

32
(25)

-69%
Terminal

 pretest

90 
(44)

-59%

170
(73)
+1%

122 
(154)
-10%

118 
(30)

-47%

NA 57 
(10)

-81%

96
(54)

-34%

92
(78)
+5%

68
(50)

-72%
NA

Note, most 70 mg/kg/day animals were sacrificed by SD8

No treatment-related coagulation effects were noted ≤ 30 mg/kg/day.  Fibrinogen levels 
were increased in SD7 animals at 70 mg/kg/day and in animals sacrificed moribund on 
SD9.  One male recovery animal demonstrated elevated fibrinogen levels while other 
recovery animals from this group did not.

Clinical Chemistry

There were no treatment-related effects observed in animals receiving Ryanodex ≤ 30 
mg/kg/day relative to vehicle-treated groups.  At 70 mg/kg/day, some evidence of mild 
(male) or moderate to severe (female) renal impairment was observed.  BUN, creatinine 
and phosphorus increases were observed on SD7 in 70 mg/kg/day females.  The report 
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notes that the single female euthanized on SD8 accounts for a significant portion of the 
mean divergence from the vehicle group.  Globulins and cholesterol were noted to be 
increased in this group generally.  Males receiving 70 mg/kg/day when evaluated on 
SD9 also appeared to have some increased BUN and mild to moderate reduction in 
sodium and chloride which appears to represent mild renal impairment.

Urinalysis

No treatment-related effects.

Terminal Procedures and Postmortem Evaluation
Euthanized by IM telazol (tiletamine/zolazepam), a combination of a veterinary 
dissociative anesthetic and benzodiazepine followed by sodium pentobarbital 
and exsanguination.  Standard post-mortem gross inspection of body cavities 
and tissue.  Tissues fixed in NBF except the eye and optic nerve and testes which 
were fixed in modified Davidson’s fixative.  Lung was fixed with tracheal infusion 
of formalin.  Sites for local administration (VAP surgical site and jugular vein 
including catheter tip + 1 cm on either side) obtained.  Standard handling of organ 
weights.  Tissues sectioned in paraffin and stained with hemotoxylin and eosin.  
Peer review of original histopathology determinations by a second board-certified 
veterinary pathologist.  
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Gross Pathology

No treatment-related macroscopic findings were noted in Ryanodex animals ≤ 30 
mg/kg/day.  In animals sacrificed early (70 mg/kg/day Ryanodex), principle findings 
were yellow discoloration of skin and visceral organs.

Organ Weights

Organ weight changes in thyroid gland and lung, while statistically significant, are not 
clearly treatment-related and are not toxicologically significant due to the lack of dose-
dependence, lack of concurrence between genders, and absence of microscopic 
correlate.  Recovery data also appeared unaffected by treatment.

Males Females
Group# 1 5 2 3 4 1 5 2 3 4

Tx V D R R R V D R R R
Dose

(mg/kg/day)
0 10 10 30 70 0 10 10 30 70

#examined 3 3 3 3 3 3 3 3
BW 12.32 12.13 11.93 12.05 13.17 12.80 12.50 12.62
Brain 57 57 53 58 54 55 59 56
Adrenal 1.11 1.30 1.21 1.37 1.29 1.26 1.36 1.36
Heart 62 64 62 60 56 57 57 58
Kidney 65 65 57 72 56 62 59 58
Liver 260 246 254 251 261 248 267 271
Lung (w/bron) 73 83 79 67 78 76 65*† 65*
Pituitary 0.093 0.103 0.086 0.178 0.102 0.103 0.109 0.086
Spleen 66 80 68 52 80 79 80 83
Testes 40 41 37 39
Ovaries 1.59 2.10 1.49 2.66
Thymus 12.9 22.4 16.1 15.5 17.8 18.6 22.1 19.0
Thyroid 1.11 0.96 1.24 0.97 0.99 0.98 1.08 0.99
Note, most 70 mg/kg/day animals were sacrificed by SD8, surviving animals were in recovery group
*, significantly different from 0 mg/kg/day (p<0.05)
†, significantly different from 10 mg/kg Dantrium IV (p<0.05)

Histopathology

Adequate Battery: Yes
Peer Review: Yes

There were no clear treatment-related histopathologic findings that were not the result 
of the catheterization procedure with the exception of two Ryanodex animals (one 10 
mg/kg/day animal evaluated at SD15 and one 70 mg/kg/day animal evaluated on SD7 
at pre-terminal sacrifice) which had foreign material within thrombi at catheter tip.  The 
study pathologist describes it in the following selected section from the pathologist 
report (verbatim, p.788):

At the dosing catheter implantation site (catheter tip), two Ryanodex®-dosed females (Animal 
numbers 4501 and 2502) had findings of foreign material within thrombi. This was characterized 
by clumps of golden-brown, refractile, approximately 10-100 μm in diameter aggregates of spike-
shaped crystals (individual crystal spicules approximately 2-4 μm wide x 5-50 μm long) that 
reflected brilliantly when exposed to polarized light. These crystals were seen within the central 
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space of thrombi and may represent some form of the test article. No similar crystals were seen in 
any other tissues in these or any other animals in this study.

No evidence for these foreign crystals were noted in recovery animals. Implantation 
sites were assessed at three levels (proximal, catheter tip, distal) and found sporadic 
incidences of edema, fibrosis, hypertrophy/hyperplasia, and hemorrhage.  These were 
not particularly dose-dependent or at high incidence and were observed frequently in 
vehicle and Dantrium IV treated animals.  Thrombus was slightly more often observed in 
Ryanodex-treated animals distal to the tip of the catheter in males but thrombi were 
noted in all groups. 

Males Females
Group 1 5 2 3 4 1 5 2 3 4

Tx V D R R R V D R R R
Dose

(mg/kg/day)
0 10 10 30 70 0 10 10 30 70

Various tissues WNL
†

WNL
‡

Implantation sites See excerpted tables below from study 
report

See excerpted tables below from study 
report

Kidneys
Arteritis, proliferative, 
minimal

0 0 0 0 1 0 0 1 0 1

Tubular degen/regen, 
minimal

1 0 2 0 2 1 1 2 0 0

Hemorrhage, minimal 0 0 0 0 1 0 0 1 0 1
Lymphocytic infiltration, 
minimal

1 1 0 1 2 0 2 0 0 0

Tubular dilation, minimal 0 0 0 0 0 0 0 0 0 1
†
, Within Normal Limits:  Adrenal, Aorta, Bone Marrow and Bone (rib, femur, sternum), Brain, Epididymides, 

Esophagus, Eyes, GALT, Large Heart, Intestine, Liver, Lymph node (mesenteric), sciatic nerve, pancreas, pituitary, 
salivary gland, seminal vesicles, skeletal muscle, skin, small intestine, stomach, thymus, thyroid gland, tongue, 
trachea, ureters, urinary bladder.  Other tissues no treatment-related findings. 

‡
, Within Normal Limits: Adrenal, Bone (femur, rib, sternum), brain, esophagus, optic nerves, gall bladder, heart, 

intestines, liver, mammary gland, sciatic nerve, oviducts, pancreas, pituitary gland, thyroid, trachea, ureters, urinary 
bladder, uterus with cervix, vagina.  Other tissues no treatment-related findings.

Sections of histopathology report reproduced below.  Note DOS (Died on Study) and 
SNC (Scheduled Necropsy) and in females, a larger DOS size.  Caution must be used 
when ascribing dose-dependence or other treatment-related effect considering the 
different durations on study prior to sacrifice in the HD group.

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

169

Reference ID: 3534003

BEST AVAILABLE COPY



NDA #205579 Ryanodex Reviewer: Jay H. Chang

170

Several of these animals had findings of minimal to moderate decreased cellularity of 
the bone marrow and generalized lymphoid depletion of the thymus and spleen 
suggestive of a non-specific stress response.
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Special Evaluation

N/A

Toxicokinetics

Dantrolene levels increased with dose, did not accumulate, and were not affected by 
gender.  Data in the following table is combined between males and females.  AUC 
exposures were similar between Ryanodex and Dantrium at equivalent total doses 
though Cmax was nearly double with Ryanodex administration.  This is not unexpected 
due to the rapid bolus administration relative to Dantrium.
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Dosing Solution Analysis

Acceptable

7 Genetic Toxicology

No genetic toxicology studies were conducted with Ryanodex. Rather, this NDA is 
relying on information contained in the Dantrium IV (NDA 18-264) label, which contains 
the following information regarding the genetic toxicity of dantrolene sodium.

Dantrolene sodium has produced positive results in the Ames S. Typhimurium 
bacterial mutagenesis assay in the presence and absence of a liver activating 
system.

8 Carcinogenicity

No carcinogenicity studies were conducted with Ryanodex. According to the Dantrium 
IV label:

Sprague-Dawley female rats fed Dantrium for 18 months at dosage levels of 15, 
30, and 60 mg/kg/day showed an increased incidence of benign and malignant 
mammary tumors compared with concurrent controls. At the highest dose level 

Dantrium
10 mkd

Ryanodex
10 mkd

Ryanodex
30 mkd

Ryanodex
70 mkd

Dantrolene (SD1)
AUC0-inf

(ng*h/mL)
36,800

± 6,040*
37,600
± 7,240

242,000
± 56,000

975,000
± 253,000

Cmax

(ng/mL)
9,600

± 1,780
17,500
± 2,560

52,600
± 7190

99,200
± 12,500

t1/2 (hr) 1.4 1.3 2.6 4.4
5-Hydroxydantrolene (SD1)

AUC
(ng*h/mL)

4,140
± nc

6,240
± 2190@

15,400
± 2510

66,600
± 34,300

Cmax

(ng/mL)
820

± 265
1070
± 457

2050
± 844

4470
± 2070

*, AUC0-24 used as 0-inf not calculated

Dantrium
10 mkd

Ryanodex
10 mkd

Ryanodex
30 mkd

Ryanodex
70 mkd

Dantrolene (SD14)
AUC0-inf

(ng*h/mL)
38,000

± 10,400
42,600

± 12,000
216,000
± 23,800

N/A

Cmax

(ng/mL)
11,700
± 2,380

22,100
± 6,000

64,500
± 13,900

N/A

t1/2 (hr) 1.21 1.22 2.10
5-Hydroxydantrolene (SD14)

AUC
(ng*h/mL)

5,470
± 1,260

7,010
± 2,190

24,200
± 4,720

N/A

Cmax

(ng/mL)
899

± 200
1,170
± 381

2,510
± 631

N/A

*, AUC0-24 used as 0-inf not calculated
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(approximately the same as the maximum recommended daily dose on a mg/m2 
basis), there was an increase in the incidence of benign hepatic lymphatic 
neoplasms. In a 30-month study in Sprague-Dawley rats fed dantrolene sodium, 
the highest dose level (approximately the same as the maximum recommended 
daily dose on a mg/m2 basis) produced a decrease in the time of onset of 
mammary neoplasms. Female rats at the highest dose level showed an 
increased incidence of hepatic lymphangiomas and hepatic angiosarcomas.

The only drug-related effect seen in a 30-month study in Fischer-344 rats was a 
dose-related reduction in the time of onset of mammary and testicular tumors. A 
24-month study in HaM/ICR mice revealed no evidence of carcinogenic activity.

The significance of carcinogenicity data relative to use of Dantrium in humans is 
unknown.

9 Reproductive and Developmental Toxicology

No reproductive and developmental toxicology studies were conducted with Ryanodex. 
The following information is contained in the Dantrium IV label:

Dantrolene sodium administered to male and female rats at dose levels up to 45 
mg/kg/day (approximately 1.4 times the maximum recommended daily dose on a 
mg/m2 basis) showed no adverse effects on fertility or general reproductive 
performance.

Pregnancy: Pregnancy Category C: Dantrium has been shown to be embryocidal 
in the rabbit and has been shown to decrease pup survival in the rat when given 
at doses seven times the human oral dose. There are no adequate and well-
controlled studies in pregnant women. Dantrium Intravenous should be used 
during pregnancy only if the potential benefit justifies the potential risk to the 
fetus.

As noted in Section 1.3.3 Labeling of this review, we are proposing that the Pregnancy 
Section of the Ryanodex label include language from the Dantrium capsule (NDA 17-
443) label, which was recently updated in 2012 with the approval of NDA 17-443 
Supplement-049.  The updated language states:

Pregnancy: Pregnancy Category C: Adequate animal reproduction studies have 
not been conducted with Dantrium. It is also not known whether Dantrium can 
cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Dantrium should be given to a pregnant woman only if 
clearly needed.

However, note that there will be further discussion prior to the Action date to determine 
whether this reviewer’s suggested language, which does not include additional data but 
rather is a re-evaluation of the original data, from Dantrium capsules can be used since 
it is not the listed drug.
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10 Special Toxicology Studies

Local Tolerance

Study title:  Acute Dose Local Toxicity of Dantrolene Sodium Suspension 
(Ryanodex) in Rabbits
(Note: this study was originally submitted with the opening of IND 105411 
(SDN16; 6/29/12) and reviewed at that time by Dr. Wasserman (review dated 
2/1/13).  His review is excerpted here with no changes)  

Key Study Findings

Rabbits were administered Ryanodex at concentrations of 50 mg/mL and 
Dantrium 0.33 mg/mL to opposite ears of the same animal using either the 
intravenous or perivenous route. Notably the volumes, total doses and rate of 
administration were inequivalent administered by the intravenous route though 
volumes were kept identical for the perivenous route.

 Moderate erythema noted with R>D; mild perivascular hemorrhage, 
inflammation and fibrin deposition observed only with the Ryanodex 
formulation. Also orange staining of ears only noted with Ryanodex.

 Perivenous administration of Ryanodex yielded yellow crystalloid material 
assumed to be test article with associated of mild acute perivascular 
inflammation

Mild local toxicity was observed with Ryanodex which was absent from Dantrium 
IV locations. The local toxicity is likely explained by the higher concentration of 
dantrolene in Ryanodex, higher dose administered, and/or higher rate of infusion.
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Study no.: 20008240
Study report location: eCTD 4.2.3.6

Conducting laboratory 
and location:

Date of study initiation: October 8, 2010
GLP compliance: Yes, except bioanalytical analysis was performed by 

Applicant subcontractor according to established 
SOPs, controls and approved test methodologies; 
also concentration, stability and homogeneity of test 
and control article formulations and comparator 
formulations were not determined.  CoA with this 
information is on file with manufacturer.  Comparator 
is a commercially marketed product.  CoA and 
stability data for control articles were provided.

QA statement: yes
Drug, lot #, and % 

purity:
Ryanodex Lot#B090299, 101.4% (exp 6/2011;  

)
Dantrium IV Lot#148674, 101.0% (exp 2/2013; JHP 
Pharmaceuticals)

Methods
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Doses: As above
Frequency of dosing: Single administration at each site

Route of administration: Intravenous or Perivenous
Dose volume: As above

Formulation/Vehicle: N/A
Species/Strain: NZW Rabbit ( )

Number/Sex/Group: 9 males/group
Age: 5 months

Weight: 3.2-3.5 kg
Satellite groups: N/A

Unique study design: Ryanodex administered to left marginal ear vein (slow 
bolus over 30 seconds) followed by a 5-min post-test 
article collected blood sample, then Dantrium IV 
administered to the right ear (slow infusion over 5 min).  
In Group 2 animals 

Deviation from study 
protocol:

No significant deviations

Observations and Results

There was no mortality and no clinical signs noted.  No changes in body weight or food 
consumption noted.  C5min values for dantrolene after Ryanodex administration were 
12,300 ng/mL and 206 ng/mL when given IV and perivenous, respectively.

Dermal Scoring

Animals examined at pre-dose, 1, 24, 48, and 72 hr post-dose according to the 
Macroscopic Dermal Grading System.

No significant local toxicity was noted based on macroscopic assessment.
Intravenous:  Observation at 1 hr post-dose did not reveal evidence of adverse local 
effects.  Grade 2 erythema appeared in both Ryanodex and Dantrium groups between 
24-72 hrs.

Perivenous:  Grade 1 erythema was noted at 1 hr after perivenous administration of 
Ryanodex but not Dantrium.  By 48 hr and lasting through 72 hr Grade 2 erythema was 
noted in both Ryanodex and Dantrium ears.  Orange staining (from test article) was 
noted with perivenous administration of Ryanodex. 

Gross Pathology

Infrequent evidence of perivascular hemorrhage and inflammation noted in both 
Ryanodex and Dantrium animals.  Perivenous administration provided most of the gross 
observations described.  Paleness of the left ear was noted and attributed to yellow 
pigmented or unpigmented crystalloid material with some evidence of acute 
inflammation per study report which was assumed to represent test article.
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Histopathology

Intravenous route
Acute sacrifice (SD1; 1 hr post administration)
Ryanodex administration was associated with minimal to mild perivascular hemorrhage
and inflammation with some fibrin deposition whereas this was not observed at the
Dantrium injection site.

24 hr post-administration (SD2)
Minimal hemorrhage and mild inflammation observed with Ryanodex as well as a single
incidence of mild ulceration. Dantrium administration also produced minimal to mild
hemorrhage and inflammation as well as fibrin deposition and mild ulceration at this
time-point.

72 hr post-administration (SD4)
One of 3 Ryanodex animals had an injection site within normal limits, otherwise mild
inflammation still observed and ulceration was minimal to mild in two animals. Dantrium
administration was associated with one animal within normal limits whereas minimal to
mild inflammation and minimal ulceration was observed in the remaining two animals.

Perivenous route
Acute sacrifice (SD1; 1 hr post-administration)
Hemorrhage and inflammation of minimal to mild severity was noted in several
Ryanodex-treated animals with yellow crystalloid material observed in all animals. The
pinna also was a site of hemorrhage and inflammation (minimal to mild) and yellow
crystalloid material. The parotid salivary gland was observed to have mild inflammation.
Perivenous administration of Dantrium was associated with lower incidence of findings
at the injection site though a single animal still had minimal hemorrhage and
inflammation but was without evidence of yellow crystalloid material. No findings
observed in the pinna or salivary gland.

24 hr post-administration (SD2)
Perivenous administration of Ryanodex was associated with continued evidence of
hemorrhage and inflammation and yellow crystalloid material. The pinna had
hemorrhage and perivascular inflammation with yellow crystalloid material present. A
single incidence of parotid lymph node inflammation of mild severity was observed.
Perivenous administration of Dantrium demonstrated a lower incidence of findings and
this was limited to a single incidence of mild hemorrhage. The pinna demonstrated no
evidence of local intolerance.

72-hr post-administration (SD4)
Ryanodex administration was associated with inflammation of mild to moderate severity
at this time-point. Yellow crystalloid material still present and mild ulceration was
present in a single animal. Greater evidence of local findings was noted in the pinna
which in addition to inflammation and yellow crystalloid material was a single incidence
of mild ulceration. Additional evidence of single incidence of crystaloid material
migration was observed in the parotid lymph node along mild inflammation. Perivenous
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administration of Dantrium did not provide evidence of toxicity or findings in the pinna or
parotid lymph node but inflammation, fibrin deposition, and ulceration – all mild – was
observed in a single animal.

Dosing Solution Analysis

Acceptable

Study title:  A Single Dose Local Toxicity Study of Ryanodex (Dantrolene 
Sodium Suspension) and Dantrium IV by Intra-Arterial Administration in 
Rabbits
(Note: this study was originally submitted with the opening of IND 105411 
(SDN16; 6/29/12) and reviewed at that time by Dr. Wasserman (review dated 
2/1/13).  His review is excerpted here with no changes)  

Key Study Findings

Ryanodex and Dantrium IV were administered once intra-arterially to opposing
ear arteries of rabbits at different doses, volumes, and concentrations. Animals
were examined at 1 hr, 24 hr, or 72 hr after dosing.

 Erythema and edema were observed, usually minimal to slight in severity
and were generally equivalent between Ryanodex and Dantrium.

 Orange stain at the injection site likely was reflective of dantrolene spillage 
from arterial injection site.

 Perivascular hemorrhage was noted in both Ryanodex and Dantrium IV
sites when evaluated microscopically. Yellow crystalloid material was
likely extravasated dantrolene/Ryanodex. Perivascular inflammation was
worse with Ryanodex. Findings notable through the 72 hr evaluation.
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Study no.: 20011556
Study report location: eCTD 4.2.3.6

Conducting laboratory 
and location:

Date of study 
initiation:

April 15, 2011

GLP compliance: Yes with exceptions:
 Characterization and stability testing of test article 

performed at a laboratory that follows GMP regulations
 Test article containing lyophilized product has a CoA from 

manufacturer and concentration, stability, and 
homogeneity data are on file as is expiration date

 Bioanalytical analysis performed by . 
using SOPs, controls and test methods but analyses not 
conducted in compliance with GLP but based on validated 
methods developed for dantrolene in minipig and canine

QA statement: Yes
Drug, lot #, and % 

purity:
Ryanodex Lot#B090299, 101.4% (exp 6/2011;  

)
Dantrium IV Lot#148674, 101.0% (exp 2/2013; JHP 
Pharmaceuticals)

Methods 

Applicant’s table below
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Doses: 7.5 mg/kg Ryanodex (48 mg/mL dantrolene sodium) or 
3 mg/kg  Dantrium IV (0.33 mg/mL dantrolene sodium)

Frequency of dosing: Once
Route of 

administration:
Intra-arterially (left ear – Ryanodex; right ear – Dantrium IV)

Dose volume: 0.15 mL/kg for Ryanodex, 10 mL/kg Dantrium
Formulation/Vehicle: No vehicle control; Ryanodex (containing Mannitol, 

Polysorbate 80, Povidone K12 along with 250 mg dantrolene) 
reconstituted in 5 mL SWFI.  Dantrium commercial product 
used with reconstitution in 60 mL SWFI.

Species/Strain: New Zealand White Rabbits ( )
Number/Sex/Group: 12 males/group

Age: 15 weeks
Weight: 3.1-3.4 kg

Satellite groups: N/A
Unique study design: No vehicle control, different volumes, different doses used for 

comparison, different infusion rates (Ryanodex 0.2 mL/min 
over 10-15 sec; Dantrium 6 mL/min over 5 min.  
Administration through right and left central medial ear artery 
on SD1.  Blood samples obtained 5 and 30 minutes post-
Ryanodex dose.  Animals received both test article and 
comparator. Elizabethan collars used.  Animals followed for 1 
hr, 24 hr or 72 hr postdose.  Tissue collected included the 
injection site and 2 cm and 4 cm proximal to injection site as 
well as any lesions or masses.

Deviation from study 
protocol:

No significant deviations.
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Observations and Results

Toxicokinetics

Mean dantrolene plasma concentrations at 5 and 30 min after Ryanodex were highly 
variable (range 114 ng/mL – 17,700 ng/mL) though very low values were only seen in 2 
animals.  Mean C5min = 8290 ± 5840 ng/mL, C30min = 4010 ± 2870 ng/mL

Mortality

One animal was euthanized (R3293) due to jugular hemorrhage developed during the 
initial blood collection procedure 5 min post-Ryanodex.  This was not test-article related.

Clinical Signs

No clinical signs were observed with Ryanodex.  Dantrium IV administration was 
associated with a single instance of wobbly gait which may be due to dantrolene but 
may also have been due to procedure (Elizabethan collar).

Body Weights and Food Consumption

No effects.

Dermal Observations

Total observations/animals affected
SD1-4

Severity Ryanodex 
7.5 mg/kg

(48 mg/mL)

Dantrium 
3 mg/kg

(0.33 mg/mL)

Erythema
Grade 0 10/8 6/6
Grade 1 10/7 12/7
Grade 2 5/4 7/6

Edema
Grade 0 13/6 12/7
Grade 1 11/7 11/8
Grade 2 1/1 2/2

Bruising (injection 
site)

- 20/11 22/11

Orange stain 
(injection site)

- 6/6 2/2
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Gross Pathology

Ryanodex ears demonstrated gross lesions that were either dark or pale in color.  Dark 
represented perivascular hemorrhage while pale discoloration was associated with an 
peri-arteriolar inflammatory lesion around the administered vessel.  Dantrium ears only 
demonstrated the dark lesions, indicating perivascular hemorrhage.

Histopathology

Day 1 (1 hr post dose)
3/5 animals were reported with yellow pigmented crystalloid material in the perivascular 
region of the left ear at the injection site in association with acute perivascular 
inflammation described as minimal or mild surrounding the foreign material (i.e. 
Ryanodex).  These animals had acute inflammation and perivascular hemorrhage in the 
right ear which received Dantrium as well.  

Day 2 (24 hr post dose)
Perivascular pigmented crystalloid material (i.e. Ryanodex) at injection site and 2 cm 
proximal associated with acute inflammation of moderate severity in 1/3 animals.  
Dantrium side had perivascular hemorrhage and edema.  Ears of remaining 2 animals 
at this sacrifice point were not distinguishable.

Day 4 (72 hr post dose)
Essentially the same findings as in previous days observed in 2/3 animals though 
crystalloid material was non-pigmented with acute inflammation of moderate severity on 
Ryanodex side, perivascular hemorrhage on Dantrium side.  Remaining animal had 
indistinguishable findings on the treated sides.

No evidence of rupture of ear artery that would lead to deposition of Ryanodex.  The 
study report states this is consistent with extravagation due to administration against a 
pressure gradient and backflow around the catheter as it enters the vessel.  This 
appears a reasonable explanation.

Dosing Solution Analysis

Acceptable

Study title:  Hemolytic Potential of Dantrolene Sodium Suspension (Ryanodex) in 
Human Whole Blood
(Note: this study was originally submitted with the opening of IND 105411 (SDN16; 
6/29/12) and reviewed at that time by Dr. Wasserman (review dated 2/1/13).  His review 
is excerpted here)  

Key Study Findings Ryanodex up to a 1:1 ratio of drug:whole blood was negative 
for hemolytic potential

Reference ID: 3534003



NDA #205579 Ryanodex Reviewer: Jay H. Chang

184

Study no.: 8236641
Study report location: eCTD 4.2.3.7.1

Conducting laboratory 
and location:

Date of study initiation: October 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % 

purity:
Study Report Table:

Methods

Ryanodex reconstituted by adding 5.0 mL of SWFI, USP w/o bacteriostatic agent 
to vial.  Drug product was agitated to ensure uniform suspension and then dose
of 0.006, 0.100, 0.300, or 1 mL was added to 1 mL of whole blood.  Vehicle was 
prepared separately under aseptic technique and added similarly.  Blood 
collected on the day of testing from fasting human and was utilized as either 
whole blood or plasma within 1.25 hr of collection.  Ryanodex, or vehicle, was 
mixed and allowed to incubate for approximately 30 minutes at 37C.

Dose justification for concentrations used was based on forearm venous blood 
flow rate of 3-30 mL/min (used 10 mL/min) and taking into account the expected 
administration rate.  Ryanodex was added “to deliver the equivalent of 2.5 mg 
dantrolene/kg BW to 80 kg individual in 25 seconds.  The lowest dose used in the 
study (0.006 Ryanodex:1 blood) was designed to be equivalent to the 
concentration of the Dantrium IV reference product (0.3 mg/mL).  The 1:1 ratio as 

Reference ID: 3534003

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) (4)

(b) 
(4)

(b) (4)



NDA #205579 Ryanodex Reviewer: Jay H. Chang

185

the high dose is predicted to be the maximum concentration at delivery site.
Final concentrations:  0, 0.3, 4.5, 11.5, and 25 mg/mL

Hemolysis considered to have occurred if hemoglobin in supernatant was ≥ 500 
mg/dL more than negative control which equates to 3-7% more red blood cell 
lysis.
Deviation from study 

protocol:
No documentation of gentle shaking prior to withdrawing 
drug; this appears to be a common deviation with other 
studies.  Though the study director considers this not to 
affect the interpretation of the study or compromise 
integrity of the study this seems an important procedure to 
document to ensure the adequacy of the study.  

Results

No evidence of hemolysis was observed up to a 1:1 Ryanodex:Blood ratio.
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Study title:  Ryanodex® – Extractable/Leachable Evaluation of Container 
Closure System
Key Study Findings
There is minimal concern regarding the safety of potential leachables arising 
from the container from Ryanodex use. 

Study no.: N/A
Study report location: eCTD 3.2-P.7 stopper-leachables-study-3-2-p-7-v4

Prepared by:

 

Date of study initiation: Unclear
GLP compliance: No

QA statement: No

The container closure system for Ryanodex is intended for single use and consists of a 
20 mL Type I glass vial, a  stopper, and a 
flip off seal as described in the Applicant’s table below.  

Note that the flip-off seal is not in contact with the drug product and therefore does not 
require evaluation for potential extractables and leachables.  

Stopper
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The stopper used for Ryanodex is made of the  rubber 
formulation from .  The manufacturer’s product specification, which was included 
with the NDA, noted that this formulation has a low content of leachable ions and 
organic compounds, is suitable for  and is appropriate for use in 
lyophilized products.  Additionally, it noted that the stopper does not contain  

The NDA also included a document entitled “Extractables of Rubber Stoppers –  
Formulation” from the manufacturer that evaluated the extractable profile of their 

 rubber formulation.  The table below shows potential extractable substances 
and their origin as well as the methods used to detect them.  

According to this document, the extractables evaluation was conducted according to 
USP 31 <381> USP Elastomeric Closures for Injections, which the FDA Guidance for 
Industry on Container Closure Systems for Packaging Human Drugs and Biologics 
indicates is typically considered sufficient evidence of material safety for many 
injectable and ophthalmic drug products. This approach employed a wide variety of 
solvents including water at high and low pH and organic solvents such as isopropanol 
and 20% ethanol.  Note that water at pH 10 approximates the pH of the reconstituted 
drug product (pH 10 ) and therefore this reviewer’s evaluation will focus on results from 
extractions under those conditions primarily.

Details of the experimental conditions of the extraction and analytical methods are 
excerpted below.  Note that  the stoppers 
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The Applicant’s table below demonstrates that across a wide range of solvent types, the 
test results from USP 31 <381> are quite similar and indicative of low levels of 
extractables, particularly with regard to .
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Extracted compounds detected by the Inducted Coupled Plasma (ICP) method and their 
measured concentrations are shown in the Applicant’s Table 5 below.  For the Water at 
pH extraction only  were detected.

Extracted compounds detected by Infrared (IR), HPLC, GC/MS, and Electron 
microprobe are shown in Table 6 below. The only compounds identified from the Water 
pH 10 extraction were  from IR 
detection.  However, note that extracted concentrations were not provided.
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Potential total daily exposures (TDEs) for potential leachables were calculated (see 
table below) using the following equation based on a worst case scenario in which 
100% of the Water pH 10 extracted compounds leach into the drug product and are 
subsequently exposed to patients.  Note that measured values represent the difference 
between the sample and the appropriate blank.

The potential TDEs for the Water pH 10 extractables were very low with no values 
exceeding  per day and most below  per day.  These are all within the 
qualification threshold of 5 µg/day recommended by the Product Quality Research 
Institute (PQRI) Leachables and Extractables Working Group.
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Estimated Maximum Total Daily Exposure to identified Extractables 

IR identified  were also 
found though no concentrations were provided. IR is a highly sensitive method in which 
even a small amount of a compound can be identified or classified based on its 
absorbance characteristics, so it is likely that the levels of these compounds are 
extremely low, and the HPLC and GC/MS results support this.  Moreover  

 is an inactive ingredient listed in the FDA Inactive Ingredient Database (IID) 
with a maximum level of mg for the oral route and  is listed in the IID for 
multiple routes of administration including the IV route.  Importantly, Ryanodex is stored 
as a dry lyophilized suspension.  Consistent with solid oral dosage products, we have 
minimal concern for potential leaching of container closure system components into the 
Ryanodex drug product during its shelf-life.  At the time of use, Ryanodex is 
reconstituted with Sterile Water for Injection (SWI) and may only be stored for up to 6 
hours at room temperature.  The short in-use period reduces our concern for leaching 
especially as it is unlikely that the vial would be upside down after reconstitution just 
prior to use.  Moreover, proposed  rubber stopper manufactured by  
(DMF  and ) is currently used in approved parenteral products, both 
solutions and lyophilized powder for injections.  Taken together, there is minimal 
concern regarding the safety of potential leachables arising from the container from 
Ryanodex use. 
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Study title:  Ryanodex® (dantrolene sodium) Suspension for Injection: 
Assessment of  in Reconstituted Suspension
Key Study Findings
The purpose of this evaluation was to assess the levels of  from the 
container system (in particular the glass vial) that might leach into the 
reconstituted Ryanodex suspension after the 6 hour in-use period after 
reconstitution with Sterile Water for Injection. 
 The level of  leachables arising from the Ryanodex container system upon 

6 hours after reconstitution with water do not represent a safety issue in the 
opinion of this reviewer as it is a small fraction of the normal range in healthy 
adult plasma and orders of magnitude lower than the amount in the normal 
human diet.  

Study no.: ETR018
Study report location: eCTD 3.2-P.8 etr018 document

Prepared by: Eagle Pharmaceuticals, Inc.
Date study signed: 10/17/13

GLP compliance: No
QA statement: No

Methods

Four vials each of registration lots, B090440 and B090441 that were past the two year 
shelf life and four vials of clinical lot B120167 were used in the study. The vials were 
submitted to  for testing. The vials were 
reconstituted with 5.0 mL of distilled, deionized water. As a control, two vials were 
sampled immediately following reconstitution (t=0, Lot B090440 only). Two vials of each 
lot were sampled after storing inverted at controlled room temperature for 6 hours. All 
samples were assayed via an ICP/OES method for analysis. The Quantitation Limit 
Verification (QLV) value for the method was  mg/L (ppm).

Results

The maximum concentration of  identified in Ryanodex suspension samples was
ppm for all samples. The level of  did not change over 6 hours after reconstitution.  
Based on the maximum dose of Ryanodex suspension of 10 mg/kg (per label dosing 
instructions for dantrolene sodium as indicated for the treatment of Malignant 
Hyperthermia) and a 60 kg patient, which equates to a total dose of 600 mg dantrolene 
sodium (equivalent to a Ryanodex dose volume of 12 mL), the maximum total daily 
exposure to  exposure is  (i.e.  of 12mL).  

To justify the safety of at these levels, the Applicant cited information from the 
published literature that showed that the typical ‘normal healthy adult subject’ reference 
range for in human plasma is approximately 100 to 200 μg/L, whereas  levels in 
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subjects with renal insufficiency/failure frequently exceed 1000 μg/L with values as high 
as 5000 μg/L having been reported5,6.  Based on a typical blood volume of
5L, the average range of  in human plasma would be 0.5 to 1 mg.  A search by this 
reviewer through the published literature identified reports that estimated the level of 

 in the human diet at approximately 10 mg/day in the North American diet, 31 
mg/day in the British diet, and 41 mg/day in the Japanese diet7.  Notably, an article by 

 reported that  levels at mg/L levels were detected in 
numerous parenteral commercial products in glass vials including sodium bicarbonate, 
sodium phosphate, sodium acetate, calcium gluconate to name a few8.  Taken together, 
the level of  leachables arising from the Ryanodex container system upon 6 hours 
after reconstitution with water do not represent a safety issue in the opinion of this 
reviewer as it is a small fraction of the normal range in healthy adult plasma, orders of 
magnitude lower than the amount in the normal human diet, and well within level 
reported to be found in approved parenteral products.  

11 Integrated Summary and Safety Evaluation

See Executive Summary

12 Appendix/Attachments

N/A
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