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1 Executive Summary
This is an amended (full) review incorporating internal feedback received 

following submission of the original review to DARRTS on 6-8-2016. Edits were made to 
Section 1.1 (Introduction) and Section 11 (Integrated Summary). 

1.1 Introduction
 is a combination product that contains fluorescein sodium 0.25%, a 

diagnostic dye, and benoxinate hydrochloride 0.4%, a topical anesthetic. This 
combination is intended for ophthalmic procedures requiring a disclosing agent in 
combination with an anesthetic. Both fluorescein and benoxinate as single active 
ingredient products have a very long history of safe and effective use. The intended 
combination product has been marketed by the applicant, Altaire Pharmaceuticals, Inc. 
(Altaire), since 2005 without an approved application. In addition, several fluorescein 
sodium 0.25% and benoxinate hydrochloride 0.4% combination products are currently 
marketed without prior FDA approval by other pharmaceutical companies. According to 
the sponsor, products such as these have been in the market since 1995. 

Altaire is seeking approval of this product through submission of a 505(b)(2) NDA 
that relies on the published literature. No new nonclinical studies were conducted to 
support approval of this NDA. No listed drugs were included in Item 20 of Form 356h.

1.2 Brief Discussion of Nonclinical Findings
No original nonclinical studies were submitted to support the safety of the 

combination. The nonclinical support is based on published literature for each individual 
active component. Given the existent clinical experience with both fluorescein sodium 
0.25% and benoxinate hydrochloride 0.4% used individually or in combination at the 
intended dose regimen, and the use of common inactive ingredients in the clinical 
formulation, there are no specific nonclinical concerns regarding the approval of this 
NDA.

1.3 Recommendations
1.3.1 Approvability

Approval is recommended.
1.3.2 Additional Non Clinical Recommendations

None
1.3.3 Labeling

Reference ID: 3950402
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2 Drug Information
2.1 Drug

The drug product is a combination of Fluorescein Sodium 0.25% and Benoxinate 
Hydrochloride Ophthalmic 0.4%.

Benoxinate 
hydrochloride 

(oxybuprocaine 
hydrochloride)

Fluorescein

CAS Registry Number

Generic Name Benoxinate 
hydrochloride

Fluorescein

Chemical Name 2-(Diethylamino)ethyl 4-
amino-3-
butoxybenzoate 
hydrochloride

9-(o-carboxyphenyl)-6-
hydroxy-3H-xanthen-3-one

3',6'-dihydroxyfluoran

3',6'-fluorandiol

9-(o-carboxyphenyl)-6-
hydroxy-3-isoxanthenone

3',6'-dihydroxyspiro[iso-
benzofuran-1 (3 H),9' -[9H 
(xanthen)]-3-one

Molecular Formula C17H28N2O3HCI

Molecular Weight 344.88
Structure or Biochemical 
Description

Reference ID: 3950402
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Pharmacologic Class
Fluorescein sodium is categorized as a “diagnostic dye” in the FDA Established 
Pharmacologic Class (EPC) Database. However, based on the intended indication, 
the clinical team recommends the use of “disclosing agent” for the pharmacological 
class. 
Benoxinate hydrochloride has no EPC. Structurally, it is similar to tetracaine and has 
an ester group. Therefore, the nonclinical team recommends the use of “local ester 
anesthetic”. 

2.2 Relevant INDs, NDAs, BLAs and DMFs
No listed drugs were provided in Item 20 of Form 356h and no original nonclinical 

studies were conducted to support this application; the applicant relies upon published 
nonclinical literature to support this application. This reviewer has identified the following 
related NDAs:  

 NDA 21-980 (Alcon’s Fluorescite®; Fluorescein injection 10%; approved 
March 2006) – Intravenous use for diagnostic fluorescein angiography or 
angioscopy of the retina and iris vasculature

 NDA 22-186 (Akorn’s AK-Fluor 10% or 25%; Fluorescein injection 10% and 
25%; approved August 2008) - Intravenous use for diagnostic fluorescein 
angiography or angioscopy of the fundus and iris vasculature.

The following DMFs were listed in Item 30 of Form 356h: 

Reference ID: 3950402
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 Because fluorescein sodium is highly water-soluble, it cannot pass through, or be 
topically absorbed by lipid membranes, but it can pass between cells into 
extravascular spaces.

Benoxinate Hydrochloride3, 4

 Local (topical) anesthetics can be absorbed through mucous membranes and 
through damaged skin.

 Benoxinate hydrochloride in humans after administration of a single oral dose 
(100 mg) is almost completely absorbed and rapidly excreted in the urine (92.1% 
of dose in 9 hours).

 Nine metabolites and unchanged drug were isolated from the urine and identified 
by comparison of TLC, GC, and GC-MS with authentic compounds.

 Any metabolites reflecting initial loss of the butyl side chain of benoxinate could 
not be detected. This suggests that the ester portion is metabolized more rapidly 
than the O-butyl side chain. 

 3-Butoxy-4-aminobenzoic acid, the hydrolyzed product of benoxinate, was 
primarily excreted (70–90% of dose) as the glucuronide together with a trace of 
the glycine conjugate (0.35% of dose).

 In addition, 3-butoxy-4-acetylaminobenzoic acid, 3-hydroxy-4-aminobenzoic acid, 
and 3-hydroxy-4-acetylaminobenzoic acid were identified, the latter two being 
detected partly as the glucuronides (1.20 and 1.43% of dose, respectively).

6 General Toxicology
6.1 Single-Dose Toxicity

Ocular Toxicity:

Fluorescein sodium:

The sponsor indicated that no ocular toxicity studies were available for review 
from the published literature. However, topical fluorescein sodium is routinely used in 
nonclinical protocols for assessing ocular damage in slit lamp examinations.  To this 
reviewer’s knowledge, topical fluorescein concentrations generally range between 0.5% 
to 2% in nonclinical diagnostic protocols5, 6. 

3 MINIMS Oxybuprocaine Product Information 
   https://gp2u.com.au/static/pdf/O/OXYBUPROCAINE_MINIMS-PI.pdf
4 Kasuya F, Igarashi K, Fukui M (1987): Metabolism of benoxinate in humans. J Pharm Sci 76: 303–305.
5 Gelatt, Kirk N. Essentials of Veterinary Ophthalmology. 2nd ed. Ames: Wiley-Blackwell, 2008 (p. 17) 
6 Crispin, Sheila M. Notes on Veterinary Ophthalmology. Ames: Blackwell Science Ltd, 2005 (p. 335)
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In vitro studies using corneal epithelial cell from New Zealand White rabbits 
showed that a one minute exposure to 10% solution of fluorescein sodium did not 
induce cytotoxicity7.

Benoxinate Hydrochloride:

Brewitt H et al8 - A single application of a 1-cm long strip of benoxinate hydrochloride 
0.2% ointment in the lower conjunctival sac in rabbits led to damage of the corneal 
epithelium assessed postmortem using a scanning electron microscope (SEM). 
Changes included total loss of the regular microstructure and pore formation in the outer 
plasma membrane. Repeated installation (3x) was associated with more severe 
damage of the corneal epithelium. These results with an ointment-based formulation 
were considered likely more exaggerated relative to that noted with a solution 
application.

Kalin P et al9 - Repeated installation of benoxinate hydrochloride 0.4% (1 μL; 0.08 M) to 
the ocular tissue of mice 4x/day (2.5 hr intervals) for 3 days and once on the 4th day was 
associated with a 10% cornea surface damage as assessed using fluorescein solution 
(4 µL; 0.1%).

Sandalon S and Ofri R10  - Ocular instillation of a single drop of 0.4% benoxinate 
hydrochloride was not found to adversely affect the full-field and pattern 
electroretinogram recordings in adult Lewis rats. 

Systemic Toxicity:

Fluorescein sodium:

Yankell SL and Loux JJ11: - The acute oral LD50 of fluorescein sodium was 4738 ± 1.23 
mg/kg in male CF1 mice and 6721 ± 1.26 mg/kg in female CD rats. The predominant 

7 Chang YS, Tseng SY, Tseng SH, Chen YT, Hsiao JH (2005): Comparison of dyes for cataract surgery. 
Part 1: cytotoxicity to corneal endothelial cells in a rabbit model. J Cataract Refract Surg. 31: 792 – 798.

8 Brewitt H, Bonatz E, and Honegger H (1980): Morphological changes of the corneal epithelium after 
application of topical anaesthetic ointments. Ophthalmologica 180: 198 – 206.

9 Kalin P, Mayer JM, and Etter JC (1996): Determination of the influence of preservatives on the irritation 
potential of a local anesthetic on the murine cornea. Eur J Pharm Biopharm 42: 402 – 404.

10 Sandalon S and Ofri R (2009): The effect of topical anesthesia on the rat electroretinogram. Doc 
Ophthalmol. 118: 101 – 108.
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clinical finding in mice and rats at these high doses was CNS depression (irritability, 
decreased spontaneous motor activity, ataxia, decreased rate of respiration, and 
piloerection).

McDonald et al 12- The intravenous LD50 value for fluorescein sodium was 
approximately 1000 mg/kg in mice, rats, and dogs.

O’goshi K and Serup J13 - The intravenous LD50 for mice is 2,200 mg/kg, 600 mg/kg for 
rats, and 300 mg/kg for rabbits.

Alford R et al14  - The oral and intravenous LD50 for rabbits was 2,200 mg/kg and 300 
mg/kg, respectively. 

Benoxinate Hydrochloride:

The acute toxicity (LD50) values following a single dose of benoxinate 
hydrochloride are shown in the following table15 (excerpted from the NDA):

Table 2: Acute Toxicity (LD50) Values for Benoxinate Hydrochloride

Hung CH et al16 - In a single dose study using rats, intravenous infusion of benoxinate 
hydrochloride (6.67 μmol/kg/min) was associated with seizures, respiratory arrest, 
decreases in heart rate and blood pressure, and impending mortality. The onset for 

11 Yankell SL and Loux JJ (1977): Acute toxicity testing of erythrosine and sodium fluorescein in mice and 
rats. J Periodontology 48: 228 – 231.

12 McDonald T, Kasten K, Hervey R, et al. (1974): Acute and subacute toxicity evaluation of intravenous 
sodium fluorescein in mice, rats and dogs. Toxicology Applied Pharmacology 29: 97-98 (abstract # 57)

13 O’goshi K and Serup J (2006): Safety of sodium fluorescein for in vivo study of skin. Skin Res 
Technology 12: 155 – 161.

14 Alford R, Simpson HM, Duberman J, Hill GC, Ogawa M, Regino C, Kobayashi H, and Choyke PL 
(2009): Toxicity of organic fluorophores used in molecular imaging: literature review. Mol Imaging 8: 
341–354

15 NLM TOXNET Database ChemIDplus; http://chem.sis.nlm.nih.gov/chemidplus/rn/5987-82-6
16 Hung CH, Lui KS, Shao DZ, Cheng KI, Chen YC, and Chen YW (2010): The systemic toxicity of 

equipotent proxymetacaine, oxybuprocaine, and bupivacaine during continuous intravenous infusion in 
rats. Anesth Analg 110: 238 – 242.
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these adverse effects was longer relative to equipotent doses of the comparative 
anesthetic agents, proxymetacaine and bupivacaine.

6.2 Repeat-Dose Toxicity

Systemic Toxicity:

Fluorescein sodium:

McDonald et al6 - In albino rats (16/group) receiving 0, 20, 100, and 400 mg/kg (0, 120, 
600, 2400 mg/m2) intravenously every 3 days for 28 days, the only findings of note were 
increased hemoglobin and hematocrit values at the highest dose. There were no clinical 
signs or other clinical or microscopy pathology findings.

In dogs (8/group) receiving 0, 20, 100, and 400 mg/kg (0, 400, 2000, 8000 
mg/m2) intravenously every 2 days for 28 days, clinical signs were limited to emesis 
(≥20 mg/kg groups) and salivation (≥100 mg/kg groups). There were 3 deaths in the 400 
mg/kg group. Clinical pathology findings were limited to increases in liver enzymes 
(ALAT and/or ASAT) in the 100 and/or 400 mg/kg groups. However, no histopathology 
correlates were reported.

Benoxinate Hydrochloride:

The sponsor indicated that no repeated dose toxicity studies were available for 
review.

7 Genetic Toxicology

Fluorescein sodium:

The sponsor summarized the results of genotoxicity testing of fluorescein sodium 
under the auspices of the National Toxicology Program17 (Table 3). 

17 http://ntp.niehs.nih.gov/testing/status/agents/ts-10624-x.html#Toxicity-Effects-HSDB-
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Table 3: Summary of Published (non-GLP) Genotoxicity Studies for Fluorescein 
Sodium

Assay Test system Dose Results
Bacterial mutagenicity Salmonella strains

TA97,TA98,TA100,
TA1535,andTA153718

Salmonella strains
TA100, TA1535, 
TA1537, and TA9819

Not specified

0, 10, 35, 100, 333, 
1000, 3335, and 1000 
µg/plate

Negative

Negative

In vivo micronuclei20 Mice Initial test: 0, 500, and 
1000 mg/kg IP for 3 
consecutive days; mice 
euthanized 24 hours 
after the 3rd treatment

Repeat test: Single dose 
of 1500 mg/kg IP

Negative

In vitro chromosomal 
aberrations21

Chinese hamster ovary 
cells

Without metabolic 
activation

0, 49, 150 and 499 
µg/mL 

With metabolic 
activation 

0, 500, 1500, and 
5000 µg/mL 

Negative

Sister chromatid exchange21 Chinese hamster ovary 
cells

Without metabolic 
activation: 

0, 5, 15, and 50 µg/mL
0, 75, 99, and 160 
µg/mL

With metabolic 
activation

0, 150, 501, and 1500  
µg/mL 
0, 134, 267, 446, and 
668 µg/mL  

Weakly positive 
at 160 µg/mL 
without 
metabolic 
activation

Positive at ≥134 
µg/mL with 
metabolic 
activation

Mouse lymphoma22 L5178Y mouse Without metabolic Positive without 

18 Tennant RW, Stasiewicz S, and Spalding JW (1986): Comparison of multiple parameters of rodent 
carcinogenicity and in vitro genetic toxicity. Environ Mutagen 8: 205 – 227

19 Mortelmans K, Haworth S, Lawlor T, Speck W, Tainer B, and Zeiger E (1986) Salmonella mutagenicity 
tests. 2. Results from the testing of 270 chemicals. Environ Mutagen 8 (Suppl 7): 1 – 119.

20 Shelby M, Erexson G, Hook G, and Tice R (1993): Evaluation of a three-exposure mouse bone marrow 
micronucleus protocol: Results with 49 chemicals. Enviro Mol Mutagen 21: 160 – 179.

21 Loveday KS, Anderson BE, Resnick MA, and Zeiger E (1990): Chromosome aberration and sister 
chromatid exchange tests in Chinese hamster ovary cells in vitro. V. Results with 46 chemicals. 
Environ Mol Mutagen 16: 272 – 303.
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lymphoma cells activation: 
0, 250, 500, 1000, 
2000, and 3000 µg/mL
0, 50, 100, 200, 300, 
400, 600, and 800 
µg/mL
0, 200, 400, 500, 600, 
800, and 1000 µg/mL

 
With metabolic 
activation

0, 31.3, 62.5, 125, 
250, and 500 µg/mL

metabolic 
activation at 
≥200 µg/mL   

Negative

Drosophila mutagenicity23

 Sex-Linked recessive lethal 

Drosophila
melanogaster

50,000 ppm (feeding)
10,000 ppm (injection)

Negative

Benoxinate Hydrochloride:

The sponsor indicated that no genotoxicity studies were available for review for 
benoxinate hydrochloride. 

Given the intended single-day use and long history of clinical use (>40 years), 
genotoxicity is not a significant concern for the sought indications.  These non-GLP data 
will not be included in the labeling.  Similarly, genotoxicity data were not included in the 
approved labels for Fluorescite (10% Intravenous Injection) and AK-Fluor(10% or 
25% Intravenous Injection). 

8 Carcinogenicity
As noted by the applicant, a study was conducted by the NTP in mice and rats 

administered fluorescein in the drinking water at levels of 0.25% - 1.0% for 2 years, and 
there was no evidence of carcinogenicity24. However, the study was considered 
inadequate and no technical report was prepared25. 

The applicant indicated that no carcinogenicity studies were available for review 
for benoxinate hydrochloride.

22 Myhr B and Caspary W (1991): Chemical mutagenesis at the thymidine kinase locus in C5178Y mouse 
lymphoma Cells: Results for 31 coded compounds in the National Toxicology Program. Environ Molec 
Mutagen 18: 51 – 83.

23 Valencia R, Mason JM, Woodruff RC, and Zimmering S (1985): Chemical mutagenesis testing in 
drosophila. III. Results of 48 coded compounds tested for the national toxicology program. Environ 
Mutagen 7: 325 – 348.

24 Burnett CM and Goldenthal EI (1986): The teratogenic potential in rats and rabbits of D & C Yellow No. 
8. Fd Chem Toxic 24: 819 – 823.

25 http://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/tr200299/abstracts/tr265/index.html
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9 Reproductive and Developmental Toxicology
The sponsor submitted the following studies available in the public domain. 

These studies were conducted in the 1970s or 1980s and do not meet current 
regulatory standards specified in ICH S5A guidance (e.g., animal number, dosing 
schedule, and/or parameters evaluated). The study by Burnett and Goldenthal included 
evaluation of most parameters recommended in the ICH S5A guidance; however, the 
lack of availability of the full study report and lack of GLP compliance precludes 
adequate regulatory risk assessment. 

Fluorescein sodium:

Burnett and Goldenthal18 - An aqueous solution of the dye was administered by 
gavage to groups of Sprague-Dawley rats at doses of 100, 500 and 1500 mg/kg 
(25/group) on gestation days (GD) 6-19 and to groups of Dutch Belted rabbits at doses 
of 30, 100 and 250 mg/kg (14/group) on GD 6-27. Control animals were treated with 
water. The rats and rabbits were sacrificed on GD 20 and GD 28, respectively. The 
fetuses examined for external, visceral, and skeletal malformations. 
 

Six rats in the high-dose group (1500 mg/kg) died during the dosing period. 
Orange discoloration of the urine was noted in all treated rats during the treatment 
period. At autopsy, green discoloration of the amniotic fluid was noted in 1, 10 and 16 
rats in the 100, 500 and 1500 mg/kg/day groups, respectively, and the small intestines 
were green in color in many rats in the high-dose group. There were slight reductions in 
mean maternal body weights (≤6.5%) and body-weight gains (≤11%) in the high-dose 
group throughout the dosing period.  A slight increase in the number of litters with 
unossified sternebrae (no. 1-6) and rudimentary 14th rib(s) was noted in the high-dose 
group; however, the authors claimed the values fell within the ranges of historical 
control range.  The authors concluded that there were no biologically meaningful or 
statistical significant differences indicating a test article-related effect on fetal 
development.  

One rabbit in the high-dose group aborted on GD28. It is not clear if this was a 
spontaneous finding or test article related. Green discoloration of the urine was noted in 
all test article-treated rabbits between GD 7 and 28. No other finding considered test 
article-related was observed. 

The authors concluded fluorescein showed no teratogenic potential in rats or 
rabbits in this study. 

Shirai and Majima26 - This is a publication in Japanese with only the abstract in 
English. Therefore, the entire article could not be reviewed. Pregnant ddN mice were 
administered 500 mg/kg of fluorescein sodium 5% once or twice (1 hour apart) or 10% 
once intravenously on GD 7. Similar groups received saline and served as controls. The 

26 Shirai S and Majima A (1975): Effects of fluorescein-Na injected to mother mice on the embryo. Folia 
Ophthal Japon 26: 132 – 137.
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mice were sacrificed on GD 18 and the fetuses examined for external, visceral and 
skeletal malformations. The authors concluded there was no evidence of teratogenic 
effects.

Salem et al27 - In a teratology study using pregnant albino CD rats (n = 4/group), 5 
mL/kg of fluorescein sodium 10% (equivalent to 500 mg/kg) was administered 
intravenously on GD 1, 6, 12, or 18. Control rats were similarly injected with sterile water 
at each time interval.  Pups were visually examined for overt deformities; body length 
and weight were also measured. In separate groups, the distribution of fluorescein 
sodium to the placenta and the evaluation of fluorescein sodium retention time in the 
fetus were measured.  

Main results: 

 Fluorescein sodium distributed throughout the amniotic fluid and the external and 
internal structures of the fetuses within 15 minutes after injection. Therefore, 
fluorescein sodium freely crossed the placental barrier. 

 Fluorescein sodium was observed in the fetuses for up to 4 hours after injection. 
No fluorescein was present at 24 and 48 hours after injection. 

 The intravenous administration of a single dose of sodium fluorescein to 
pregnant rats at GD 1, 6, 12 or 18 did not show a teratogenic effect based on 
lack of overt fetal deformities at birth, and lack of effects on fetal body lengths 
and fetal body weights.

 A non-statistical significant decrease in the number of pups/litter was observed in 
dams treated on GD1 or GD6 compared to controls (8.3 ± 1.3 vs. 11.5 ± 1.0 in 
controls on GD 1; 7.8 ± 2.4 vs. 11.3 ± 0.5 in controls on GD 6).  The toxicological 
relevance of this finding is unclear.  

Fujii O et al28 - This citation refers to a preliminary study presented as an abstract.  
Fluorescein sodium was administered intravenously to rats on GD 12, 14, 16, 18 or 20. 
The concentration of fluorescein was measured from 5 to 12 hours post injection in 
maternal blood, fetus, and amniotic fluid. Fluorescein readily crossed the placenta and 
was present in the fetus within 5 minutes. The peak fluorescein level was observed at 
15 minutes on GD 12, 14, and 16 and at 60 min on GD 18 and 20. Fetal levels of 
fluorescein per gram tissue increased with advance stage of gestation. The peak level 
of fluorescein in amniotic fluid was seen later than in the fetus. 

27 Salem H, Loux JJ, Smith S, and Nichols CW (1979): Evaluation of the toxicologic and teratogenic 
potentials of sodium fluorescein in the rat. Toxicology 12: 143 – 150.

28 Fujii O, Ikeda Y, and Sukegawa J (1979): Placental transfer of fluorescein in the rat. Teratology 20: 
172.

Reference ID: 3950402

(b) (4)



NDA # 208582                                                            Reviewer: María I. Rivera, PhD

20

McEnerney JK et al29 - In a teratology study in New Zealand White rabbits, 1.4 mL of 
fluorescein sodium (10%) was administered to presumed pregnant females on GD 5, 6, 
and 8 (first trimester of gestation phase of the study; 15 rabbits in the test article-treated 
group and 4 rabbits in saline controls) or GD 13, 15 and 16 (second trimester of 
gestation phase of the study; 15 rabbits in the test article-treated group and 3 rabbits in 
saline controls). Pups were observed for 4 weeks for the delayed appearance of birth 
defects, based on external and visceral gross examinations at the end of the 
observation period. 

Main results: 

First trimester of gestation - Nineteen percent of the live-born offspring (14 out of 75) 
died during the 4-week observation period. The 14 offspring were from 4 mothers. 
According to the authors, the deaths were attributed to neglectful mothering. The dead 
offspring had no demonstrable pathology upon gross examination. The remainder of the 
75 live-born demonstrated no delayed onset of birth defects. None of the control 
offspring (18 live-born from 3 mothers) died. 

Second trimester of gestation – Forty-four percent of the live-born offspring (48 out of 
108) died during the 4-week observation period. The cause of death was also attributed 
to neglectful mothering. None of the 48 offspring that died demonstrated any pathology 
upon gross examination. The remainder live-born offspring were kept alive for 4 weeks 
or 3 months and no evidence of delayed onset of birth defects was observed. In 
controls, 65% (10 out of 16) live-born offspring died during the 4-week observation 
period, also considered secondary to neglectful mothering. 

The authors concluded that there was no evidence of treatment-related embryo-
fetal or neonatal effects.

The author’s conclusion that all offspring deaths in both segments of this study 
were due to “neglectful mothering” is not supported by the data, due to incomplete 
endpoint analysis, per regulatory standards. The lack of observable gross effects in 
pups at necropsy does not exclude the possibility that there may have been pathological 
(clinical chemistry, anatomical/microscopic) and/or functional factors that contributed to 
pup deaths.  The high incidence of ‘neglectful mothering’ that occurred in all groups 
(including controls) calls into question the adequacy of environmental conditions or 
animal health status. The results of this study are inconclusive, due to the high rate of 
pup deaths in control and treatment groups.  

Benoxinate Hydrochloride:

The sponsor indicated that no reproduction or developmental toxicity studies 
were available for review for benoxinate hydrochloride.

29 McEnerney JK, Wong WP, and Peyman GA (1977): Evaluation of the teratogenicity of fluorescein 
sodium. Am J Ophthalmol 84: 847 – 850.
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11 Integrated Summary and Safety Evaluation

No original nonclinical studies were submitted with the combination of fluorescein 
sodium 0.25%/benoxinate hydrochloride 0.4% or each individual active component. The 
sponsor is filing this NDA based on studies from the published literature.

The sponsor indicated that no ocular toxicity studies with fluorescein were 
available for review from the published literature. However, topical fluorescein sodium is 
routinely used in nonclinical protocols for assessing ocular damage in slit lamp 
examinations. To this reviewer’s knowledge, topical fluorescein concentrations generally 
range between 0.5% to 2% in nonclinical diagnostic protocols. In vitro studies using 
corneal epithelial cell from New Zealand White rabbits showed that a one minute 
exposure to 10% solution of fluorescein sodium did not induce cytotoxicity.

In the limited animal studies submitted in the NDA, damage to the corneal 
epithelium was reported with ocular application of benoxinate hydrochloride 0.2% 
ointment strips.  

On a mg/m2 basis, the LD50 values after IV administration of fluorescein sodium 
to several animal species were over 3000-fold higher the maximal intended topical 
ocular dose, assuming complete systemic absorption after ocular administration 
(calculations used a maximum of 12 drops [6 drops per eye], a 50 µL drop volume, and 
60 kg human body weight). The LD50 values after IV administration of benoxinate 
hydrochloride ranged from 14-fold to 23-fold. 

The proposed combination product has been in the market since 2005 by the 
applicant and several other fluorescein sodium 0.25%/benoxinate hydrochloride 0.4% 
combination products have been marketed without prior approval since 1995. 
Therefore, there is extensive clinical experience with the active components 
administered individually or in combination to understand the ocular as well as systemic 
safety profile at the proposed dose regimen.  

The sponsor listed the results of genotoxicity testing of fluorescein sodium under 
the auspices of the National Toxicology Program. The weight of evidence, including the 
>40 years of marketing experience, support fluorescein sodium has low genetic toxicity 
risk at the proposed dose regimen. Genetic toxicity studies were not conducted to 
support the approval of NDA 21-980 (Fluorescite 10% Intravenous Injection) or NDA 
22-186 (AK-Fluor 10% or 25%), indicated for single day intravenous use and no data 
were included in the approved labels. 

The sponsor indicated that no genetic toxicity studies were available for review 
for benoxinate hydrochloride. The long history of clinical use support low genetic toxicity 
risk at the proposed dose regimen. 
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Given the short-term use (single day administration) and long history of clinical 
use of each active component individually or in combination, carcinogenicity studies 
were not considered relevant in this case.

Reproductive toxicity studies from the published literature showed no evidence 
that fluorescein was a teratogen in rats or rabbits. Administration of oral (gavage) doses 
of fluorescein sodium up to 250 mg/kg in rabbits during GD 6-27 and up to 1500 mg/kg 
in rats during GD 6-19 caused no teratogenic effects. Developmental toxicity studies 
showed that fluorescein can cross the placenta and can be readily detected in fetal 
tissue. The 250 mg/kg dose in the rabbit and 1500 mg/kg dose in the rat are 
approximately 3,200-fold and 9,700-fold, respectively, the maximal intended topical 
ocular dose based on mg/m2 (calculations used a maximum of 12 drops [6 drops per 
eye], 50 µL drop volume, and 60 kg human body weight), assuming complete systemic 
absorption after ocular administration.   However, as these studies do not meet current 
regulatory standards, a definite risk assessment cannot be made. Reproductive toxicity 
studies were not conducted to support the approval of NDA 21-980 (Fluorescite 10% 
Intravenous Injection) or NDA 22-186 (AK-Fluor 10% or 25%), indicated for single day 
intravenous use.

The sponsor indicated that no reproduction or developmental toxicity studies 
were available for review for benoxinate hydrochloride. This reviewer also conducted a 
cursory literature search (Pubmed, Embase, Web of Science, Micromedex) and did not 
find any relevant publications. 

Conclusions: No original nonclinical studies were submitted to support the safety of the 
combination. The nonclinical support is based on published literature for each individual 
active component. Given the existent clinical experience with both fluorescein 0.25% 
and benoxinate 0.4% individually or in combination at the intended dose regimen, and 
the use of common inactive ingredients in the clinical formulation, there are no specific 
nonclinical concerns regarding the approval of this NDA.
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1 Executive Summary
1.1 Introduction

 is a combination product that contains fluorescein sodium 0.25%, a 
diagnostic dye, and benoxinate hydrochloride 0.4%, a topical anesthetic. This 
combination is intended for ophthalmic procedures requiring a disclosing agent in 
combination with an anesthetic. Both fluorescein and benoxinate as single active 
ingredient products have a very long history of safe and effective use. The intended 
combination product has been marketed by the applicant, Altaire Pharmaceuticals, Inc. 
(Altaire), since 2005 without an approved application. In addition, several fluorescein 
sodium 0.25% and benoxinate hydrochloride 0.4% combination products are currently 
marketed without prior FDA approval by other pharmaceutical companies. According to 
the sponsor, products such as these have been in the market since 1995. 

Altaire is seeking approval of this product through submission of a 505(b)(2) NDA 
that relies on the published literature and the long history of safe and effective 
ophthalmic use of both active ingredients used individually or in combination. No new 
nonclinical studies were conducted to support approval of this NDA. No listed drugs 
were included in Item 20 of Form 356h.

1.2 Brief Discussion of Nonclinical Findings
No original nonclinical studies were submitted to support the safety of the 

combination. The nonclinical support is based on published literature for each individual 
active component. Given the existent clinical experience with both fluorescein sodium 
0.25% and benoxinate hydrochloride 0.4% used individually or in combination at the 
intended dose regimen, and the use of common inactive ingredients in the clinical 
formulation, there are no specific nonclinical concerns regarding the approval of this 
NDA.

1.3 Recommendations
1.3.1 Approvability

Approval is recommended.
1.3.2 Additional Non Clinical Recommendations

None
1.3.3 Labeling
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2 Drug Information
2.1 Drug

The drug product is a combination of Fluorescein Sodium 0.25% and Benoxinate 
Hydrochloride Ophthalmic 0.4%.

Benoxinate 
hydrochloride 

(oxybuprocaine 
hydrochloride)

Fluorescein

CAS Registry Number

Generic Name Benoxinate 
hydrochloride

Fluorescein

Chemical Name 2-(Diethylamino)ethyl 4-
amino-3-
butoxybenzoate 
hydrochloride

9-(o-carboxyphenyl)-6-
hydroxy-3H-xanthen-3-one

3',6'-dihydroxyfluoran

3',6'-fluorandiol

9-(o-carboxyphenyl)-6-
hydroxy-3-isoxanthenone

3',6'-dihydroxyspiro[iso-
benzofuran-1 (3 H),9' -[9H 
(xanthen)]-3-one

Molecular Formula C17H28N2O3HCI C20H1205

Molecular Weight 344.88
Structure or Biochemical 
Description
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Pharmacologic Class
Fluorescein sodium is categorized as a “diagnostic dye” in the FDA Established 
Pharmacologic Class (EPC) Database. However, based on the intended indication, 
the clinical team recommends the use of “disclosing agent” for the pharmacological 
class. 
Benoxinate hydrochloride has no EPC. Structurally, it is similar to tetracaine and has 
an ester group. Therefore, the nonclinical team recommends the use of “local ester 
anesthetic”. 

2.2 Relevant INDs, NDAs, BLAs and DMFs
No listed drugs were provided in Item 20 of Form 356h and no original nonclinical 

studies were conducted to support this application; the applicant relies upon published 
nonclinical literature to support this application. This reviewer has identified the following 
related NDAs.  

 NDA 21-980 (Alcon’s Fluorescite®; Fluorescein injection 10%; approved 
March 2006) – Intravenous use for diagnostic fluorescein angiography or 
angioscopy of the retina and iris vasculature

 NDA 22-186 (Akorn’s AK-Fluor 10% or 25%; Fluorescein injection 10% and 
25%; approved August 2008) - Intravenous use for diagnostic fluorescein 
angiography or angioscopy of the fundus and iris vasculature.

The following DMFs were listed in Item 30 of Form 356h: 
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 Because fluorescein sodium is highly water-soluble, it cannot pass through, or be 
topically absorbed by lipid membranes, but it can pass between cells into 
extravascular spaces.

Benoxinate Hydrochloride3, 4

 Local (topical) anesthetics can be absorbed through mucous membranes and 
through damaged skin.

 Benoxinate hydrochloride in humans after administration of a single oral dose 
(100 mg) is almost completely absorbed and rapidly excreted in the urine (92.1% 
of dose in 9 hours).

 Nine metabolites and unchanged drug were isolated from the urine and identified 
by comparison of TLC, GC, and GC-MS with authentic compounds.

 Any metabolites reflecting initial loss of the butyl side chain of benoxinate could 
not be detected. This suggests that the ester portion is metabolized more rapidly 
than the O-butyl side chain. 

 3-Butoxy-4-aminobenzoic acid, the hydrolyzed product of benoxinate, was 
primarily excreted (70–90% of dose) as the glucuronide together with a trace of 
the glycine conjugate (0.35% of dose).

 In addition, 3-butoxy-4-acetylaminobenzoic acid, 3-hydroxy-4-aminobenzoic acid, 
and 3-hydroxy-4-acetylaminobenzoic acid were identified, the latter two being 
detected partly as the glucuronides (1.20 and 1.43% of dose, respectively).

6 General Toxicology
6.1 Single-Dose Toxicity

Ocular Toxicity:

Fluorescein sodium:

The sponsor indicated that no ocular toxicity studies were available for review 
from the published literature. However, topical fluorescein sodium is routinely used in 
nonclinical protocols for assessing ocular damage in slit lamp examinations.  To this 
reviewer’s knowledge, topical fluorescein concentrations generally range between 0.5% 
to 2% in nonclinical diagnostic protocols5, 6. 

In vitro studies using corneal epithelial cell from New Zealand White rabbits 
showed that a one minute exposure to 10% solution of fluorescein sodium did not 
induce cytotoxicity7.

3 MINIMS Oxybuprocaine Product Information 
   https://gp2u.com.au/static/pdf/O/OXYBUPROCAINE_MINIMS-PI.pdf
4 Kasuya F, Igarashi K, Fukui M (1987): Metabolism of benoxinate in humans. J Pharm Sci 76: 303–305.
5 Gelatt, Kirk N. Essentials of Veterinary Ophthalmology. 2nd ed. Ames: Wiley-Blackwell, 2008 (p. 17) 
6 Crispin, Sheila M. Notes on Veterinary Ophthalmology. Ames: Blackwell Science Ltd, 2005 (p. 335)
7 Chang YS, Tseng SY, Tseng SH, Chen YT, Hsiao JH (2005): Comparison of dyes for cataract surgery. 
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Benoxinate Hydrochloride:

Brewitt H et al8 - A single application of a 1-cm long strip of benoxinate hydrochloride 
0.2% ointment in the lower conjunctival sac in rabbits led to damage of the corneal 
epithelium assessed postmortem using a scanning electron microscope (SEM). 
Changes included total loss of the regular microstructure and pore formation in the outer 
plasma membrane. Repeated installation (3x) was associated with more severe 
damage of the corneal epithelium. These results with an ointment-based formulation 
were considered likely more exaggerated relative to that noted with a solution 
application.

Kalin P et al9 - Repeated installation of benoxinate hydrochloride 0.4% (1 μL; 0.08 M) to 
the ocular tissue of mice 4x/day (2.5 hr intervals) for 3 days and once on the 4th day was 
associated with a 10% cornea surface damage as assessed using fluorescein solution 
(4 µL; 0.1%).

Sandalon S and Ofri R10  - Ocular instillation of a single drop of 0.4% benoxinate 
hydrochloride was not found to adversely affect the full-field and pattern 
electroretinogram recordings in adult Lewis rats. 

Systemic Toxicity:

Fluorescein sodium:

Yankell SL and Loux JJ11: - The acute oral LD50 of fluorescein sodium was 4738 ± 1.23 
mg/kg in male CF1 mice and 6721 ± 1.26 mg/kg in female CD rats. The predominant 
clinical finding in mice and rats at these high doses was CNS depression (irritability, 

Part 1: cytotoxicity to corneal endothelial cells in a rabbit model. J Cataract Refract Surg. 31: 792 – 798.
8 Brewitt H, Bonatz E, and Honegger H (1980): Morphological changes of the corneal epithelium after 

application of topical anaesthetic ointments. Ophthalmologica 180: 198 – 206.
9 Kalin P, Mayer JM, and Etter JC (1996): Determination of the influence of preservatives on the irritation 

potential of a local anesthetic on the murine cornea. Eur J Pharm Biopharm 42: 402 – 404.
10 Sandalon S and Ofri R (2009): The effect of topical anesthesia on the rat electroretinogram. Doc 

Ophthalmol. 118: 101 – 108.
11 Yankell SL and Loux JJ (1977): Acute toxicity testing of erythrosine and sodium fluorescein in mice and 

rats. J Periodontology 48: 228 – 231.
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decreased spontaneous motor activity, ataxia, decreased rate of respiration, and 
piloerection).

McDonald et al 12- The intravenous LD50 value for fluorescein sodium was 
approximately 1000 mg/kg in mice, rats, and dogs.

O’goshi K and Serup J13 - The intravenous LD50 for mice is 2,200 mg/kg, 600 mg/kg for 
rats, and 300 mg/kg for rabbits.

Alford R et al14  - The oral and intravenous LD50 for rabbits was 2,200 mg/kg and 300 
mg/kg, respectively. 

Benoxinate Hydrochloride:

The acute toxicity (LD50) values following a single dose of benoxinate 
hydrochloride are shown in the following table15 (excerpted from the NDA):

Table 2: Acute Toxicity (LD50) Values for Benoxinate Hydrochloride

Hung CH et al16 - In a single dose study using rats, intravenous infusion of benoxinate 
hydrochloride (6.67 μmol/kg/min) was associated with seizures, respiratory arrest, 
decreases in heart rate and blood pressure, and impending mortality. The onset for 
these adverse effects was longer relative to equipotent doses of the comparative 
anesthetic agents, proxymetacaine and bupivacaine.

12 McDonald T, Kasten K, Hervey R, et al. (1974): Acute and subacute toxicity evaluation of intravenous 
sodium fluorescein in mice, rats and dogs. Toxicology Applied Pharmacology 29: 97-98 (abstract # 57)

13 O’goshi K and Serup J (2006): Safety of sodium fluorescein for in vivo study of skin. Skin Res 
Technology 12: 155 – 161.

14 Alford R, Simpson HM, Duberman J, Hill GC, Ogawa M, Regino C, Kobayashi H, and Choyke PL 
(2009): Toxicity of organic fluorophores used in molecular imaging: literature review. Mol Imaging 8: 
341–354

15 NLM TOXNET Database ChemIDplus; http://chem.sis.nlm.nih.gov/chemidplus/rn/5987-82-6
16 Hung CH, Lui KS, Shao DZ, Cheng KI, Chen YC, and Chen YW (2010): The systemic toxicity of 

equipotent proxymetacaine, oxybuprocaine, and bupivacaine during continuous intravenous infusion in 
rats. Anesth Analg 110: 238 – 242.
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6.2 Repeat-Dose Toxicity

Systemic Toxicity:

Fluorescein sodium:

McDonald et al6 - In albino rats (16/group) receiving 0, 20, 100, and 400 mg/kg (0, 120, 
600, 2400 mg/m2) intravenously every 3 days for 28 days, the only findings of note were 
increased hemoglobin and hematocrit values at the highest dose. There were no clinical 
signs or other clinical or microscopy pathology findings.

In dogs (8/group) receiving 0, 20, 100, and 400 mg/kg (0, 400, 2000, 8000 
mg/m2) intravenously every 2 days for 28 days, clinical signs were limited to emesis 
(≥20 mg/kg groups) and salivation (≥100 mg/kg groups). There were 3 deaths in the 400 
mg/kg group. Clinical pathology findings were limited to increases in liver enzymes 
(ALAT and/or ASAT) in the 100 and/or 400 mg/kg groups. However, no histopathology 
correlates were reported.

Benoxinate Hydrochloride:

The sponsor indicated that no repeated dose toxicity studies were available for 
review.

7 Genetic Toxicology

Fluorescein sodium:

The sponsor summarized the results of genotoxicity testing of fluorescein sodium 
under the auspices of the National Toxicology Program17 (Table 3). 

Table 3: Summary of Published (non-GLP) Genotoxicity Studies for Fluorescein 
Sodium

Assay Test system Dose Results
Bacterial mutagenicity Salmonella strains

TA97,TA98,TA100,
Not specified Negative

17 http://ntp.niehs.nih.gov/testing/status/agents/ts-10624-x.html#Toxicity-Effects-HSDB-
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TA1535,andTA153718

Salmonella strains
TA100, TA1535, 
TA1537, and TA9819

0, 10, 35, 100, 333, 
1000, 3335, and 1000 
µg/plate

Negative

In vivo micronuclei20 Mice Initial test: 0, 500, and 
1000 mg/kg IP for 3 
consecutive days; mice 
euthanized 24 hours 
after the 3rd treatment

Repeat test: Single dose 
of 1500 mg/kg IP

Negative

In vitro chromosomal 
aberrations21

Chinese hamster ovary 
cells

Without metabolic 
activation

0, 49, 150 and 499 
µg/mL 

With metabolic 
activation 

0, 500, 1500, and 
5000 µg/mL 

Negative

Sister chromatid exchange21 Chinese hamster ovary 
cells

Without metabolic 
activation: 

0, 5, 15, and 50 µg/mL
0, 75, 99, and 160 
µg/mL

With metabolic 
activation

0, 150, 501, and 1500  
µg/mL 
0, 134, 267, 446, and 
668 µg/mL  

Weakly positive 
at 160 µg/mL 
without 
metabolic 
activation

Positive at ≥134 
µg/mL with 
metabolic 
activation

Mouse lymphoma22 L5178Y mouse 
lymphoma cells

Without metabolic 
activation: 

0, 250, 500, 1000, 
2000, and 3000 µg/mL

Positive without 
metabolic 
activation at 
≥200 µg/mL   

18 Tennant RW, Stasiewicz S, and Spalding JW (1986): Comparison of multiple parameters of rodent 
carcinogenicity and in vitro genetic toxicity. Environ Mutagen 8: 205 – 227

19 Mortelmans K, Haworth S, Lawlor T, Speck W, Tainer B, and Zeiger E (1986) Salmonella mutagenicity 
tests. 2. Results from the testing of 270 chemicals. Environ Mutagen 8 (Suppl 7): 1 – 119.

20 Shelby M, Erexson G, Hook G, and Tice R (1993): Evaluation of a three-exposure mouse bone marrow 
micronucleus protocol: Results with 49 chemicals. Enviro Mol Mutagen 21: 160 – 179.

21 Loveday KS, Anderson BE, Resnick MA, and Zeiger E (1990): Chromosome aberration and sister 
chromatid exchange tests in Chinese hamster ovary cells in vitro. V. Results with 46 chemicals. 
Environ Mol Mutagen 16: 272 – 303.

22 Myhr B and Caspary W (1991): Chemical mutagenesis at the thymidine kinase locus in C5178Y mouse 
lymphoma Cells: Results for 31 coded compounds in the National Toxicology Program. Environ Molec 
Mutagen 18: 51 – 83.
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0, 50, 100, 200, 300, 
400, 600, and 800 
µg/mL
0, 200, 400, 500, 600, 
800, and 1000 µg/mL

 
With metabolic 
activation

0, 31.3, 62.5, 125, 
250, and 500 µg/mL

Negative

Drosophila mutagenicity23

 Sex-Linked recessive lethal 

Drosophila
melanogaster

50,000 ppm (feeding)
10,000 ppm (injection)

Negative

Benoxinate Hydrochloride:

The sponsor indicated that no genotoxicity studies were available for review for 
benoxinate hydrochloride. 

Given the intended single-day use and long history of clinical use (>40 years), 
genotoxicity is not a significant concern for the sought indications.  These non-GLP data 
will not be included in the labeling.  Similarly, genotoxicity data were not included in the 
approved labels for Fluorescite and AK-Fluor.

8 Carcinogenicity
As noted by the applicant, a study was conducted by the NTP in mice and rats 

administered fluorescein in the drinking water at levels of 0.25% - 1.0% for 2 years, and 
there was no evidence of carcinogenicity24. However, the study was considered 
inadequate and no technical report was prepared25. 

The applicant indicated that no carcinogenicity studies were available for review 
for benoxinate hydrochloride.

9 Reproductive and Developmental Toxicology
The sponsor submitted the following studies available in the public domain. 

These studies were conducted in the 1970s or 1980s and do not meet current 
regulatory standards specified in ICH S5A guidance (e.g., animal number, dosing 
schedule, and/or parameters evaluated). The study by Burnett and Goldenthal included 
evaluation of most parameters recommended in the ICH S5A guidance; however, the 

23 Valencia R, Mason JM, Woodruff RC, and Zimmering S (1985): Chemical mutagenesis testing in 
drosophila. III. Results of 48 coded compounds tested for the national toxicology program. Environ 
Mutagen 7: 325 – 348.

24 Burnett CM and Goldenthal EI (1986): The teratogenic potential in rats and rabbits of D & C Yellow No. 
8. Fd Chem Toxic 24: 819 – 823.

25 http://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/tr200299/abstracts/tr265/index.html
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lack of availability of the full study report and lack of GLP compliance precludes 
adequate regulatory risk assessment. 

Fluorescein sodium:

Burnett and Goldenthal18 - An aqueous solution of the dye was administered by 
gavage to groups of Sprague-Dawley rats at doses of 100, 500 and 1500 mg/kg 
(25/group) on gestation days (GD) 6-19 and to groups of Dutch Belted rabbits at doses 
of 30, 100 and 250 mg/kg (14/group) on GD 6-27. Control animals were treated with 
water. The rats and rabbits were sacrificed on GD 20 and GD 28, respectively. The 
fetuses examined for external, visceral, and skeletal malformations. 
 

Six rats in the high-dose group (1500 mg/kg) died during the dosing period. 
Orange discoloration of the urine was noted in all treated rats during the treatment 
period. At autopsy, green discoloration of the amniotic fluid was noted in 1, 10 and 16 
rats in the 100, 500 and 1500 mg/kg/day groups, respectively, and the small intestines 
were green in color in many rats in the high-dose group. There were slight reductions in 
mean maternal body weights (≤6.5%) and body-weight gains (≤11%) in the high-dose 
group throughout the dosing period.  A slight increase in the number of litters with 
unossified sternebrae (no. 1-6) and rudimentary 14th rib(s) was noted in the high-dose 
group; however, the authors claimed the values fell within the ranges of historical 
control range.  The authors concluded that there were no biologically meaningful or 
statistical significant differences indicating a test article-related effect on fetal 
development.  

One rabbit in the high-dose group aborted on GD28. It is not clear if this was a 
spontaneous finding or test article related. Green discoloration of the urine was noted in 
all test article-treated rabbits between GD 7 and 28. No other finding considered test 
article-related was observed. 

The authors concluded fluorescein showed no teratogenic potential in rats or 
rabbits in this study. 

Shirai and Majima26 - This is a publication in Japanese with only the abstract in 
English. Therefore, the entire article could not be reviewed. Pregnant ddN mice were 
administered 500 mg/kg of fluorescein sodium 5% once or twice (1 hour apart) or 10% 
once intravenously on GD 7. Similar groups received saline and served as controls. The 
mice were sacrificed on GD 18 and the fetuses examined for external, visceral and 
skeletal malformations. The authors concluded there was no evidence of teratogenic 
effects.

Salem et al27 - In a teratology study using pregnant albino CD rats (n = 4/group), 5 
mL/kg of fluorescein sodium 10% (equivalent to 500 mg/kg) was administered 

26 Shirai S and Majima A (1975): Effects of fluorescein-Na injected to mother mice on the embryo. Folia 
Ophthal Japon 26: 132 – 137.

27 Salem H, Loux JJ, Smith S, and Nichols CW (1979): Evaluation of the toxicologic and teratogenic 
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intravenously on GD 1, 6, 12, or 18. Control rats were similarly injected with sterile water 
at each time interval.  Pups were visually examined for overt deformities; body length 
and weight were also measured. In separate groups, the distribution of fluorescein 
sodium to the placenta and the evaluation of fluorescein sodium retention time in the 
fetus were measured.  

Main results: 

 Fluorescein sodium distributed throughout the amniotic fluid and the external and 
internal structures of the fetuses within 15 minutes after injection. Therefore, 
fluorescein sodium freely crossed the placental barrier. 

 Fluorescein sodium was observed in the fetuses for up to 4 hours after injection. 
No fluorescein was present at 24 and 48 hours after injection. 

 The intravenous administration of a single dose of sodium fluorescein to 
pregnant rats at GD 1, 6, 12 or 18 did not show a teratogenic effect based on 
lack of overt fetal deformities at birth, and lack of effects on fetal body lengths 
and fetal body weights.

 A non-statistical significant decrease in the number of pups/litter was observed in 
dams treated on GD1 or GD6 compared to controls (8.3 ± 1.3 vs. 11.5 ± 1.0 in 
controls on GD 1; 7.8 ± 2.4 vs. 11.3 ± 0.5 in controls on GD 6).  The toxicological 
relevance of this finding is unclear.  

Fujii O et al28 - This citation refers to a preliminary study presented as an abstract.  
Fluorescein sodium was administered intravenously to rats on GD 12, 14, 16, 18 or 20. 
The concentration of fluorescein was measured from 5 to 12 hours post injection in 
maternal blood, fetus, and amniotic fluid. Fluorescein readily crossed the placenta and 
was present in the fetus within 5 minutes. The peak fluorescein level was observed at 
15 minutes on GD 12, 14, and 16 and at 60 min on GD 18 and 20. Fetal levels of 
fluorescein per gram tissue increased with advance stage of gestation. The peak level 
of fluorescein in amniotic fluid was seen later than in the fetus. 

McEnerney JK et al29 - In a teratology study in New Zealand White rabbits, 1.4 mL of 
fluorescein sodium (10%) was administered to presumed pregnant females on GD 5, 6, 
and 8 (first trimester of gestation phase of the study; 15 rabbits in the test article-treated 
group and 4 rabbits in saline controls) or GD 13, 15 and 16 (second trimester of 
gestation phase of the study; 15 rabbits in the test article-treated group and 3 rabbits in 
saline controls). Pups were observed for 4 weeks for the delayed appearance of birth 

potentials of sodium fluorescein in the rat. Toxicology 12: 143 – 150.
28 Fujii O, Ikeda Y, and Sukegawa J (1979): Placental transfer of fluorescein in the rat. Teratology 20: 

172.
29 McEnerney JK, Wong WP, and Peyman GA (1977): Evaluation of the teratogenicity of fluorescein 

sodium. Am J Ophthalmol 84: 847 – 850.
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defects, based on external and visceral gross examinations at the end of the 
observation period. 

Main results: 

First trimester of gestation - Nineteen percent of the live-born offspring (14 out of 75) 
died during the 4-week observation period. The 14 offspring were from 4 mothers. 
According to the authors, the deaths were attributed to neglectful mothering. The dead 
offspring had no demonstrable pathology upon gross examination. The remainder of the 
75 live-born demonstrated no delayed onset of birth defects. None of the control 
offspring (18 live-born from 3 mothers) died. 

Second trimester of gestation – Forty-four percent of the live-born offspring (48 out of 
108) died during the 4-week observation period. The cause of death was also attributed 
to neglectful mothering. None of the 48 offspring that died demonstrated any pathology 
upon gross examination. The remainder live-born offspring were kept alive for 4 weeks 
or 3 months and no evidence of delayed onset of birth defects was observed. In 
controls, 65% (10 out of 16) live-born offspring died during the 4-week observation 
period, also considered secondary to neglectful mothering. 

The authors concluded that there was no evidence of treatment-related embryo-
fetal or neonatal effects.

The author’s conclusion that all offspring deaths in both segments of this study 
were due to “neglectful mothering” is not supported by the data, due to incomplete 
endpoint analysis, per regulatory standards. The lack of observable gross effects in 
pups at necropsy does not exclude the possibility that there may have been pathological 
(clinical chemistry, anatomical/microscopic) and/or functional factors that contributed to 
pup deaths.  The high incidence of ‘neglectful mothering’ that occurred in all groups 
(including controls) calls into question the adequacy of environmental conditions or 
animal health status. The results of this study are inconclusive, due to the high rate of 
pup deaths in control and treatment groups.  

Benoxinate Hydrochloride:

The sponsor indicated that no reproduction or developmental toxicity studies 
were available for review for benoxinate hydrochloride.
11 Integrated Summary and Safety Evaluation

No original nonclinical studies were submitted. The sponsor is filing this NDA 
based on studies from the published literature. Both individual active components have 
a long history of clinical use at the intended dose regimen.  

Fluorescein was first approved by the FDA in 1976 as an intravenous contrast 
agent indicated for use in diagnostic fluorescein angiography or angioscopy of the retina 
and iris vasculature (Funduscein-25; discontinued). Other FDA approved products 
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include Fluorescite® 10% Intravenous Injection (approved 2006) and AK-Fluor 10% or 
25% (approved 2008). The withdrawal of Funduscein-25 was not related to reasons of 
safety and efficacy. The recommended IV dose is 500 mg. Therefore, there is extensive 
clinical experience with the systemic use of fluorescein at systemic doses 333-fold (i.e., 
500 mg/1.5 mg) the maximal intended topical ocular dose, assuming complete systemic 
absorption after ocular administration (calculations used a maximum of 12 drops [6 
drops per eye] and a 50 µL drop volume).   

Benoxinate hydrochloride 0.4% was originally approved in 1953 (Dorsacaine; 
NDA 08-729), although withdrawn in 200230. ANDA 84-149 was approved on 1975, but 
also discontinued. According to a consultation with the clinical review team, the reason 
for discontinuation was related to marketing and not to safety and/or efficacy. 

The proposed combination product has been in the market since 2005 by the 
applicant and several other fluorescein sodium 0.25%/benoxinate hydrochloride 0.4% 
combination products have been marketed without prior approval since 1995. 
Therefore, there is extensive clinical experience with the active components 
administered individually or in combination to understand the ocular as well as systemic 
safety profile at the proposed dose regimen.  

The sponsor listed the results of genotoxicity testing of fluorescein sodium under 
the auspices of the National Toxicology Program. The weight of evidence, including the 
>40 years of marketing experience, support fluorescein sodium has low genetic toxicity 
risk at the proposed dose regimen. Genetic toxicity studies were not conducted to 
support the approval of NDA 21-980 (Fluorescite 10% Intravenous Injection) or NDA 
22-186 (AK-Fluor 10% or 25%), indicated for single day intravenous use and no data 
were included in the approved labels. 

The sponsor indicated that no genetic toxicity studies were available for review 
for benoxinate hydrochloride. The long history of clinical use support low genetic toxicity 
risk at the proposed dose regimen. 

Given the short-term use (single day administration) and long history of clinical 
use of each active component individually or in combination, carcinogenicity studies 
were not considered relevant in this case.

Reproductive toxicity studies from the published literature showed no evidence 
that fluorescein was a teratogen in rats or rabbits. Administration of intravenous doses 
of fluorescein sodium up to 250 mg/kg in rabbits during GD 6-27 or 140 mg/animal (~31 
mg/kg) during GD 6 to 8 and 13 to 16  and up to 1500 mg/kg in rats during GD 6-19 or  
500 mg/kg on GD 1, 6, 12 ,or 18,  caused no teratogenic effects. A non-statistically 
significant decrease in the number of pups/litter was noted at a dose of 500 mg/kg in 
rats when fluorescein was administered on GD 1 or GD 6. However, the toxicological 
relevance of this finding is unclear. Developmental toxicity studies showed that 

30 https://www.federalregister.gov/articles/2002/04/29/02-10425/novartis-pharmaceuticals-corp-et-al-
withdrawal-of-approval-of-38-new-drug-applications
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fluorescein can cross the placenta and can be readily detected in fetal tissue. The 250 
mg/kg dose in the rabbit and 500 mg/kg dose in the rat are approximately 3,200-fold the 
maximal intended topical ocular dose based on mg/m2 (calculations used a maximum of 
12 drops [6 drops per eye], 50 µL drop volume, and 60 kg human body weight), 
assuming complete systemic absorption after ocular administration.   However, as these 
studies do not meet current regulatory standards, a definite risk assessment cannot be 
made. Reproductive toxicity studies were not conducted to support the approval of NDA 
21-980 (Fluorescite 10% Intravenous Injection) or NDA 22-186 (AK-Fluor 10% or 
25%), indicated for single day intravenous use.

The sponsor indicated that no reproduction or developmental toxicity studies 
were available for review for benoxinate hydrochloride. This reviewer also conducted a 
cursory literature search (Pubmed, Embase, Web of Science, Micromedex) and did not 
find any relevant publications. 

Conclusions: No original nonclinical studies were submitted to support the safety of the 
combination. The nonclinical support is based on published literature for each individual 
active component. Given the existent clinical experience with both fluorescein 0.25% 
and benoxinate 0.4% individually or in combination at the intended dose regimen, and 
the use of common inactive ingredients in the clinical formulation, there are no specific 
nonclinical concerns regarding the approval of this NDA.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

NDA Number: 208582 Applicant: Altaire 
Pharmaceuticals

Stamp Date: 12-22-15

Drug Name:  (fluorescein 
sodium and benoxinate HCl 
ophthalmic solution) 0.25%/0.4%

NDA Type: 505(b)(2)

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

Content Parameter Yes No Comment
1 Is the pharmacology/toxicology section 

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

X

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

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

X

4 Are all required  and requested IND studies 
(in accord with 505 (b)(1) and (b)(2) 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)?

X

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

X

No nonclinical studies were conducted. The 
nonclinical support for this 505(b)(2) NDA 
relies on published literature.  

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

X

See comment under item # 5. 

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

See comment under item # 5.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

Content Parameter Yes No Comment
8 Has the applicant submitted all special

studies/data requested by the Division 
during pre-submission discussions?

X

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
including human dose multiples expressed 

in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57?

X

The label does not contain any nonclinical 
data. The determination of the adequacy of 
the information provided is a review issue.  

10 Have any impurity, degradant, 
extractable/leachable, etc. issues been 
addressed?    (New toxicity studies may not 
be needed.)

None identified previously.  Identification 
of impurities that exceed ICH Q3 limits are 
deferred to CMC team.

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

Not applicable

12 If the applicant is entirely or in part 
supporting the safety of their product by 
relying on nonclinical information for 
which they do not have the right to the 
underlying data (i.e., a 505(b)(2) application 
referring to a previous finding of the agency 
and/or literature), have they provided a 
scientific bridge or rationale to support that 
reliance? If so, what type of bridge or 
rationale was provided (e.g., nonclinical, 
clinical PK, other)?

X

No nonclinical studies were conducted. The 
nonclinical support for this 505(b)(2) NDA 
relies on published literature and the long 
history of safe and effective ophthalmic use 
of this combination from marketed non-
approved product as well as approved 
products of the individual active 
ingredients.  

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? Yes

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. Not applicable

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

The literature citations given for Section 2.4.4.1.2 Repeated Dose Studies are not related to the 
studies summarized. These should be revised and the correct publications provided. The LD50 
values provided for benoxinate hydrochloride in the table under Section 2.4.4.2.1 Single Dose 
Studies could not be confirmed from the values reported in the reference provided. Please 
provide further details of the source of the information. 

Reference ID: 3881510



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

MARIA I RIVERA
02/02/2016

LORI E KOTCH
02/02/2016

Reference ID: 3881510




