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1 Executive Summary

1.1 Introduction

The Applicant is seeking approval for the marketing of Fluorescein Sodium % 
and Benoxinate Hydrochloride 0.4% Ophthalmic Solution for use in ophthalmic 
procedures requiring a disclosing agent in combination with a topical ophthalmic 
anesthetic. Both fluorescein and benoxinate as single active ingredient products or 
combination products have a very long history of safe and effective use. Per summary 
information in the NDA, fluorescein sodium and benoxinate hydrochloride combination 
products have been commercially available since 1966, without prior FDA approval. 

On December 2017, Altaire Pharmaceuticals Inc. received FDA approval to market 
Altafluor Benox (NDA 208582), a combination product containing fluorescein sodium 
0.25% and benoxinate hydrochloride 0.4%. The indication,  

 and the dosing regimen of the intended product are the same as those in 
FDA approved Altafluor Benox, the listed drug product. 

The Applicant is submitting this NDA under Section 505(b)(2) of the FD&C Act.  
The proposed clinical dosing is 1 to 2 drops topically in the eye as needed and is 
consistent with the historical clinical use. The Applicant has not conducted any original 
nonclinical studies to support this NDA but instead is providing a summary of the 
published literature for fluorescein sodium and benoxinate hydrochloride. 

Although the Applicant provided a listed drug, they relied entirely on nonclinical 
information from the published literature to support approval. 

The Applicant stated that they were also “relying on” the FDA’s previous 
assessment of the nonclinical safety of intravenous fluorescein sodium NDAs AK-Fluor 
10% and 25% (NDA 022186) and Fluorescite (NDA 021980). However, “relying on” does 
not appear to be a correct use of terminology, as the Applicant did not include these 
products as listed drugs in section 20 of form 356h.  Additionally, the Applicant has not 
provided a letter of authorization to allow cross-reference of these applications (the 
Applicant incorrectly indicates NDAs 022186 and 021980 are cross-referenced in section 
29 of form 356h).  Accordingly, the data contained in these applications or FDA’s previous 
findings of safety for these NDAs will not be relied upon for approval of the current 
application. The provided literature information is considered adequate to fulfill nonclinical 
requirements and reliance on NDAs AK-Fluor 10% and 25% (NDA 022186) and 
Fluorescite (NDA 021980) is not needed for approval. 

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 
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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 ocular excipients 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 Nonclinical Recommendations
None

1.3.3 Labeling
The language proposed by the Applicant for labeling of the nonclinical sections is 

consistent with that of Altafluor Benox (listed drug product) labeling.
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Applicant’s proposed text Reviewer’s recommendations
8.  USE IN SPECIFIC POPULATIONS
8.1 Pregnancy  
Risk Summary

There are no available data on Fluorescein 
Sodium % and Benoxinate Hydrochloride 
0.4% Ophthalmic Solution use in pregnant 
women to inform any drug associated risk.

Adequate animal reproduction studies have 
not been conducted with fluorescein sodium 
or benoxinate hydrochloride. Fluorescein 
Sodium % and Benoxinate Hydrochloride 
0.4% Ophthalmic Solution should be given to 
a pregnant woman only if clearly needed.

8.2 Lactation
Risk Summary:

There are no data on the presence of 
fluorescein sodium or benoxinate 
hydrochloride in human milk after ocular 
administration of Fluorescein Sodium % 
and Benoxinate Hydrochloride 0.4% 
Ophthalmic Solution, the effects on the 
breastfed infant, or the effects on milk 
production. 

The developmental and health benefits of 
breastfeeding should be considered, along 
with the mother’s clinical need for Fluorescein 
Sodium % and Benoxinate Hydrochloride 
0.4% Ophthalmic Solution and any potential 
adverse effects on the breastfed infant from 
Fluorescein Sodium 0.25% and Benoxinate 
Hydrochloride 0.4% Ophthalmic Solution.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility

8.  USE IN SPECIFIC POPULATIONS
8.1 Pregnancy  
No edits are recommended.

8.2 Lactation

No edits are recommended.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility

Studies to evaluate the mutagenic or 
carcinogenic potential of Fluorescein Sodium 

% and Benoxinate Hydrochloride 0.4% 
Ophthalmic Solution have not been 
conducted.  Studies to evaluate impairment 
of fertility have not been conducted.  
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2 Drug Information

2.1 Drug
The drug product is a combination of Fluorescein Sodium % and 

Benoxinate Hydrochloride Ophthalmic 0.4%.

Benoxinate 
hydrochloride 

(oxybuprocaine 
hydrochloride)

Fluorescein sodium

CAS Registry Number 5987- 82-6 517-47-8

Generic Name Benoxinate hydrochloride Fluorescein sodium

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

3’,6’Dihydroxy-3H-
spiro[isobenzofuran-1,9-
xanthen]-3-one sodium salt

Disodium 2-(6-oxido-3-oxo-
3H-xanthen-9-yl)benzoate 
(IUPAC)

Molecular Formula C17H28N2O3•HCI C20H10Na2O5

Molecular Weight 344.88 376.3
Structure 

Pharmacological class Local anesthetic Disclosing agent

2.2 Relevant INDs, NDAs, BLAs and DMFs

The listed drug product is Altaflour Benox (fluorescein sodium and benoxinate 
hydrochloride ophthalmic solution) 0.25%/0.4% (NDA 208582; Altaire Pharms, Inc; 
approved December 2017) - a combination disclosing agent and local ester anesthetic 
indicated for procedures requiring a disclosing agent in combination with a topical 
ophthalmic anesthetic.
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The following DMFs and NDAs were listed in section 29 of form 356h (i.e., cross-
referenced):

• DMF  DMF  DMF  DMF  DMF  DMF  DMF 
 NDA 021980, NDA 022186, NDA 008729

• NDA 021980 (Alcon’s Fluorescite®; Fluorescein injection 10%; approved March 
2006) – Intravenous use for diagnostic fluorescein angiography or angioscopy 
of the retina and iris vasculature

• NDA 022186 (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.

• NDA 008729 – (Dorsacaine - found to be effective as part of the Drug Efficacy 
Study Implementation [DESI] review). It was marketed by Dorsey until 1980 
and as a generic version (ANDA 084149) by Sola Barnes-Hind until 1991. 
There are currently no FDA approved drug products containing benoxinate 
hydrochloride as a single API, that are marketed in the US.

To this reviewer’s knowledge, letters of authorization were not provided for NDA 
021980, NDA 022186, NDA 008729. As such, these data were not used to support this 
application. 

2.3 Drug Formulation

The composition of Fluorescein Sodium % and Benoxinate Hydrochloride 
0.4% Ophthalmic Solution is listed in Table 1:

  457661Reference ID: 4573859

(b) (4)

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

(b) (4)





NDA # 211039             Reviewer: María I Rivera, PhD

10

3 Studies Submitted

3.1 Studies Reviewed 
No original studies were submitted/reviewed.  Provided published literature was 

reviewed, as referenced in the following review sections.

3.2 Studies Not Reviewed 
None

3.3 Previous Reviews Referenced
None

4 Pharmacology

4.1 Primary Pharmacology

Fluorescein sodium is a hydroxyxanthene fluorescent dye currently used 
extensively as a topical diagnostic tool in the field of ophthalmology and optometry, 
specifically in the diagnosis of corneal abrasions, corneal ulcers, and herpetic corneal 
infections. In optometry it is widely used for the measurement of intraocular pressure by 
applanation tonometry. It is also applied intravenously in angiography diagnostic 
procedures for retinal or choroidal vascular diseases such as diabetic retinopathy, age-
related macular degeneration, hypersensitivity retinopathy and vascular occlusions.

Fluorescein sodium responds to electromagnetic radiation or visible light between 
the wavelengths of 465-490 nm and fluoresces, i.e., emits light at wavelengths of 520-
530 nm. Thus, the hydrocarbon is excited by blue light with an absorption maximum of 
494 nm and emits light that appears yellowish-green with an emission maximum of 512 
nm (in water).

Benoxinate hydrochloride is an ester-type local anesthetic that is especially used 
in ophthalmology. Local anesthetics act by binding to receptor sites in the nerve 
membrane, preventing the influx of sodium into nerve endings.  Depolarization of the 
neuronal membrane is inhibited thereby blocking the initiation and conduction of nerve 
impulses.

Surface anesthesia with benoxinate occurs in approximately one minute with a 
0.4% topical ocular solution. Peak response is between 1 and 15 minutes. Anesthesia 
persists for about 20 to 30 minutes with full corneal sensitivity taking 40 minutes or more 
to return1.

1 MINIMS Oxybuprocaine Product Information 
   https://gp2u.com.au/static/pdf/O/OXYBUPROCAINE MINIMS-PI.pdf
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4.2 Secondary Pharmacology

There are no reports on the secondary pharmacology of fluorescein sodium or 
benoxinate hydrochloride in the published literature.

The Applicant included an integrated summary of secondary pharmacodynamic 
(PD) actions of local anesthetic agents. Secondary PD effects include central nervous 
system (CNS), cardiovascular system (CV) and allergic type reactions. Although 
benoxinate was not evaluated in these studies, similar class effects could be expected. 
Based on the lack of nonclinical studies with benoxinate and systemic PK data following 
topical ocular administration, an appropriate risk assessment cannot be performed. 
However, the safety profile of benoxinate after topical ocular administration alone or in 
combination with fluorescein is well established based on the long history of clinical use. 

CNS effects: Local anesthetic agents readily cross the blood-brain barrier and, when in 
sufficient concentration, can produce signs of CNS excitation and depression2.

CV effects: Local anesthetic agents can produce profound cardiovascular changes by a 
direct cardiac and peripheral vascular action and, indirectly, by conduction blockade of 
autonomic nerve fibers2.

• Lidocaine has been shown to cause a slight decrease in automaticity (spontaneous 
phase 4 depolarization) of pacemaker tissue in rabbit atrial tissue at 3 and 5 μg/mL 
and in rabbit sinoatrial node at 3.34 μg/mL3. The action potential duration in canine 
Purkinje fibers is decreased at extracellular concentrations of 2.34 μg/mL and 5 
μg/mL. 

• Lidocaine also increases the ventricular fibrillatory threshold in intact rabbit hearts 
at 1.5 to 6.2 ug/mL, and in acutely ischemic hearts in dogs at 1.2 to 5.5 ug/mL3. 

• These lidocaine concentrations are in the range of therapeutic blood levels (1.4 to 
(6.0 ug/ml) in man3.

• The acute intravenous cardiovascular toxicity of prilocaine, lidocaine, 
mepivacaine, bupivacaine and etidocaine in anesthetized ventilated dogs (3-10 
mg/kg) showed that the acute cardiovascular toxicity was proportional to their 
comparative anesthetic potency resulting in little difference in therapeutic ratio 
between any of the agents4.

Vasodilation: Local anesthetics have vasodilatory properties when applied to the skin5. 
The significance of this action when instilled into the eye is unknown. However, transient 
conjunctival hyperemia and chemosis have frequently been observed in dogs after ocular 

2 Covino BG. Physiology and pharmacology of local anesthetic agents. Anesth Prog 1981; 28(4):98-104.
3 Collinsworth KA, Kalman SM, Harrison DC. The clinical pharmacology of lidocaine as an antiarrhythmic 

drug. Circulation. 1974; Dec; 50(6): 1217-30. 
4 Liu P, Feldman H, Covino BG, Giasi R, Covino BM. Acute cardiovascular toxicity of intravenous amide 

local anesthetics in anesthetized ventilated dogs. Anesth Analg 1982; 61: 317-22
5 Alster T. Review of lidocaine/tetracaine cream as a topical anesthetic for dermatologic laser procedures. 

Pain Ther 2013; Jun; 2(1): 11-9.
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instillation6.  Dogs received a single drop of 0.4% oxybuprocaine ophthalmic solution in 
one eye and 1% tetracaine ophthalmic solution in the contralateral eye. Transient and 
mild (grade 1) conjunctival hyperemia and edema were observed. Conjunctival hyperemia 
and chemosis were detected more frequently in tetracaine-treated eyes than in 
oxybuprocaine-treated eyes.

Allergy: Allergic-type reactions are a well reported safety concern related to the use of 
topical anesthetics. This effect occurs primarily with the ester-type compounds due to the 
differences in metabolism of the amide-type compounds2. 

• The ester agents are hydrolyzed in plasma by pseudocholinesterase, whereas 
amide agents undergo enzymatic degradation in the liver. 

• Para-aminobenzoic acid is the major metabolite formed from the hydrolysis of 
ester-type compounds and is the potential cause of the allergic-type reactions. 

• The amide-type agents are not metabolized to para-aminobenzoic acid and are 
generally not associated with this allergic reaction.

Ocular effects: 

• Local anesthetics have demonstrated toxicity toward rabbit corneal epithelium in 
vitro and/or in vivo, including delayed healing, increased corneal hydration and 
permeability (possibly due to swelling of the cornea stroma with water and the 
consequent decrease in the barrier effect), and other morphological and cellular 
changes in both rabbit and human cells7, 8, 9, 10, 11. In human cornea, these 
included damage of the cell membrane, rarefaction and loss of microvilli, and 
accelerated desquamation of superficial epithelial cells.

• Decreased tear turnover has been demonstrated in albino rabbits, a result 
attributed both to decreased lacrimation and decreased tear drainage which can 
increase exposure to concomitant drugs instilled into the eye12. 

6 Douet JY, Michel J, Regnier A. Degree and duration of corneal anesthesia after topical application of 
0.4% oxybuprocaine hydrochloride ophthalmic solution in ophthalmically normal dogs. Am J Vet Res 
2013; Oct; 74(10): 1321-6.

7 Burstein NL and Klyce SD. Electrophysiologic and morphologic effects of ophthalmic preparations on 
rabbit cornea epithelium. Invest Ophthalmol Visual Sci. 1977: 16(10): 899-911.

8 Igarashi H, Sato Y, Hamada S, and Kawasaki T. Studies on rabbit corneal permeability of local 
anesthetics (I). Jpn J Pharmacol 1984; Apr; 34(4): 429-34.

9 Grant RL and Acosta D. Comparative toxicity of tetracaine, proparacaine and cocaine evaluated with 
primary cultures of rabbit corneal epithelial cells. Exp Eye Res 1994; Apr; 58(4): 469-78. 

10 Boljka M, Kolar G, and Vidensek J. Toxic side effects of local anaesthetics on the human cornea. Br J 
Ophthalmol 1994; May; 78(5): 386-9.

11 Kim C, Barbut D, Heinemann MH, Pasternak G, and Rosenblatt MI. Synthetic neurotensin analogues 
are nontoxic analgesics for the rabbit cornea. Invest Ophthalmol Vis Sci. 2014; May 13; 55(6): 3586-93.

12 Patton TF and Robinson JR. Influence of topical anesthesia on tear dynamics and ocular drug 
bioavailability in albino rabbits. J Pharm Sci. 1975; Feb; 64(2): 267-71.
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• Decreased tear breakup time has been demonstrated after administration to 
horses13. 

• Decreased miotic response and aqueous prostaglandin-like activity in response to 
laser irradiation of the iris has also been demonstrated in rabbits14.

Antimicrobial activity: Ester anesthetics have demonstrated antimicrobial activity in 
some studies in vitro15, 16. Although this antimicrobial activity may have been attributed to 
the presence of preservatives in the formulation17 in some studies, preservative-free 
tetracaine (1%) and oxybuprocaine (0.4%) demonstrated antimicrobial activity18, 19.

4.3 Safety Pharmacology

No specific traditional safety pharmacology studies for fluorescein sodium or 
benoxinate hydrochloride were found in the published literature. See Section 4.2 
“Secondary Pharmacology” for CNS and CV effects reported in the published literature 
with local anesthetics. 

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Based on published PK studies, the following information was provided:

13 Monclin SJ, Farnir F, and Grauwels M. Determination of tear break-up time reference values and 
ocular tolerance of tetracaine hydrochloride eyedops in healthy horses. Equine Vet J 2011; Jan; 43(1): 
74-7.)

14 Unger WG, Cole DF, and Bass MS. Prostaglandin and neurogenically mediated ocular response to 
laser irradiation of the rabbit iris. Exp Eye Res 1977; Sept; 25(3): 209-20.

15 Zaidi S and Healy TE. A comparison of the antibacterial properties of six local analgesic agents. 
Anaesthesia. 1977; Jan; 32(1):69-70.

16 Fazly Bazaz BS, Salt WG. Local anaesthetics as antimicrobial agents: structure-action considerations. 
Microbios 1983; 37(147): 45-64.

17 Badenoch PR and Coster DJ. Antimicrobial activity of topical anaesthetic preparations. Br J 
Ophthalmol 1982; Jun; 66(6): 364-7.

18 Labetoulle M, Frau E, Offret H, Nordmann P, and Naas T. Non-preserved 1% lidocaine solution has 
less antibacterial properties than currently available anaesthetic eye-drops. Curr Eye Res 2002; Aug; 
25(2):91-7.

19 Pelosini L, Treffene S, and Hollick EJ. Antibacterial activity of preservative-free topical anesthetic drops 
in current use in ophthalmology departments. Cornea 2009; Jan; 28(1): 58-61.

  457661Reference ID: 4573859



NDA # 211039             Reviewer: María I Rivera, PhD

14

Fluorescein sodium20, 21

• Fluorescein sodium is highly water-soluble and cannot pass through or be topically 
absorbed by lipid membranes. However, it can pass between cells into 
extravascular spaces.

• Injected fluorescein sodium (uranine) takes less than 20 seconds to circulate in the 
blood stream.

• Injected fluorescein binds to plasma proteins and erythrocytes in the blood. 
• Fluorescein is rapidly metabolized thorough glucuronidation in the liver with 80% 

of the dose being metabolized within one hour. The resultant metabolite, 
fluorescein glucuronidate, and intact fluorescein are then eliminated by the 
kidneys.

o After an IV dose of 14 mg/kg of fluorescein sodium, the concentration of 
unbound fluorescein glucuronidate exceeded that of unbound fluorescein 
within 10 minutes. The terminal half-lives of fluorescein and fluorescein 
glucuronide in the plasma ultrafiltrate were 23.5 and 264 minutes, 
respectively, so that fluorescein glucuronide contributed almost all of the 
plasma fluorescence after 4-5 hours.

• Orally-administered fluorescein has a longer absorption time and is eliminated in 
urine within 49 hours. 

Benoxinate Hydrochloride22, 23

• 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).

20 The National Academies (2004): Health Effects of Project Shad Chemical Agent: Uranine Dye [Sodium 
Fluorescein] [CAS # 518-47-8] Contract No. IOM-2794-04-001 

      http://www.iom.edu/~/media/Files/Report%20Files/2007/Long-Term-Health-Effects-of-Participation-in-
Project-SHAD-Shipboard-Hazard-and-Defense/URANINEDYE.pdf
21 Blair N, Evans M, Lesar T, and Zeimer R. Fluorescein and fluorescein glucuronide pharmacokinetics after 

intravenous injection. Investigative and Visual Science 1986; 27: 1107 – 1114.
22 MINIMS Oxybuprocaine Product Information 
   https://gp2u.com.au/static/pdf/O/OXYBUPROCAINE_MINIMS-PI.pdf
23 Kasuya F, Igarashi K, and Fukui M. Metabolism of benoxinate in humans. J Pharm Sci 1987; 76: 303–

305.
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• 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:

• In vitro studies using corneal endothelial cells from New Zealand White rabbits 
showed that a 1-minute exposure of fluorescein sodium at concentrations of up to 
10% did not induce cytotoxicity24.

Benoxinate Hydrochloride:

• 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 at 5-minute intervals) 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 application25.

• Repeated installation of benoxinate hydrochloride 0.4% (1 μL; 0.08 M) to the ocular 
tissue of mice 4x/day (2.5-hour 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%)26.

Reviewer’s note: This paper appears to be using a brand name preparation of 
oxybuprocaine HCl (Benoxinate, Novesine® - approved in Europe) and cannot be 
relied upon to provide safety support. 

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

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

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

  457661Reference ID: 4573859



NDA # 211039             Reviewer: María I Rivera, PhD

16

• 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 rats27.

Reviewer’s note: This paper appears to be using a brand name preparation of 
oxybuprocaine 0.4% solution (Localin, Fischer Pharmaceutical Laboratories, Tel-
Aviv, Israel) and cannot be relied upon to provide safety support. 

Systemic Toxicity:

Fluorescein sodium:

The oral and intravenous LD50 values of fluorescein sodium in various species are 
provided in Table 2 (excerpted from the NDA). 

In a dose-range finding study28, the predominant clinical finding in mice and rats at 
high oral doses was CNS depression (irritability, decreased spontaneous motor activity, 
ataxia, decreased respiratory rate, and piloerection). No observable drug effects were 
observed in mice at oral doses of ≤ 4200 mg/kg; rats showed findings at all oral doses 
evaluated (4200 mg/kg to 11,525 mg/kg). 

Table 2: LD50 Values of Fluorescein Sodium

27 Sandalon S and Ofri R. The effect of topical anesthesia on the rat electroretinogram. Doc Ophthalmol 
2009; 118: 101 – 108.

28 Yankell SL and Loux JJ. Acute Toxicity Testing of Erythrosine and Sodium Fluorescein in Mice and 
Rats. J Periodontology 1977; 48(4): 228-231.
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Benoxinate Hydrochloride:

The acute toxicity (LD50) values29 following a single dose of benoxinate 
hydrochloride are shown in the following table (excerpted from the NDA):

Table 3: LD50 Values for Benoxinate Hydrochloride

In a single dose study in male Sprague-Dawley 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 than equipotent doses of the comparative anesthetic 
agents, proxymetacaine and bupivacaine30.

6.2 Repeat-Dose Toxicity

Systemic Toxicity:

Fluorescein sodium31:

• 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, increased hemoglobin and 
hematocrit values were observed 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.

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

proxymetacaine, oxybuprocaine, and bupivacaine during continuous intravenous infusion in rats. Anesth 
Analg 2010; 110: 238 – 242.

31 McDonald T, Kasten K, Hervey R, Gregg S, Robb CA and Borgmann AR. Acute and Subacute 
Toxicology Evaluation of Intravenous Sodium Fluorescein in Mice, Rats and Dogs. Toxicology and 
Applied Pharmacology. 1974; 29: 97-98 (abstract # 57)
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Benoxinate Hydrochloride:

The Applicant indicated that no repeated-dose toxicity studies were available in 
the published literature.

7 Genetic Toxicology

Fluorescein sodium:

The sponsor summarized the results of genotoxicity testing of fluorescein sodium 
under the auspices of the National Toxicology Program32 (Table 3). 

Table 4: Summary of Genetic Toxicity Studies for Fluorescein Sodium
Assay Test system Dose Results

Bacterial mutagenicity Salmonella strains
TA97, TA98, TA100,
TA1535, andTA153733

Salmonella strains
TA100, TA1535, 
TA1537, and TA9834

Not specified

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

Negative

Negative

In vivo micronuclei35 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 
aberrations36

Chinese hamster ovary 
cells

Without metabolic 
activation

0, 49, 150 and 499 
μg/mL 

With metabolic 
activation 

Negative

32 http://ntp.niehs.nih.gov/testing/status/agents/ts-10624-x.html#Toxicity-Effects-HSDB-
33 Tennant RW, Stasiewicz S, and Spalding JW. Comparison of multiple parameters of rodent 

carcinogenicity and in vitro genetic toxicity. Environ Mutagen 1986; 8: 205 – 227
34 Mortelmans K, Haworth S, Lawlor T, Speck W, Tainer B, and Zeiger E. Salmonella mutagenicity tests. 

2. Results from the testing of 270 chemicals. Environ Mutagen 1986; 8 (Suppl 7): 1 – 119.
35 Shelby M, Erexson G, Hook G, and Tice R. Evaluation of a three-exposure mouse bone marrow 

micronucleus protocol: Results with 49 chemicals. Enviro Mol Mutagen 1993; 21: 160 – 179.
36 Loveday KS, Anderson BE, Resnick MA, and Zeiger E. Chromosome aberration and sister chromatid 

exchange tests in Chinese hamster ovary cells in vitro. V. Results with 46 chemicals. Environ Mol 
Mutagen 1993; 16: 272 – 303.
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0, 500, 1500, and 
5000 μg/mL 

Sister chromatid exchange36 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 lymphoma37 L5178Y mouse 
lymphoma cells

Without metabolic 
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

Positive without 
metabolic 
activation at 
≥200 μg/mL   

Negative

Drosophila mutagenicity38

• Sex-Linked recessive lethal 
Drosophila
melanogaster

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

Negative

Benoxinate Hydrochloride:

The sponsor indicated that there are no genotoxicity studies for benoxinate 
hydrochloride from the published literature. 

Given the intended single-day use and long history of clinical use since 1953, the 
risk for potential genotoxicity is not a significant concern at the intended clinical dosing 
regimen.  Because of the lack of availability of full study reports, these data will not be 
included in the labeling.  Similarly, genotoxicity data were not included in the approved 
labels for Altafluor Bexox, the listed drug.  

37 Myhr B and Caspary W. 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 1991; 18: 51 – 83.

38 Valencia R, Mason JM, Woodruff RC, and Zimmering S. Chemical mutagenesis testing in drosophila. 
III. Results of 48 coded compounds tested for the national toxicology program. Environ Mutagen 1985; 
7: 325 – 348.
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8 Carcinogenicity
A study was conducted by the NTP in mice and rats administered fluorescein in 

the drinking water at levels of 0.25% to 1.0% for 2 years39. There was no evidence of 
carcinogenicity, however, the study was considered inadequate and no technical report 
was prepared40. 

The Applicant indicated that there are no carcinogenicity studies for benoxinate 
hydrochloride in the published literature.

Based on the intended short-term use (single-day use), carcinogenicity studies are 
not needed per ICH S1A. In addition, there is a long history of safe clinical use of 
fluorescein since 1882 and benoxinate since 1953.

9 Reproductive and Developmental Toxicology

Fluorescein sodium:

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. Similarly, reproductive toxicity data were not included in the approved labels 
for Altafluor Bexox, the listed drug.

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 

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

40 http://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/tr200299/abstracts/tr265/index.html
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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. 

McEnerney JK et al41 - 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 - Twelve of 15 rabbits gave birth to 75 live offspring with one 
stillbirth. The still born rabbit showed no observable pathology. Three animals presumably 
did not conceive, but the possibility fetal death with resorption of fetal parts or 
spontaneous abortion cannot be ruled out. 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 – All 15 rabbits gave birth to 108 live offspring with one 
stillbirth. The still born rabbit showed no observable pathology. 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.

41 McEnerney JK, Wong WP, and Peyman GA. Evaluation of the teratogenicity of fluorescein sodium. Am 
J Ophthalmol 1977; 84: 847 – 850.
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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.  

Salem et al42 - 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.  

Reviewer’s note: This paper appears to be using a brand name preparation of 
sodium fluorescein (Fundescein 10%® SMP Division of Cooper Laboratories, San 
German, Puerto Rico), and cannot be relied upon to provide safety support. 

Fujii O et al43 - 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 

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

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

Shirai and Majima44 - This is a publication in Japanese. An English translation was 
submitted (SD # 3) upon request by the Division. Pregnant ddN mice were administered 
500 mg/kg of fluorescein sodium 5% once (Group 1) or twice (1 hour apart) (Group 2) or 
10% once (Group 3) 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 number of dead embryos was not statistically 
significant between test article and controls. One case of exencephaly was observed in 
Group 1 and one case of umbilical hernia is Group 3. The authors assessment was that 
because there was only one case of each, these findings were considered unlikely due 
to a teratogenic effect of fluorescein. The authors concluded there was no evidence of 
teratogenic effects. 

Benoxinate Hydrochloride:

The sponsor indicated that there were no reproduction or developmental toxicity 
studies for benoxinate hydrochloride in the published literature.

11 Integrated Summary and Safety Evaluation

This 505(b)(2) NDA seeks approval of Fluorescein Sodium % and Benoxinate 
Hydrochloride 0.4% Ophthalmic Solution for use in ophthalmic procedures requiring a 
disclosing agent in combination with a topical ophthalmic anesthetic. The indication, 

 active ingredients, and the dosing regimen are the same as those 
in the FDA approved Altafluor Benox (NDA 208582; approved Dec 2017), the listed drug 
product. 

The Applicant has not conducted any original nonclinical studies to support this 
NDA and has relied entirely on studies from the published literature for fluorescein sodium 
and benoxinate to support approval. 

 
The formulation uses excipients commonly used in ocular drugs and at levels 

within those in previously approved ophthalmic products. Per summary information in the 
NDA, the intended combination product is the same drug product and formulation as that 
previously marketed by Bausch & Lomb since 1994 as a USP compendial unapproved 
drug product. The formulation was developed in 1993 as a direct copy of Fluress® 
Ophthalmic Solution, which was commercially available at the time. 

44 Shirai S and Majima A. Effects of fluorescein-Na injected to mother mice on the embryo. Folia Ophthal 
Japon 1975; 26: 132 – 137.
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Per summary information in the NDA, fluorescein sodium and benoxinate 
hydrochloride combination products have been commercially available since 1966, 
without prior FDA approval.  The nonclinical review team has no objection to the approval 
of this NDA given the long history of clinical use of both fluorescein sodium and 
benoxinate hydrochloride individually or in combination, as ocular and/or systemic 
ophthalmic products. 
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