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Abstract. Rifampin, the most potent anti-staphylococcal
drug known, was examined for its penetration into the
aqueous and vitreous of rabbits after a single oral dose
of 150 mg, 300 mg, or 600 mg. Maximum levels after the
150 mg dose were achieved at 4 h and were 4.2 pg/ml in
the aqueous and 2.2 pg/ml in the vitreous. After the 300 mg
dose, maximum levels were also achieved at 4 h, and were
5.0 pg/ml in the aqueous and 2.6 pg/ml in the vitreous. The
600 mg dose produced maximum levels at 6 h after adminis-
tration, with 20.0 ug/ml in the aqueous and 15.2 pg/ml in
the vitreous. These levels exceed the mimimum inhibitory
concentration for many microorganisms and suggest addi-
tional investigation into possible applications of systemic
rifampin in the prophylaxis and treatment of bacterial en-
dophthalmitis.

Introduction

Rifampin, an antibiotic agent introduced in 1967 for tuber-
culosis, is a semisynthetic derivative of rifamycin B which
is one of a group of macrocyclic antibiotic compounds pro-
duced as a fermentation product from the culture of the
mold Streptomyces mediterranei {4, 13]. Although most fa-
miliar as an antituberculous drug, rifampin is the most po-
tent antibiotic known against Staphylococcus [20] and Le-
gionella [25). Tt is active against Neisseria, Haemophilus,
Chlamydia, E. coli, and to a lesser degree against Proteus
and Pseudomonas species [4].

In addition to its potency and wide spectrum of action,
rifampin penetrates easily into many body tissues and fluids
after systemic administration, presumably due to its lipo-
philic character [6]. For example, oral administration pro-
vides therapeutic levels in the cerebrospinal fluid for organ-
isms such as Neisseria [6], and the use of oral rifampin
constitutes the prophylaxis of choice for this form of bacte-
rial meningitis [4, 13].

Despite these advantageous characteristics, there has
been relatively little study of the application of systemic
rifampin to the therapy or prophylaxis of bacterial endoph-
thalmitis or to the bioavailability of this drug within the
vitreous after oral administration. In 1970, two pilot studies
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reported the penetration of significant levels of the closely
related drug rifampicin into the aqueous and vitreous of
experimental animals and patients [15, 16]. The present
study has examined the levels of rifampin attained in the
vitreous and aqueous after a single oral administration in
the rabbit, and has evaluated the relationships between the
various doses and the time-dependent intraocular concen-
trations.

Materials and methods

Dutch Belted rabbits weighing 2 to 3 kg were anesthetized
with 100 mg of ketamine hydrochloride and 20 mg of xyla-
zine hydrochloride by intramuscular injection. The posteri-
or oropharynx region was further anesthetized with applica-
tion of Cetacaine spray (2% topicaine), and a lubricated
pediatric Salem feeding tube was inserted under direct visu-
alization through the posterior oropharynx into the
stomach. Placement of the feeding tube was verified by
aspirating a small amount of gastric content and also by
stethoscope auscultation over the stomach after 2 cc of air
was injected through the feeding tube. Rifampin in doses
of 150 mg, 300 mg, and 600 mg was prepared by dissolving
the contents of one-half, one, or two 300-mg capsules of
Rifadin (Merrel-Dow, Garden City, NJ) in 5 cc of distilled
water and then administered through the feeding tube. The
animals were killed at 1, 2, 4, 6, 24, and 48 h after dosing,
and the eyes were promptly enucleated. A 0.2-ml aqueous
sample was obtained from one eye by aspiration with a
25-gauge needle and this sample was pooled with five other
eyes from three animals in the same dosage/interval group
to provide the needed volume (approximately 1.0 ml) for
determination of aqueous rifampin levels. The eye was then
hemisected at the equator and the vitreous humor was re-
moved and pooled with the vitreous from the fellow eye
only to give a combined volume of approximately 1.0 ml.
The rifampin levels in all samples were determined by
HPLC, and testing was performed by an independent labo-
ratory (National Medical Service, Philadelphia, Penn)
which was masked from the sample identification code. Six
eyes from three rabbits were used for each dose/interval
studied.

Results

Rifampin levels in the aqueous and vitreous are presented
in Table 1. These data demonstrate a rapid rise of rifampin



Table 1. Intraocular rifampin levels after a single oral dose?
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Time Dose
(h)
150 mg 300 mg 600 mg
Aqueous Vitreous Aqueous Vitreous Aqueous Vitreous
1 0 0 0 0 244/-038 2.04/-0.7
2 1.0+/-04 0.6+/-0.2 1.1+/-0.4 0.8+/-0.1 12.0+/-2.0 62+/—-1.6
4 424+/-1.0 224+/-0.6 5.0+/-04 2.6+/—038 19.0+/-3.0 10.6+/-2.0
6 39+/—1.0 20+/-0.38 4.6+/—0.6 24+/-0.6 20.0+/—-4.0 15.24/-3.0
24 1.9+/-0.6 1.0+/-0.5 10.0+4/-2.0 90+/—-18

2 All values are expressed in micrograms/ml4 SD

level in the aqueous and vitreous after a single oral dose
of 150 mg, 300 mg, or 600 mg. These levels reach their max-
imum at 4 h, 4 h, and 6 h, respectively, and then decline
slowly over the remaining period of study. Also, at any
given dosage and time interval evaluated, the rifampin level
in the aqueous exceeds the corresponding level in the vitre-
ous. However, all rifampin levels obtained in this study
exceeded the reported minimum inhibitory concentration
(MIC) for Staphylococcus, Streptococcus, Neisseria, Hae-
mophilus, and Legionella [4).

Discussion

The present study of aqueous and vitreous levels of rifam-
pin after oral administration documents the penetration of
therapeutic levels of this antibiotic. This report confirms
the earlier initial findings with the closely related drug ri-
fampicin [15, 16], and amplifies the relationships between
the various oral doses and the time-dependent intraocular
concentrations. The greatest levels in both the aqueous and
vitreous were observed 4 to 6 h postadministration, and
this time interval is affected by the pharmacokinetics of
a multicompartmental system [4, 13] which includes such
factors as initial dosage, intestinal absorption, enterohe-
patic circulation, hepatic metabolism, plasma protein bind-
ing, and blood/retinal barrier integrity. Nevertheless, de-
spite the complexities of rifampin transport into the eye,
the vitreous and aqueous levels exceed the MIC for many
microorganisms even 24 h after a single oral dose [4].
Although the effectiveness of rifampin against numer-
ous important pathogens has long been known, its early
clinical use was reserved for the control of tuberculosis.
However, other advances in tuberculosis prophylaxis and
treatment have permitted the wider use of rifampin. As
it is the most potent antistaphylococcal drug as yet dis-
covered [20], rifampin is increasingly employed in the thera-
py of staphylococcal infections. Rifampin in combination
with vancomycin therapy has been recommended for endo-
carditis due to certain strains of S. aureus, or in combina-
tion with vancomycin and gentamicin for endocarditis due
to S. epidermidis, or Corynebacterium species [21]. Cerebro-
spinal fluid shunt infections due to S. epidermidis that were
refractory to other therapy were cured when rifampin was
added to the regimen [1]. In experimental S. aureus osteo-
myelitis, the effectiveness of rifampin therapy was demon-
strated, presumably due to its superior penetration [18].
Staphylococci and other rifampin-sensitive organisms have
been effectively treated in patients with chronic granuloma-
tous disease, and this effectiveness has been related to the

unique intraphagocytic activity of rifampin [12]. In addition
to the treatment of staphylococcal infections, rifampin has
been effectively employed for the prophylaxis of Neisseria
meningitis and as a treatment for meningitis due to Haemo-
philus influenza type b in children [14], erythromycin-resis-
tant Legionella pneumophilia [25], gram-negative bacteremia
due to Klebsiella, E. coli, Shigella, and Enterobacter [17),
as well as brucellosis and meningitis due to Flavobacteria
meningosepticum [4].

Rifampin demonstrates penetration into all body tissues
and fluids, and widespread penetration is presumably due
to its high lipophilicity [4, 6, 12, 13]. The pharmacokinetics
of rifampin have been extensively studied, and the drug
is almost completely absorbed from the gastrointestinal
tract following oral administration [13]. Levels higher than
the peak plasma level are achieved in the lung, liver, urine,
and bile [6]. Therapeutic levels are also achieved in a wide
variety of tissues and body fluids, including ascites, pleural
exudate, soft tissues, and milk, as well as the cerebrospinal
fluid [4, 6, 13, 14, 22]. One to four hours after administra-
tion of a 600 mg dose, an average peak plasma concentra-
tion of 7 pg/ml is attained with a range of 4 to 32 pg/mi
[31.

The penetration of rifampin into tears is significant, and
levels equivalent to serum levels are achieved [14]. The cor-
neal and aqueous humor levels of rifampin have been exam-
ined in the rabbit after topical administration of the drug
as a 1% and 2.5% preparation in a variety of vehicles and
schedules, and levels as high as 6.44 pg/ml were measured
after eight applications of a 2.5% preparation in dimethyl-
sulfoxide (DMSO) {5]. Subconjunctival injection of rifampi-
cin (related to rifampin by the addition of an acetyl group)
was as effective as gentamicin in experimental Proteus mira-
bilis keratitis [23]. However, subconjunctival rifampicin
therapy in an experimental model of Pseudomonas aerugin-
osa keratitis was less effective than gentamicin [26]. In addi-
tion, conjunctival and corneal toxicity were noted with re-
peated subconjunctival injections of DMSO and DMSO/
rifampicin solutions, and systemic toxicity was not observed
in healthy animals. The addition of a subconjunctival injec-
tion of 15 mg of rifampin in DMSO in addition to topicai
Amphotericin B therapy for experimental Candida albicans
keratitis in the rabbit resulted in a significant decrease in
the number of organisms compared with topical Amphoter-
icin B therapy alone [24].

Musini et al. {16] examined the ocular penetration of
intravenously administered rifampicin in rabbits and noted
at 1 h a peak aqueous level of 1.5 pg/ml with a level of
0.96 pg/ml persisting at 4 h after a dose of 20 mg/kg. The
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peak level in the vitreous was 0.64 pg/ml and was attained
at 2 h, with a level of 0.41 ug/ml persisting at 4 h. These
authors also performed aqueous sampling studies at the
time of cataract extraction in patients receiving rifampicin
300 mg, 600 mg, or 300 mg twice daily. Although widely
variable, a peak level of 4.42 pug/ml was noted 2 h after
a single 600-mg dose. They also reported their encouraging

retrospective experience with the clinical use of rifampicin-

therapy as part of the therapy of a wide variety of disorders
ranging from dacryocystitis to intraocular inflammatory
syndromes.

Mikuni and coworkers measured the penetration of ri-
fampicin into the aqueous of rabbits after an oral dose
of 150 mg and documented a peak concentration of 2.13 pg/
ml 4 h after administration; a simultaneous vitreous level
was 1.1 pg/ml [15]. These rifampicin levels are in close
agreement with the rifampin penetration data in the present
study. Mikuni and coworkers also determined rifampicin
levels of 5.3 ug/ml in the retina/choroid, and 4.6 pg/ml in
the cornea. Furthermore, these authors documented the
MIC for numerous bacteria isolated clinically as oph-
thalmic pathogens in their institute, and recorded
0.0048 pg/ml for Staphylococcus aureus, 0.08 to 5.0 pg/ml
for Streptococcus, and 0.01 pg/ml for Corynebacterium dip-
theriae. They also reported favorably on the clinical use
of the drug for a spectrum of ocular disorders. Rifampin
has also been employed in the successful systemic therapy
of a case of Candida albicans endophthalmitis in which a
synergistic effect on the fungal isolate was demonstrated
in vitro [10].

Despite these encouraging observations, there has been
little study of the potential application of systemic rifampin
therapy to the treatment or prophylaxis of bacterial end-
ophthalmitis. The successful development of effective intra-
vitreal drug therapy has relegated the customary concomi-
tant systemic antibiotic therapy (typically including intrave-
nous cephalosporin and aminoglycoside) to a subordinate
and uncertain role; this ambiguity is further compounaed
by the lack of significant intraocular penetration of the
systemic antibiotics most commonly used in the clinical
treatment of endophthalmitis [19]. However, the unique
penetration and favorable antibacterial characteristics of
rifampin suggest examination of possible applications for
this drug in the prophylaxis and treatment of bacterial end-
ophthalmitis.

Studies of the ocular toxicity of rifampicin have docu-
mented exudative conjunctivitis after systemic administra-
tion [2, 7]. Orange staining of soft contact lenses was noted
in a single patient with a 2-day course of systemic rifampin
[11]. Significant systemic toxicity is uncommon with short-
term rifampin therapy. The drug induces microsomal en-
zymes and this may interact with simultaneous drug therapy
with compounds undergoing microsomal degradation [9].
A red discoloration of the urine is quite common, and as
many as 5% of patients develop a cutaneous rash which
is mild and self-limited despite continued therapy. A small
percentage of patients will develop gastrointestinal symp-
toms which can be improved by giving the drug with meals.
Additional concerns relate to the possibility of hepatic and
more significant immunoallergic toxicity [8]. A transient
increase in liver enzymes which resolves despite continued
therapy has been noted in some patients, but the hepatotox-
icity of rifampin therapy alone in healthy patients has been
disputed [9]. Significant immunoallergic toxicity is rare and

is usually associated with high doses, long duration, and
intermittent therapy. A flu-like syndrome in association
with antirifampin antibodies with prolonged therapy occur-
ing in up to 20% of patients after several months of inter-
mittent therapy. Serious manifestations of rifampin toxicity
are very rare and include thrombocytopenia, hemolytic ane-
mia, and acute renal failure [9].

In summary, rifampin possesses a broad spectrum of
antibacterial action against a variety of organisms impor-
tant in the pathogenesis of endophthalmitis, including S.
epidermidis, methicillin-resistant S. aureus, Proteus, and
other gram-negative bacteria. Its potent activity against sta-
phylococci is of particular relevance to the large subgroup
of endophthalmitis after cataract extraction, as staphylo-
coccal organisms predominate in the postoperative setting.
The present study documents the time course and attain-
ment of therapeutic rifampin levels in the vitreous and aque-
ous after a single oral administration in the rabbit. Further
study is needed to examine the possible role of rifampin
in the prophylaxis and treatment of bacterial endophthalmi-
t1s.
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