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ABSTRACT

Purpose: The aim of this study was to evaluate whether intravitreal triamcinolone hexace-
tonide (TH) is a safe, longer lasting alternative to intravitreal triamcinolone acetonide (TA)
in the rabbit eye.

Methods: Three groups, each comprising of 15 Dutch-belted rabbits, received a unilateral
injection of 0.1 mL of drug and 0.1 mL of physiologic salt solution in the fellow eye. Group
I received TA, group II received commercially available TH, and group III received refor-
mulated iso-osmolar triamcinolone hexacetonide (rTH). Simultaneous bilateral dark-adapted
electroretinography was performed following the injection. Retinal morphology was assessed
by using histopathology in each group enucleated 12 weeks after injection. High-performance
liquid chromatography of vitreous isolated from the enucleated eyes was used to determine
drug concentrations.

Results: A significant reduction in saturated a-wave and maximal scotopic b-wave was ob-
served in the group II eyes relative to the fellow control eyes at both 2 and 12 weeks postin-
jection (P � 0.001 for each comparison) but not in the other groups. Histopathology showed
no differences between drug-injected eyes and fellow control eyes in groups I and III, but in
group II there was severe degeneration of all retina layers. In group I, the drug half-life was
17.7 � 1.7 days, group II 44 � 13 days, and group III 12.8 � 2.3 days.

Conclusions: The half-life of commercially available TH in the vitreous is double that of
TA, but the former is toxic to the retina in this rabbit model. Reformulated iso-osmolar TH
showed no evidence of deleterious effects to retina function or structure but had a similar
half-life to TA.
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INTRODUCTION

INTRAVITREOUS COMMERCIALLY AVAILABLE triamci-
nolone acetonide (TA) has been shown to lack

retinal toxicity in the doses used in clinical prac-
tice.1–7 There is strong evidence that it is effica-
cious in the treatment of diffuse diabetic macular
edema refractory to grid photocoagulation,8–11
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in age-related macular degeneration as an ad-
juvant to photodynamic therapy,12 in some
uveitides,13–15 and in macular edema associated
with uveitis,16 Irvine-Gass syndrome,17,18 retini-
tis pigmentosa,19 and central or branch retinal
vein occlusion.20–23 Often, treatment with intra-
vitreal TA requires repeat injections. An alterna-
tive to TA with a longer half-life would be bene-
ficial, since it would likely reduce the necessity
of repeat procedures.

The half-life of intravitreous commercially
available TA is 19 days in nonvitrectomized hu-
man eyes (24 days in rabbit eyes).24,25 Triamci-
nolone hexacetonide (TH) has long been used in
rheumatology for intra-articular injections in the
treatment of rheumatoid joints or osteoarthritis of
the knee, and there is evidence of superior effi-
cacy, compared to TA, owing to a longer half-
life.26–30 The aim of the present study was to es-
tablish whether intravitreal TH is safe and
whether its half-life is longer compared to TA in
the rabbit eye. If intravitreal TH is found to be
safe and to have a longer half-life than TA, it
could be a promising alternative to TA reducing
the requirement for repeat injections.

METHODS

Animals, anesthesia, injections, and funduscopy

All experiments were carried out in accordance
with the Association for Research in Vision and
Ophthalmology (ARVO) principles of animal
maintenance and care and were approved by the
institutional review board at Baylor College of
Medicine (Houston, TX).

Three groups, each comprising 15 Dutch-
belted rabbits (2–2.5 kg) were used. Each animal
received a unilateral injection of study drug, with
the fellow control eye receiving an injection of
physiologic salt solution (PSS). Group I received
TA (Kenalog; Bristol-Myers Squib, Princeton, NJ)
4 mg/0.1 mL, group II received commercially
available TH (Aristospan; SAB-Pharma Inc., Lake
Forest IL) 2 mg/0.1 mL, and group III received
reformulated iso-osmolar triamcinolone hexace-
tonide (rTH: 2 mg/0.1 mL purified TH sus-
pended in an especially formulated vehicle of
89.18% saline, 10.02% water, 0.75% sodium car-
boxymethylcellulose, and 0.04% polysorbate 80).

Rabbits were anesthetized with intramuscular
injections of 0.2 mL/100 g of body weight keta-

mine (95 mg/mL) and xylazine (5 mg/mL).
Proparacaine hydrochloride 0.5% was used for ad-
ditional topical anesthesia. Each pupil was then di-
lated with 10% phenylephrine. All eyes underwent
a baseline dilated funduscopic examination. The
conjunctiva was irrigated with 1 mL of 5% povi-
dine iodine prior to injection. One (1) eye of each
rabbit received an intravitreal injection of 0.1 mL
of drug, using a 27-gauge needle inserted superi-
orly, 2 mm posterior to the limbus. The contralat-
eral eye received an intravitreal injection of 0.1 mL
of PSS, using a 27-gauge needle in the exact same
fashion. The first 10 animals of each group received
drug in the right eye; the remaining 5 animals re-
ceived drug in the left eye. Gatifloxacin ophthalmic
solution 0.3% (Allergan, Irvine, CA) was applied
to the ocular surface after injection. Dilated fun-
duscopy was performed on each occasion that an
animal underwent anesthesia or euthanasia.

Electroretinography

Simultaneous bilateral electroretinography was
performed 2 and 12 weeks after injection in 10 and
6 rabbits in each group, respectively, as previously
described.31 At both time points, half the animals
tested had drug injected in the right eye and half
had the drug injected in the left eye. Prior to test-
ing, rabbits were allowed to dark adapt for at least
1 hour. Under dim red light, rabbits were anes-
thetized, as described above, and the pupils were
dilated with a single drop of 2.5% phenylephrine
and 1% tropicamide. A drop of 0.5% proparacaine
hydrochloride was applied for corneal anesthesia.
Rabbits were placed inside a Ganzfeld dome
coated with highly reflective white paint. A small
amount of 2.5% methylcellulose gel was applied
to the eye, and a JET contact lens electrode (LKC
Technology, Gaithersburg, MD) was placed in
contact with the central corneal area. Platinum ref-
erence and ground electrodes (Grass Telefactor,
West Warwick, RI) were placed through the eye-
lid and ear, respectively. After placement in the
dome, rabbits were allowed to dark adapt by be-
ing kept in complete darkness for several minutes.
Signals were amplified with a Grass P122 ampli-
fier (Grass Telefactor, West Warick, RI, bandpass,
0.1–300 Hz). Data were acquired by using the Na-
tional Instruments Lab-PC DAQ board (sampling
rate, 10,000 Hz), and between 3 and 10 traces (de-
pending on the signal-noise ratio at a given light
intensity) were averaged and analyzed by using
custom software written in Matlab (Mathworks,
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Natick, MA). Flashes were calibrated, as previ-
ously detailed.31 Flashes for scotopic b-wave mea-
surements were generated by a Grass PS33� pho-
tostimulator. Light was spectrally filtered with a
500-nm interference filter. Flashes varied in inten-
sity from �3.80 to �0.76 log scotopic cd-s/m2. For
analysis of the a-wave, we used a 1500-W (Nova-
tron Dallas, TX) xenon flash lamp to produce a sat-
urating light stimulus (2.97 log cd-s/m2).

Osmolality measurements

Osmolality was measured by using a Vapro
Model 5520 Vapor Pressure Osmometer (Wescor
Inc., Logan, UT). Five measurements were taken
for each drug.

Histology

Twelve (12) weeks after injection, 3 animals in
each group were euthanized with an overdose of
intracardiac ketamine and xylazine. The eyes
were enucleated, an incision was made in the
cornea, and the eyes were fixed immediately in
10% buffered formalin. Eyes were sectioned hor-
izontally to obtain a pupil-optic nerve section and
examined macroscopically. Tissues were then
processed and embedded in paraffin, sectioned
at a thickness of 5 �m, and stained with hema-
toxylin and eosin (H&E). Light microscopy was
used for histologic examinations.

Immunohistochemistry

Paraffin sections of the rabbit eye were deparaf-
finized in xylene and rehydrated in decreasing con-
centrations of ethanol. All sections underwent anti-
gen retrieval for 25 min by using Citrate Target
Retrieval (DakoCytomation, Carpinteria, CA) and
an adequate positive control was used. Vimentin
(DakoCytomation) diluted to 1:500 and GFAP
(DakoCytomation) diluted to 1:20 were used as pri-
mary antibodies for 25 min. LSAB�System-AP
(DakoCytomation) was used as the detection sys-
tem with diaminobenzidine (DAB; DakoCytoma-
tion) as chromogen. Slides were counterstained
with hematoxylin.

High-performance liquid chromatography (HPLC)

Two (2), 4, 8, and 12 weeks following injection,
3 animals in each group were euthanized with an
overdose of intracardiac ketamine and xylazine.
The eyes were enucleated, the corneal cap was re-
moved, and the vitreous was extracted and placed

into a test tube. Methanol 10:1 by volume was
added to the vitreous sample, and the mixture was
vortexed at room temperature for 2 min; 1 mL of
the mixture was centrifuged in a TL-100 ultracen-
trifuge (Beckman Coulter, Fullerton, CA) at 40,000
rpm for 20 min at a temperature of 20°C. Of the re-
sultant supernatant, 0.5 mL was mixed with 0.5 mL
of 40% methanol, and this mixture was filtered with
0.45 �m Acrodisc® 3 CR PTFE filter before injection
to an HPLC C18 column (Agilent, 4.6 � 250 mm, 5-
micron, ZORBAX SB C-18).

The samples were analyzed using Shimadzu
gradient HPLC (Shimadzu Co., Kyoto, Japan) and
a system of 0.1% trifluoroacetic acid (TFA) (buffer
A) versus 0.1% TFA in acetonitril (buffer B) with
a flow rate of 1 mL/min. A 10 �L volume of each
sample was injected on to the C18 column that
was pre-equilibrated with 30% buffer B, then
washed with 5 min of 30% buffer B. TA was eluted
with a linear gradient of acetonitril (30%–100%
containing 0.1% TFA). TA was monitored by 
the absorbance at 239 nm, using a Shimadzu 
SPD-M20A UV/VIS (Shimadzu Co.) photodiode
array detector interfaced to a computer running 
Shimadzu LCsolution software. The TA and rTH
concentration in the peak was calculated by using
appropriate standard curves by LCsolution soft-
ware. These standard curves were linear from 0.2
to 10 �g (correlative �0.99), using seven different
amounts of TA and rTH standards.

Data analysis and statistics

Scotopic b-wave analysis was performed by fit-
ting light stimulus and response to a saturating
hyperbolic function (Naka-Rushton) of the form
shown in Equation 1:

b � (1)

where b is the maximum filtered b-wave, bmax,scot
is the saturating dark adapted b-wave amplitude,
I is the intensity of stimulus, and I0.5 is the half-
saturating stimulus. From such an analysis,
bmax,scot and I0.5 were extracted. For a-wave analy-
sis, the maximum a-wave amplitude was
recorded at each light stimulus. The a-wave am-
plitude recorded from a saturating light stimulus
(2.97 log candela-sec/m2) was denoted as asat.

We used the paired Student t test to test for a
difference in the asat or bmax,scot between drug in-
jected-eyes and control eyes in each group at 2

bmax,scotI
�

I0.5 � I
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and 12 weeks. Statistical significance was defined
as alpha � 0.05. Finally, we qualitatively com-
pared funduscopic and histopathologic findings
between drug-injected eyes with control eyes.

For calculating intravitreal half-lives, the vit-
real concentrations of the drugs were measured
as above and fit to Equation 2:

A(t) � A0e�t/� (2)

where A(t) equals the concentration of drug A at
time t, A0 is the initial concentration of drug A,
and � is a time constant. In this equation, the half-
life t1/2 is equal to 0.693*�.

RESULTS

Funduscopic findings

Ten (10) animals in each group underwent a bi-
lateral dilated fundus examination 2 weeks after
injection, 3 animals in each group 4 and 8 weeks
after injection, and 6 in each group 12 weeks af-
ter injection. Animals in groups I and III showed
no differences on clinical examination between
injected and control eyes; notably, no eye de-
veloped evidence of uveitis, cataract, retinal de-
tachment, or retinal pigment epithelium (RPE)
changes, and the depot of intravitreous medica-
tion could be seen in all injected eyes. Injected

eyes in group II showed coarse RPE mottling with
nongeographic RPE atrophic changes, without
evidence of uveitis or cataract; no retinal detach-
ment could be observed funduscopically.

Electroretinography

A significant reduction in saturated a-wave
was observed in the group II drug-injected eyes
relative to the fellow control eyes at both 2 and
12 weeks (P � 0.0008 and 0.0005, respectively)
but not in the other groups (Figs. 1 and 2). A sim-
ilar decrease was found in the maximal scopto-
bic b-wave amplitude in the group II drug-in-
jected eye relative to the fellow control eyes at
both 2 and 12 weeks (P � 0.0002 and 0.0004, re-
spectively) (Figs. 1 and 3).

Histopathology and immunohistochemistry

Hematoxylin and eosin staining of Group 1
(control) eyes showed normal morphology (Fig.
4A). Eyes in group II showed degeneration of all
retinal layers, with focal chorioretinal scars and
multifocal flat retinal detachments (Fig. 4B).
There were no apparent differences between con-
trol (Fig. 4A) and group III eyes (Fig. 4C) by H&E
staining. Immunohistochemistry, using vimentin
showed normal Muller foot processes (Fig. 5A).
Immunohistochemistry, using vimentin, showed
a loss of polarity of the Müller cells, proliferation
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FIG. 1. Representative electroretinographs (ERGs) from physiologic salt solution–injected eyes, as well as three drug
groups—groups I, II, and III at different stimulus intensities. Note the relatively normal ERGs in groups I and III and
the drastically reduced responses in group II. OPs, oscillatory potentials.



of astrocytes, and highlights the chorio-retinal
scars in group II eyes (Fig. 5B). Immuno-
histochemistry for vimentin showed diffuse ex-
pression from the internal limiting membrane to
the outer nuclear layer, suggesting normal length
of Müller cells with normal foot processes for con-
trol (Fig. 5A) and group III (Fig. 5C) eyes. Im-

munohistochemistry, using glial fibrilary acidic
protein in groups I and III, showed typical faint
positivity of the foot processes of the Müller cells
(Figs. 6A and 6C); however, in group II, the dis-
torted Müller cells are positive and the chorio-
retinal scar shows the involvement of Müller cells
(Fig. 6B).
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FIG. 2. Mean saturated a-wave amplitudes in each group with bars indicating t0.05 times standard errors. The differ-
ence in mean amplitude between drug injected and control eyes is significant in group II at both 2 and 12 weeks (P �
0.0008 and 0.0005, respectively). Differences in groups I and III are not statistically significant. TA, triamcinolone ace-
tonide; PSS, physiologic salt solution; TH, triamcinolone hexacetonide; rTH, reformulated triamcinolone hexacetonide.

FIG. 3. Mean of the maximal scotopic b-wave amplitudes in each group (bars indicate t0.05 times standard error).
The difference in mean amplitude between drug injected and control eyes is significant in group II at both 2 and 12
weeks (P � 0.0002 and 0.0004, respectively). Differences in groups I and III are not statistically significant. TA, tri-
amcinolone acetonide; PSS, physiologic salt solution; TH, triamcinolone hexacetonide; rTH, reformulated triamci-
nolone hexacetonide.



Osmolality measurements

Osmolality measurements revealed that TA
has an osmolality of 225 	 3 mmol/kg, TH an os-
molality of 3917 	 31 mmol/kg, while reformu-
lated TH (used in group III) had an osmolality of
274 	 4 mmol/kg.

HPLC

The half-life of TA was 17.7 	 1.7 days, of com-
mercial TH 44 	 13 days and of reformulated TH
(used in group III) 12.8 	 2.3 days (Fig. 7A, 7B,
and 7C).

DISCUSSION

Our findings regarding group I eyes have been
previously published and discussed in detail.2

Our new results suggest that commercially avail-
able TH is detrimental to retinal function and
caused widespread retinal degeneration. This
may have been related to the hyperosmolar ve-
hicle in which commercially available TH is sus-
pended or to pharmacologic toxicity. Indeed, in-
travitreal injection of hyperosmolar solutions
(0.05 mL of 500 mOsm or greater) are known to
cause retinal degeneration,32 however, whitening
and detachment of the retina were the findings
originally described, which we did not observe.
Further, whereas electron microscopy showed
pathologic changes in the RPE following injection
of hyperosmolar solutions,32 prominent RPE
changes, such as the ones we observed, were not
described. Therefore, it is possible that the dele-
terious effects observed were secondary to toxic-
ity of the vehicle, in addition to, or instead of, the
hypersomolarity of the injected drug.
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FIG. 5. Vimentin immunohistochemistry of pupil-optic nerve sections of a control eye (A) and group III (C) eye shows
very similar staining of the Müller foot processes from the inner limiting membrane to the outer nuclear layer. Group
II (B) eyes show loss of the polarity of the Müller cells and proliferation of astrocytes (arrow). Scale bars, 100 �m.

FIG. 4. Hematoxylin and eosin. There are no observed differences between group III (C) and control eyes (A), whereas
there is degeneration of all retina layers and atrophy of the choriocapillaris in group II eyes (B). Scale bars, 100 �m.



In order to circumvent toxicity of the vehicle,
TH was purified and suspended in a reformu-
lated iso-osmolar vehicle, which was used in
group III eyes. Although there was a lack of
deleterious effect of reformulated TH to retinal
function and structure, reformulation with a
new vehicle rendered the half-life of the med-
ication in the vitreous shorter than, albeit com-
parable to, that of commercially available TA
(Kenalog). Our estimate of the latter’s half-life
in the vitreous was 17.7 	 1.7 days, which is sim-
ilar to previous estimates of its half-life in hu-
man vitreous (19 days)25 and comparable to a
previous estimate of its half-life in rabbit vitre-
ous (24 days).24

Certain limitations of our study need be con-
sidered. The small number of animals used in
each group (10 for week 2 electroretinography, 6
for week 12 electroretinography, and 3 for his-
tology) makes it possible that a real difference
was not detected (type II statistical error). Since

no statistically significant difference in elec-
troretinography between reformulated TH and
control eyes was detected, careful attention to the
power of the study is appropriate: Assuming that
a clinically insignificant change in electroretinog-
raphy would be less than a 20% difference, we
would have needed at least 23 animals in group
III, given the observed measurement variance in
order to achieve an 0.9 power of detecting a dif-
ference at the alpha � 0.05 level. Additionally,
the effects of ocular pigmentation were not specif-
ically addressed by our study. In contrast to the
clinical situation, these animals had retinae unaf-
fected by disease (it may be that diseased retina
and RPE are more susceptible to cytotoxicity).
Dark-adapted electroretinography does not as-
sess cone function, and rabbits do not have a
fovea. Finally, histology was performed on pupil-
optic nerve sections; therefore, the presence of lo-
calized photoreceptor damage outside of these
sections cannot be excluded.
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FIG. 7. Drug concentrations as measured by high-performance liquid chromatography from vitreous of group I (A),
group II (B), and group III (C) eyes. Single exponential decay curves are fit (see Methods) to estimate vitreal half-
lives (t1/2).

FIG. 6. Glial fibrillary acidic protein immunohistochemistry of retina of a control eye (A) and group III (C) eye shows
normal faint staining of the Müller foot processes. Group II (B) eyes show distorted Müller cells, and that the chori-
oretinal scar involves Müller cells. Scale bars, 100 �m.



CONCLUSIONS

This paper outlines an attempt to find an al-
ternative to intravitreal TA, which would require
fewer repeat injections. In conclusion, it appears
that commercially available TH is toxic to the
retina. Reformulation of TH with an iso-osmolar
vehicle leads to a preparation without demon-
strable toxicity to the retina, but which also has a
half-life that is not longer than that of commer-
cially available TA. It is, therefore, unlikely that
intravitreal TH has any significant advantages
over intravitrealous TA in clinical practice.
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