Int J Ophthalmol,
Tel: 8629-82245172

Vol. 12, No. 3, Mar.18, 2019 www.ijo.cn
8629-82210956 Email: ijopress@163.com

e Basic Research °

Effects of perfluorooctane on the retina as a short-term
and small amounts remnant in rabbits

Qing-Chen Li"?, Jian Yu'"’, Chun-Hui Jiang1’2’3, Hao-Hao Zh', Kun Liu’, Jin-Chuan Zhao’

'Department of Ophthalmology and Vision Science, Eye and
ENT Hospital, Fudan University, Shanghai 200031, China
*Key Laboratory of Myopia of State Health Ministry, and Key
Laboratory of Visual Impairment and Restoration of Shanghai,
Shanghai 200031, China

*Department of Ophthalmology, People’s Hospital of Shanghai
No. 5, Shanghai 200240, China

“Department of Ophthalmology, Shanghai General Hospital,
Shanghai 200080, China

*ZHEJIANG Institute of Medical Device Supervision and
Testing, Hangzhou 310018, China

Co-first authors: Qing-Chen Li and Jian Yu
Correspondence to: Chun-Hui Jiang. Department of
Ophthalmology and Vision Science, Eye and ENT Hospital,
Fudan University, 83 Fenyang Rd, Shanghai 200031,
China. chhjiang70@163.com; Hao-Hao Zhu. Department
of Ophthalmology, People’s Hospital of Shanghai No. 5,
Shanghai 200240, China. haohao700315@]163.com

Received: 2018-05-10 Accepted: 2018-12-25

Abstract

e AIM: To investigate changes in the rabbit retina after short-
term and small amounts tamponade of perfluorooctane (PFO).
e METHODS: New Zealand rabbits were used, and 48 eyes
were randomly and evenly assigned into four different
groups. The PFO groups received a residue of 0.1 mL
of PFO for ophthalmic surgery or 0.1 mL of F-Octane at
the end of surgery; eyes from the pars plana vitrectomy
(PPV) group were filled with balanced salt solution and
those having not received surgical intervention served as
controls. Eyes were collected at 1, 4 and 12wk and studied.
e RESULTS: Under a microscope, nuclear counts of the
inner nuclear layer (INL) and outer nuclear layer (ONL)
did not differ among the four groups at all time points;
however, slight disarrangement of the ONL and occasional
vacuolization of the INL were found in the inferior retina
only at 12wk in two PFO groups. Four of the groups had
similar results of Caspase-3 and TNF-a staining at all time
points. Alternatively, IL-8 was increased in PFOa and PPV
control groups at 4wk and in all three PPV groups at 12wk;
also, the apoptotic index (%) was similarly increased in all
three PPV groups at 4 and 12wk.

e CONCLUSION: Both PFOs are well tolerated in rabbit
eyes for up to 12wk, which suggests that they can be used
safely as intraoperative tools or for short-term and small
amounts tamponade after surgery.

e KEYWORDS: perfluorooctane; retinal damage; tamponade
DOI:10.18240/ijo.2019.03.05

Citation: Li QC, Yu J, Jiang CH, Zhu HH, Liu K, Zhao JC. Effects
of perfluorooctane on the retina as a short-term and small amounts

remnant in rabbits. /nt J Ophthalmol 2019;12(3):381-386

INTRODUCTION

erfluorocarbon liquids (PFCLs) are synthetic fluorinated

hydrocarbon fluids that are odorless, colorless, heavier
than water, and minimally viscous. Since first introduced
into vitreoretinal surgery by Chang et al'’, they have been
successfully used as intraoperative soft tools for manipulation
and reposition of the retina. These liquids were thought to
be inert; however, the latent intravitreal inflammation and
damage caused by the residual PFCLs could not be ignored.
Animal experiments also revealed that prolonged presence of
PFCLs might induce cell damage and evoke an intraocular
inflammatory reaction”. In former studies, pneumatic vitrectomy
(in which gas-mediated vitreous compression was performed
with 0.4 mL perfluoropropane to remove the vitreous) or 20G
vitrectomy was used; however, with the development of a
more modern technique, micro-invasive vitreoretinal surgeries
(MIVS), such as 23G and 25G, are utilized more frequently.
PFCL has also recently been used as a short-term vitreous
substitute in primary rhegmatogenous retinal detachment
cases!". Additionally, the manufacture of PFCLs has changed.
Recently, there has developed a novel method (Chinese Patent
No. 201610104987) of processing fluoride alkane, and this
method can remove trace amounts of hydrogen-containing
impurities, which could be harmful to the intraocular tissue.
Therefore, to explore the potential toxicity of PFCLs as
short-term tamponades in modern MIVS, we performed the
following study.
MATERIALS AND METHODS
Ethical Approval All experiments were approved by the
animal research review committee of the Zhejiang Institute of

Medical Device Testing and performed in accordance to the
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resolution on care of animals in research from the Association
for Research in Vision and Ophthalmology.
Animals and Grouping New Zealand rabbits were utilized,
and 48 eyes were included and randomly, evenly assigned
into four groups. Eyes underwent vitrectomy first and then 0.1 mL
of perfluorooctane (PFO) for ophthalmic surgery (Jieshi
Medical Technology Co. Ltd., Shanghai, China, use the novel
purification method of Chinese Patent No.201610104987) was
injected in group PFOa and 0.1 mL of F-Octane (FLUORON
Gmbh, Neu-Ulm, Germany) in group PFOb. Eyes of the
pars plana vitrectomy (PPV) control group were filled with
balanced salt solution (BSS), and eyes with no surgical
intervention were included as the blank control.
Surgical Procedure and Follow-up Examination All of
the rabbits were operated upon under general anesthesia
induced by intramuscular application of ketamine hydrochloride
(30 mg/kg) and xylazine hydrochloride (5 mg/kg) combined
with sodium pentobarbital. The pupils were dilated with
tropicamide phenylephrine eye drops (0.5% tropicamide and
1% phenylephrine). All vitrectomies were carried out by one
surgeon (Jiang CH) using a commercially available device
(Constellation, Alcon) and a 23G system. After the vitreous
was removed, 0.5 mL of PFOs were injected into the vitreous
cavity and maintained for 20min to simulate a real surgical
situation. Then, the PFOs were removed, and in the two
PFO groups, another 0.1 mL of PFOs was injected before
the end of surgery. For each PFO group, the same PFO was
used intraoperatively and at the end of surgery, in PPV group
F-Octane was used during the operation.
Follow-up observation was performed the first day after
surgery and then weekly and included examination for corneal
and lens opacities. Eyes were enucleated at 1 (16 eyes), 4 (16
eyes) and 12wk (16 eyes) after the surgery. At any time of the
study, eyes would be excluded if any form of complication,
such as cataracts or retinal detachments, was noticed, or when
animal death occurred, in which case the rabbit would then be
replaced by one of the same-sex and similar weight.
Hematoxylin and Eosin Staining Rabbits were euthanized
by carbon dioxide inhalation, and eyes were fixed with 4%
paraformaldehyde as soon as they were enucleated. Tissue
was embedded in paraffin and then cut to a thickness of 5 um.
Sections from within 0.2 mm of the optic disc were chosen for
processing. After deparaffinization and rehydration, sections
were treated with sodium citrate buffer (pH 6.0, 10min) and
blocking buffer [10% normal goat serum, 0.05% Triton X-100
in phosphate-buffered saline (PBS); 1h, room temperature].
Then, the specimens were stained with hematoxylin and eosin
(H&E). The slides were dehydrated and placed on a coverslip.
Immunohistochemical Staining of TNF-a, Caspase-3,
IL-6 and IL-8 Endogenous peroxidases in paraffin slices
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were hydrated with hydrogen peroxide (3% in methanol) for
30min and then boiled in sodium citrate buffer for 10min
to achieve antigenicity. After blockage with 3% bovine
serum albumin, the sections were incubated overnight at 4°C
with primary antibodies [mouse anti tumor necrosis factor
(TNF)-a, 1:100; mouse anti Caspase-3, 1:100; mouse anti
interleukins (IL)-6, 1:50; mouse anti IL-8, 1:50; Abcam,
USA] in PBS supplemented with 0.5% Triton X-100 (Santa
Cruz, USA), followed by incubation with appropriate HRP-
coupled secondary antibodies (Goat anti-mouse IgG, 1:200;
Arigo, Taiwan, China). Slides were counterstained using
Mayer’s hematoxylin and dehydrated. Then, they were
mounted and viewed with a confocal microscope (DM5500B,
Leica, Germany). Finally, the staining densities of the target
protein signals in the images were quantified by means of
CaseViewer and Pannoramic Viewer software (3DHISTECH
Ltd., Hungary). The ratio of integrated optical density of all the
positive staining in the field of each photograph was calculated
as the mean optical density of the target proteins.

Terminal Deoxynucleotidyl Transferase dUTP Nick
End Labeling Assay Paraffined tissue sections were pre-
treated with frozen methanol for 20min and then with frozen
methanol/acetic acid (2:1) for another 20min. After washing
with PBS, the sections were treated with reagents from the
in situ Cell Death Detection Kit, Fluorescein (Roche, USA),
as described by the manufacturer’s protocol. Briefly, sections
were immersed in terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) reaction mixture (50 pL enzyme
solution added to 450 uL label solution) at 37°C for 60min,
and nuclei were counterstained with Hoechst (Sigma-Aldrich,
USA). After the reaction was stopped by washing with
PBS at room temperature, treated sections were viewed and
photographed with a confocal microscope (DM5500B, Leica,
Germany) with equilibrated parameters. In each area, the
numbers of total cells and TUNEL-positive cells were counted
and averaged.

Statistical Analysis All results were presented as the
meantstandard deviation and analyzed using SPSS 24.0
software. Paired-comparisons were analyzed by one-way
analysis of variance (ANOVA). A value of P<0.05 was used to
determine the statistical significance.

RESULTS

Clinical Observations During the study, 4 eyes were
excluded due to complications, including intra-operative
cataract formation and postoperative retinal detachment.
Another 4 eyes were then recruited. In the first week, the eyes
that received vitrectomy showed corneal edema, exudation
in the anterior chamber, which gradually went away and
disappeared totally after 4wk. No other apparent abnormality
was found after 4wk. In some eyes belonging to the PFO



Int J Ophthalmol,
Tel: 8629-82245172

Vol. 12, No. 3, Mar.18, 2019 www.ijo.cn
8629-82210956 Email: ijopress@163.com

1wk

4wk

12 wk

Blank control

NS

.

ris

Figure 1 Histological section of the inferior retina at 1, 4 and 12wk after surgery Hematoxylin and eosin, 200x; The frames show the

vacuolization in the inner nuclear layer of PFOa group and PFOb group.

groups, small bubbles of PFOs were visible in the vitreous
cavity.

Hematoxylin and Eosin Staining Light-microscopic
examination revealed an unbroken appearance and distinct
layers in the retina at 1 and 4wk after surgery in all four
groups (Figure 1). However, at 12wk, slight disarrangement
of the outer nuclear layer (ONL) and occasional vacuolization
in the inner nuclear layer (INL) of the inferior retina were
found similarly in the two PFOs groups (Figure 1), while the
structures of the superior retina were relatively uninfluenced
(Figure 2). Nuclear counts of the INL and ONL did not
differ among the four groups at 1, 4 or 12wk follow-ups (all
P>0.05).

Immunohistochemical Findings The H-Score of neither
Caspase-3 nor TNF-a was different among the four groups at
any time points (all >0.05). However, compared to the blank
control group, the level of IL-6 was found elevated in PFOb
group at 4wk after surgery (P<0.05). Additionally, IL-8 was
elevated in the PFOa and PPV control groups at 4wk, as well
as in all three surgical groups at 12wk (all P<0.05; Figure 3).

TUNEL Assay After 1wk, the apoptotic index (%) was not
different among the four groups (P>0.05); however, at 4 and
12wk, all three surgical groups demonstrated a significantly
higher apoptotic index (%) than the blank controls (P<0.05;
Figures 4 and 5), although the indices were similar among
three surgical groups (P>0.05). The TUNEL positive cells
were mainly found at the inferior retina in all groups (Figure 2).
DISCUSSION
Among a variety of PFCLs used clinically, PFO"* and
perfluorodecalin (PFD, C,,F,o)"" were the most commonly
used. In the present study, the change of the retina over 1-12wk
after vitrectomy and residual PFOs was studied in rabbit eyes.
The counting of cell nuclei with a standard magnification field
had long been used to reflect cell densities of the INL and ONL
of the retina". Our results indicate that the three vitrectomy
groups had similar cell densities in the INL and ONL layers
to those of the controls at all time points, and only slight changes
were occasionally found in the two PFO groups at 12wk. This was in
accordance with the report of Mackiewicz et al*' and seemed
to support that PFO was well-tolerated for short-term residue.
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Figure 2 Change of different parts of the retina at 12wk A, B, D and E are samples from the PFOa group, and C and F are samples from PPV
group. In the PFOa group: H&E staining showing that the superior retina had normal structure (A), while a slight disarrangement in the inferior
retina (D); immunohistochemical staining intensity (TUNEL) was stronger in the inferior area (E) than the superior (B); in the PPV group,

immunohistochemical staining intensity (TUNEL) was also stronger in the inferior area (F) than the superior (C).
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Figure 3 Immunohistochemical staining intensity (H-Score) of TNF-a (A), Caspase-3 (B), IL-6 (C) and IL-8 (D) at different time point
The H-Score of neither Caspase-3 nor TNF-a was different among the four groups at any time points. The H-Score of IL-6 was elevated in PFOb
group at 4wk after surgery, and the H-Score of IL-8 was elevated in the PFOa and PPV groups at 4wk and in three surgical groups at 12wk.

ANOVA test was used to compare measurements between the four groups. *P<0.05.

TNF-a is an important pro-inflammatory and pro-apoptotic
cytokine!*®
These factors were reported to be elevated in post-vitrectomy
! In the present study, TNF-o and IL-6 did not
change significantly in the PFO groups, but IL-8 was elevated

, and IL-6 and IL-8 are pro-inflammatory cytokines.
human eyes!

in all three surgical groups. Interestingly, IL-8 was similarly
elevated in all three vitrectomy groups, including the group
with simple vitrectomy and BSS tamponade. Additionally, the
TUNEL test demonstrated that the apoptotic index (%) was
similarly increased in all three surgical groups at 4 and 12wk,
with no difference among them. Formerly in Mackiewicz
et al’s”™ study, sparse TUNEL-positive cells in the ONL was
384

found similarly in eyes with PFD or BSS filling. Our results
were in accordance with theirs. It was reported that PPV could
cause damage to the ocular tissues by means of fluctuating
intraocular pressure or by effects of infusion or mechanical
injury!*"”. Additionally, our findings further indicate that
vitrectomy alone could trigger inflammation and lead to retinal
damage; a small amount of PFO residue might not cause
further damage.

It was interesting to notice that the Caspase-3 results were
similar among the four groups at all time points, while the
apoptotic index (%) was increased in all three surgical groups
at 4 and 12wk. Caspase-3, which is regarded as a marker of



Int J Ophthalmol,
Tel: 8629-82245172

Vol. 12, No. 3, Mar.18, 2019 www.ijo.cn
8629-82210956 Email: ijopress@163.com

PFOa

PFOb

1wk

4wk

12 wk

Blank control

PPV control

Figure 4 TUNEL positive nuclei of the inferior retina at 1, 4 and 12wk (TUNEL, 200%, merged) The apoptotic index (%) was not different

among the four groups (P>0.05) at 1wk, but at 4 and 12wk, all surgical groups demonstrated a higher apoptotic index (%) than in the blank

control (P<0.05).
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Figure 5 The apoptotic index of the inferior retina (results of the
TUNEL assay) The apoptotic index (%) was not different among
the four groups at 1wk, while at 4 and 12wk, all three surgical groups
demonstrated a significantly higher apoptotic index (%) than in the
blank control (P<0.05), but the indices were similar among them
(P>0.05). The ANOVA test was used to compare measurements
between the four groups. *P<0.05.

apoptosis that is based on cytoplasmic localization in cells
containing activated caspase, plays a most important role in
the process of apoptosis, while TUNEL is a method widely
used to identify and quantify for detecting apoptotic DNA
fragmentation or excessive DNA breakage in individual

[16

cells". It may also label cells having DNA damaged by

means other than apoptosis; for example, necroptosis, which
was proved to be a way of caspase-independent cell death.
Necroptosis cells were stained positively by TUNEL but not
Caspase-3""\. In addition, apoptosis could be mediated via
not only a caspase-dependent but also a caspase-independent
pathway. The uncorrelated level between the Caspase-3 and
TUNEL assays might reveal that the cell death induced by
PFCLs tamponade or vitrectomy is mediated via a caspase-
independent pathway.

As PFOs are heavier than water, it was not surprising that
disarrangement and vacuolization of retinal layers were found
in the inferior retina. However, in the simple vitrectomy group,
positive TUNEL cells were also found predominantly in the
inferior retina. The PFO used during the surgery might be
responsible. On the other hand, the results of other studies

and those of our study™'”

indicate that inflammatory factors
and other toxicity substances were increased postoperatively.
Proteins are slightly soluble but disperse in the form of
colloids in water'"*'"”!. As proteins, which are heavier than
water, could precipitate at the inferior retina and lead to the
damage prominently found at the inferior. On the other hand,
most TUNEL positive cells were found in the ONL of the
retina. Stolba et al*” and Mackiewicz et al" also found that
perfluorocarbon could lead to cell loss and nuclear drop-downs
of the ONL, or sparse TUNEL-positive cells in the ONL.
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Although our results are similar, the reason why the ONL is
more vulnerable than other layers of the retina is still unclear.
In this study, we used only histopathologic and molecular
methods but no functional measurement, the disarrangement
of the ONL and some vacuolization of the INL might be
correlated with some functional change. Future study included
electroretinogram or other functional evaluation might further
improve our understanding.
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