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PURPOSE. Although mice are widely used models for human eye diseases, knowledge
of their vitreous is scarce and fragmentary. This study characterizes the structure and
composition of vitreous fibrils and their interfibrillar space. Given the role of this fibrillar
network in maintaining the vitreous’ biomechanical properties, the impact of intravitreal
injections on vitreous architecture was also explored.

METHODS. Healthy adult C57/BL6J mice were studied. Classical histological techniques,
picrosirius red-polarization, immunofluorescence, lectin histochemistry, and hyaluronic
acid binding protein assays were used to examine vitreous fibrils and interfibrillar space.
For the analysis of distribution of components along the fibrils, the Airyscan microscopy
was used to achieve higher resolution.

RESULTS. Vitreous fibrils consist of fibrillar collagen, glycoproteins (fibrillin 1, fibronectin,
laminin, and collagen IV), N-acetyl galactosamine, and hyaluronan, all absent in the
interfibrillar space. A single sterile intravitreal saline injection induced an
inflammatory insult, characterized by increased fibril density and macrophage/hyalocyte
invasion. Lysosome-associated membrane protein 1 (Lamp1) immunohistochemistry
suggests these cells may remove fibrils via phagocytosis and activate a remodeling
process in the vitreous.

CONCLUSIONS. This study enhances understanding of the mouse vitreous structure,
suggesting fibrils are composed of glycoprotein-wrapped collagen cores. Furthermore,
the absence of hyaluronan and glycoproteins between fibrils may explain lower viscosity
in mice compared with humans. Intravitreal injections as an inflammatory insult disrupt
fibril networks and activate macrophages/hyalocytes.

Keywords: vitreous fibrils, hyalocyte, macrophage, intravitreal injection, sterile
inflammation

The vitreous is classically described as a gel-like extra-
cellular matrix inside the eye.1–3 This gel fills the cavity

behind the lens and is adhered to the retina.4,5 The vitre-
ous maintains the shape of the eyeball2,4,6 and provides the
metabolic requirements of the lens. It serves as a barrier for
the diffusion of large macromolecules7,8 and plays a key role
in coordinating eye growth.9–11

It has previously been established that in mammals a
network of fibrils endows the vitreous with shape, strength,
flexibility, and resistance to tractional forces.12,13 These
fibrils are heterotypic, consisting of a mixed composition
containing collagen II, IX, and V/XI.14 They are heteroge-
neously distributed across different regions of the vitreous,
and present several configurations based on their aggrega-
tion relationships with other macromolecules present in the
vitreous.3,15–18 Additionally, charged carbohydrates, particu-

larly glycosaminoglycans (GAGs) are found between fibrils.
These GAGs attract water, generating a swelling pressure
that separates collagen fibrils, inflates the vitreous, and with-
stands compressive forces.4,17 The primary GAG between
fibrils is hyaluronan (HA),19,20 which entangles with vitre-
ous collagen and with hyaluronan-binding macromolecules,
including versican, aggrecan, and others,21,22 to form the
vitreous gel.17 In addition, low-molecular-weight molecules,
such as lipids, salts, sugars, and lactate, and, so far, more
than 600 unique proteins have been also described in the
vitreous.23–25

Despite being one of the most used eye disease models,
the structure and composition of the adult mouse vitreous
is still poorly understood. In comparison with humans, the
mouse eye has a relatively large lens and a smaller vitreous,
being its volume only 4.4 μL in C57BL/6 mice.26 Further-
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more, human vitreous exhibits a hydrogel-like consistency,
whereas the mouse vitreous is comparatively less dense.
Several studies about the developing vitreous,4,9,27,28 as
well as studies on its proteomic composition29,30 have been
published. However, only a few studies deal with the struc-
ture of the vitreous fibrils and the composition of the inter-
fibrillar space,27,31–34 which both determine the physical
properties of the vitreous.

Intravitreal injections have become a prevalent intraoc-
ular therapeutic procedure globally, marking a signifi-
cant advancement in the treatment of various conditions
like age-related macular degeneration, diabetic macular
edema, proliferative diabetic retinopathy, retinal vein occlu-
sion, pathological myopia, and uveitis, among others.35,36

However, due to the relatively short half-life of drugs
injected into the vitreous, patients typically undergo a
series of repeated injections,35,37 which carry potential risks,
producing mechanical injury that triggers intraocular inflam-
mation.37–39 Thus, a better understanding of the vitreous
structure and composition, as well as the impact of the
inflammatory insult caused by the intravitreal injections on
this ocular structure, could help overcome pharmacological
limitations related to drug interactions with vitreous compo-
nents, ultimately improving therapeutic concentration and
diffusion.

The primary objective of this study was to characterize
the structure and composition of the adult mouse vitreous
and analyze the impact of a mechanical injury provoked by
an intravitreal injection on its integrity.

MATERIALS AND METHODS

Mice

C57BL/6J male and female mice aged 20 weeks were used
in this study. Twenty different eyes were used for the
histological findings presented in the figures. The mice
were maintained in the animal facility under controlled
environmental conditions (20°C temperature, 60% humid-
ity, and 12 hours of light/dark cycles) and provided with
water and a standard diet ad libitum (2018S TEKLAD
Global, Harlan Teklad, Madison, WI, USA). All mice were
euthanized with an inhaled overdose of isoflurane or
anesthetized with an intraperitoneal injection of ketamine
(100 mg/kg) and xylazine (12 mg/kg) followed by cervical
dislocation.

Experimental procedures were performed in accordance
with the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research and the ARRIVE (Animal
Research: Reporting In Vivo Experiments) guidelines 2.0
and were approved by the Ethics Committee for Animal
and Human Experimentation of the Universitat Autònoma
de Barcelona (UAB; FUE-2018-00717286).

Hematoxylin-Eosin Staining in Paraffin Sections

The eyes were enucleated and fixed with a 10% neutral
buffer formalin solution. Additionally, samples were dehy-
drated and cleared with ethanol and xylol series (Panreac)
and embedded in paraffin. Sections of 5 μm thick were
obtained with a Leica RM2125RT microtome passing
through the optic axis of the eyeball. Then, deparaffinized
and rehydrated eye sections were stained for 5 minutes
with Harris Hematoxylin (Sigma-Aldrich) followed by a
quick dip in 0.25% hydrochloric acid. Furthermore, the

TABLE 1. Lectins Used and Their Major Carbohydrate Specificities

Lectin Plant Source Sugar Binding Specificity

RCA-I Ricinus communis β-GalNAc/β-Gal
SBA Glycine max α-GalNAc/Gal
WFA Wisteria floribunda β-GalNAc
UEA-I Ulex europeus Fuc
WGA Triticum vulgare β-GlcNAc; NeuAcNAc

Fuc, fucose; Gal, galactosamine; Glc, glucosamine; NAc, N-acetyl;
NeuAC, neuroaminic acid.

slices were washed with distilled water and incubated
in Eosin for 1 minute. Sections were dehydrated and
cleared with xylol before been mounted with DPX (Sigma
Aldrich).

Picrosirius Red Stain-Polarization Method

After deparaffinization and rehydration, eye sections were
stained with Weigert’s hematoxylin (Sigma Aldrich) for
10 minutes, followed by rinsing with tap water for
10 minutes. The sections were then exposed to a Picrosir-
ius red solution (Sigma Aldrich) for 1 hour and 15 minutes,
followed by 2 immersions in acidified water. Although
Picrosirius red stain alone does not selectively bind colla-
gen, polarized light was used to enhance the visualization
of the collagen network.40 Picrosirius red is an elongated
birefringent molecule that binds to a variety of molecules
in tissue sections, not just collagen. However, when bound
to collagen, it aligns parallel to the collagen fibrils, greatly
enhancing their natural birefringence. Therefore, complexes
of fibrous collagen bound Picrosirius Red exhibits much
higher birefringence than complexes formed with other
proteins. Picrosirius Red-bound fibrous collagen can then
be detected under polarized light.

Periodic Acid Schiff

To detect mucopolysaccharides after deparaffinization and
rehydration, sections were treated with 5% Periodic acid
(Panreac) for 10 seconds, followed by incubation with
Schiff’s Reagent (Sigma Aldrich) for 30 minutes at 4°C. After-
ward, the sections were counterstained with Harris Hema-
toxylin for 10 minutes before dehydration and mounting
with DPX.

Lectins Histochemistry

The lectins used in this study and their specific binding
sites are listed in Table 1. RCA-I (B1085), SBA (B1015),
and WFA (B1355) were purchased from Vector Laborato-
ries. WGA (L5142) and UEA-I (L8262) were obtained from
Sigma Aldrich. Deparaffinized eye sections were rinsed in
wash buffer and incubated with biotinylated lectins diluted
in PBS + 0.1% Triton X-100 + 0.1 mM CaCl2, MgCl2, and
MnCl2 overnight at 4°C. The lectin concentration used in
all cases was 20 to 25 μg/mL to achieve maximum staining
with minimal background. After several rinses, the sections
were incubated with streptavidin Alexa Fluor 488 conjugate.
Nuclei were counterstained with Hoechst (Sigma Aldrich)
for 5 minutes at room temperature, rinsed, and mounted
with Fluoromount. Negative controls were performed on
sequential tissue sections by omitting the corresponding
lectin.
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Hyaluronan Detection by Biotinylated Hyaluronic
Acid Binding Protein

Eye sections were subjected to deparaffinization and rehy-
dration, followed by three successive washes with PBS.
Samples were then blocked with a solution of PBS, 0.05%
Igepal, and 10% goat serum for 45 minutes. Biotinylated
hyaluronic acid binding protein (b-HABP, 385911; Sigma
Aldrich) was applied overnight at 4°C, at a dilution of 1:100.
Two types of controls were implemented: one involved repli-
cating the procedure while excluding the application of
b-HABP, and the other involved pretreating the samples
with Hyaluronidase (H3884; Sigma Aldrich) at 37°C for
30 minutes before incubation with b-HABP. The following
day, the samples were rinsed and incubated with Strep-
tavidin Alexa Fluor 488 conjugate secondary antibody for
30 minutes. Nuclei were counterstained with Hoechst for
10 minutes before mounting with Fluoromount.

Immunofluorescence

Deparaffinized and rehydrated sections underwent antigen
retrieval to expose epitopes. Sections were blocked with
a solution of PBS, 0.05% Igepal, and 10% goat serum for
45 minutes. They were then incubated overnight at 4°C
with primary antibodies, all diluted in the blocking solu-
tion. The primary antibodies used included rabbit anti-
mouse Fibrillin1 (1:100; ab53676; Abcam), rabbit anti- mouse
Fibronectin (1:100; Sigma/F3648), rabbit anti-mouse colla-
gen IV (1:20; AB769; Merck Millipore), rabbit anti-mouse
Laminin (1:200; Z0097; DAKO, Glostrup, Denmark), rat anti-
MAC2 (1:50; Cedarlane CL8942AP), and rat anti-lysosome-
associated membrane protein 1 (Lamp1; 1:50; Santa Cruz;
SC18821). After several rinses in blocking solution, the
sections were incubated with goat anti-rabbit Alexa 488
or 568 secondary antibody (1:100; A11008; Invitrogen) for
2 hours at room temperature. Sections were counterstained
with Hoechst (Sigma Aldrich) for 10 minutes and mounted
in Fluoromount. Negative controls were performed by omit-
ting the primary antibody in sequential tissue sections.

Confocal Fluorescence Imaging Acquisition and
Analysis

Image acquisition was carried out using a SP5 laser scanning
confocal microscope (Leica Microsystems GmbH, Heidel-
berg, Germany). Subsequent image processing and analy-
sis were conducted using ImageJ/Fiji.41 To determine the
location of the fluorescence signal and differentiate between
the vitreous fibrils and their interfibrillar space, the corre-
spondence between the fluorescence signal and the vitre-
ous fibrils observed by bright-field microscopy was always
established (Supplementary Fig. S1). For the analysis of
glycoprotein distribution within the vitreous fibrils, Airyscan
mode on a Zeiss Confocal 980 was used to achieve higher
resolution. This enhanced resolution was also used to
assess the colocalization of fibrillin 1 and Lamp1. To eval-
uate their degree of colocalization, 7 independent exper-
iments using ImageJ (Fiji) and Zeiss Confocal 980 soft-
ware were analyzed. Fluorescence patterns were analyzed
using the Pearson correlation coefficient and Manders’ over-
lap coefficient (M1) to quantify colocalization. Both global
and region-specific (rectangular) analyses were performed,
with weighted colocalization coefficients calculated for each
channel.

Intravitreal Sterile Isotonic Saline Injection

Mice were injected subcutaneously with the analgesic
Buprenex (10 μL/g, Indivor) and then anesthetized with
an intraperitoneal injection of xylazine (12 mg/kg) and
ketamine (100 mg/kg). To prevent corneal dryness,
Viscofresh drops (Allergan) were applied, along with topi-
cal anti-inflammatory and antibiotic TobraDex (Alcon). For
the intravitreal injection (n = 6) of 7 μL isotonic saline
(Lactato-RingerVet), a Hamilton syringe was used (HA-80300
Teknokroma) with a capacity of 10 μL, and 0.47 mm needle
diameter. The injection was administered through the poste-
rior segment of the eye, with the needle inserted at a 45
degrees angle through the corneoscleral limbus. To mini-
mize the risk of lens damage, a sterile eyelid speculum was
used to ensure proper alignment and maintain a clear injec-
tion trajectory. Post-procedure imaging confirmed that the
lens remained unharmed.

Twenty-four hours after injection, the mice were eutha-
nized, their eyes were enucleated, fixed, and processed for
paraffin embedding, following a previously described proto-
col.

RESULTS

Topography and Distribution of Vitreous Fibrils

Vitreous fibrils were visible as a sparse thin network using
conventional hematoxylin and eosin (H&E) staining on
paraffin sections (Fig. 1) in the retrolental, vitreoretinal,
and zonular areas, corresponding to the central, basal, and
vitreous cortex described by Boos et al. in humans.42 The
Picrosirius red stain combined with polarized light detection
(PSR-POL), one of the best understood histochemical tech-
niques to detect fibrous collagen,40 revealed glittering lines
in the vitreous fibrils, confirming the presence of fibrous
collagen in their structure (see Fig. 1). This finding is consis-
tent with previous study showing that collagen II, one of
seven fibrillar collagens found in animals43,44 is the primary
fibrillar component of the mouse vitreous.27,45 The thickness
of vitreous fibrils observed by PSR-POL (0.06 ± 0.02 μm:
n = 15) matched the known thickness of fibrous collagen.46

Based on the 2D images of vitreous fibril obtained from
5 μm thickness paraffin sections after PSR-POL, several
observations on their geometric structure can be stated. First,
the fibrils had a roughly constant diameter which was several
orders of magnitude smaller than their length. Some fibrils
extended beyond approximately −24 μm in length, which
represents a lower bound on the actual maximum extension
of these fibrils. This is because the measurements were made
using 2D images which are projections of the 3D fibrils onto
the image plane. Therefore, if a fibril is not exactly contained
within a plane parallel to the image (which is an extremely
unlikely situation), the observed length was shorter than the
actual length (Fig. 2). Additionally, it is possible that a given
vitreous fibril was not fully captured within a 2D image. If
the fibril enters and/or exits the paraffin section at different
points, this will not be apparent from the micrographs (see
Fig. 2), again, leading to an underestimation of the fibril’s
length. For instance, a fibril crossing the paraffin section
orthogonally would appear as a point in the 2D images (see
Fig. 2). Furthermore, the 2D projection of the fibril may have
additional effects. It is plausible that certain fibrils bend or
branch in intricate ways (see Fig. 2), which may result in the
appearance of blurred fibrils in the micrographs.
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FIGURE 1. Topography and distribution of vitreous fibrils. (A) Section through the optic axis of a mouse eye stained with H&E showing
the areas magnified below. (B) The polarized light clearly identified the glittering collagen fibers stained with picrosirius red in the cornea.
Fibrillar collagen was evident in the vitreous fibrils at the retrolental (C), vitreoretinal (D), and zonular (E) areas. Picrosirius red staining
evidenced more clearly the vitreous fibrils that the H&E staining (compare left and central panels). Zonular fibrils appeared less glittery
than retrolental and vitreoretinal fibrils suggesting less fibrillar collagen present in its composition. PSR, Picrosirius red; PSR-POL, Picrosirius
red-polarized light; L, lens; R, retina; Cb, ciliary body; Co, cornea. Scale bars = 26.61 μm (B); 23.30 μm (C left panel); 13.61 μm (C central
panel); 24.09 μm (D left panel); 9.42 μm (D central panel); 29.36 μm (E left panel); 15.76 μm (E central panel).

Downloaded from iovs.arvojournals.org on 05/07/2025



Vitreous Fibrillar Structure in Adult Mice IOVS | March 2025 | Vol. 66 | No. 3 | Article 60 | 5

FIGURE 2. Schematic representation of a paraffin section of the vitreous containing fibrils (red). (A) Side view of the section. (B) Three-
dimensional view of the section including the projections of the fibrils (light blue). (C) Actual image observed through the microscope.

Vitreous Fibrils and Interfibrillar Space Protein
Composition

In addition to the fibrous collagen detected by PSR-POL,
immunofluorescence revealed other non-fibrous proteins in
the mouse vitreous fibrils: fibrillin 1, fibronectin, laminin,
and collagen IV (Fig. 3, Supplementary Figs. S2, S3). Fibrillin
1, a large cysteine-rich glycoprotein, was found in the retro-
lental, vitreoretinal, and zonular areas. Previously, fibrillin
1 had been only reported as a component of the zonu-
lar fibers.32 Fibronectin, a glycoprotein that interacts with
cell surface receptors such as integrins and syndecans,47–49

was also present in the retrolental, vitreoretinal, and zonu-
lar fibrils. Furthermore, the cell adhesion protein laminin,
a heterotrimeric glycoprotein composed of α, β, and γ

chains,17,47 was associated with the retrolental, vitreoretinal,
and zonular fibrils. Laminin is a well-known component of
the retinal inner limiting membrane, which forms the bound-
ary between the retina and the vitreous.50,51 Finally, colla-
gen IV, the primary non-fibrillar component of the base-
ment membranes, typically associated to fibronectin and
laminin,52 was also present in the retrolental, vitreoretinal,
and zonular fibrils. Laminin and collagen IV have previously
been described as components of the intravitreal membrane,
a membranous structure that separates the primary and
secondary vitreous at postnatal day 4 in the mouse.9

The thickness of vitreous fibrils measured on immunoflu-
orescent images was consistently greater than the thickness
of fibrils measured using PSR-POL (Fig. 4), suggesting that
fibrillin 1, fibronectin, laminin, and collagen IV are wrap-
ping a core of fibrillar collagen within the vitreous fibrils.
The shape and morphology of vitreous fibrils appeared
similar but not identical when the images of fibrillin
1, fibronectin, laminin, and collagen IV were compared
(see Fig. 3, Supplementary Figs. S2, S3). This could indi-
cate that the protein arrangement along the fibrils is not
homogenous. To test this hypothesis, the Airyscan detector,
which offers enhanced resolution for visualizing proteins on
immunofluorescent slides, was used. Analysis of the fibrillin
1 arrangement along vitreous fibrils confirmed that fibrillin 1
was circumscribed to specific locations along vitreous fibrils
(Fig. 5).

Under our experimental conditions, vitreous proteins
were found exclusively associated with vitreous fibrils. No
specific signal for these proteins was detected in the inter-
fibrillar space (see Fig. 3, Supplementary Figs. S2, S3).

Vitreous Fibrils and Interfibrillar Space
Carbohydrate Composition

Periodic Acid Schiff (PAS) staining is a widely used method
to detect carbohydrates.53 Our results showed the classi-
cal red PAS-positive reaction in the retrolental, vitreoretinal,
and zonular areas (Fig. 6A). This is consistent with the fact
that fibrillin 1, fibronectin, and laminin, which are detected
in vitreous fibrils, are glycoproteins. To specifically identify
these carbohydrates in the vitreous fibrils and in the inter-
fibrillar space, lectin histochemistry was performed. GalNAc,
an O-linked sugar to serine and threonine residues, was
detected in the retrolental, vitreoretinal, and zonular fibrils
using RCA-I, SBA, and WFA lectins (Fig. 6B, Supplementary
Figs. S4, S5). Although RCA-I, SBA, and WFA lectins recog-
nized the GalNAc monosaccharide, they displayed subtle
differences in their signal intensities on mouse vitreous
fibrils, likely due to their different binding specificities for α

and β recognition domains (see Table 1).54 A previous study
showed that RCA-I and SBA bound to the hyaloid vessels and
the primary vitreous fibrils at postnatal day 0 in the mouse.9

Consistent with our findings, this study also observed differ-
ences in the signal intensities of RCA-I and SBA.

Fucose is unique in having an L-configuration, whereas
all other naturally occurring monosaccharides in mammals
exist in the D-conformation.55 Fucosyl residues, specifically
detected by UEA-I lectin, have been previously described
binding to zonular fibrils of mice, rabbits, and humans.56 Our
results using UEA-I lectin confirmed this finding in mouse
(see Supplementary Fig. S5). However, in contrast to findings
in rabbits and humans, no fucose residues were associated
with retrolental vitreous fibrils in mice (see Fig. 6B).

WGA lectins recognize the monosaccharide GlcNAc.57,58

The vitreous fibrils in the retrolental and vitreoretinal areas,
as well as the zonular fibrils, were positive for WGA, suggest-
ing that HA, which contains GlcNAc in its composition,59–61
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FIGURE 3. Vitreous fibrils and interfibrillar space protein composition. FBN 1 (A), FN (B), LAM (C), and COL IV (D) were found in the
vitreous and zonula fibrils. Note that the shape and thickness of the fibrils are similar but not identical depending on the protein analyzed.
None of the proteins analyzed were found between fibrils. FBN 1, fibrillin 1; FN, fibronectin; LAM, laminin; COL IV, Collagen IV; L, Lens.
Scale bars = 18.70 μm (A); 17.5 μm (B); 15.10 μm (C); 12.92 μm (D).
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FIGURE 4. Average fibril thickness from protein visualization
images. Vitreous fibrils visualized by Picrosirius red-polarized light
were significantly smaller than when other proteins were used (0.06
± 0.02 μm in PRS-POL) versus (1.06 ± 0.29 μm in Fbn1; P = 0.0025;
n = 24); (0.46 ± 0.18 μm in Fn; P = 0.039; n = 19); (0.68 ± 0.30 μm
in Lam; P = 0.052; n = 21); (0.87 ± 0.18 μm in Col IV; P = 0.01;
n = 25).

is a component of these fibrils (Fig. 6C). In contrast, no WGA
staining was observed in the interfibrillar space (see Fig. 6C).
Supporting the hypothesis of HA being present in vitreous
fibrils, previous studies have shown that WGA can also bind
NeuNAc, another component of HA.61,62 In our study, the
lens capsule, retinal inner limiting membrane, and ciliary
epithelium were also positive for WGA (see Fig. 6C).

To further assess whether vitreous fibrils are unequivo-
cally composed of HA, because GlcNAc is not exclusive to
HA and is also found in other carbohydrates,63 we tested
a b-HABP, which specifically binds HA.64 Because previous
studies have shown that HA is removed from the samples
during formalin fixation, and that the acid-formalin/ethanol
(Fekete’s) fixative preserves HA better, we compared the HA
signal in samples fixed with either NBF or Fekete’s solution.
No significant differences in HA fluorescent signals were
observed between the two fixation methods (Supplemen-
tary Fig. S6). The results obtained using bHABP unequivo-
cally showed that HA is a component of the vitreous and

zonular fibrils in mice, but it was absent from the interfib-
rillar space (Fig. 7). Moreover, the HA signal faded from the
vitreous chamber following treatment with hyaluronidase,
further confirming the presence of HA in the vitreous fibrils.
This finding in the mouse contradicts the general assump-
tion that vitreous fibrils are surrounded by a network of HA,
as observed, for example, in humans.4,45

Fibril Alteration After Intravitreal Injection

Intravitreal injections are one of the most common intraocu-
lar treatments worldwide due to their effectiveness in treat-
ing various retinal diseases, and had demonstrated been a
secure clinical procedure.35,37,65 Nevertheless, any intravit-
real injection represents a mechanical injury that can trig-
ger an inflammatory response in the surrounding tissue.
To evaluate the injury effect of intravitreal injections in the
fibrillar composition of mouse vitreous, a sterile injection of
isotonic saline was administered through the sclera, target-
ing the posterior region of the lens. This procedure was
not intended to replicate therapeutic intravitreal injections
performed in humans but rather assess the vitreous reaction
to an inflammatory insult (Fig. 8A).

Twenty-four hours post-injection, an increased density
of fibrils was observed in the vitreous chamber (Fig. 8B).
Simultaneously, a high number of single cells were found
between the vitreous fibrils (see Fig. 8B). Further analy-
sis using anti-Mac2 (CD11b) antibody, a specific marker of
macrophages,66 confirmed the macrophage-like nature of
these cells (Fig. 8C). Given that hyalocytes also express this
marker,67 we suggest that the cells that increased in number
within the vitreous after injection could be hyalocytes. The
number of hyalocytes/macrophages was quantified in five
of the non-injected eyes used as controls and in four of
the injected ones. Cells were counted in the three specifics
areas where the vitreous fibrils were previously analyzed
(retrolental, vitreoretinal, and zonular). The injected group
showed more variability in the number of found hyalo-
cyte/macrophages (Table 2), suggesting that eyes responded
differently to the injection, possibly due to variations on the
inflammatory response.

Interestingly, in the injected eyes, always the number of
hyalocyte/macrophages was higher in the vitreoretinal area,
suggesting that vitreous macrophages could migrate from
the retina. Despite this variability, the t-test revealed a statis-

FIGURE 5. Fibrillin1 deposition on the vitreous fibrils observed by Airyscan microscopy. (A) Vitreous fibrils marked with anti-Fibrillin 1 in
the retrolental area. (B) Enlargement showing the discontinuous appearance of Fibrillin 1 on the fibril. (C) Merged Fibrillin 1 signal and
brightfield. (D) Brightfield showing the shadow of the complete fibril. FBN 1, fibrillin 1. Scale bars = 16.84 μm (A); 3.72 μm (D).
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FIGURE 6. Vitreous fibrils and interfibrillar space carbohydrate composition. (A) Retrolental (left), vitreoretinal (central), and zonular fibrils
(right) stained with PAS confirmed the presence of carbohydrate residues in the vitreous and zonular fibrils. (B) Positive RCA I, SBA,
WFA, and UEA I staining on fibrils of the retrolental area. UEA I did not mark vitreous fibrils, indicating the absence of Fucose sugar. No
carbohydrate signal was observed in the interfibrillar space. (C) WGA detecting GlcNAc/NeuNAc in retrolental, vitreoretinal, and zonular
fibrils. This signal suggested the presence of hyaluronan in these fibrils. PAS, Periodic Acid-Schiff; RCA I, Ricinus communis; SBA, Soybean
Glycine max; WFA, Wisteria floribunda; UEA I, Ulex europaeus; WGA, Wheat germ agglutinin; L, lens; R, retina; Cb, ciliary body. Scale bars
= 27.30 μm (A left panel); 27.28 μm (A central panel); 26.42 μm (A right panel); 9.45 μm (B top left panel); 12.54 μm (B top right panel);
9.08 μm (B bottom left panel); 8.34 μm (B bottom right panel); 11.26 μm (C left panel); 15.05 μm (C central panel); 15.48 μm (C right panel).
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FIGURE 7. Detection of hyaluronan in the vitreous. (A) Positive control confirmed in extraocular muscles, where hyaluronan is a well-
known component of the endomysium. The right panel shows the muscle pretreated with hyaluronidase, displaying no hyaluronan signal.
(B) retrolental, (C) vitreoretinal, and (D) zonular areas were probed with HABP to demonstrate the localization of hyaluronan. The left
panels show hyaluronan in a fibrillar arrangement. The center panels confirmed hyaluronan as part of the vitreous fibrils. The right images
show the same eye areas pretreated with hyaluronidase. No hyaluronan was found in the interfibrillar space. HABP, hyaluronic acid binding
protein; BF, bright field; L, lens; Myo, myocyte; R, retina; Cb, ciliary body. Scale bars = 12.79 μm (A left panel); 9.20 μm (A right panel);
16.45 μm (B top left panel); 16.5 μm (B top right panel); 15.21 μm (B central left panel); 27.55 μm (B central right panel); 39.04 μm
(B bottom left panel); 31.48 μm (B bottom right panel).

tically significant difference (P= 0.010) between the injected
and the control groups.

The cytoplasm of the hyalocytes found in the injected
eyes contains fibrillin 1 (see Fig. 8B) and fibronectin (data

not shown), suggesting that these cells were either phagocy-
tosing the excess of vitreous fibrils produced after injection
or, alternatively, were responsible for producing the vitreous
fibrillar material. To elucidate between these two hypothe-
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FIGURE 8. Increased higher fibril density and macrophages in vitreous injected with sterile isotonic saline. (A) Schematic figure showing the
location of the sterile intravitreal injection. (B) The left panel shows the vitreoretinal area of a non-injected eye labeled with FBN 1. No cells
are visible in the vitreous, and the fibril density is consistent with our previous results. The center panel shows the hyalocytes, appearing in
the vitreous after injection. Additionally, fiber density seems higher compared with non-injected eyes. The right panel details the intravitreal
cells and fibrils. Note that FBN 1 is present inside the cells. (C) The Mac-2 signal confirmed that intravitreal cells are macrophages. The right
panel provides a detailed view of these macrophages. FBN 1, fibrillin 1; Mac-2, Galectin 3; R, retina. Scale bars = 18.34 μm (B left panel);
25.12 μm (B central panel); 19.34 μm (C left panel); 3.85 μm (C right panel).

TABLE 2. Number and Location of Hyalocytes/Macrophage Cells in the Vitreous

No. of Hyalocytes/Macrophages

Mouse Identification Retrolental Vitreoretinal Zonular Total Mean and SD

1-C57BL/6J -Wt 2 1 3 6 7 ± 2.36
2-C57BL/6J -Wt 4 2 1 7
3-C57BL/6J -Wt 3 1 4 8
4-C57BL/6J -Wt 7 2 1 10
5-C57BL/6J -Wt 2 2 4 8
6-C57BL/6J -Wt 1 0 2 3
7-C57BL/6J-Injected 10 26 12 48 46.25 ± 13.81
8-C57BL/6J-Injected 15 39 11 65
9-C57BL/6J-Injected 12 17 9 38
10-C57BL/6J-Injected 7 19 8 34
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FIGURE 9. Colocalization of FBN 1 and Lamp1 in intravitreal macrophage cells. (A) Shows the two signals analyzed separately. (B) Shows
the colocalization of both channels. On the left, is the complete merged image, displaying the overlap of both channels in certain areas of
the cytoplasm. On the right, is the pixel colocalization map. FBN 1, fibrillin 1. Scale bars = 3.39 μm (A left and right panels, B left panel).

ses, we analyzed the hyalocytes found in the vitreous using
Lamp1, one of the most abundant proteins in the lysosomal
membrane68 and involved in the degradation of extracellular
material delivered to lysosomes via endocytosis.69

The colocalization analysis of fibrillin 1 and Lamp1
signals in the cytoplasm of hyalocytes revealed a high corre-
lation between the two fluorophores. Pearson coefficients
ranged from −0.00067 to 0.34572 (SD ± 0.1548), whereas
Manders’ coefficients varied from 0.42062 to 0.90400 (SD
± 0.0289). Additionally, pixel colocalization percentages
spanned from 20.37% to 33.11%, indicating that fibrillin 1
was present inside the secondary lysosomes. These findings
suggest a possible role for hyalocytes in phagocytosing the
excess vitreous fibrils produced after intravitreal injections
(see Fig. 9).

DISCUSSION

Previous studies of the mouse vitreous have either focused
on its development4,9,70 or on proteomic analyses.4,17,45 In
this study, we have analyzed the structure and composi-
tion of the adult mouse vitreous using a variety of histo-

logical staining techniques and fluorescence confocal 2D
microscopy.

The vitreous is considered as a part of the extracel-
lular matrix, composed primarily of water (>90%) along
with solid fibrillar components, such as collagen, proteo-
glycans and glycosaminoglycans.4 Detailed studies on vitre-
ous collagen have identified that the majority consists of
thin, uniform fibrils composed of collagen types II, IX, and
V/XII.45,71,72 Other collagen variants, including types V and
XI, although less abundant (10–25%), also contribute to
the fibrils structure.13,14 In our study, the use of Picrosir-
ius red staining combined with polarized light detection
confirmed the presence of fibrillar collagen in the vitre-
ous fibrils across the retrolental, vitreoretinal, and zonular
areas of the mouse eye. Additionally, immunofluorescence
revealed the presence of fibrillin 1 (previously identified in
the vitreous of humans, chickens, and cows),4,73,74 as well
as fibronectin,47–49,75 laminin, and collagen IV as integral
components of vitreous fibrils structure in mouse. Interest-
ingly, the thickness of vitreous fibrils observed in our study
suggests that fibrillin 1, fibronectin, laminin, and collagen
IV might be surrounding a core of fibrillar collagen. More-
over, increasing image resolution with Airyscan microscopy
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revealed that glycoproteins in the vitreous fibrils are not
distributed homogeneously along their length.

Our analysis of the geometric structure of vitreous fibrils
in the mouse, based in 2D images did not provide much
information on the matter, although it was clear that fibrils
presented numerous branching points. Several questions
remain open regarding collective geometric features of the
mouse vitreous fibrils. On the one hand, it would be inter-
esting to understand the spatial distribution of the fibrils
within the vitreous. Questions worth addressing include the
following. Do the fibrils form some sort of crystalline or
symmetric pattern? Do they present special orientations with
respect to the various eye structures or, rather, they appear
isotropically distributed? How many fibrils per unit volume
are there?

The presence of carbohydrates in the mouse vitreous has
been documented in previous studies.4,17,76 Rhodes (1982)
investigated the existence of complex carbohydrates in the
posterior vitreoretinal junction of the mouse eye.28 Other
researchers have identified hexosamines, such as N-acetyl
glucosamine and N-acetyl galactosamine, as components
of glycosaminoglycans present in the vitreous.4,19,29,75 Our
results provide the location of sugar residues in the mouse
vitreous. We found that N-acetyl glucosamine or N-acetyl
galactosamine are part of the vitreous fibrils, but, unlike find-
ings in rabbits and humans,56 no fucose residues were asso-
ciated with retrolental or vitreoretinal vitreous fibrils in the
mouse.

Hyaluronan is another carbohydrate extensively
described in the eye.60,70,77–82 In humans, HA is described
as the predominant glycosaminoglycan in the vitreous.17,34

In contrast, there is limited literature on its presence in
the mouse vitreous. Hollyfield (1997) reported on the
distribution of hyaluronate in mouse eye using bHABP83

but did not clarify its presence or absence in the vitreous.
HA polymers occur in various configurations and shapes,
depending on factors such as size, salt concentration,
pH, and associated cations.84,85 In humans and other
mammals, HA polymers infiltrate the vitreous fibrils. The
combination of immobilized water and mutual electrostatic
repulsion between HA polymers leads to the enlargement
of the vitreous fibrillar scaffold, ultimately enhancing the
viscosity of the vitreous.61,86,87 Our study using lectins
and b-HABP demonstrated that HA is a component of
the vitreous fibrils, but it is not present in the interfibril-
lar space. This, along with the absence of proteins and
carbohydrates in the interfibrillar space, may explain why
the mouse vitreous is seemingly less viscous than human
vitreous.

Despite the increasing use of intravitreal injections in
ophthalmic treatments, studies evaluating their effects on
ocular structures, such as the vitreous, remains limited.
Previous reports have identified retinal detachment, cataract
formation, and endophthalmitis as common complications.88

The precise pathological processes triggered by intravit-
real injections are still not fully understood, especially in
the context of non-infectious situations. Our study suggests
that even a mechanical injury produced by intravitreal
injection induces an inflammatory response in the mouse
vitreous, leading to increased fibril network density and
macrophage/hyalocyte infiltration, as detected by Lamp1
immunostaining.

Despite that intravitreal injection injections are clinically
safe in humans, our findings suggest that this mechani-
cal injury can alter the vitreous balance, at least in mice,

where the vitreous structure and composition differs from
humans.

Previous research in mice has focused on intravit-
real injection-associated complications in infectious models,
such as the bacterial endophthalmitis model reported by
Mursalin et al. (2022).89 This model that mimics the human
intravitreal injection documented significant IOP elevations
following intravitreal injection. Furthermore, Meyer et al.
(2023) reported that larger intravitreal injection volumes
could significantly increase IOP, however, it is still uncer-
tain whether vitreous composition plays a role in modulat-
ing these changes.90

The limitations of this study primarily arise from the use
of 2D imaging techniques. Although these methods provide
detailed insights into the fibrillar network; they may not fully
capture the 3D complexity of vitreous architecture. Addi-
tionally, the intravitreal injections performed are not repre-
sentative of those conducted in humans due to the excess
volume injected in the small mouse vitreous. The technique
used does not allow for precise quantification of the volume
injected, introducing variability in the procedure. Further-
more, although a comprehensive range of histological and
immunofluorescence techniques were used, the absence of
in vivo imaging or functional assessments of the vitreous
fibrils highlight an area for further exploration.
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