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<> Aim. To evaluate the effect of scleral crosslinking with riboflavin and ultraviolet A (UVA) on scleral tis-
sue structure in vitro. Material and methods. The study was performed on seven porcine cadaver eyes.
Two parallel scleral strips were excised from each eyeball; one was subjected to the crosslinking procedure
(instillation of 0.1% aqueous solution of riboflavin mononucleotide for 20 min followed by UV irradiation
of 3 mW/cm? for 30 min), and the other was used as control. Scleral structure was evaluated using light
(Van Gieson’s stain) and electron microscopy. Special software was used to perform morphometric analysis
of the microphotographs. Results. As a result of crosslinking, the average packing density of collagen fibers
increased by 8.2%, the intermediate space decreased by 5.2%, and the average diameter of collagen fibrils
increased by 12%. There were no pathological changes in the scleral structures. Conclusion. Obtained
results confirm the efficacy of scleral crosslinking with riboflavin/UVA in forming additional crosslinks and
the safety of the procedure for the scleral tissue.
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BJIVAHNE KPOCCJINHKWHIA C PUBO®JIABUHOM W YIBTPA®WNOJIETOM A (UVA)
HA CTPYKTYPY CKJIEPAJIbHOM TKAHU
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<> Leab. OueHUThb BJAMSIHHE KPOCCJMHKHHTA CKJepbl ¢ pubodaasuHoMm u yabrpacduosetom A (UVA)
Ha CTPYKTYpy CKJlepaJibHOH TKaHM B 3KcnepumeHnte in vitro. Mamepuaa u memodst. Viccienosanue
NPOBOAMJHM Ha 7 CBUHBIX IMasax. M3 Kaxkaoro rsasgHoro si6JoKka Belpe3aJiy 1o ABa napaJJeJsbHblX CKJe-
pasIbHBIX JIOCKYTa, OJIHH W3 KOTOPBIX MOJIBEpraJcs npoleaype Kpoccaunkuura (uuctuansuus 0,1 % Bo-
JIHOTO pacTBopa pubodaBuHA MOHOHYKJeOoTHAA B TeueHHe 20 MUHYT, oGaydyeHne yabTpaduosetrom A
MotiHocThio 3 MBT/cM? B Teuenne 30 MHHYT), BTOPOil HCMOMb30BaICs B KauecTBe KOHTPoas. CTPYKTy-
py CKJepbl OLlEeHHBAJH C NIOMOLLbI0 CBeTOBOH (0Kpacka no Ban ['M30HYy) U 3/1eKTPOHHOH MUKPOCKOIMHH.
[IpoBonnaun MopdomeTpuieckuil aHa M3 POTOCHUMKOB FMCTOJOIMUECKHUX TTPenapaToB ¢ UCMOJAb30BAHH-
€M crelHasbpHOro nporpaMmMHoro obecrevenus. Pesyasmamot. B pesyjbraTe KpOCCAUHKMHTA CKJEPDI
¢ pu6odaasurom/UVA nabaionanoch yseauyenue mIoTHOCTH yNaKOBKH KOJIJareHOBbIX BOJOKOH B Cpe/l-
HeM Ha 8,2 %, yMeHblIeHHe MJI0LIaJH MeXKYTOYHOro npocTpancTea — Ha 5,2 %, yBeJnueHne 1HameTpa
KoJIareHoBbiX puopuaa — Ha 12 %. [TaTosoruuecknx uaMeHeHHH CTPYKTYP CKJIEPbl BbISIBJIEHO HE OBLIO.
Boi8od. losyueHHble pe3dy/ibTaThl MOATBEPKAAIOT 3(PPEKTUBHOCTD KPOCCAMHKHHTA CKJepbl ¢ pubodia-
sunoM/UVA B 06pa3oBaHi J0MOJHUTEILHBIX IEPEKPECTHBIX CBA3eH M 6e30MacHOCTb MPOLeLyphl sl
CKJIepasibHOM TKaHH.

<> Karouesole cno8a: KpOCCAMHKUHT CKJIEPhl; CBETOBAs MUKPOCKOIHS; 9JIeKTPOHHASI MUKPOCKOTIHST; MOP -
(hoMeTpHUYeCKHH aHAJHU3.

<> OOTAJNILMOJIOrNYECKUE BEAOMOCTH Vol 10 No2 2017 ISSN 1998-7102



ORIGINAL RESEARCHES

Myopia is one of the main causes of impaired
vision, affecting nearly 1 million people world-
wide [10, 11]. Myopia progression is observed in
approximately half of these cases and still remains
a challenge for ophthalmologists [6]. A number of
authors believe that scleral crosslinking may become
a new effective method for the treatment of progres-
sive myopia, as this disease is associated with a
decreased biomechanical strength of the sclera
[7, 13, 16]. Crosslinking is the process of chemically
joining two or more macromolecules, which gener-
ally results in strengthening of the material [1, 17].
For more than 10 years, the corneal crosslinking
with riboflavin and ultraviolet A (UVA) has been
successfully applied for the treatment of keratectasia.
This method provides corneal tissue strengthening,
thus preventing disease progression [2, 5]. Several
studies have demonstrated significant improve-
ments in biomechanical parameters of the sclera in
response to photochemical crosslinking [3, 9, 14,
18]. However, very few studies have attempted to
assess histological changes in the sclera that oc-
cur after the procedure [7, 8, 15]. We propose that
investigation of morphological changes in the sclera
after photochemical crosslinking could provide valu-
able information on the safety of this procedure.

This study aimed to assess the impact of ribofla-
vin/UVA crosslinking on the structure of the scleral
tissue in an in vitro experiment.

MATERIALS AND METHODS

Preparation  of  scleral  tissue  samples.
We used seven pig eyes (no later than 3 h after
slaughtering). Biomaterial was shipped to the labo-
ratory within 30—40 min after collection in a special
thermocontainer (at +4 °C) and placed in a refri-
gerator. The total time of storage did not exceed 6 h.

The surrounding soft tissues were completely re-
moved from the eyeballs. Using a scalpel and surgi-
cal scissors, two 4 mm x 10 mm scleral flaps were
cut in each eyeball in the sagittal direction, star-
ting 2 mm from the limbus. One of the two scleral
samples of each eye underwent crosslinking (experi-
mental group), and the second paired sample was left
intact (control group).

Crosslinking procedure. Scleral samples from the
experimental group were placed on a slide with the
exterior surface facing upward, there was further ap-
plication of 0.1% aqueous solution of riboflavin mono-
nucleotide, and samples were incubated for 20 min.
Samples were exposed to UVA (at a wavelength of
370 nm and power of 3 mW/cm?) using the ophthal-
mic device for ultraviolet (UV) crosslinking ‘UValink’

(Russia) for 30 min. Every 5 min, a fresh portion of
photosensitizer was added to the samples.

Eight samples (from four eyeballs) were inves-
tigated using light microscopy and six (from three
eyeballs) using electron microscopy.

Light microscopy. Scleral flaps were fixed in 10%
neutral buffered formalin for 48 h. Then the samples
were dehydrated in graded alcohols and embedded
in paraffin wax. Afterward, histological sections of
5—7 pm thick were cut and stained using Van Gie-
son’s pichro-fuchsin. Visual analysis of the samples
was performed using the light microscope Axiostar
Plus (Carl Zeiss) at different magnifications. Morpho-
metric measurements were made using a computer-
ized medical video system that included microscope
(Axiostar Plus, Carl Zeiss), digital camera (Jenoptik
ProgRes C10), and personal computer Pentium-IV
with the software “VideoTesT Morphology.” The soft-
ware was used for automatic calculation of the size
(in pixels) of variously stained scleral structures (col-
lagen fibers, sclerocyte nuclei, and interstitial space).
Outputs containing data on relative areas of sclera
structures (in % of the total area) had particular prac-
tical value (Figure 1).

Electron microscopy. Specimens for electron mi-
croscopy were fixed in 2% glutaraldehyde in Mil-
lonig’s phosphate buifer (pH, 7.2—7.4) with post-
fixation in 1% osmium oxide in the same buffer.
Specimens were dehydrated in graded alcohols and
embedded in the Epon 812 according to a standard
technique [4]. Semithin and ultrathin sections were
prepared using an ultratome LKB-III 8800 (Sweden),
then contrasted with 2% aqueous uranyl acetate and
plumbum citrate according to Reynolds, and they ex-
amined and photographed with a transmission elec-
tronic microscope Jem-1011 (JEOL Ltd., Japan) at
5,000—20,000 magnification. Diameters of collagen
fibrils were compared on the basis of photograph-
ic image analysis (at 10,000 magnification) using
the Olympus iTEM software for electronograms
(Figure 2).

RESULTS

Light microscopy of sclera samples allowed
visualization of red collagen fibers and black
sclerocyte nuclei in both experimental and con-
trol samples. We found no signs of pathological
changes in the samples that underwent crosslin-
king (Figure 3).

We performed morphometric analysis of the im-
ages to compare relative areas of collagen fibers and
the interstitial space in experimental and control
groups. These parameters were used to assess the
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Fig. 1. Morphometric measurements of scleral histological sections photographs with the “VideoTesT Morphology” software

Puc. 1. Mopdomerpuueckue uameperust OTOCHUMKOB FHCTOJOrHUECKUX cpe30B cKJepbl B nporpamme «BuneoTecT Mop-

tdoJsiorus»

Fig. 2. Collagen fibrils diameter measurement with the Olympus iTEM software
Puc. 2. Vamepenue guamerpa KoJuiareHoBblix puopuJi B nporpamme Olympus iTEM

impact of crosslinking on the packing density of
scleral tissue (Tables 1 and 2).

We observed an 8.2% increase in the packing
density of collagen fibers and a 5.2% decrease of the

interstitial space in response to scleral crosslinking
with riboflavin/UVA.

Regularly alternating fibrils forming collagen fi-
bers were seen on the electron microscopic images
(Figure 4). Inside the fibrils, we observed a typical
cross striation with a clear regularity. We identified
no pathological changes in the scleral fibers in both
groups.
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Fig. 3. Histological section of scleral samples from experimental and control groups. Van Gieson staining, magnification x100

Puc. 3. Tucrosornueckuii cpes ckiepaJsibHbiX 06pa3LOB ONbITHOH U KOHTpoJibHOI rpynin. Okpacka no Bau ['nzony, ysesnuenue x100

We assessed the condition of sclerocytes and
found that they maintained structural integrity with-
out damages to the cell wall (Figure 5). Some sclero-
cytes had elongated cytoplasmic processes of irregu-
lar shape where the intact nucleus, organelles, and
cytoplasm could be visualized. Quantitative analysis
of electronograms showed that crosslinking with ribo-
flavin/UVA increased the diameter of collagen fibrils

by 12% on average (Table 3).

DISCUSSION

We assessed the impact of crosslinking with ribo-
flavin/UVA on the structure of the sclera using light
and electron microscopy. We found no pathological
changes in the sclera of the experimental samples
after crosslinking compared with control samples.
On the contrary, we observed a compaction of col-
lagen fibers and an increase in the diameter of scleral
fibrils. Our data are consistent with the results of

Table 1
Comparison of the relative area of collagen fibers (% of the total area) in the experimental and control groups
Tabauya 1
CpaBHeHHWe OTHOCUTENbHON Nowaau (% ot o6uieil NaoUaaM) KOIJIareHoBbIX BOJOKOH B OMBITHONH U KOHTPOJbLHOI rpynnax
E Experiment, Control, Increase in the relative area of collagen fibers in the experimental samples
ye % % compared with control samples, %
1 66.63 59.01 7.62
2 70.36 57.97 12.39
3 66.57 64.73 1.84
4 71.76 60.95 10.81
Mean 68.83 60.67 8.17
value

Table 2
Comparison of the relative area of the interstitial space (% of the total area) in the experimental and control groups
Tabauya 2
CpaBHenue oTHocuTe bHOM nuowaau (% oT obuleil Naowanu) MeXyTouHOro NPOCTPAHCTBA B OMBITHON U KOHTPOJbLHOM
rpynnax
Eve Experiment, Control, Reduction in the relative area of interstitial space in the experimental samples
4 % % compared with control samples, %
1 10.96 16.02 5.06
2 13.83 17.89 4.06
3 10.97 17.32 6.35
4 8.96 14.24 5.28
Mean 11.18 16.37 5.19
value
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Puc. 4.
tion x10,000)

Puc. 4.

control
KOHTPO/b

Collagen fibrils bunches’ transversal (a) and longitudinal (b) sections from experimental and control groups (magnifica-

[Tyuku KossiareHoBbIX GUOPHJII OMBITHON M KOHTPOJILHOM TPYTIIT PH ronepeyHoM (a) u npopoJibHoM (b) cpesax (yB. x10000)

Fig. 5.

Sclerocytes from experimental and control groups (magnification x10,000)

Puc. 5. Ckiepouythl onbITHOH U KOHTpoJibHOH rpynn (yB. x10000)

other authors. Wollensak et al. observed only a few
damaged sclerocytes after crosslinking without any
pathological changes in scleral fibers, using electron
microscopy. Scleral tissue was concluded to be highly
resistant to harmful UV radiation [15]. Choi et al.
detected a 27% increase in the diameter of collagen

fibrils in the sclera after crosslinking [7]. Jung et al.
observed a denser arrangement of collagen fibers after
crosslinking using light microscopy. However, this
study was limited to just one cadaver eye in which the
density of fibers was estimated subjectively, without
any morphometric analysis [8].
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Table 3

Comparison of the collagen fibrils mean diameter in the scleral samples from experimental eye and contralateral control eye

Tabauya 3

CpaBHeHMe cpeHero AMamMeTpa KoJJareHoBbiX GUOPHII ONBITHBIX U MAPHBIX KOHTPOJAbHBIX 00Pa3LOB CKJepPbl

Eye Experimental sample (pixel) Control sample (pixel)
1 177.09 152.95
2 186.00 168.33
3 192.86 175.05
Mean 0 9
value 185.32 (112%) 165.44 (100%)

The results of our study confirm currently avail-
able data suggesting relatively high UV stability of
the scleral tissue. Increased diameter of collagen fi-
brils and higher density of scleral fibers after cross-
linking are associated with the formation of additional
crosslinks pushing the collagen molecules away from
each other [8, 12].

CONCLUSION

Scleral crosslinking with riboflavin/UVA in-
creased the packing density of collagen fibers by
8.2%, reduced the interstitial space by 5.2%, and
increased the diameter of collagen fibrils by 12%. Our
data confirm the formation of additional crosslinks
between the macromolecules of the sclera. Exposure
to UV radiation in the presence of a photosensitizer
does not induce pathological changes in the cells and
fibers of the sclera. Therefore, this method is safe and
could be used for the sclera.
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