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AABSTRACT 1 

Purpose: Investigate changes in optical properties of contact lenses materials (transmittance 2 
and reflectance) and lens care solutions (absorbance and fluorescence) resulting from its 3 
interaction. 4 

Methods: From an experimental study, triplicate measurements of transmittance and 5 
reflectance of five contact lenses (Senofilcon A, Lotrafilcon B, Balafilcon A, Comfilcon A, and 6 
Omafilcon A), as well as absorbance and fluorescence of four lens care solutions (LCS) (ReNu 7 
MultiPlus, Biotrue, OPTI-FREE PureMoist, and AOSept Plus), were evaluated before and after 8 8 
hours, one day and one week in storage. The outcomes were provided by Shimadzu UV3101-9 
PC UV-vis-NIR spectrophotometer equipped with an integrating sphere, between 200-700 nm, 10 
and SPEX-Fluorolog 2 FL3-22 spectrofluorometer. 11 

Results: All variables exhibited statistically significant differences over time. Comfilcon A 12 
showed the lowest ultraviolet radiation (UVR) A & B attenuation. Balafilcon A and Lotrafilcon B 13 
displayed a slight suppression of UVR. Senofilcon A was effective in UVR protection and 14 
showed less effect on the fluorescence of lens care solutions. Overall, the reflectance 15 
decreased after storage (p < 0.05). AOSept Plus absorbance and fluorescence demonstrated 16 
lower interactions than multipurpose solutions (MPS), and Lotrafilcon B induced more 17 
remarkable changes in optical properties of LCS than the other materials 18 

Conclusion: The findings suggest that optical variables of lens care solutions and contact lenses 19 
changed mutually after storage, probably associated with biochemical and biophysical 20 
interactions between components and the release of some polymer compounds. These 21 
findings can provide additional information about the interaction of CL materials and LCS in 22 
clinical behavior. 23 
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  INTRODUCTION 33 

In the contact lenses (CL) industry, improvements in the manufacturing processes, alternative 34 

designs, and modalities make them an attractive and effective option for vision correction [1]. 35 
In the last ten years, silicone-hydrogel (Si-Hy) materials have dominated CL international fits, 36 
particularly in the reusable lens category [2]. It is essential to follow disinfection procedures to 37 
remove deposits and metabolic by-products, minimize risk of inflammation [3], and avoid CL-38 
related complications such as microbial keratitis [4,5].  39 

Multipurpose solutions (MPS) are composed of several agents, such as preservatives known to 40 
have abacterial and bacteriostatic activity.[6]. However, MPS combination with some CL 41 
materials induced cell morphology modifications and cell viability loss [7]. In some 42 
associations, there is evidence that solutions induced significant differences in corneal staining 43 
and corneal infiltrative events [8–12]. These changes can affect CL clinical behavior, tending to 44 
decrease subjective comfort, and expose the eye to potential ocular problems [8,12–16]. The 45 
most used ingredients are polyhexamethylene biguanide (PHMB) and polyquaternium (PQ-1). 46 
Products that have PQ-1 in their composition have reported greater comfort and less relative 47 
corneal sensitivity than PHMB-based solutions [8,17]. Thus, PHMB exhibited a statistically 48 
significant corneal staining association compared with other agents, but without clinical 49 
relevance [18]. With a high spectrum of action, hydrogen peroxide-based solutions (H2O2) have 50 
the lowest incidence of corneal staining and infiltrative corneal problems [9,18], and 51 
demonstrated to be better tolerated by eyelid tissues compared to MPS [19]. Regarding 52 
comfort and tolerance, H2O2 solutions have presented a longer reported comfortable wearing 53 
time than the MPS [20]. 54 

Nowadays, there is evidence that uptake and release of lens care solutions (LCS) components 55 
in CL materials may occur [21]. Differences in physical properties of solutions have been 56 
reported [22] that can induce different changes in CL properties, including from an optical 57 
point of view [23] or in their physical dimensions [24]. The main optical characteristics of 58 
contact lenses are related to its transparency and the ability to block ultraviolet radiation 59 
(UVR). Excessive exposure to UVR may increase oxidative stress and cause ocular tissue 60 
damage [25]. According to the photobiological effect induced by each part of  the UVR 61 
spectrum, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) has 62 
divided the ultraviolet spectrum into three wavebands: UVC between 200 and 280 nm, UVB 63 
between 280 and 315 nm, and UVA between 315 and 400 nm [26]. Considering eye protection, 64 
UVR filtering CL may be a particularly good alternative, as they block the light from all 65 
incidence angles [27–31], which is critical to avoid peripheral light focusing. As reported by 66 
Coroneo [32], there is a potential cause-effect relation between peripheral light focusing and 67 
some pathologies, such as pterygia and cortical cataracts. Compared to CL without UVR block 68 
filters, previous studies have shown that UV-blocking CL dramatically reduce the transmittance 69 
in UVR [33]. However, CL without UV-blocking monomers also have shown some attenuation 70 
of the UVR [34,35], explained previously by the silicone inherent ability to absorb some UVR 71 
[36]. After wear, the UV-blocking CL kept its filtering characteristics [37].  72 
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If multiple reflections are neglected, transmittance and reflectance are given by the result of 73 
transmitted and reflected light, respectively, and can be obtained experimentally through 74 
spectrophotometry, using an integrating sphere.  75 

A previous study has detected significant differences in the UVR-visible transmittance of 76 
Lotrafilcon B material after storage in different MPS [38]. There are no earlier reported studies 77 
that evaluate if LCS fluorescence remains unchanged after storage with different CL materials. 78 
Despite being restricted to fluorescent compounds, fluorescence emission spectroscopy has 79 
the advantage of its selectivity and high sensitivity. 80 

This study goal is to understand the interactions between CL and LCS in terms of optical 81 
properties. In this way, this research intends to investigate the UV-visible spectral changes of 82 
new and different monthly disposable CL and LCS through the analysis of transmittance and 83 
reflectance of CL and absorbance and fluorescence of LCS, comparing with the outcomes 84 
obtained after storage over time. 85 

 86 

 87 

 88 

 89 

 90 

 91 

 92 

  93 

 94 

 95 

 96 

 97 

 98 
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MMATERIALS AND METHODS 99 

Contact Lenses  100 

Four commercially available Si-Hy CL (Senofilcon A, Lotrafilcon B, Balafilcon A and Comfilcon A) 101 
and one hydrogel CL (Omafilcon A) were included in this study. A total of 60 lenses were 102 
investigated after storage in disinfection solutions. The CL had an optical power between -1.00 103 
D and -4.00 D, which corresponds to powers that showed no statistically significant effects in   104 
transmittance [39]. All the lenses are monthly disposable with no UV blocker, and with 105 
visibility tint, except Senofilcon A that is colorless, has a UV filter and is prescribed for biweekly 106 
replacement. Regarding surface properties, Balafilcon A and Lotrafilcon B are treated using gas 107 
plasma techniques. Their characterization is detailed in Table 1. 108 

 109 

Table 1. Characterization of contact lenses used in this study 110 

 Acuvue Oasys 
Johnson&Johnson 

Air Optix Aqua 
Alcon 

PureVision 2 
Bausch&Lomb 

Biofinity 
CooperVision 

Proclear 
CooperVision 

USAN Senofilcon A Lotrafilcon B Balafilcon A Comfilcon A Omafilcon A 
Water Content 
(%) 

38 33 36 48 62 

FDA Group I I III I II 
Light 
Transmittance (%) 

UV blocker ≥96 ≥95 ≥97 ≥90 

Refractive Index 1.420 1.420 1.426 1.400 1.387 
Principal  
  Monomers 

HEMA, PDMS, 
DMA + PVP 

DMA, TRIS, 
SM, 

Visibility Tint 

NVP, TPVC, 
NVA, PBVC, 

NCVE 

2 silxane 
macromer 

- 

Surface Treatment None Plasma coating Gas plasma 
oxidation 

None None 

 111 
DMA, N,M-dimethylacrylamide; EGDMA, ethyleneglycol dimethacrylate; FDA, Food and Drug Administration;  HEMA, hydroxyethyl 112 
methacrylate; MPDMS, monofunctional polydimethylsiloxane; NVA, N-vinyl amine acide; NVCE, N-carboxyvinyl ester; NVP, N-vinyl 113 
pyrrolidone; PBVC, poly-(dimethysiloxy) di-(sililbutanol) bis-(vinyl carbamate); PVP, polyvinyl pyrrolidone; TPVC, tris=(trimethyl 114 
siloxysilyl) propylvinyl carbamate; TRIS, trimethyl siloxysilyl; USAN, United states adopted name. 115 
 116 

 117 

Lens Care Solutions 118 

The reported compositions of the CL solutions investigated in this study are detailed in Table 2. 119 
The hydrogen peroxide-based solution (H2O2) used was AOSept Plus, and it was analyzed after 120 
the neutralization process (approximately 6 hours). Biotrue and OPTI-FREE PureMoist are MPS 121 
with wetting agents in their composition, Hyaluronate, and Hydraglide, respectively, 122 
specifically formulated for Si-Hy CL. During the in vitro trial, CL materials were stored in lens 123 
care solutions until analysis. The measurements were performed immediately after opening 124 
the blisters packets and 8, 24, and 168 hours afterward. Triple measurements of the samples 125 
were taken to enhance the accuracy of the measurements. 126 
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Table 2. Characterization of lens care solutions used in this study. 127 

 128 
EDTA: Ethylenediamine tetraacetic acid; Hydraglide: polyoxyethylene-polyoxybutylene; MAPDA: myristamidopropyl 129 
dimethylamine (Aldox); PHMB: polyhexamethylene biguanide. 130 
 131 

Transmittance and Reflectance Measurements 132 

The optical transmittance (T%) and reflectance (R%) were measured with a Shimadzu UV3101-133 
PC UV-vis-NIR spectrophotometer equipped with an integrating sphere in the detector system, 134 
as established by ISO recommendation. Measurements were taken at 0.5 nm intervals, from 135 
200 to 700 nm. After opening the blisters, the lenses were removed with a tweezer with 136 
silicone tips and placed perpendicular to the light beam in an appropriate sample holder. The 137 
excess of solution was removed with absorbent paper. The baseline reference was made with 138 
white standard plates of barium sulfate (BaSO4). Each CL was placed in a sterile vial containing 139 
2 mL of each MPS, which corresponds to the usual solution volume used in a CL case. Vials with 140 
each lens-solution combination were labeled with a numerical code. The combinations of CL 141 
with H2O2 were preserved in their cases due to the need for neutralization. All lenses were 142 
compared in the different steps and with new CL. The outcomes of 8 hours of storage were 143 
reported with more emphasis due to their higher proximity with the usual immersion time 144 
during storage.  145 

Absorbance and Fluorescence Measurements of LCS 146 

For the several LCS tested, absorbance (Aλ) was measured with a Shimadzu UV3101-PC UV-vis-147 
NIR spectrophotometer equipped with a liquid sample cuvette holder. The measurements 148 
were taken at 0.5 nm intervals, from 200 to 700 nm. For that, 1 mL of each LCS (and CL 149 
combination) was removed with a syringe and introduced in a high precision cuvette (4 150 
transparent windows) quartz SUPRASIL. The same quartz cuvette was used to determine 151 
fluorescence spectra in a SPEX Fluorolog FL3-22 spectrofluorometer, with double 152 
monochromators in both excitation and emission. Two excitation wavelengths were used: 280 153 
nm (with emission scan between 300 and 540 nm) and 350 nm (with emission scan between 154 
370 and 680 nm). At 280 nm, it is possible to excite compounds such as surfactants or other 155 
compounds with aromatic groups. At 350 nm, other CL components can be detected. The 156 
integration time was 0.5 seconds, and 4 mm slits were used in both excitation and emission. 157 
All the measurements were performed at room temperature, which was maintained at 22  2 158 
ᵒC. 159 

 ReNu MultiPlus 
Bausch&Lomb 

OPTI-FREE 
PureMoist 

Alcon 

Biotrue 
Bausch&Lomb 

AOSept Plus 
Alcon 

Preservative PHMB (0.0001%) Polyquad (0.0001%); 
MAPDA (0.0005%) 

PHMB (0.00013%); 
Polyquad (0.0001%) 

Hydrogen  
Peroxide (3%) 

Buffer 
system 

Boric acid; Sodium 
borate; Sodium 

chloride 

Boric acid; 
Sorbitol 

Boric acid; Sodium 
borate; Sodium 

chloride 

Sodium 
Chloride 

Chelating 
agent 

Hydranate (0.03%); 
EDTA (0.1%) 

Citrate; EDTA 
(0.05%); Hydraglide 

EDTA; Hyaluronate - 
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 160 

Statistical Analyses 161 

The statistical analysis was performed with the Statistical Package for Social Sciences (SPSS) 162 
version 25.0. Descriptive data were presented in terms of mean ± standard deviation, and the 163 
normality of all variables was evaluated using Kolmogorov-Smirnov. The Friedman (ANOVA) 164 
test was performed when the time variable interfered in the same sample. In contrast, Kruskal-165 
Wallis (1-way ANOVA test) was used for comparisons between the several groups of LCS and 166 
CL. For statistical purposes, p ≤ 0.05 was considered statistically significant. 167 

   168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 
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RRESULTS 179 

 Effect of Lens Care Solutions on Transmittance and Reflectance of 180 

Contact Lenses 181 

 After storage in the different LCS, the transmittance of each material exhibited 182 
significant changes ranging between 3.7 ± 0.5 % and 95.9 ± 0.6 % in the UVR spectrum and 183 
89.3 ± 0.1 % to 96.7 ± 0.1 % in the visible wavelength region, as can be observed in Tables 3 184 
and 4, respectively. All CL materials demonstrated statistically significant differences in 185 
transmittance over time (p < 0.001).  186 

Table 3. Average UVR transmittance (Ta) (expressed as mean  SD; SD: standard deviation) of contact 187 
lenses new (zero time) and after 8, 24 and 168 hours of storage in the different lens care solutions. 188 

 189 

 190 

 191 

 UVC Ta (%) (240-280 nm) 
 New  ReNu 

MultiPlus 
OPTI-FREE 
PureMoist Biotrue AOSept p 

Senofilcon A 15.0 ± 4.7 
8h 10.6 ± 2.9  

11.0 ± 3.4  
11.8 ± 3.3 

12.3 ± 4.2 
12.7 ± 4.1 
13.7 ± 4.4 

11.1 ± 3.4 
11.1 ± 3.2 
12.2 ± 3.5 

9.8 ± 2.6  
10.7 ± 2.9 
11.6 ± 3.3 

0.044  
0.120  
0.104 

24h 
168h 

Lotrafilcon B 41.3 ± 14.9 
8h 41.7 ± 14.6 

42.0 ± 14.9 
43.9 ± 14.7 

37.1 ± 14.1 
35.7 ± 14.3 
38.7 ± 14.2 

34.1 ± 13.8 
34.6 ± 14.3 
37.9 ± 14.8 

34.6 ± 13.9 
35.9 ± 14.7 
36.8 ± 14.4 

0.089 
0.133 
0.151 

24h 
168h 

Balafilcon A 32.2 ± 6.9 
8h 35.9 ± 7.6 

35.8 ± 7.5 
32.2 ± 7.5 

36.1 ± 7.7 
38.0 ± 7.7 
36.6 ± 8.0 

32.8 ± 7.3 
33.6 ± 6.8 
30.8 ± 7.4 

26.7 ± 6.6 
27.9 ± 6.8 
28.2 ± 7.5 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Comfilcon A 84.0 ± 4.8 
8h 79.6 ± 5.5 

78.0 ± 5.9 
81.4 ± 6.0 

82.0 ± 5.1 
81.8 ± 5.1 
83.1 ± 5.3 

79.6 ± 6.00 
79.7 ± 5.8 
80.6 ± 6.3 

72.6 ± 7.7 
72.5 ± 7.4 
75.5 ± 7.2 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Omafilcon A 80.0 ± 11.0 
8h 

24h 
168h 

77.6 ± 11.4 
77.4 ± 9.7 

82.0 ± 11.6 

80.3 ± 11.7 
81.0 ± 9.7 

82.0 ± 10.9 

76.9 ± 12.0 
78.7 ± 11.0 
80.0 ± 12.1 

77.8 ± 11.0 
79.2 ± 10.4 
80.7 ± 10.6 

< 0.001 
< 0.001 
0.001 

  
UVB Ta (%) (280-315 nm) 

Senofilcon A 5.0 ± 0.8 
8h 3.8 ± 0.5 

3.8 ± 0.5 
4.6 ± 0.6 

3.8 ± 0.6  
4.0 ± 0.7 
4.5 ± 0.7 

3.8 ± 0.5  
4.0 ± 0.5 
4.5 ± 0.6 

3.7 ± 0.5 
3.8 ± 0.6 
4.5 ± 0.6 

0.753 
0.538 
0.883 

24h 
168h 

Lotrafilcon B 76.1 ± 5.8 
8h 74.8 ± 5.4 

74.2 ± 5.4 
73.1 ± 4.5 

72.4 ± 6.6 
71.0 ± 6.5 
71.5 ± 5.7 

70.8 ± 7.1 
71.1 ± 7.0 
72.4 ± 6.3 

71.0 ± 7.3 
72.3 ± 7.3 
70.1 ± 6.4 

0.030 
0.098 
0.164 

24h 
168h 

Balafilcon A 52.7 ± 5.6 
8h 56.8 ± 5.1 

58.1 ± 4.8 
56.6 ± 4.9 

56.8 ± 5.2 
55.7 ± 5.3 
52.7 ± 5.2 

53.7 ± 5.5 
53.7 ± 5.3 
51.6 ± 5.5 

48.2 ± 6.0 
49.9 ± 6.0 
50.3 ± 5.8 

0.008 
0.035 
0.128 

24h 
168h 

Comfilcon A 91.8 ± 0.9 
8h 89.4 ± 1.2 

88.1 ± 1.1 
91.3 ± 1.3 

90.5 ± 1.1 
89.9 ± 0.9 
91.3 ± 1.1 

89.5 ± 1.2 
89.0 ± 1.1 
90.0 ± 1.2 

89.3 ± 2.2 
89.1 ± 1.8 
89.1 ± 1.9 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Omafilcon A 86.5 ± 1.1 
8h 84.4 ± 0.9 

84.0 ± 0.7 
88.5 ± 1.1 

86.6 ± 0.8 
87.0 ± 0.9 
87.5 ± 1.2 

84.0 ± 1.1 
85.8 ± 1.1 
87.2 ± 1.2 

85.7 ± 1.2 
86.5 ± 0.9 
87.2 ± 1.2 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 



8 
 

   Statistically significant differences between the groups (same material and different solutions) 192 
are presented in bold (p ≤ 0.05).  193 

Table 4. Average visible transmittance (Ta) (expressed as mean  SD; SD: standard deviation) of contact 194 
lenses new (zero time) and after 8, 24 and 168 hours of storage in the different lens care solutions. 195 

     Statistically significant differences between the groups (same material and different solutions) 196 
are presented in bold (p ≤ 0.05). 197 

Senofilcon A material showed an increase of UVR protection after storage in the LCS, reaching 198 
a maximum of 3.7 ± 0.5 % with the H2O2 solution for 8 hours in the UVB spectrum. A 199 
transmittance decrease was observed among new CL and after 8 hours of storage in all 200 
combinations of this material. After one week, Senofilcon A had a trend to recover the loss of 201 
transmittance. There were no statistically significant differences between the LCS 202 
combinations in the UVR range, except after 8 hours of storage in the UVC range (p = 0.044). 203 
Even without UVR blocker monomer, Lotrafilcon B and Balafilcon A materials exhibited 204 
meaningful suppression of UVR. In the Lotrafilcon B material, there was a statistically 205 
significant reduction of T (%) over time, with more evidence between zero time and after 8 206 
hours of storage, except with ReNu MultiPlus in the UVC range. Regarding the Balafilcon A 207 

  
UVA Ta (%) (315-400 nm) 

Senofilcon A 53.1 ± 31.7 
8h 48.6 ± 32.2 

50.6 ± 33.1 
 50.9 ± 33.9 

51.8 ± 31.3 
52.1 ± 32.1 
50.9 ± 30.6 

49.9 ± 32.2 
49.4 ± 32.6 
49.4 ± 32.2 

48.9 ± 32.4 
49.7 ± 32.9 
47.8 ± 31.6 

0.651  
0.435 
0.959 

24h 
168h 

Lotrafilcon B 90.4 ± 1.2 
8h 87.9 ± 1.1 

87.9 ± 1.3 
84.9 ± 1.1 

87.3 ± 1.3 
86.6 ± 1.4 
85.5 ± 1.3 

86.5 ± 1.3 
87.5 ± 1.6 
87.4 ± 1.4 

87.0 ± 1.3 
88.1 ± 1.5 
85.4 ± 1.4 

0.022 
0.003 

< 0.001 
24h 

168h 

Balafilcon A 86.3 ± 2.6 
8h 87.9 ± 2.3 

88.3 ± 2.4 
86.3 ± 2.7 

87.9 ± 2.4 
87.4 ± 2.4 
85.0 ± 2.9 

86.7 ± 2.8 
86.0 ± 2.6 
85.3 ± 3.1 

85.6 ± 3.2 
86.7 ± 3.1 
84.6 ± 3.2 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Comfilcon A 94.0 ± 0.5 
8h 93.8 ± 0.6 

92.3 ± 0.6 
95.7 ± 0.6 

94.2 ± 0.3 
93.2 ± 0.5 
95.9 ± 0.6 

93.9 ± 0.7 
93.3 ± 0.7 
94.4 ± 0.6 

94.0 ± 0.6 
92.7 ± 0.6 
94.2 ± 0.7 

0.018 
< 0.001 
< 0.001 

24h 
168h 

Omafilcon A 91.2 ± 1.2 
8h 88.7 ± 1.2 

89.1 ± 1.7 
92.8 ± 1.4 

91.2 ± 1.4 
91.8 ± 1.5 
91.4 ± 1.1 

89.5 ± 1.6 
91.7 ± 1.8 
91.3 ± 1.2 

90.4 ± 1.2 
91.1 ± 1.3 
91.6 ± 1.4 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

 Visible Ta (%) (400-700 nm)  
 New  ReNu 

MultiPlus 
OPTI-FREE 
PureMoist Biotrue AOSept p 

Senofilcon A 93.7 ± 0.4 
8h 92.2 ± 0.5 

94.4 ± 0.4 
96.7 ± 0.4 

92.3 ± 0.4 
93.5 ± 0.4 
90.9 ± 0.4 

92.6 ± 0.5 
93.5 ± 0.5 
93.2 ± 0.4 

92.6 ± 0.5 
94.0 ± 0.5 
91.6 ± 0.5 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Lotrafilcon B 94.2 ± 0.2 
8h 91.6 ± 0.2 

92.0 ± 0.1 
89.3 ± 0.1 

91.1 ± 0.2 
91.1 ± 0.2 
90.0 ± 0.1 

90.9 ± 0.2 
91.8 ± 0.2 
91.3 ± 0.2 

90.9 ± 0.2 
92.3 ± 0.2 
89.7 ± 0.2 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Balafilcon A 95.1 ± 0.3 
8h 96.0 ± 0.3 

96.3 ± 0.3 
94.4 ± 0.3 

96.1 ± 0.3 
95.5 ± 0.3 
94.1 ± 0.4 

95.4 ± 0.3 
94.7 ± 0.3 
94.6 ± 0.4 

95.6 ± 0.3 
96.4 ± 0.3 
94.2 ± 0.4 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Comfilcon A 93.8 ± 0.1 
8h 95.0 ± 0.8 

93.5 ± 0.7 
95.8 ± 0.1 

95.6 ± 0.8 
93.6 ± 0.8 
96.7 ± 0.1 

95.2 ± 0.8 
94.2 ± 0.1 
95.0 ± 0.1 

95.2 ± 0.1 
93.4 ± 0.1 
94.8 ± 0.1 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Omafilcon A 92.9 ± 0.6 
8h 90.3 ± 0.6 

91.6 ± 0.6 
94.4 ± 0.7 

93.0 ± 0.6 
94.0 ± 0.6 
92.5 ± 0.6 

92.0 ± 0.6 
94.0 ± 0.6 
92.6 ± 0.7 

91.9 ± 0.6 
92.6 ± 0.6 
93.5 ± 0.6 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 
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outcomes, H2O2 decreased the transmittance over time in all the UVR bands in opposition to 208 
MPS combinations. Comparing to zero-time values, H2O2 reduced 5.5% in UVC transmittance, 209 
4.6% in UVB, and 0.6% in the UVA range after 8 hours of storage. As observed with the latter 210 
material, T (%) of Comfilcon A showed differences between MPS and H2O2, especially in the 211 
UVC spectrum. The Omafilcon A, which belongs to the same manufacturer, revealed a more 212 
significant UVR transmittance effect after 8 hours of storage with ReNu MultiPlus and Biotrue 213 
solutions. 214 

 Figure 1 supports these outcomes displaying the UV-visible spectra of the different 215 
lenses without the LCS influence (zero time) and after 8 hours of storage with LCS. Regarding 216 
the visible spectrum, a different shape of transmittance can be observed in all the 217 
combinations when compared with zero time of storage. All combinations showed T > 90%, 218 
except when Lotrafilcon B was stored for a week with ReNu MultiPlus, OPTI-FREE PureMoist 219 
and AOSept (Table 4). Senofilcon A, and Lotrafilcon B showed a decrease of T (%) after 8 hours 220 
of storage. In Senofilcon A, the solutions showed statistically significant differences, mainly 221 
between ReNu MultiPlus and OPTI-FREE PureMoist after one week (-5.8%). Lotrafilcon B 222 
reported more considerable differences between the control and after storage values, mostly 223 
under the effect of ReNu MultiPlus and AOSept. On the other hand, Balafilcon A and Comfilcon 224 
A experienced an increase in this variable in the same step, presenting the highest 225 
transparency values. Despite the differences found (p < 0.001), Balafilcon A showed less 226 
variation in T (%) after storage in the solutions compared to other materials in this range 227 
(Table 4).   228 

 229 

Fig. 1. Transmittance spectra (UVR-visible range) of contact lenses after 8 hours of storage in 230 
the different lens care solutions. 231 

 Contact lens materials are expected to have high transparency levels and reduced 232 
reflectance as shown in this study. Even though the variations were mild and of limited 233 
significance, all the materials showed a statistical difference in reflectance over time (p<0.01). 234 
Figure 2 represents the changes in average reflectance (Ra) of new CL and after 8 hours of 235 
storage in lens care solutions. H2O2 solution induced the higher mean values of UV-visible 236 
reflectance in Senofilcon A compared with MPS (p<0.05). On the other hand, this solution 237 
displayed the lower mean values of reflectance in Comfilcon A. After 8 hours of storage, all 238 
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solutions reduced the Ra (%) values of CL, except when ReNu MultiPlus was combined with 239 
Lotrafilcon B. Regarding the outcomes obtained after 8 hours of storage, it can be observed 240 
that there is a more significant effect of LCS on the Omafilcon A material.   241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

Fig. 2. UV-visible reflectance average of contact lenses after 8 hours of storage with lens care 258 
solutions. S.A: Senofilcon A; L.B: Lotrafilcon B; B.A: Balafilcon A; C.A: Comfilcon A; O.A: 259 
Omafilcon A. 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 
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 269 
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 Figures 3 and 4 exhibit the fluorescence spectra for the excitation at 280 nm and 350 273 
nm of LCS, before and after 8 hours of storage with the different CL materials. As can be 274 
observed and compared with spectra of the neat LCS (before immersion of CL), all the 275 
materials induced an increase of fluorescence intensity, except when AOSept is excited at 350 276 
nm. 277 

 278 

279 
 Fig. 3. UVB-UVA-visible fluorescence spectra for the excitation at 280 nm of lens care 280 
solutions analyzed after 8 hours of storage with contact lenses. S.A: Senofilcon A; L.B: 281 
Lotrafilcon B; B.A: Balafilcon A; C.A: Comfilcon A; O.A: Omafilcon A. 282 

  283 

 Regarding the differences in combinations after 8 hours of storage, it can be observed 284 
that Lotrafilcon B is the material that induced the highest effect on fluorescence intensity. The 285 
exception occurs for the ReNu MultiPlus solution excited at 350 nm. The most significant 286 
differences were detected when stored with Omafilcon A or Comfilcon B (both produced by 287 
the same manufacturer). 288 

 (In most situations) Lotrafilcon B increased fluorescence intensity values n MPS for 289 
more than double, with a higher emphasis in the UVB and UVA ranges of excitation at 280 nm 290 
after 8 hours of storage. On the other hand, Senofilcon A exhibited the lowest fluorescence 291 
emission (%) changes for all solutions when excited at 280 nm, compared with the other 292 
materials. 293 

  294 
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 295 

Fig. 4. UVA-visible fluorescence spectra for the excitation at 350 nm of lens care solutions 296 
analyzed after 8 hours of storage with contact lenses. S.A: Senofilcon A; L.B: Lotrafilcon B; B.A: 297 
Balafilcon A; C.A: Comfilcon A; O.A: Omafilcon A. 298 

 299 

 As shown in Fig. 3, the H2O2 solution (AOSept) displays different spectra for all the 300 
combinations compared to MPS solutions. These spectra exhibit light scattering effects (inner 301 
filter effect) in the lower wavelength region, indicating the presence of particles/aggregates of 302 
a few nanometers size (e.g., 15 – 30 Å, the typical diameter of surfactant micelles). In H2O2, the 303 
materials did not display such significant effects as MPS, being possible to infer that H2O2 304 
showed higher resistance to the materials influence. In the visible range, the fluorescence 305 
emission of all the combinations was observed in the lower wavelength region (blue), 306 
evidencing the release of CL components with blue fluorescence.  307 

 In tables 5 and 6, the mean values of fluorescence intensity in different spectral 308 
regions are presented for excitation at 280 and 350 nm. Overall, the statistical analysis 309 
outcomes exhibited pronounced discrepancies between the materials. However, regarding the 310 
mean intensity values in the UVA region excited at 350nm, AOSept and OPTI-FREE PureMoist 311 
did not show statistically significant differences in materials effect. In all combinations, the 312 
Friedman ANOVA test reported substantial changes over time, with p < 0.01. Senofilcon A 313 
material has shown a trend to induce an increase in the fluorescence intensity in MPS 314 
solutions at all wavelengths. 315 

 316 

 317 

 318 
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Table 5. Average UVB, UVA and visible fluorescence intensity (Fa) for excitation at 280 nm (expressed 319 
as mean  SD; SD: standard deviation) of lens care solutions new (zero time) and after 8, 24 and 168 320 
hours of storage with the different contact lenses. 321 

 323 

Statistically significant differences between the groups (same solution and different materials) are 324 
presented in bold (p ≤ 0.05). 325 

 UVB Fa (intensity values x 10-6 a.u.) (300-315 nm)   
 New  Senofilcon A Lotrafilcon B Balafilcon A Comfilcon A Omafilcon A p 

ReNu 
MultiPlus 0.68 ± 0.12 

8h 
24h 

168h 

0.92 ± 0.10 
1.11 ± 0.08  
1.24 ± 0.08 

1.89 ± 0.09 
1.70 ± 0.08 
1.58 ± 0.07 

1.40 ± 0.07 
1.39 ± 0.06 
1.47 ± 0.10 

1.37 ± 0.09 
1.37 ± 0.06 
1.27 ± 0.15 

1.46 ± 0.11 
1.47 ± 0.06 
1.34 ± 0.02 

< 0.001 
< 0.001 
< 0.001 

OPTI-FREE 
PureMoist 0.72 ± 0.01 

8h 
24h 

168h 

0.84 ± 0.10 
1.12 ± 0.09 
1.53 ± 0.08 

1.71 ± 0.09 
1.52 ± 0.08 
1.35 ± 0.07 

1.12 ± 0.06 
1.03 ± 0.06 
1.05 ± 0.08 

1.12 ± 0.09 
1.10 ± 0.07 
1.00 ± 0.01 

1.23 ± 0.11 
1.26 ± 0.05 
1.27 ± 0.18 

< 0.001 
< 0.001 
< 0.001 

Biotrue 0.89 ± 0.10 
8h 

24h 
168h 

1.13 ± 0.09 
1.37 ± 0.07 
1.53 ± 0.07 

2.24 ± 0.10 
2.00 ± 0.07 
1.75 ± 0.06 

1.54 ± 0.06 
1.56 ± 0.04 
1.47 ± 0.07 

1.49 ± 0.10 
1.41 ± 0.06 
1.49 ± 0.16 

1.27 ± 0.09 
1.38 ± 0.05 
1.45 ± 0.16 

< 0.001 
< 0.001 
< 0.001 

AOSept 3.35 ± 0.10 
8h 

24h 
168h 

3.67 ± 1.11 
3.91 ± 1.19 
3.88 ± 1.21 

4.37 ± 1.26 
4.05 ± 1.19 
3.82 ± 1.20 

3.63 ± 1.08 
3.34 ± 0.97 
3.86 ± 1.22 

3.70 ± 1.16 
3.56 ± 1.07 
4.28 ± 1.46 

3.51 ± 1.04 
2.74 ± 0.74 
4.63 ± 1.60 

< 0.001 
< 0.001 
< 0.001 

 Visible Fa (intensity values x 10-6 a.u.) (400-540 nm)    
 New  Senofilcon A Lotrafilcon B Balafilcon A Comfilcon A Omafilcon A p 

ReNu 
MultiPlus 0.08 ± 0.04 

8h 
24h 

168h 

0.10 ± 0.05 
0.13 ± 0.05  
0.15 ± 0.07 

0.13 ± 0.07 
0.14 ± 0.07 
0.16 ± 0.08 

0.11 ± 0.06 
0.11 ± 0.06 
0.10 ± 0.05 

0.18 ± 0.09  
0.20 ± 0.10 
0.14 ± 0.06 

0.22 ± 0.13 
0.25 ± 0.01 
0.14 ± 0.08 

< 0.001 
< 0.001 
< 0.001 

OPTI-FREE 
PureMoist 0.06 ± 0.02 

8h 
24h 

168h 

0.12 ± 0.04 
0.17 ± 0.06  
0.20 ± 0.09 

0.17 ± 0.08 
0.16 ± 0.08 
0.17 ± 0.08 

0.13 ± 0.06 
0.12 ± 0.06 
0.17 ± 0.04 

0.13 ± 0.06 
0.13 ± 0.06 
0.65 ± 0.02 

0.11 ± 0.05 
0.15 ± 0.07 
0.08 ± 0.03 

< 0.001 
< 0.001 
< 0.001 

Biotrue 0.09 ± 0.03 
8h 

24h 
168h 

0.13 ± 0.05 
0.18 ± 0.07  
0.20 ± 0.08 

0.18 ± 0.09 
0.16 ± 0.08 
0.18 ± 0.08 

0.14 ± 0.07 
0.15 ± 0.07 
0.15 ± 0.06 

0.13 ± 0.07  
0.15 ± 0.08 
0.12 ± 0.05 

0.13 ± 0.06 
0.17 ± 0.09 
0.11 ± 0.05 

< 0.001 
< 0.001 
< 0.001 

AOSept 0.07 ± 0.05 
8h 

24h 
168h 

0.05 ± 0.03 
0.09 ± 0.05  
0.08 ± 0.05 

0.10 ± 0.07 
0.10 ± 0.07 
0.08 ± 0.06 

0.70 ± 0.05 
0.06 ± 0.04 
0.07 ± 0.04 

0.06 ± 0.05  
0.07 ± 0.05 
0.08 ± 0.06 

0.06 ± 0.04 
0.06 ± 0.09 
0.08 ± 0.06 

< 0.001 
< 0.001 
0.095 

 UVA Fa (intensity values x 10-6 a.u.) (315-400 nm)   
 New  Senofilcon A Lotrafilcon B Balafilcon A Comfilcon A Omafilcon A p 

ReNu 
MultiPlus 0.24 ± 0.90 

8h 
24h 

168h 

0.39 ± 0.14 
0.51 ± 0.17 
0.59 ± 0.19 

0.69 ± 0.40 
0.70 ± 0.35 
0.93 ± 0.45 

0.70 ± 0.34 
0.72 ± 0.34 
0.67 ± 0.32 

0.63 ± 0.22 
0.82 ± 0.35 
0.46 ± 0.19 

0.61 ± 0.13 
1.00 ± 0.39 
0.47 ± 0.19 

< 0.001 
< 0.001 
< 0.001 

OPTI-FREE 
PureMoist 0.15 ± 0.00 

8h 
24h 

168h 

0.29 ± 0.10 
0.51 ± 0.16 
0.90 ± 0.31 

0.69 ± 0.35 
0.69 ± 0.31 
0.81 ± 0.38 

0.59 ± 0.19 
0.61 ± 0.26 
0.50 ± 0.22 

0.53 ± 0.19 
0.63 ± 0.26 
0.28 ± 0.15 

0.41 ± 0.17 
0.85 ± 0.39 
0.37 ± 0.20 

< 0.001 
< 0.001 
< 0.001 

Biotrue 0.41 ± 0.17 
8h 

24h 
168h 

0.54 ± 0.21 
0.71 ± 0.25 
0.82 ± 0.28 

0.95 ± 0.49 
0.92 ± 0.44 
1.00 ± 0.46 

0.96 ± 0.45 
1.00 ± 0.44 
0.82 ± 0.36 

0.71 ± 0.30 
0.87 ± 0.36 
0.56 ± 0.26 

0.54 ± 0.21 
1.01 ± 0.44 
1.56 ± 0.25 

< 0.001 
< 0.001 
< 0.001 

AOSept 0.38 ± 0.40 
8h 

24h 
168h 

0.38 ± 0.44 
0.51 ± 0.47 
0.47 ± 0.46 

0.69 ± 0.56 
0.55 ± 0.51 
0.45 ± 0.56 

0.53 ± 0.47 
0.51 ± 0.43 
0.48 ± 0.47 

0.44 ± 0.44 
0.45 ± 0.44 
0.44 ± 0.50 

0.42 ± 0.42 
0.66 ± 0.35 
0.47 ± 0.54 

< 0.001 
< 0.001 
0.022 
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Table 6. Average UVA and visible fluorescence intensity (Fa) for excitation at 350 nm (expressed as 326 
mean  SD; SD: standard deviation) of lens care solutions new (zero time) and after 8, 24 and 168 hours 327 
of storage with the different contact lenses. 328 

 329 

Statistically significant differences between the groups (same solution and different materials) are 330 
presented in bold (p ≤ 0.05).  331 

 From the comparison of average absorbance (Aa) changes displayed in Fig. 5, it can be 332 
highlighted the increase of Aa produced by Comfilcon A in ReNu MultiPlus and OPTI-FREE 333 
PureMoist solutions. On the other hand, Lotrafilcon B and Balafilcon A exhibited the most 334 
visible influence on Biotrue and H2O2 solutions average absorbance. 335 

As observed in fluorescence spectra, Senofilcon A reported the least impact on average 336 
absorbance for all solutions. Regarding H2O2, there is a different Aa behavior compared to 337 
other solutions, with a lower value both in the new solution (before immersion of CL) and in 338 
the others that had the lenses immersed. 339 

 340 

 341 

 UVA Fa (intensity values x 10-6 a.u.) (370-400 nm)   
 New  Senofilcon A Lotrafilcon B Balafilcon A Comfilcon A Omafilcon A p 

ReNu 
MultiPlus 0.11 ± 0.10 

8h 
24h 

168h 

0.10 ± 0.06 
0.12 ± 0.07  
0.13 ± 0.07 

0.12 ± 0.08 
0.13 ± 0.08 
0.13 ± 0.08 

0.11 ± 0.07 
0.10 ± 0.06 
0.11 ± 0.06 

0.14 ± 0.09  
0.18 ± 0.09 
0.16 ± 0.09 

0.15 ± 0.09 
0.18 ± 0.09 
0.16 ± 0.08 

< 0.001 
< 0.001 
< 0.001 

OPTI-FREE 
PureMoist 0.10 ± 0.06 

8h 
24h 

168h 

0.12 ± 0.07 
0.15 ± 0.08  
0.15 ± 0.08 

0.15 ± 0.07 
0.15 ± 0.09 
0.15 ± 0.09 

0.13 ± 0.07 
0.12 ± 0.08 
0.12 ± 0.07 

0.12 ± 0.08 
0.12 ± 0.08 
0.10 ± 0.06 

0.11 ± 0.07 
0.14 ± 0.08 
0.11 ± 0.06 

0.155 
0.496 
0.267 

Biotrue 0.10 ± 0.06 
8h 

24h 
168h 

0.13 ± 0.07 
0.16 ± 0.08  
0.16 ± 0.09 

0.16 ± 0.09 
0.15 ± 0.08 
0.15 ± 0.08 

0.13 ± 0.07 
0.14 ± 0.07 
0.14 ± 0.07 

0.12 ± 0.07 
0.13 ± 0.07 
0.14 ± 0.07 

0.12 ± 0.07 
0.14 ± 0.07 
0.13 ± 0.07 

< 0.001 
< 0.001 
< 0.001 

AOSept 0.06 ± 0.05 
8h 

24h 
168h 

0.05 ± 0.05 
0.06 ± 0.05  
0.06 ± 0.05 

0.07 ± 0.06 
0.08 ± 0.07 
0.06 ± 0.06 

0.06 ± 0.05 
0.06 ± 0.05 
0.06 ± 0.05 

0.06 ± 0.05  
0.06 ± 0.06 
0.06 ± 0.05 

0.06 ± 0.05 
0.07 ± 0.05 
0.06 ± 0.05 

0.077 
0.116 
0.583 

 Visible Fa (intensity values x 10-6 a.u.) (400-680 nm)   
 New  Senofilcon A Lotrafilcon B Balafilcon A Comfilcon A Omafilcon A p 

ReNu 
MultiPlus 0.04 ± 0.05 

8h 0.05 ± 0.05 
0.07 ± 0.07 
0.08 ± 0.07 

0.08 ± 0.09 
0.09 ± 0.09 
0.09 ± 0.09 

0.06 ± 0.06 
0.06 ± 0.06 
0.05 ± 0.05 

0.10 ± 0.10 
0.11 ± 0.11 
0.08 ± 0.09 

0.11 ± 0.11 
0.12 ± 0.11 
0.08 ± 0.08 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

OPTI-FREE 
PureMoist 0.04 ± 0.04 

8h 0.06 ± 0.06 
0.09 ± 0.08 
0.10 ± 0.09 

0.10 ± 0.10 
0.10 ± 0.10 
0.09 ± 0.09 

0.07 ± 0.07 
0.08 ± 0.08 
0.06 ± 0.06 

0.08 ± 0.09 
0.08 ± 0.08 
0.04 ± 0.04 

0.06 ± 0.07 
0.09 ± 0.09 
0.05 ± 0.05 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 

Biotrue 0.05 ± 0.05 
8h 0.07 ± 0.06 

0.10 ± 0.09 
0.11 ± 0.01 

0.11 ± 0.09 
0.09 ± 0.09 
0.09 ± 0.09 

0.08 ± 0.08 
0.09 ± 0.09 
0.08 ± 0.07 

0.06 ± 0.06 
0.08 ± 0.08 
0.07 ± 0.07 

0.06 ± 0.06 
0.08 ± 0.08 
0.06 ± 0.06 

< 0.001 
0.009 

< 0.001 
24h 

168h 

AOSept 0.02 ± 0.02 
8h 0.02 ± 0.02 

0.03 ± 0.03 
0.03 ± 0.03 

0.04 ± 0.04 
0.04 ± 0.05 
0.03 ± 0.03 

0.02 ± 0.02 
0.02 ± 0.02 
0.02 ± 0.02 

0.02 ± 0.02 
0.02 ± 0.03 
0.02 ± 0.02 

0.02 ± 0.02 
0.03 ± 0.03 
0.01 ± 0.02 

< 0.001 
< 0.001 
< 0.001 

24h 
168h 
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 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

Fig. 5. Changes of UV-visible absorbance average (Aa) of lens care solutions analyzed after 8 352 
hours of storage with contact lenses. S.A: Senofilcon A; L.B: Lotrafilcon B; B.A: Balafilcon A; C.A: 353 
Comfilcon A; O.A: Omafilcon A. 354 

 DISCUSSION 355 

 356 
 Considering the lens material and depending on the composition of lens care solutions 357 
(LCS), the behavior of studied variables was not monotonic, displaying systematic changes 358 
overtime during the disinfection and preservation process. Most of the reported changes can 359 
be associated with different physical properties of LCS, as shown by the Dalton et al. study 360 
[22]. The higher surface tension and lower pH of AOSept, compared to MPS, can explain its 361 
different behavior and greater resistance to the polymeric compounds of CL materials, as can 362 
be analyzed by the outcomes of absorbance and fluorescence (Figs. 3-5).  363 

 Andrasko’s study [8] describes the percentage of corneal staining area after 2 hours of 364 
CL wear with different LCS. This effect was more significant in PHMB-based solutions, 365 
especially when combined with FDA Group II CL and some Si-Hy materials, like Balafilcon A 366 
material [40]. In this work, Omafilcon A (FDA Group II) had the most considerable effect on the 367 
fluorescence of ReNu MultiPlus when excited at 350 nm (Table 6), and Balafilcon A displayed 368 
an increase in their UVR transmittance caused by MPS (Table 3). In addition to inducing less 369 
ocular effect as presented in the study of Andrasko and coworkers, H2O2 showed to be a good 370 
option in the context of optical properties because it seems to be resistant to materials 371 
influence (Figs. 3-5), without causing considerable changes in the optical properties of CL (Fig. 372 
1). A recent study [40] reported that H2O2 use is recommended for patients with poor lens 373 
hygiene or ocular allergies.PQ-1 is a tetra-ammonium compound with four positive charges, 374 
and PHMB is a neutral polyamine (with a sequence of NH groups). It is expected to find 375 
significant differences in the interactions between these two preservatives and different CL 376 
materials. This trial showed some differences in transmittance of materials between LCS that 377 
contain PQ-1 and PHMB as disinfectants in their composition. Still, the findings do not allow to 378 
conclude if there is a clear relationship between these constituents and their influence in the 379 
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optical properties of products, as it was found a very similar fluorescence spectrum (Figs. 3-4). 380 
It would be interesting to study more specifically if these two compounds present different 381 
interaction modes with the polymer network of CL materials. It is expected that, after storage, 382 
CL dimensions would change due to the permeability of the polymer. This assumption was 383 
recently investigated by Smith and coworkers [24], who confirmed these changes, with LCS 384 
primary influence on CL diameter. 385 

 When stored in the LCS, Lotrafilcon B had a good performance (Fig. 1), similarly to the 386 
findings reported in another study that analyzed the impact of solutions on the modulus of CL 387 
[41]. In this sense, the LCS components give the material less hardness, which can induce less 388 
physiological risk. As in the present investigation, Young’s study [42] reported a more 389 
extensive interaction between H2O2 and Lotrafilcon B, compared to MPS. As these authors 390 
showed, these solutions present different types of interactions with CL materials. In MPS, 391 
there is a chemical absorption process, while H2O2 revealed an irreversible change on the 392 
polymer network for its oxidative effect. The solutions improved the UVR blocking properties 393 
of Senofilcon A material. Benzotriazole monomer, incorporated in this material, promotes 394 
significant protection against UVR. UVR blocker CL can prevent incident light at all angles, 395 
displaying an essential role against peripheral light focusing [30]. This material exhibited less 396 
effect on fluorescence and absorbance of lens care solutions (Figs. 3-5), possibly due to the 397 
absence of tint additives. Comfilcon A showed the lowest percentage of absorbed light 398 
compared to the other materials (Fig. 6) that can be associated with the "Aquaform" 399 
technology. The material contains longer chains, charged with a lower silicon content, making 400 
the lens more flexible and with a higher wetting capability. 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

Fig. 6. Changes of UV-visible mean absorbed light percentage of contact lenses analyzed after 412 
8 hours of storage with the different lens care solutions. S.A: Senofilcon A; L.B: Lotrafilcon B; 413 
B.A: Balafilcon A; C.A: Comfilcon A; O.A: Omafilcon A. 414 

  415 

 If multiple reflections are neglected from transmittance and reflectance 416 
measurements, the fraction of absorbed light can be estimated through the equation 417 

. Fig. 6 shows the changes in mean values of UV-visible absorbed light 418 
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percentage of CL before immersion in LCS and after 8 hours of storage in the different 419 
solutions. It is possible to observe that CL materials had a trend to absorb more light after 8 420 
hours of storage with the solutions, except in Balafilcon A material when combined with MPS. 421 
This phenomenon may indicate a significant interaction between CL materials and LCS 422 
components. In this sense, CL materials that showed a decrease in transmittance and 423 
reflectance may have absorbed the solutions components, which may cause a consequent 424 
increase in their light absorption. There are differences in the influence of lens care solutions 425 
in CL materials, considering their ionic content, that could justify the differences reported in 426 
Balafilcon A material. There was a higher T (%) reduction with AOSept in Balafilcon A lenses 427 
(FDA group 3) compared with the other CL groups. These results agree with the considerations 428 
done by Lorentz et al. and Guillon et al. [19,42], who have shown a higher interaction between 429 
the charged agents of products (e.g., surfactants, chelating agents, and preservatives) and 430 
ionic materials, which may cause changes in CL properties, as well as in their degradation.  431 

 In the same way, the CL water content can also affect their behavior within LCS. The CL 432 
polymer network contains free water that moves quickly within and out of the hydrogel 433 
material. Thus, hydrogel materials are suitable solvents for some hydrophilic or amphiphilic 434 
solutes included in cleaning systems (e.g., PHMB, EDTA, MAPDA, or surfactant molecules). In a 435 
study reported by Lira et al. [43], the refractive index of Comfilcon A, Senofilcon A, and 436 
Lotrafilcon B decreased after immersed in ReNu MultiPlus and AOSept solutions over 24 hours. 437 
These observations agree with the outcomes of this study, considering that, after immersed in 438 
the solutions, the materials water content increases, translating the consequent variations of 439 
the absorption of light by diffuse particles. The same study showed statistically significant 440 
differences in the surface roughness of Senofilcon A, Lotrafilcon B, and Comfilcon A caused by 441 
ReNu MultiPlus. MPS increased roughness can lead to a more considerable diffusion of light, 442 
resulting in decreased transmittance, which was estimated in this study, especially for 443 
Lotrafilcon B material. 444 

 There is experimental evidence of relaxation and swelling of the polymeric network 445 
close to the CL surface when the materials are exposed to LCS [23]. The latter study detected 446 
changes caused by MPS in the morphology of CL surface, which was more wrinkled, together 447 
with changes in CL optical properties, with variations of the Zernike coefficients. In the current 448 
investigation, Lotrafilcon B CL showed the most extensive increase in fluorescence than the 449 
other materials, except with ReNu MultiPlus solution excited at 350 nm (Figs. 3 and 4). This 450 
behavior can be explained by the interaction between the lens polymer and the solutions, 451 
which may be facilitated by the ultrathin (25 nm) continuous and hydrophilic plasma coating 452 
with a high refractive index of the surface treatment. Despite these outcomes, the same 453 
solutions used in the Lira study [44] showed an improvement in wettability of CL materials 454 
after 12 hours of storage, mainly in Lotrafilcon B and Balafilcon A materials. Compared with 455 
the study conducted by Ogbuehi [38], ReNu MultiPlus demonstrated the same trend to 456 
increase the transmittance of Lotrafilcon B after storage. This rationale allows concluding that 457 
an adsorption process of LCS components can be the precursor to CL materials optical variable 458 
changes and that can be associated with morphological variations on the lens surface. 459 
Compared with the effect of combinations in corneal staining reported by Andrasko [8], it is 460 
observed that conventional hydrogel CL (Omafilcon A) - that reported 57% of corneal staining 461 
area with ReNu MultiPlus - also showed a larger light absorption with ReNu MultiPlus (Fig. 6). 462 
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The same does not happen with Balafilcon B material, which presented a 73% corneal staining 463 
area with ReNu MultiPlus. In this study, ReNu MultiPlus was not the solution that induced the 464 
highest light absorption in this material.  465 

Considering that CL materials have significant porosity, there are several transitions of 466 
molecules in their polymeric matrix. A recent study conducted by Gavara and Compañ showed 467 
an increase of Si-Hy materials ionic permeability associated with the confinement of ions in 468 
nanoscale water channels, involving possible decreased degrees of freedom for the diffusion of 469 
both water and ions [45]. 470 

 The results revealed that the LCS fluorescence emission intensity increased over time 471 
(Tables 5-6), which may be associated with the release of some components from CL materials, 472 
being possible to predict that essential interactions between CL and LCS occurred during 473 
storage. Statistically significant differences were found over time (p < 0.01) during storage for 474 
the four wavebands (UVR and visible). Although there were substantial alterations in the 475 
visible spectrum, it may not represent clinical relevance in CL materials transparency. Overall, 476 
the T (%) of the materials was higher than 90% after 8 hours of storage with LCS. 477 

There is a link between the outcomes found in LCS variables and the changes caused in 478 
the CL materials. It was possible to infer that, when LCS are in contact with a CL material, 479 
multiple interactions occur that can change the optical properties of CL materials and LCS 480 
mutually. These findings can provide additional information about the interaction of CL 481 
materials and LCS in the clinical setting. The efforts to improve comfort associated with CL 482 
wear, through the development of new materials, surface modifications, and new lens care 483 
products, have been evident in the CL industry. These changes have resulted in real clinical 484 
benefits [46]. However, total biocompatibility has not yet been achieved and one of the main 485 
problems still existing are the interactions mentioned in this work. Considering that hyaluronic 486 
acid enhances water retention [47] and does not affect the CL optical properties [48], it is an 487 
excellent topic to be developed in future investigations. 488 

  CONCLUSION 489 

 This investigation found significant changes in CL transmittance and reflectance, as 490 
well as in absorbance and fluorescence of LCS after storage. The selection of the solution to 491 
disinfect and preserve CL may represent an essential role in their clinical and optical 492 
performance due to their inherent interactions. Lotrafilcon B induced the most considerable 493 
effect on fluorescence and absorbance of the LCS, probably associated with the release of 494 
some compounds by chemical changes of the polymers (or other components). Senofilcon A 495 
has shown a low impact on the optical properties of solutions compared with the other 496 
materials. Its transmittance decreases after storage, while being a good option for blocking 497 
UVR. The peroxide-based solution exhibited more resistance to the influence of CL materials in 498 
its optical properties. Further, in vivo studies would be needed to understand better the 499 
clinical impact of these changes in optical properties, resulting from the combination of 500 
different contact lens materials with LCS. 501 

 502 



19 
 

  ACKNOWLEDGMENTS 503 

 This work was supported by the Portuguese Foundation for Science and Technology 504 
(FCT - Portugal) in the framework of the Strategic Funding of CF-UM-UP (UIDB/04650/2020). 505 

 REFERENCES 506 

 507 

[1] Nicolson, P. C., & Vogt, J. (2001). Soft contact lens polymers: An evolution. Biomaterials, 508 
 22(24), 3273-3283.  509 

[2] Morgan, P. B., Woods, C. A., Tranoudis, I. G., Efron, N., Jones, L. et al. (2020). International 510 
 contact lens prescribing in 2019. Contact Lens Spectrum, 35, 26-32.  511 

[3] Muntz, A., Subbaraman, L. N., Sorbara, L., & Jones, L. (2015). Tear exchange and contact 512 
 lenses: A review. Journal of Optometry, 8(1), 2-11.  513 

[4] Hall, B., & Jones, L. (2010). Contact lens cases: The missing link in contact lens safety? Eye 514 
 Contact Lens, 36(2), 101-105. 515 

[5] Wu, Y. T. Y., Willcox, M., Zhu, H., & Stapleton, F. (2015). Contact lens hygiene compliance 516 
 and lens case contamination: A review. Contact Lens and Anterior Eye, 38(5), 307-316. 517 

[6] Borazjani, R. N., & Kilvington, S. (2005). Efficacy of multipurpose solutions against 518 
 Acanthamoeba species. Contact Lens and Anterior Eye, 28(4), 169-175.  519 

[7] Dutot, M., Reveneau, E., Pauloin, T., Fagon, R., Tanter, C., Warnet, J. M., & Rat, P. (2010). 520 
 Multipurpose solutions and contact lens: Modulation of cytotoxicity and apoptosis on 521 
 the ocular surface. Cornea, 29(5), 541-549.  522 

[8] Andrasko, G., & Ryen, K. (2008). Corneal staining and comfort observed with traditional and 523 
 silicone hydrogel lenses and multipurpose solution combinations. Optometry, 79(8), 524 
 444-454.  525 

[9] Carnt, N., Jalbert, I., Stretton, S., Naduvilath, T., & Papas, E. (2007). Solution Toxicity in Soft 526 
 Contact Lens Daily. Optometry and Vision Science, 84(4), 309-315. 527 

[10] Gorbet M., & Postnikoff, C. (2013). The impact of silicone hydrogel-solution combinations 528 
 on corneal epithelial cells. Eye & Contact Lens, 39(1), 42–47. 529 

[11] Pritchard, N., Young, G., Coleman, S., & Hunt, C. (2003). Subjective and objective measures 530 
 of corneal staining related to multipurpose care systems. Contact Lens and Anterior 531 
 Eye, 26(1), 3-9.  532 

[12] Diec, J., Papas, E., Naduvilath T., Xu P., Holden, B. A., de la Jara, P. L. (2013). Combined 533 
effect of comfot and adverse events on contact lens performance. Optometry and Vision 534 
Science, 90(7), 674-681. 535 

[13] De La Jara, P. L., Papas, E., Diec, J., Naduvilath, T., Willcox, M. D. P., & Holden, B. A. (2013). 536 
 Effect of Lens Care Systems on the Clinical Performance of a Contact Lens. Optometry 537 
 and Vision Science, 90(4), 344-350. 538 

[14] Garofalo, R. J., Dassanayake, N., Carey, C., Stein, J., Stone, R., & David, R. (2005). Corneal 539 
 staining and subjective symptoms with multipurpose solutions as a function of time. 540 
 Eye and Contact Lens, 31(4), 166-174.  541 



20 
 

[15] Willcox, M. D. P., Phillips, B., Ozkan, J., Jalbert, I., Meagher, L., Gengenbach, T., Holden, B., 542 
 & Papas, E. (2010). Interactions of lens care with silicone hydrogel lenses and effect on  543 
 comfort. Optometry and Vision Science, 87(11), 839-846.  544 

[16] Epstein, A. B. (2006). Contact lens care products effect on corneal sensitivity and patient 545 
 comfort. Eye and Contact Lens, 32(3), 128-132.  546 

[17] Sorbara, L., Peterson, R., Woods, C., & Fonn, D. (2009). Multipurpose disinfecting solutions 547 
 and their interactions with a silicone hydrogel lens. Eye and Contact Lens, 35(2), 92-97.  548 

[18] Carnt, N. A. (2009). Contact Lens–Related Adverse Events and the Silicone Hydrogel Lenses 549 
 and Daily Wear Care System Used. Archives of Ophthalmology, 127(12), 1616-23.  550 

[19] Guillon, M., Maissa, C., Wong, S., Patel, T., & Garofalo, R. (2018b). The influence of lens 551 
 care systems on eyelid tissue changes during silicone hydrogel contact lens wear. 552 
 Contact Lens and Anterior Eye, 41(4), 362-368.  553 

[20] Keir, N., Woods, C. A., Dumbleton, K., & Jones, L. (2010). Clinical performance of different 554 
 care systems with silicone hydrogel contact lenses. Contact Lens and Anterior Eye, 555 
 33(4), 189-195.  556 

[21] Jones, L., & Powell, C. H. (2013). Uptake and Release Phenomena in Contact Lens Care by 557 
 Silicone. Eye & Contact Lens, 39(1), 29-36.  558 

[22] Dalton, K., Subbaraman, L., Rogers, R., & Jones, L. (2008). Physical Properties of Soft 559 
 Contact. Optometry and Vision Science, 85(2), 122-128. 560 

[23] Chiericati, S., Borghesi, A., Cozza, F., Ferraro, L., Acciarri, M., Farris, S., & Tavazzi, S. (2017). 561 
 Care system versus transmitted light wavefront pattern of contact lenses. Eye and 562 
 Contact Lens, 43(3), 181-185.  563 

[24] Smith, S. M., Zhu, D., Pierre, D., Gilbert, J. L., & Chinn, J. A. (2020). Effect of multipurpose             564 
 care solutions upon physical dimensions of silicone hydrogel contact lenses, J Biomed 565 
 Mater Res, 108(5), 1915-1924.   566 

[25] Ivanov, I. V., Mappes, T., Schaupp, P., Lappe, C., & Wahl, S. (2018). Ultraviolet radiation 567 
 oxidative stress affects eye health. Journal of Biophotonics, 11(7), 1-13.  568 

[26] International Comission on Non-Ionizing Radiation Protection (2004). Guidelines on limits 569 
 of exposure to ultraviolet radiation of wavelengths between 180 ans 400 nm 570 
 (incoherent optical radiation). Health Phys, 87(2), 171-186. 571 

[27] Chandler, H. (2011). Ultraviolet absorption by contact lenses and the significance on the 572 
 ocular anterior segment. Eye and Contact Lens, 37(4), 259-266.  573 

[28] Chandler, H., Reuter, S., Sinnott, T., & Nichols, J. (2011).  Prevention of UV-induced 574 
 damage to the anterior segment using class I UV-absorbing hydrogel contact lenses. 575 
 Investigative Ophthalmology & Visual Science, 51(1), 172-8.  576 

[29] Kwok, L. S., Kuznetsov, V. A., Ho, A., & Coroneo, M. T. (2003). Prevention of the adverse 577 
 photic effects of peripheral light-focusing using UV-blocking contact lenses. 578 
 Investigative Ophthalmology and Visual Science, 44(4), 1501-1507.  579 

[30] Walsh, J. E., & Bergmanson, J. P. G. (2011). Does the eye benefit from wearing ultraviolet-580 
 blocking contact lenses? Eye and Contact Lens, 37(4), 267-272.  581 

[31] Yam, J. C. S., & Kwok, A. K. H. (2014). Ultraviolet light and ocular diseases. International 582 
 Ophthalmology, 34(2), 383-400.  583 



21 
 

[32] Coroneo, M. (2011). Ultraviolet radiation and the anterior eye. Eye and Contact Lens, 584 
 37(4), 214-224.  585 

[33] Walsh, J. (2003). Erratum: Can UV radiation-blocking soft contact lenses attenuate UV 586 
 radiation to safe levels during summer months in the southern United States? Eye and 587 
 Contact Lens, 29(2), 135.  588 

[34] Harris, M. G., Chin, R. S., Lee, D. S., Tam, M. H., & Dobkins, C. E. (2000). Ultraviolet 589 
 transmittance of the Vistakon disposable contact lenses. Contact Lens and Anterior 590 
 Eye, 23(1), 10-15.  591 

[35] Moore, L., & Ferreira, J. T. (2006). Ultraviolet (UV) transmittance characteristics of daily 592 
 disposable and silicone hydrogel contact lenses. Contact Lens and Anterior Eye, 29(3), 593 
 115-122.  594 

[36] Bruce, A. S., Dain, S. J., & Holden, B. A. (1986). Spectral transmittance of tinted hydrogel 595 
 contact lenses. Optometry and Vision Science, 63(12), 941-947.  596 

[37] Lira, M., Dos Santos Castanheira, E. M., Santos, L., Azeredo, J., Yebra-Pimentel, E., & Real 597 
 Oliveira, M. E. C. D. (2009). Changes in UV-visible transmittance of silicone-hydrogel 598 
 contact lenses induced by wear. Optometry and Vision Science, 86(4), 332-339.  599 

[38] Ogbuehi, K. C., Khan, F. M. J., Alanazi, S., Almubrad, T. M., & Osuagwu, U. L. (2014). 600 
 Transmittance Properties of Contact Lens Multipurpose Solutions and Their Effects on 601 
 a Hydrogel Lens. Annual Research and Review in Biology, 4(15), 2484-2500.  602 

[39] Quesnel, N., MJ, P., & CJ, G. (2005). Effect of back vertex power on transmittance of 603 
 contact lenses with UV protection. Poster: AAO meeting. Oct. 15-18, Chicago. 604 

[40] Kuc, C. J., & Lebow, K. A. (2018). Contact Lens Solutions and Contact Lens Discomfort: 605 
 Examining the Correlations Between Solution Components, Keratitis, and Contact Lens 606 
 Discomfort. Eye & Contact Lens, 44(6), 355-366.  607 

[41] Young, G., Garofalo, R., Harmer, O., & Peters, S. (2010). The effect of soft contact lens care 608 
 products on lens modulus. Contact Lens and Anterior Eye, 33(5), 210-214.  609 

[42] Lorentz, H., Heynen, M., Trieu, D., Hagedorn, S., & Jones, L. (2012). The impact of tear film 610 
 components on in vitro lipid uptake. Optometry and Vision Science, 89(6), 856-867. 611 

[43] Lira, M., Franco, S., Vazquez-Dorrio, J. B., Real Oliveira, M. E. C. D., & Costa, M. F. M. 612 
 (2014). Surface roughness and refractive index changes in contact lens induced by lens 613 
 care systems. Eye and Contact Lens, 40(3), 140-147.  614 

[44] Lira, M., & Silva, R. (2017). Effect of Lens Care Systems on Silicone Hydrogel Contact Lens 615 
Hydrophobicity. Eye and Contact Lens, 43(2), 89-94.  616 

[45] Gavara, R., & Compañ, V. (2017). Oxygen, water, and sodium chloride transport in soft 617 
 contact lenses materials. Journal of Biomedical Materials Research - Part B Applied 618 
 Biomaterials, 105(8), 2218-31. 619 

[46] Brennan, N. A., & Coles, M. L. C. (2000). Deposits and symptomatology with soft contact 620 
 lens wear. International Contact Lens Clinic, 27(3), 75-99. 621 

[47] Singh, A., Li, P., Beachley, V., McDonnell, P., & Elisseeff, J. H. (2015). A hyaluronic acid-622 
 binding contact lens with enhanced water retention. Contact Lens and Anterior Eye, 623 
 38(2), 79-84.  624 

[48] Korogiannaki, M., Zhang, J., & Sheardown, H. (2017). Surface modification of model 625 



22 
 

 hydrogel contact lenses with hyaluronic acid via thiol-ene “click” chemistry for 626 
 enhancing surface characteristics. Journal of Biomaterials Applications, 32(4), 446-462. 627 

  628 

  SUPPORTING INFORMATION - ATTACHED  629 


