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Abstract: Intracellular polysulfide could regulate the redox balance via its anti-oxidant activity.
However, the existence of polysulfide in biological fluids still remains unknown. Recently, we
developed a quantitative analytical method for polysulfide and discovered that polysulfide exists in
plasma and responds to oxidative stress. In this study, we confirmed the presence of polysulfide in
other biological fluids, such as semen and nasal discharge. The levels of polysulfide in these biological
fluids from healthy volunteers (n = 9) with identical characteristics were compared. Additionally, the
circadian rhythm of plasma polysulfide was also investigated. The polysulfide levels detected from
nasal discharge and seminal fluid were approximately 400 and 600 µM, respectively. No correlation
could be found between plasma polysulfide and the polysulfide levels of tear, saliva, and nasal
discharge. On the other hand, seminal polysulfide was positively correlated with plasma polysulfide,
and almost all polysulfide contained in semen was found in seminal fluid. Intriguingly, saliva and
seminal polysulfide strongly correlated with salivary amylase and sperm activities, respectively.
These results provide a foundation for scientific breakthroughs in various research areas like infertility
and the digestive system process.
Keywords: polysulfide; biological fluids; circadian rhythm; aging

1. Introduction
Thiols are one of the most important targets of posttranslational modification via redox reaction due
to its nucleophilicity. When thiol is exposed to reactive oxygen species (ROS) or reactive nitrogen species
(RNS), it is oxidized to SOx H or SNO [1,2]. Reversible modification of thiols forms disulfide bonds.
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Some electrophilic compounds, such as reactive aldehyde, can be modified to thiol irreversibly [3,4].
These modifications sometimes change protein structure and/or activities, thus thiols could be one of
the important modulators of protein functions [5]. Recently, the investigation of reactive sulfur species
(RSS) provided a paradigm shift in the redox biology of thiols. RSS is defined as sulfur-abundant
molecules, such as cysteine persulfide (CysSSH) and glutathione persulfide (GSSH) [6,7]. These
sulfur-bound sulfur atoms are called “sulfane sulfur” [8], which renders a stronger nucleophilicity
effect to thiol by α effect [9]. For example, pKa of CysSSH is 4.3, while that of cysteine (CysSH) is
8.4 [9]. Thus, hydropolysulfide is a better target for posttranslational modification than thiol. Cysteine
polysulfide is commonly measured by alkylation and reduction methods [10,11]. In this method,
polysulfide and thiol are capped by weak alkylation agents like iodoacetamide, then treated with
reductants including dithiothreitol (DTT) or 2-mercapto ethanol (2-ME). Thiol will not be reduced after
alkylation, whereas polysulfide will be reduced by the reductants.
The levels of low molecular RSS including CysSSH, GSSH, and CysSSSCys were detected in blood,
heart, liver, brain, and lung [6]. Akaike et al. reported that CysSSH bound to tRNA preferentially
rather than CysSH [12]. They also proved that cysteine polysulfides (CysSSn H) account for about 70%
of total cysteine in protein during translation [12]. A good proportion of CysSSn H remains while the
CysSSn H incorporated to protein is reduced by thioredoxin (Trx)/Trx reductase (TrxR) systems. These
observations mean that CysSSn H is a natural component of proteins. Consequently, measuring the
whole amount of polysulfides is therefore important for assessing redox balance.
On the other hand, little is known about the existence of polysulfide in secretory extracellular
proteins. One of the reasons is that oxidative environment of fluids converts reduced form (CysSSn H)
to oxidized form (CysSSn Cys) of polysulfides that cannot be detected by the alkylation method. Serum
albumin constitutes approximately 60% of the serum proteins, hence being the most abundant protein
in plasma. Many mammalian serum albumins have 35 residues of cysteine and only one of them
exists in reduced form. Using alkylation and reduction method, P. Nagy et al. demonstrated that
serum albumin acquired the reduced form of polysulfide after being treated with sodium hydrogen
sulfide [11].
In a previous study, we have successfully developed a novel analytical method for quantifying the
oxidized form of polysulfide, named as elimination method of sulfide from polysulfide (EMSP) [13].
This EMSP assay enables measurement of the polysulfide in biological fluids like plasma. The assay
also revealed that human serum albumin (HSA) carries the oxidized form of polysulfide. Some of
these biological fluids contain proteins that are common to plasma [14–16], so it is possible for them to
also contain polysulfide, potentially demonstrating positive correlation with plasma polysulfide levels.
In this study, we examined the polysulfide content of biological fluids such as semen and nasal
discharge in healthy subjects. By collecting various biological fluid samples from the same subjects,
polysulfide levels in the biological fluids could be compared to that in plasma. We also examined the
circadian rhythm of plasma polysulfide.
2. Results and Discussions
2.1. Determination of Polysulfide Level in Biological Fluids
We previously demonstrated that polysulfide in plasma exists mostly in HSA [13]. HSA is present
not only in plasma but also in several biological fluids. In this study, polysulfide levels of plasma, tears,
saliva, nasal discharge, and semen were measured.
These biological fluids were collected from 9 healthy subjects, including 5 males. Semen was
collected from 4 of the 5 male subjects, because only four informed consents for semen collection were
obtained. The subject characteristics are summarized in Table 1. The average age was 28.44 years,
and the average body mass index (BMI) was 20.85. The polysulfide level in plasma, tears, saliva,
nasal discharge, and semen was determined using the EMSP method. As previously reported, the
polysulfide level was about 7.5 mM for plasma, about 1 mM for tears, and about 41 µM for saliva [13].
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blood plasma are albumin and immunoglobulins. No correlation between the polysulfide in tear fluids
and the plasma polysulfide level could be determined, due to the difference in protein compositions.
Saliva is an ideal specimen for clinical diagnosis because of the noninvasive sampling method.
Proteomics analysis using two-dimensional gel electrophoresis (2D gel) revealed that some saliva
proteins are also present in plasma [15]. This evidence indicates that those proteins may have transferred
from plasma to saliva, while the other saliva proteins are produced locally by the salivary gland. Serum
albumin is one of the abundant proteins in saliva besides salivary α-amylase. Another plasma protein,
prolactin, is also found in saliva. These proteins are reported to come from gingival crevicular fluid
(GCF). The protein composition of GCF is almost similar to that of plasma [19]. Despite this similarity
in protein content, there is no correlation between saliva and plasma (Figure 1b), which may be caused
by the ordinal oxidative stress in oral fluid [20].
Nasal discharge constituted of interstitial fluid, plasma, mucus, and nasal secretion [16].
Polysulfide levels, as well as protein levels, in one of the healthy subjects were 3–10 times higher than
others, however, the polysulfide/protein molar ratio in nasal discharge did not correlate with plasma.
This result suggests that the polysulfide in nasal discharge may be from other sources except plasma.
The positive correlation of polysulfide levels between semen and plasma suggests that the protein
composition of seminal fluid may be similar to that of plasma. Human seminal fluid is a secretion from
the seminal vesicle, epididymis, prostate, and the urethral gland. The seminal fluid accounts for 95% of
total semen [21]. Previous studies demonstrated that HSA constituted approximately 17.7% to 22.7%
of the total protein in semen, while that of plasma is about 64% [14]. In contrast, immunoglobulins
(alpha, beta, and gamma) occupy a higher ratio of the protein content in semen [14,22].
In addition to protein content, the difference of redox environment among these fluids may also
contribute to the polysulfide level in each biological fluid examined. Oral environment is exposed
to ROS produced by oral bacteria [23]. The eye is also exposed to ROS caused by wearing contact
lens [24,25] or inflammations [26]. Compared to those two environments, ROS levels in seminal vesicle
or testis might be very low in a healthy subject. Therefore, polysulfide in semen reflected the oxidative
stress of plasma.
2.3. Effect of Age, Gender Difference, and BMI on Polysulfide Levels in Biological Fluids
Relationships among age, gender difference, BMI, and plasma polysulfide level were assessed.
There is no statistically significant difference (p = 0.052), however, Figure 2a showed that plasma
polysulfide tends to be higher with increasing age within the range investigated (22–43 years old).
Aging is known as one of the risk factors of oxidative stress [27]. Therefore, we predicted that aging
would decrease the amount of polysulfide, but the results indicated otherwise. This may be due to the
age range examined in this study being rather narrow. Previous reports showed that aging decreases
the ratio of the antioxidant glutathione/glutathione disulfide (GSH/GSSG) for the age range of 40 to
90 [28]. For the age range of below 40, the ratio was getting higher with increasing age. Further studies
are required to understand the overall relationship between aging and polysulfide levels. On the other
hand, there was no association between plasma polysulfide with gender difference or BMI (Figure 2b,c).
Amylase activity was measured as previously described [29] (Figure 2d). Interestingly, it was
shown that as the polysulfide level in the saliva increases, the amylase activity increases as well.
Physical or psychosocial stress is known to increase the activity of amylase [30,31]. JL Kroll et al.
reported that the level of hydrogen sulfide (H2 S) in saliva increases with psychological stress [32].
Thus, polysulfide levels might associate with salivary amylase activity. Intriguingly, oxidation of
cysteine residue on bacterial α-amylase is known to decrease its activity [33]. Further investigation is
required to investigate whether polysulfide controls the activity of α-amylase.
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15:30 (Figure 4c), but the plasma thiol level fell slightly around midnight (Figure 4d). The eliminated
radical level at 15:30 was significantly higher than at 9:30 (Figure 4c).
The correlation of each parameter is shown in Figure 4e. The fluorescence intensity of SSP 4 and
the radical scavenging activity of AAPH showed a positive correlation. Polysulfide level measured
by EMSP increased from 12:30, reaching a maximum at 21:30. On the other hand, the SSP4 intensity
decreased between 15:30 to 3:30 followed by an increase between 12:30 to 15:30. The discrepancy
between EMSP and SSP4 results might be due to the reactivity of each reagent. SSP4 would attack
cysteine residues on the protein surface only due to steric hindrance, whereas EMSP could react with
polysulfide at all locations in a protein. In fact, the activity of AAPH radical elimination may have a
similar rhythm to polysulfide measured by SSP4 because polysulfide on the surface may scavenge ROS
easier than intramolecular polysulfide (Figure 4b–e). It is reported that H2 S binds to HSA expeditiously,
however, H2 S levels did not affect plasma polysulfide level in this study. A previous report has shown
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3. Materials and Methods
3.1. Materials
Sulfane sulfur probe 4 (SSP4) was a kind gift from Dr. Ming Xian at Washington State University,
USA. Cell counting kit-8 (WST-8), sodium sulfide, and Diethylenetriamine-N,N,N0 ,N00 ,N00 -pentaacetic
acid (DTPA) were purchased from DOJINDO chemical laboratory, Japan. Human serum albumin
and N,N-dimethyl-p-phenylenediamine (DPDA) were obtained from Sigma Aldrich, St. Louis,
MO, USA. Zinc acetate, 2,20 -azobis(2-amidinopropane), dihydrochloride (AAPH), ascorbic acid,
dimethyl sulfoxide (DMSO), hydrochloric acid (HCl), potassium hydroxide (KOH), iron (III), chloride
5,5-dithiobis-2-nitrobenzoic acid (DTNB), glutathione, and linoleic acid were purchased from FUJIFILM
Wako Pure Chemical Corporation, Osaka, Japan. OneTouch® was purchased from LifeScan Japan,
Tokyo, Japan. Salivette® was obtained from SARSTEDT, Nümbrecht, Germany. All water in assays
was used deionized and distilled one. The ultraviolet plate was purchased from zell-kontakt GmbH,
Nörten-Hardenberg, Germany. Hexadecyltrimethylammonium bromide (CTAB) was obtained from
Tokyo Chemical Industry, Tokyo, Japan. The salivary amylase monitor and its chips were gifted by
Nipro, Osaka, Japan.
3.2. Sample Collection
Plasma was collected by pricking fingertips (second to fourth finger) using OneTouch® . Plasma,
saliva, and tear fluid samples were collected in the morning of the sampling day, between 8:30 am
to 11:30 am. Saliva was obtained with a cotton swab placed on the hypoglottis for 1 min after
brushing teeth without using toothpaste for 3 min. The cotton was then placed into a Salivette® tube
and centrifuged at 2000× g for 5 min. Saliva at the bottom of the tube was collected and used for
experiments. Nasal discharge was blown into Kimwipes® and centrifuged at 2000× g for 5 min in
an empty Salivette® tube. Semen was collected to 50 mL of a Falcon® tube and incubated at room
temperature until Liquefaction (about 30 min to 1 h). One percent of antimicrobial agent was mixed
into seminal fluids. Studies involving human fluid collection were approved by the Ethics Review
Committee for Human Experimentation of our institution (Tokushima University, TU, Tokushima,
Japan), and informed consent was obtained from all subjects (TU-No. 3351).
3.3. Measuring Polysulfide by EMSP
3× EMSP solution was made by mixing ascorbic acid (792.54 mg) with 1.5 mL of water and 5 N
KOH (3 mL). Samples were diluted in water and 3× EMSP was added. Then, samples were incubated
at 37 ◦ C for 4 h. After the reaction, they were mixed with 600 µL of 1% sodium acetate and centrifuged
at 2300× g for 5 min to recover the released sulfide as a precipitate. Supernatants were removed gently
and washed by 1 mL of water 3 times to remove completely peptides and proteins contained in the
supernatant. After the last round of supernatant removal, water (500 µL) was added and vortexed.
Protein contamination was checked using a protein determination assay. Twenty millimolar of DPDA
(50 µL) in 1.2 N HCl and 30 mM of FeCl3 (50 µL) in 7.2 N HCl were mixed into the solution and vortexed
well. The samples were centrifuged at 2300× g for 5 min and 200 µL of each solution were transferred
into 96 well plates and absorbance was measured at 665 nm. A standard curve was constructed by
using Na2 S (15.6 to 250 µM).
3.4. Measuring Activities of Sperm in Semen
Twenty microliters of semen were diluted in 160 µL of 67 mM sodium phosphate buffer (pH 8.0)
and mixed with 20 µL of WST-8. After the 1 h incubation at 37 ◦ C, samples were centrifuged at
10,000× g for 5 min. Absorbance at 450 nm was measured on a 96 well plate.
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3.5. Determination of Thiol Contents in Plasma
Twenty microliters of plasma were mixed into 100 µL of 5 mM DTNB in 100 mM of potassium
phosphate buffer/1 mM DTPA (pH 7.0). After incubation for 60 min at room temperature, absorbance
at 412 nm was measured by a plate reader (BioTek, Winooski, VT, USA). GSH (31.3 to 1000 µM) was
used for constructing a standard curve.
3.6. Measuring Anti-Oxidative Activity Against AAPH Radical
Anti-oxidative activity was analyzed by AAPH radical method as previously described [39].
Sixteen millimolars of linoleic acid solution was prepared by mixing 5 mL of borate buffer (50 mM,
pH 9.0), 250 µL of linoleic acid, 1 mL of sodium hydroxide, and 250 mL of tween20 and diluting in a
measuring cylinder to 50 mL by borate buffer (50 mM, pH 9.0). AAPH was dissolved in cold water on
ice. Nine hundred and twenty microliters of phosphate buffer saline (PBS) preheated at 37 ◦ C, 20 µL of
plasma was mixed, and 10 µL of linoleic acid solution (16 mM) was added. Fifty microliters of AAPH
solution (50 mM) was added and incubated for 1 h at 37 ◦ C. After the reaction, the sample solution
was dispensed into 96 wells of ultraviolet plate and absorbance, read at 234 nm. Radical elimination
activity was calculated as follows:
Eliminated radical (%) = (Abs. at 234 nm of sample with AAPH − Abs. at 234 nm of sample
without AAPH) × 100/(Abs. at 234 nm of PBS with AAPH − Abs. at 234 nm of PBS without AAPH)
3.7. Detection of Sulfane Sulfur by a Fluorescence Probe
Sulfane sulfur was detected by a fluorescence probe, SSP4, according to a previous report [40].
Plasma was diluted in 1 mL of 1 mM CTAB/PBS. 2 mL of 1 mM SSP4 in DMSO was added and incubated
for 10 min at room temperature. Fluorescence intensity was measured at ex/em = 457 nm/514 nm.
3.8. Statistical Analysis
The statistical significance of collected data was evaluated using the ANOVA analysis followed
by the Newman–Keuls method for more than 2 means. Differences between groups were evaluated by
the Student’s t test. p < 0.05 was regarded as statistically significant.
4. Conclusions
We succeeded in detecting the presence of polysulfide in various biological fluids, including
semen and nasal discharge, for the first time. Each polysulfide level had no co-relationship among
themselves except those between plasma and semen. These results suggest that polysulfide in each
type of biological fluid was surrounded by different independent environments comprised of different
protein compositions. Therefore, optimum fluid should be selected and analyzed for monitoring redox
balance via measuring polysulfide. Furthermore, the effect of circadian rhythm on plasma polysulfide
level warrants further investigation.
Supplementary Materials: The following are available online at http://www.mdpi.com/1420-3049/24/9/1689/s1.
Author Contributions: Data curation, M.I.; Formal analysis, M.S. and H.O.; Funding acquisition, T.I.; Investigation,
M.I.; Project administration, T.A.; Supervision, Y.I., T.M., M.O., and T.A.; Writing—original draft, M.I.;
Writing—review and editing, Y.I., V.T.G.C., H.A., T.S., K.O., H.W., T.M., M.O., and T.I.
Funding: This work was supported, in part, by Grants-in-Aid from the Japan Society for the Promotion of Science
(JSPS), a Grant-in-Aid from the Ministry of Education, Culture, Sports, Science and Technology (KAKENHI
KIBAN (B) 18H02587) and Research Fellowship for Young Scientists (18J10935), Japan. This study was supported
by a research program for the development of intelligent Tokushima artificial exosome (iTEX) from Tokushima
University. The work was also, in part, supported by grants from the Yamada Research Grant and Mishima Kaiun
Memorial Foundation.
Conflicts of Interest: The authors declare no conflict of interest.

Molecules 2019, 24, 1689

10 of 11

References
1.
2.
3.
4.
5.
6.

7.
8.
9.

10.
11.

12.

13.

14.
15.

16.
17.
18.
19.

20.

21.

Eaton, P. Protein thiol oxidation in health and disease: Techniques for measuring disulfides and related
modifications in complex protein mixtures. Free Radic. Biol. Med. 2006, 40, 1889–1899. [CrossRef] [PubMed]
Reddie, K.G.; Carroll, K.S. Expanding the functional diversity of proteins through cysteine oxidation. Curr.
Opin. Chem. Biol. 2008, 12, 746–754. [CrossRef]
LoPachin, R.M.; Gavin, T. Reactions of electrophiles with nucleophilic thiolate sites: Relevance to
pathophysiological mechanisms and remediation. Free Radic. Res. 2016, 50, 195–205. [CrossRef] [PubMed]
Fritz, K.S.; Petersen, D.R. An overview of the chemistry and biology of reactive aldehydes. Free Radic. Biol.
Med. 2013, 59, 85–91. [CrossRef] [PubMed]
Forrester, M.T.; Foster, M.W.; Benhar, M.; Stamler, J.S. Detection of protein S-nitrosylation with the
biotin-switch technique. Free Radic. Biol. Med. 2009, 46, 119–126. [CrossRef]
Ida, T.; Sawa, T.; Ihara, H.; Tsuchiya, Y.; Watanabe, Y.; Kumagai, Y.; Suematsu, M.; Motohashi, H.; Fujii, S.;
Matsunaga, T.; et al. Reactive cysteine persulfides and S-polythiolation regulate oxidative stress and redox
signaling. Proc. Nat. Acad. Sci. 2014, 111, 7606–7611. [CrossRef] [PubMed]
Gruhlke, M.C.; Slusarenko, A.J. The biology of reactive sulfur species (RSS). Plant Physiol. Biochem. 2012, 59,
98–107. [CrossRef]
Iciek, M.G.; Wlodek, L. Biosynthesis and biological properties of compounds containing highly reactive,
reduced sulfane sulfur. Polish J. Pharmacol. 2001, 53, 215–226.
Cuevasanta, E.; Lange, M.; Bonanata, J.; Coitino, E.L.; Ferrer-Sueta, G.; Filipovic, M.R.; Alvarez, B. Reaction
of Hydrogen Sulfide with Disulfide and Sulfenic Acid to Form the Strongly Nucleophilic Persulfide. J. Biol.
Chem. 2015, 290, 26866–26880. [CrossRef]
Mustafa, A.K.; Gadalla, M.M.; Sen, N.; Kim, S.; Mu, W.; Gazi, S.K.; Barrow, R.K.; Yang, G.; Wang, R.;
Snyder, S.H. H2S Signals Through Protein S-Sulfhydration. Sci. Signal. 2009, 2, ra72. [CrossRef]
Dóka, É.; Pader, I.; Bíró, A.; Johansson, K.; Cheng, Q.; Ballagó, K.; Prigge, J.R.; Pastor-Flores, D.; Dick, T.P.;
Schmidt, E.E. A novel persulfide detection method reveals protein persulfide-and polysulfide-reducing
functions of thioredoxin and glutathione systems. Sci. Adv. 2016, 2, e1500968. [CrossRef]
Akaike, T.; Ida, T.; Wei, F.Y.; Nishida, M.; Kumagai, Y.; Alam, M.M.; Ihara, H.; Sawa, T.; Matsunaga, T.;
Kasamatsu, S.; et al. Cysteinyl-tRNA synthetase governs cysteine polysulfidation and mitochondrial
bioenergetics. Nat. Commun. 2017, 8, 1177. [CrossRef] [PubMed]
Ikeda, M.; Ishima, Y.; Shibata, A.; Chuang, V.T.G.; Sawa, T.; Ihara, H.; Watanabe, H.; Xian, M.; Ouchi, Y.;
Shimizu, T.; et al. Quantitative determination of polysulfide in albumins, plasma proteins and biological
fluid samples using a novel combined assays approach. Anal. Chim. Acta 2017, 969, 18–25. [CrossRef]
Seymour Gray, C.H. Electrophoretic Analysis of Human Semen. Proc. Society Exp. Biol. Med. 1942, 50,
351–353. [CrossRef]
Vitorino, R.; Lobo, M.J.; Ferrer-Correira, A.J.; Dubin, J.R.; Tomer, K.B.; Domingues, P.M.; Amado, F.M.
Identification of human whole saliva protein components using proteomics. Proteomics 2004, 4, 1109–1115.
[CrossRef]
Casado, B.; Pannell, L.K.; Iadarola, P.; Baraniuk, J.N. Identification of human nasal mucous proteins using
proteomics. Proteomics 2005, 5, 2949–2959. [CrossRef]
Pan, Q.; Angelina, A.; Marrone, M.; Stark, W.J.; Akpek, E.K. Autologous serum eye drops for dry eye.
Cochrane Database Syst. Rev. 2017, 2, CD009327. [CrossRef]
Zhou, L.; Zhao, S.Z.; Koh, S.K.; Chen, L.; Vaz, C.; Tanavde, V.; Li, X.R.; Beuerman, R.W. In-depth analysis of
the human tear proteome. J. Proteom. 2012, 75, 3877–3885. [CrossRef]
Kido, J.; Bando, M.; Hiroshima, Y.; Iwasaka, H.; Yamada, K.; Ohgami, N.; Nambu, T.; Kataoka, M.;
Yamamoto, T.; Shinohara, Y.; et al. Analysis of proteins in human gingival crevicular fluid by mass
spectrometry. J. Periodontal Res. 2012, 47, 488–499. [CrossRef]
Colares, V.L.P.; Lima, S.N.L.; Sousa, N.C.F.; Araujo, M.C.; Pereira, D.M.S.; Mendes, S.J.F.; Teixeira, S.A.;
Monteiro, C.A.; Bandeca, M.C.; Siqueira, W.L.; et al. Hydrogen peroxide-based products alter inflammatory
and tissue damage-related proteins in the gingival crevicular fluid of healthy volunteers: A randomized trial.
Sci. Rep. 2019, 9, 3457. [CrossRef]
Jodar, M.; Sendler, E.; Krawetz, S.A. The protein and transcript profiles of human semen. Cell Tissue Res.
2015, 363, 85–96. [CrossRef]

Molecules 2019, 24, 1689

22.
23.

24.

25.
26.
27.
28.

29.
30.

31.
32.

33.
34.

35.
36.
37.

38.
39.
40.

11 of 11

Giuseppe Arienti, C.S.; Enrico, C.; Rosaria, V.; Carlo, A. Distribution of lipid and protein in human semen
fractions. Clin. Chim. Acta 1999, 289, 111–120. [CrossRef]
Dzunkova, M.; Martinez-Martinez, D.; Gardlik, R.; Behuliak, M.; Jansakova, K.; Jimenez, N.;
Vazquez-Castellanos, J.F.; Marti, J.M.; D’Auria, G.; Bandara, H.; et al. Oxidative stress in the oral cavity is
driven by individual-specific bacterial communities. NPJ Biofilms Microb. 2018, 4, 29. [CrossRef] [PubMed]
Dutot, M.; Warnet, J.M.; Baudouin, C.; Rat, P. Cytotoxicity of contact lens multipurpose solutions: Role of
oxidative stress, mitochondrial activity and P2X7 cell death receptor activation. Eur. J. Pharm. Sci. 2008, 33,
138–145. [CrossRef] [PubMed]
Pastori, V.; Tavazzi, S.; Lecchi, M. Lactoferrin-Loaded Contact Lenses: Eye Protection Against Oxidative
Stress. Basic Investig. 2015, 34, 693–697.
Wakamatsu, T.H.; Dogru, M.; Tsubota, K. Tearful relations: Oxidative stress, inflammation and eye diseases.
Arquivos Brasileiros de Oftalmologia 2008, 71, 72–79. [CrossRef] [PubMed]
Pandey, K.B.; Rizvi, S.I. Markers of oxidative stress in erythrocytes and plasma during aging in humans.
Oxid. Med. Cellul. Long. 2010, 3, 2–12. [CrossRef]
Jones, D.P.; Mody Jr, V.C.; Carlson, J.L.; Lynn, M.J.; Sternberg Jr, P. Redox analysis of human plasma allows
separation of pro-oxidant events of aging from decline in antioxidant defenses. Free Rad. Biol. Med. 2002, 33,
1290–1300. [CrossRef]
Yamaguchi, M.; Kanemori, T.; Kanemaru, M.; Takai, N.; Mizuno, Y.; Yoshida, H. Performance evaluation of
salivary amylase activity monitor. Biosensors Bioelectron. 2004, 20, 491–497. [CrossRef]
Nater, U.; Lamarca, R.; Florin, L.; Moses, A.; Langhans, W.; Koller, M.; Ehlert, U. Stress-induced changes
in human salivary alpha-amylase activity—associations with adrenergic activity. Psychoneuroendocrinology
2006, 31, 49–58. [CrossRef]
Nater, U.M.; Rohleder, N.; Gaab, J.; Berger, S.; Jud, A.; Kirschbaum, C.; Ehlert, U. Human salivary
alpha-amylase reactivity in a psychosocial stress paradigm. Int. J. Psychophysiol. 2005, 55, 333–342. [CrossRef]
Kroll, J.L.; Werchan, C.A.; Reeves, A.G.; Bruemmer, K.J.; Lippert, A.R.; Ritz, T. Sensitivity of salivary hydrogen
sulfide to psychological stress and its association with exhaled nitric oxide and affect. Physiol. Behav. 2017,
179, 99–104. [CrossRef]
Tomazic, S.J.; Klibanov, A.M. Mechanisms of irreversible thermal inactivation of Bacillus alpha-amylases. J.
Biol. Chem. 1988, 263, 3086–3091. [PubMed]
Keskes-Ammar, L.; Feki-Chakroun, N.; Rebai, T.; Sahnoun, Z.; Ghozzi, H.; Hammami, S.; Zghal, K.; Fki, H.;
Damak, J.; Bahloul, A. Sperm Oxidative Stress and the Effect of an Oral Vitamin E and Selenium Supplement
on Semen Quality in Infertile Men. Archiv. Androl. 2009, 49, 83–94. [CrossRef]
Zhu, Z.; Ren, Z.; Fan, X.; Pan, Y.; Lv, S.; Pan, C.; Lei, A.; Zeng, W. Cysteine protects rabbit spermatozoa
against reactive oxygen species-induced damages. PLoS ONE 2017, 12, e0181110. [CrossRef] [PubMed]
Li, G.; Xie, Z.Z.; Chua, J.M.; Wong, P.C.; Bian, J. Hydrogen sulfide protects testicular germ cells against
heat-induced injury. Nitric Oxide 2015, 46, 165–171. [CrossRef]
Cocuzza, M.; Athayde, K.S.; Agarwal, A.; Sharma, R.; Pagani, R.; Lucon, A.M.; Srougi, M.; Hallak, J.
Age-related increase of reactive oxygen species in neat semen in healthy fertile men. Urology 2008, 71,
490–494. [CrossRef]
Jin, S.; Tan, B.; Teng, X.; Meng, R.; Jiao, X.; Tian, D.; Xiao, L.; Xue, H.; Guo, Q.; Duan, X.; et al. Diurnal
Fluctuations in Plasma Hydrogen Sulfide of the Mice. Front Pharmacol. 2017, 8, 682. [CrossRef]
Kontush, A.; Reich, A.; Baum, K.; Spranger, T.; Finckh, B.; Kohlschütter, A.; Beisiegel, U. Plasma ubiquinol-10
is decreased in patients with hyperlipidaemia. Atherosclerosis 1997, 129, 119–126. [CrossRef]
Chen, W.; Liu, C.; Peng, B.; Zhao, Y.; Pacheco, A.; Xian, M. New fluorescent probes for sulfane sulfurs and
the application in bioimaging. Chem. Sci. 2013, 4, 2892–2896. [CrossRef]

Sample Availability: Not available.
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

