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Abstract

Background: Humans are affected by both exogenous and endogenous sources of hydrogen sulphide gas (H,S). Its health effects depend
on concentration and the duration of gas exposure. These hazards include-among many effects-eye irritation, tearing and inflammation.
Objectives: Our study aimed to characterize the side effects induced in cornea due to H2S exposure by using by means of comet assay
and Fourior Transformer Infrared Radiation (FTIR).

Materials and methods: sixty chinchilla rabbits were randomly grouped into four groups. Group one served as control. Animals were
exposed to hydrogen sulphide gas with concentrations of, 90, 250 and 500 ppm. After exposure, animals were decapitated, and the eyes
were enucleated from the eye globe. Their corneas were obtained by sectioning through ora serrate. Corneas were then kept frozen at —
20° C for analysis by FTIR spectral and comet assay analysis

Results: NH-OH region changes revealed unusual interface/binding mechanism that related to different surrounding environment as well
as co-existence of different formations and conformations in the system after exposure to H,S gas. Moreover the exposure to H,S gas has
no effect on the CH stretching region that arising from lipid. All parameters of comet assay significantly increase (p<0.05) due to ex-
posed doses. This increase is directly proportional to the increase in exposure level.

Conclusion: Hydrogen sulfide is a very toxic gas to cornea which is considered as window of the eye .it has a serious effect on molecu-
lar structure and DNA of cornea. By better understanding its toxicity, we will be able to safely make use of its various benefits without

the threat of harm looming over our heads.
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1. Introduction

Hydrogen sulfide (H,S) is a toxic gas that is flammable, colourless
gas and has a terrible smell. It can be produced naturally or artifi-
cially from volcanoes, sulfur springs, undersea vents, swamps,
stagnant bodies of water, and in crude petroleum and natural gas.
H,S is also associated with municipal sewers and sewage treat-
ment plants, swine containment and manure-handling operations,
and pulp and paper operations[1].H,S can be the product of the
natural digestive process[2]. It is responsible for the second high-
est number of occupational gas-related deaths, after carbon mon-
oxide[3]. Ambient air concentrations of hydrogen sulfide from
natural sources range between 0.00011 and 0.00033ppm. Concen-
trations of hydrogen sulphide in urban areas are generally <0.001
ppm. Much higher levels (often exceeding 0.09 ppm) have been
detected in communities living near natural sources of hydrogen
sulfide or near industries releasing hydrogen sulphide[4]. Its
health effects can vary depending on the level and duration of
exposure. Repeated exposure can result in health effects occurring
at levels that were previously tolerated without any effect[5]. Ac-
cording to Occupational Safety and Health Administration2017
(OSHA,) permissible exposure limit (PEL) is defined as the max-
imum air concentration you can be exposedwithout respiratory
protection.The time Weighted Average is the average exposure
over a specified period, usually hours in an eight hour period, 40
hour week, (TWA) is 10 ppm. Short term exposure limit(STEL) is

the acceptable average exposure over a short period of time, usual-
ly based on a 15 minute is 15 ppm. Immediately dangerous to life
and health (IDLH) is 100 ppm. The immediate death level which
leads to immediately deathin 35 minutes is 1000 ppm. A list of
current Threshold Limit Value(TLV) and biological exposure
indices (PEIs) are published annually by the American Conference
of Governmental Industrial Hygienists(tACGIH).According to
ACGIH 2017, TWA andSTEL were 1 ppm and5 ppm, respective-
ly.It is found according to OSHA 2017 that prolonged exposure to
hydrogen sulfide may cause tearing of the eyes at 2-5 ppm, by
raising exposure to 50 ppm slight conjunctivitis (gas eye) appear,
and eye irritation at 100 ppm. Prolonged exposure to hydrogen
sulfide, even at relatively low levels, may result in painful derma-
titis and burning eyes as reported by Agency for Toxic Substances
and Disease Registry 2014(ATSDR).

The present work was aimed to explore the molecular structure of
rabbit’s cornea and its DNA damage after exposure to different
concentrations of hydrogen sulphide using infrared spectroscopy
and comet assay.

2. Materials and methods

2.1. Chemicals

Hydrogen sulfide saturated solution was obtained from the minis-
try of environment, Cairo, Egypt. Other chemicals used in the
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experiments were obtained from Sigma Company (St. Louis, MO,
USA) with the highest purity grade available unless otherwise
mentioned.

2.2. Animals

Sixty healthy Chinchilla rabbits of either sex, weighing 2-2.5 kg
were randomly selected from the animal house facility at the Re-
search Institute of Ophthalmology RIO, Giza, Egypt. The animals
were kept separately under good ventilation and adequate standard
diet. They were housed in special designed cages and maintained
under constant air flow and illumination during the experimental
periods. The animal was handled according to the ARVO (The
Association for Research in Vision and Ophthalmology) state-
ments and regulations for the use of animals in research. The rab-
bits were divided into 4 groups: control and 3 different exposed
saturated H,S solution of concentration 90, 250 and 500 ppm,
respectively.

3. Hydrogen sulfide exposure

Animals were exposed to H,S gas for one hour in a specially de-
signed chamber. The lid of the glass chamber has two ventilation
holes to allow excess H,S vapor and oxygen to flow. The concen-
tration of the H,S gas inside the chamber was monitored by the
gas alert micro 5 gas detector (Brandt Instruments, Inc. LA, USA).

4. Cornea preparation

Animals were decapitated, and the eyes were enucleated from the
eye globe. Their corneas were obtained by sectioning through ora
serrate. Corneas were then kept frozen at — 20° C for analysis by
FTIR spectral and comet assay analysis.

5. FTIR spectroscopy measurements

The corneas were weighted separately, and then crushed to pow-
der by the aid of liquid nitrogen and mortar. The resulted corneal
powder was freeze-dried for 24 h then mixed with potassium bro-
mide (KBr) powder (80 mg KBr: 20 mg cornea) to prepare the
KBr disks for analyzed with FTIR measurement. FTIR spectra
were recorded using Thermo Nicolet IS5 FTIR spectroscopy, USA
in range 4000-1000 cm™ at roomtemperature as briefly previously
described by Eman and eman 2011[6].

6. Single cell gel electrophoresis (comet assay)

For the comet assay, 6 pL of cornea homogenate was used and it
is performed according to Nandhakumaret al., 2011 [7].

Statistical evaluation

Results were displayed as the mean £SD. To obtain a comparison
between groups, investigation of fluctuation was done by using
the commercially available software program (SPSS-11 for win-
dows, SPSS Inc., Chicago, lllinois, USA), where the significance
level was set atP<0.05.

7. Results

The spectra of FTIR results for normal and exposed corneas to
specific concentration of H,S that were recorded in the range

4000-1000 cmare shown in fig.1.The detailed FTIR spectral
analysis was performed in a three distinct frequency ranges,3800-
3000 cm™ (NH-OH region),3000-2800 cm™(CH stretching re-
gion)and 1800-1000 cm™(fingerprintregion). Also amide | band
(1700-1600 cm™) which linked to fingerprint region and related to
protein secondary structure was carefully analyzed.
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Fig. 1:Full Scale FTIR Spectra for Control and Exposed Corneas of Dif-
ferent Doses of H,S.

NH-OH region

Fig (2) shows the NH-OH region (3800-3000 cm™) of corneal
tissues. The curve enhancement procedure; a combination of Fou-
rier deconvolution and nonlinear curve fitting resolved the main
peak of normal pattern into seven peaks as 3747+3, 3607+2, and
3513+2cm™ that corresponding to stretching OH (OH) labeled as
(1), the peak at 3432+4 cm™ related to OH asymmetric (asymOH)
that labeled as (2), 33263 related to NH asymmetric (asymNH)
labeled as (3), 3218+1 cm™ related to OH symmetric (symOH)
labeled as (4), and 3162+1 cm™ which corresponding to NH sym-
metric (s;mNH) labeled as (5) as given in table (1) and previously
mentioned by Aly 2011[8].
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Fig. 2: Analysis of NH-OH Region (3800-3000 Cm™) for Control and All
Corneas Exposed to Different Concentration of H,S.

Table 1:NHOH Region (3800-3000 Cm™) of Corneal Tissues for Control and All Groups Exposed to Different Concentration of H,S

(1)sOH (2)OHagym | (3)NHagym | (4)OHsm | (5)NHgym
3607+2 3513+2 3432+4 332643 3218+1 3162+1
SRR | ST 146+10 656 115+10 12447 108+2 956
3610+3 3543+37 3425+3" 3310+3" 3225+1"
F +
SUIER | SRR 93411 9340 93401 99487 96+10
250 3684+1 3v59+2" 3478+3 3313+2" 3232+3" 3148+2"
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ppm 12845 V096" 11848 118497 118+9" 11547
500 3558+4 345127 329117 32012 312017
ppm 114481 11445 114+10 11449 11446

First line in each cell indicates the vibrational frequency, while
second line reflects the bandwidth.

Tstatistical significant (p<0.05)

After exposure to different concentrations of H,S gas, there was
remarked change in the counter of NH-OH region. The stretching
OH (sxOH) in the control rabbit have three bands discernible at
3747+3, 3607+2 and 3513+2 cm'l. Due to exposure to 90 ppm
and 250 ppm of H,S, the same observation can be noticed; there
are three peaks but with different characteristic band positions and
bandwidth as compared with the control pattern. Finally, at higher
dose -500 ppm- there are restriction in the vibrational motion of
the NH-OH bands and one peak was detected at 3558+4 cm™ with
significant increase in both band position and bandwidth. For the
OH asymmetric (,ymOH) mode of vibration, it was found to be
sensitive to the exposure to the specific concentrations of H,S
when compared to control pattern. It has significant decrease in
band position after exposure to 90 ppm,and significantly increased
at 500 ppm. This mode of vibration has been restricted at 250
ppm. Again, The stretching NH asymmetric (s5,mNH) vibrational
mode can be related directly to the exposed doses of H,S; its band
position as well as bandwidth were decreased as the exposure dose
increased and finally, it was restricted due to exposure to the high-
est dose of H,S (500 ppm). The stretching OH symmetric (sy,OH)
band is sensitive to H,S exposure. It was located at 3218 + 1 cm?
in control pattern, then its band position directly increased with
the exposure dose of H,S. No change in its bandwidth was noticed
between groups. Stretching NH symmetric (snNH) vibrational
motion was restricted at 90 ppm. As the exposure dose increased
to 250 ppm there was a significant reduction in its band position.
For the highest dose; 500 ppm, it has been splitted to two peaks
with reduced vibrational frequency as given in table (1).

CH stretching region

The CH stretching region of normal corneas and those exposed to
H,S gas is shown in fig. (3).The CH vibrations indicate the pres-
ence of four absorption bands at 2963+2 cm™ with bandwidth
28+5 cm™, 2925+3 cm™ with bandwidth 446 cm™, 2879+3 cm™
with bandwidth 50+9 cm™, and 2855+3 cm™ with corresponding
band width 406 cm™. These bands assigned as asymCHs, asymCHa,
oymCH3 and ¢, CH, respectively as mentioned by Severcan et al.,
2000[9]. The general observation that can be concluded from this
figure and table (2) is that exposure to H,S gas in the concentra-
tion range 90 to 500 ppm does not affect the vibrational motion of
the CH bond.
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Fig. 3:Analysis of CH Region (3000-2800 Cm™) Forcontrol and Allcorne-
as Exposed to Different Concentration of H,S.

Table 2:CH Region (3000-2800cm™) for Control andAllcorneas Exposed
to Different Concentration of H,S

a_symCH 3 asymC H2 asva H3 @ymc H2

Control 2963+2 2925+3 2879+3 2855+3
2845 44+6 5049 4046

90 oom 2963+2 292542 288242 285442
pp 33+4 4242 4445 3745

250 ppm 2963+2 2924+1 2879+3 285442
3142 44+1 5148 3846

500 296142 292743 288343 2860+3
(B 344 46£3 386 40+4

First line in each cell indicates the vibrational frequency,while
second line reflects the bandwidth.

Fingerprint Region

The third region of the FTIR in Fig (4) is the fingerprint region
(1800-1000 cm™). Analysis of control pattern revealed the pres-
ence of 9 bands at 172742 ,1646+3 , 1520+2 , 1457+3 , 1388+3
,1335+4, 1289+2 ,1151+2 and 1070+1 cm™ and can be assigned as
(1) ester C=0,(2) amide I, (3) amide I, (4) CH, bending,(5)
stretchinggymCOO-, (6) deformCHs, (7) stretchingas,mPO4(8)
stretching,s,mCOOC and (9) stretching sy,nPO,as mentioned byAly
2011]8].
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Fig. 4:Analysis of Fingerprint Region (1800-1000cm™) for Control and
All Corneas Exposed to Different Concentration of H,S.

After exposure to 90 and 250 ppm of H,S, the vibrational motion
of ester C=0 that labeled as (1) was increased and splitted in 90
ppm group, and restricted at 500 ppm. Amide | that labeled as (2)
and located between 1700-1600 cm-" attributed to C=O stretching
of carboxylic acid of amino acid, show increased band position
and bandwidth; a detailed analysis is provided in the next section.
Amide 11 band that labeled as (3) and appears at 1520+ 2 cm™in
normal pattern was increased in wavenumber. This increase is
directly proportional with the increased dose of H,S. No change in
bandwidth except for 500 ppm.

The absorption band at 1457 +3 cm™ in normal pattern represents
the CH, bending and labeled as (4) in fig. (4). It shows no signifi-
cant changes in its band position and no change in its bandwidth
due to exposed to H,S except for 500 ppm. On the other hand, the
absorption at 1388+3 cm™ which represents the COO symmetric
mode of vibration (labeled as 5) show significant increase in its
band position as well as its bandwidth for 250 and 500 ppm ex-
posed groups. It was restricted in 90 ppm exposed group




2792

International Journal of Engineering & Technology

CH;deformation mode that labeled as (6) and appeared at 1335 +
5 cmin control pattern was not significantly changed due to the
exposure to different doses of H,S. The absorption of at 1289 + 2
cm™ in normal pattern can be assigned as PO, asymmetric that
labeled as (6). This band restricted in 90 and 250 ppm exposed
groups and detected in 500 ppm exposed group but with reduced
band position. The COOC asymmetric band labeled as (8) that
detected at 1151+2 cm™ in the control pattern, shows fluctuated

changes due to exposure to 90 and 250 ppm then, restricted due to
exposure to 500 ppm.

On other hand the PO, symmetric mode of vibration that labeled
as (9) and discernible at 1070 +1 cm™in the control pattern was
found to react with the H,S gas non-specifically; there was in-
creased in band position at 90 ppm and 250 ppm groups while
reduced at 500 ppm. Its bandwidth was increased at 500 ppm as
given in the table (3).

Table 3: Fingerprint Region Assignment to Control and Different Exposed Groups to H,S

(4)CH;

(6)CHs

(1)Ester C=0 (2)Amidel (3)Amide 11 (5)co0sym (7)asym PO2 (8)co0Casym (9)sym PO2
bending deform

Control L1272 1646+3 1520+2 145743  1388+3 133544  1289+2 115142 1070+1
67+6 65+3 7646 6743 63+ 6245 66+8 6443 63+3

90 pom 1744+17 169443  1643+2 1526+1" 1460+2 134243 1169+3" 1086+2"
PP 6645 664 66+2 66+9 66+8 66+8 66+3 6643
1737+2° 1656+2" 1528+1" 1461+2  1404+3° 133343 115342 o

ZEYI 75431 7945 8045 7844 70+4 79+4 %322?2
500ppm 1657+2° 1534+2" 1453+3 14002 13342 124721 1069+1
87+4" 105+8" 44457 76+2" 57+5 11849 104+5"

First line in each cell indicates the vibrational frequency, while second line reflects the bandwidth.

Tstatistical significant (p<0.05).

Amide | band

The amide | absorption is mainly associated with protein amide
C=0 stretching vibration. Fig.4 display the component band of
amide I, which are obtained by curve fitting analysis. Four esti-
mated bands were resolved in normal pattern. The bands were
detected 1673 + 3 cm™ ( B — turn structure, labeled as 1), 1652 + 2
cm™ (o — helix, labeled as Y), 1637+ 2 cm™and 1624+ 3 cm™ (B —

sheet, labeled as Y) as previously described byYang et al., 2005
[10].
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Fig. 5:Analysis of Amide | Region (1700-1600 Cm™) for Control and All
Corneas Exposed to Different Concentration of H,S.

The contour of the amide | band was affected by the H,S gas ex-
posure. This change was concomitant with variation in B -turns
and B -sheet structures. According to table (5), B -turns content
was directly increased as the H,S exposed dose increased. In the
same context, 3 -sheet was decreased due to exposure to 250 and
500 ppm. The distribution of normal protein secondary structure
components (that were calculated as the area percentage) are 5+ 2
Y%for B turn, 35+ 5 % for a helix and 61+ 9 %for B sheet.

Table 4:Protein Secondary Structure Changes of Corneas Expressed as
Percentage Area of B-Turn, A-Helix and B-Sheet for Control and All
Groups Exposed to Different Concentration of H,S

Groups B -Turns% a - helix% f3- Sheet%
Control 542 3¢5 61+9
90ppm 12437 3243 5648
250ppm Yot Y516 5.8
500ppm 36+4" 3945 25+7"

T Statistically significant

Comet assay
The genetic material within the corneal tissue was studied by the
Comet assay and the results are given in fig. (6).

.

Fig. 6:Representative Photographs of Comet Assay of Cornea Cells for
Control and Exposed Cornea for Different Concentration of H,S 90, 250
and 500 Ppm.

In control group the DNA was tightly compressed and maintained
the circular disposition of the normal nucleus. After exposure to
the specific doses of H,S, the profile of the nuclear DNA was
altered with the appearance of a fluorescent streak extending from
the nucleus as appeared for all doses comprising the comet in
different percentages. A variety of symmetrical and densitometric
parameters are provided by the image analysis software, which
allows an estimation of the amount of DNA in the head and tail
region. Because the tail length and its density reflect the number
of single-strand breaks in the DNA, the percentage of DNA in the
tail provides a quantitative measure of the damaged DNA.

The percentage of tailed nuclei, tail length, tail DNA and tail mo-
ment in control group and treated groups are given in table (5).

Table 5:Percentage of Tailed Nuclei, Tail Length, Tail DNA and Tail
Moment of Exposing Corneas to Different Concentration of H,S Com-
pared to Control

SIS %Tailed Tail %Tail Tail mo-

P cells length(um) DNA ment(Units)
frg? 341 0.92+.03 129+006  1.19+0.06
90ppm  6x1° 1.69+0.07" 1.82+0.05"  3.08+0.1"
20 12421 2.28+0.1" 268+02" 61105
ppm
800 17421 3.0540.1" 3624007 11.04+1"

ppm
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TStatistically significant.

The tail length measured from the middle of the nucleus to the end
of the tail has smallest value in control group 0.92+:.03 pm
(which indicate natural DNA damage). The length increases (sta-
tistically increase p < 0.05) with doses to reach maximum value
3.05+0.1um in 500 ppm. All parameters of comet assay signifi-
cantly increase due to exposed doses. This increase is directly
proportional to the increase in exposure level as given in table (5).

8. Discussion

It is possible to divide the mid-infrared region in other smaller
spectral regions where strong absorption bands can be associated
to specific components. Those regions are: fatty acids region,
amide region, assigned primarily to proteins and peptides; mixed
region, assigned to carboxylic groups of proteins, free amino ac-
ids; and the polysaccharide region. Besides, there are other spec-
tral regions such as the one that is relevant to RNA, DNA and
phospholipid content [11].

The results of this study revealed that the NH-OH region of FTIR
spectra (Fig.4) of the corneal tissue is sensitive to exposure of
different doses of H,S.

NH-OH region changes revealed unusual interface/binding mech-
anism that related to different surrounding environment as well as
co-existence of different formations and conformations in the
system after exposure to H,S gas. Changes in OH modes indicate
the formation of hydrogen bonds with different structural
states[12]. Moreover the exposure to H,S gas has no effect on the
CH stretching region that arising from lipid [13].

The noticeable fluctuation changes in the fingerprint region recog-
nized to an oxidative stress after exposure to different doses of
H,S and increase the stress with the dose. The changing in asym.
PO, and 5,»POzband is indicated to disorder in the genetic materi-
al or phospholipids that involved in the structure of corneal tissues
which are highly specialized layers.

FTIR spectroscopy has been used to study the secondary structure
composition, structural dynamics, conformational changes struc-
tural stability and aggregation of proteins .In the amide | region
(1700—-1600 cm—1), each type of secondary structure gives rise to
a somewhat different C=0 stretching frequency due to unique
molecular geometry and hydrogen bonding pattern[14].

For proteins to perform these important tasks, they must fold to
their proper, unique three-dimensional structure. Poor protein
folding and insolubility lead to inefficient functional protein.
There are three common secondary structures in proteins, namely
a- helix, B-turns and B-sheets. B-turns are conformations that ena-
ble protein to adopt globular structures, and their formation is
often rate limiting for folding. They are the smallest type of the
secondary structure, joining other elements of secondary structures
as o- helix and B-sheets, and abruptly change the direction of the
polypeptide chain. The formed B-turn structure may serve as a
nucleation site for folding/refolding of proteins. B-sheets are an-
other protein secondary structure conformation; although the im-
portance of B-sheets in the folded structures of

Proteins has long been recognized, there is growing interest of
molecular interactions among B-sheets. B - sheets have dual func-
tions; in normal tissue, they are important for biological activities,
and they are involved in many diseases such as cancer. Intermo-
lecular B-sheet interactions (band < 1620 cm™) are associated with
bimolecular recognition, protein quaternary structure, protein-
protein interactions and peptide and protein aggregation. While,
intramolecular B-sheet interactons (band between 1630-1620 cm™)
are associated with protein folding[13]. Thus, vibrational spectra,
as those of the FTIR spectra, were directly related to the structural
features of molecules.

In our study B— sheet the strands of polypeptide are stretched out
and lie either parallel or antiparallel to one another and hydrogen
bonds forms randomly between the strands after exposure to H,S.
The domination of B —turns content which directly proportion to
decrease the content of P— sheet indicates that corneas protein

turns to insoluble and more folded corneal protein which gives the
impetus that the proteins become aggregated.

The comet assay for corneal cells has been applied to investigate
the potential genotoxicity of H,S [15].

The degree of DNA damage observed in control groupindicated
the % tailed cells might be explained by the fact that about 10 000
oxidation hits to DNA per cell have been estimated to occur per
day within the human body, and more than 35 different forms of
oxidized bases are found in DNA [16].

The effect of H,S induces p53 (is a well- defined tumor suppressor
gene)that has been mapped and characterized in the normal cornea
across different species p53 plays a role in many abnormal types
of cell proliferation, in apoptosis in response to DNA injury and in
the prevention of replication of genomes that have suffered DNA
damage [17].H,S causes cell cycle alteration and formation of
micronuclei (MN). The formation of MN represents fragments of
the chromosome or whole chromosomes resulting from clastogen-
ic events and as such is considered as a reliable marker for DNA
damage [18]. Also, H,S triggers important markers of apoptosis,
including the release of cytochrome ¢ from the mitochondrial
membrane into the cytoplasm and also the translocation of apopto-
sis regulator Bax gene from cytosol to the mitochondria [19].Bax
play an important role in the regulation of corneal epithelial re-
newal in adult and during development of cornea [20].

9. Conclusion

Hydrogen sulfide is a very toxic gas to cornea which is considered
as window of the eye .it has a serious effect on infra structure and
DNA of cornea. By better understanding its toxicity, we will be
able to safely make use of its various benefits without the threat of
harm looming over our heads.
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