
F
b

S
E

a

A
R
R
A
A

K
C
R
S
S
F

1

c
c
e
u
s
c
I
p
F
e
b
a
d

f
a
s

h
2
n

Toxicology Reports 2 (2015) 1347–1356

Contents lists available at ScienceDirect

Toxicology  Reports

j ourna l ho me  page: www.elsev ier .com/ locate / toxrep

ourier  transform  infrared  (FT-IR)  study  on  cyanide  induced
iochemical  and  structural  changes  in  rat  sperm

hiddappa  Mallappa  Shivanoor,  Muniswamy  David ∗

nvironmental and Molecular Toxicology Laboratory, Department of Zoology, Karnatak University, Dharwad, 580003 Karnataka, India

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 9 July 2015
eceived in revised form 7 October 2015
ccepted 9 October 2015
vailable online 22 October 2015

eywords:
yanide
at sperm

a  b  s  t  r  a  c  t

In  the recent  years,  great  attention  had  been  focused  on cyanide  toxicity  because  of  its widespread  use  in
industries  and  considered  to  be a ubiquitous  pollutant  in the  environment.  Therefore,  the  current  study
aimed  to  evaluate  the  toxic  effect  of cyanide  on  rat  sperms  at molecular  level  by using FT-IR  technique.  For
this  purpose,  rats  were  randomly  divided  into  four  groups  and  treated  with  0.0,  0.64,  1.2  and  3.2  mg  kg−1

body  weight  (BW)  for the period  of  90 days.  The  group  treated  with  lower dose  (0.64  mg  kg−1 BW)  showed
an  insignificant  change  in  all the  peaks,  except  the peaks  assigned  to  olefinic  C  H, CH2 asymmetric  and
CH2 symmetric  stretching  vibration  in the  lipids.  While,  the  groups  treated  with  higher  doses  (1.2  and
3.2  mg  kg−1 BW)  showed  the  significant  decrease  in  the  area  under  the  peaks  corresponds  to  different
perm lipids
perm proteins
T-IR

bio-molecules.  In addition,  spectral  second  derivative  analysis  showed  the  significant  alteration  in  �-
helix,  turns,  �-sheet,  aggregated  �-sheet  and random  coil structures  in  the proteins.  In conclusion,  the
selected  higher  dosage  of cyanide  had  caused  significant  decrease  in  the  biochemical  composition  of rat
sperms  along  with  structural  changes  in  the  proteins.  The  FT-IR  technique  is an  excellent  tool  used  for
the  analysis  of  oxidative  damage  in the  sperms.

©  2015  The  Authors.  Published  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CC
. Introduction

During recent years, great attention had been focused on
yanide toxicity because of its widespread use in the industries and
onsidered to be a ubiquitous pollutant in the environment. Human
xposure to this substance may  occur through mining, industrial
sage, smoke from fire, propulsion motors and tobacco [1–4]. Expo-
ure to other chemicals like organonitriles, cyanogens and cyanide
ontaining pesticides would also result in cyanide toxicity [5–7].
n addition to this, ingestion of cyanogenic glycoside-containing
lant products is a major source of cyanide toxicity in human [8,9].
urthermore, studies have reported that the occupational cyanide
xposure occurs through intake of water, ingestion of cassava-
ased food, inhalation of cyanide contaminated air and dermal
bsorption of hydrocyanic acid discharged into the environment
uring the courses of industrial process [10].

Cyanide could be immediately absorbed into the blood and

orms reversible complex with methemoglobin and haemoglobin;
nd distributed throughout the body followed by any route of expo-
ure [11,12]. Since these complexes are reversible, cyanide could

∗ Corresponding author.
E-mail addresses: mdavid.kud@gmail.com, davidkcd@gmail.com (M.  David).

ttp://dx.doi.org/10.1016/j.toxrep.2015.10.004
214-7500/© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access
c-nd/4.0/).
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

be dissociated from them under the organ system and inhibits the
several cellular enzymes, including cytochrome c oxidase result-
ing in cellular hypoxia and cytotoxic anoxia, which is potentially
fatal [13]. Studies have reported that, cyanide also inhibit several
other metalloenzymes including superoxide dismutase (SOD), xan-
thine oxidase, catalase (CAT), peroxidases (Px), nitrogenase, nitrate
reductase and subsequently induce oxidative stress in functionally
different tissues by enhanced generation of reactive oxygen species
(ROS) [14–23]. However, sperms are most sensitive to oxidative
stress due to the lack of their own  antioxidant mechanism [24].
Shiva et al. [25] demonstrated that, the elevated level of ROS in male
reproductive organs will induce oxidative damage in the sperm bio-
molecules. Consequently, it will certainly lead to an altered sperm
function and cause male infertility.

In fact, the body is having a well established cyanide detoxifi-
cation mechanism, involves the enzyme rhodanese. The rhodanese
can bring the catalytic reaction between cyanide and thiosulfate
and produce thiocyanate (SCN−) [13]. However, the SCN− is less
toxic than the cyanide and it will be excreted within few days [26].
Some studies have stated that, excretion of SCN− is based on the
kidney performance and it would get accumulated in the body of

the patients suffering from renal disorders and induced oxidative
stress in functionally different tissues [25,27,28]. In addition to this,
Rocha-e-Silva et al. [13] reported that, detoxification of cyanide was
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ig. 1. The schematic representation of different sources of cyanide exposures, it
oxicity. The numbers correspond to the references.

utritionally cost effective and it requires protein based diet. The
ower doses of cyanide will get detoxified by providing the diet

ith sufficient proteins [29]. Consequently, studies have reported
hat, cyanide toxicity was occurring more in malnourished pop-
lation, who have been suffering from protein deficiency [11]. In
ddition to this, male infertility was also occurring more in the same
roup of population [30]. Fig. 1 represents the different sources of
yanide exposures, its distribution and detoxification in the body
nd possible routes of male reproductive toxicity.

On the other perspective, several studies reported that infertility
n human has increased massively from last two decades [21,31,32].
n particular, 50% of infertility was accounted to males [33,34].
he main reason for increased male infertility was  attributed
o increased sperm abnormalities along with declining sperm
umbers and motility. Furthermore, studies have reported that,

ncreasing use of chemicals and their pollution, change in lifestyle
nd diet, and exposure to occupational and environmental factors
re known to cause such deformities in the sperms [34–37]. More-
ver, studies pertaining to the molecular investigation of cyanide
oxicity on rat sperm are very rare.

Nearly two decades back in 1993, National Toxicology Program
NTP) had evaluated the cyanide toxicity on male reproductive
ystem of F344/N rat strain and found that, the dose equivalent
o 4.5 mg  kg−1 BW will cause the mild (insignificant) effect on

ale reproductive system [38]. In contrast, the review of litera-
ure revealed that, the dose of 2 mg  kg−1 BW will induce oxidative
tress in functionally different tissues and further same dose was
eported to induce hepatotoxicity, renal toxicity and neurotoxic-
ty in rats, quails and goats [9,13,39–46]. Therefore, in the current
tudy, we made an attempt to evaluate the cyanide toxicity on rat
perm biomolecules with different sublethal doses (0.64, 1.2 and
.2 mg  kg−1 BW), those are lower than the dose reported to induce

ild reproductive toxicity in male rats.
To date, different techniques have been employed to diagnose

nfertility in males, among them the use of vibration spectroscopy
s a new technique in the field of reproductive medicine [47].
ribution and detoxification in the body and possible routes of male reproductive

This technique has been utilized well in biophysical and bio-
chemical research for both quantitative and qualitative analysis of
biomolecules such as proteins, lipids, carbohydrates and nucleic
acids [48]. In addition to this, FT-IR spectrum provides sensitive
‘fingerprint’ for the oxidative damage to the different biomolecules
present in the sperm [47]. However, the spectra can be obtained by
molecular vibration of functional groups of different biomolecules;
it provides the information about the structure, symmetry and
bonding pattern of the molecules. Therefore, in the current study,
we made an attempt to use this molecular fingerprinting approach
(FT-IR) to investigate the subchronic cyanide induced oxidative
damage in the rat sperms, which to the best of our knowledge this
technique has not been previously employed for the same.

2. Material and methods

2.1. Chemicals

Sodium cyanide of 95% purity was procured from Loba Chemie
Pvt., Ltd., Mumbai, India. All other chemicals used in the current
study were of analytical grade and commercially available.

2.2. Animals

Healthy adult (90 days old) Wistar male albino rats weigh-
ing about 160–170 gm were utilized for the current study. They
were maintained in plastic cages at the animal care facility in the
Department of Zoology, Karnatak University, Dharwad, with a room
temperature of 23 ± 2 ◦C, relative humidity of 65 ± 5%, and exposed
to a 12 h of light/dark cycle. Before the initiation of the experiment

animals were acclimatized for one week and handled in accordance
with the CPCSEA (Committee for the Purpose of Control and Super-
vision of Experiments on Animals) guidelines for the care and use
of laboratory animals.
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.3. Experimental design

After the period of acclimation, animals were randomly divided
nto four groups of six animals each and treated as follows.

Group I : Control animals (received the vehicle only).
Group II : 0.64 mg  kg−1 BW cyanide (1/10th of LD50).
Group III : 1.2 mg  kg−1 BW cyanide (1/5th of LD50).
Group IV : 3.2 mg  kg−1 BW cyanide (1/2th of LD50).

The selected LD50 (6.44 mg  kg−1 BW)  value of NaCN was based
n the available literature [49]. The treatment was given orally with
he dose volume of 1 ml  100 gm−1 BW in the morning (between
9:00 and 10:00 am)  to non-fasted rats for 90 days. However, the
rst two selected doses (0.64 and 1.2 mg  kg−1 BW)  were consid-
red to be environmentally relevant [50,51]. Furthermore, it has
een reported that, the dose of 0.5–3.5 mg  kg−1 BW is lethal to
uman beings [52–54]. Hence, according to OECD (Organization for
conomic Cooperation and Development) guidelines for chemical
esting on animals, we have selected one more dose (3.2 mg  kg−1

W)  with a higher sublethal concentration to evaluate the toxicity
n rat sperms.

.4. Sperm collection

The epididymis was collected as quickly as possible after the
issection and placed in a clean Petri plate. Then the cauda epi-
idymis was separated from the whole epididymis and cut into
everal pieces and immersed in 3 ml  pre-warmed phosphate buffer
aline (PBS) solution and incubated for 10 min  at 37 ◦C to allow
perms to release from the epididymal lumen. The obtained sperm
uspension was pipetted several times and used for FT-IR spectral
nalysis.

.5. Sample preparation and FT-IR spectral analysis

For FT-IR spectral analysis of rat sperms, the sperm suspension
as normalized based on their number by transferring the required

olume of sperm suspension to different centrifugation tubes and
ade final volume of 1 ml  with PBS. Then the tubes were subjected

o centrifugation at 1000× g for 10 min  at 4 ◦C. The obtained sperm
ellets were immersed in liquid nitrogen and then they were dried

n a lyophilizer (VIRTIS 6 KBEL 85) for 12 h to remove the water
ontent in the samples. In order to obtain fine sperm powders, com-
letely dried sperm pellets were grounded with IR grad potassium
romide (KBr) in an agate mortar and pestle. Then the powdered
perm samples from control and cyanide treated groups were again
ried under a halogen lamp to remove any trace of water before
reparing the pellet. Finally, KBr pellets were prepared in triplet
y applying the high pressure of 5 tonnes for 5 min. The prepared
Br pellets were with a diameter of 12 mm and thickness of 1 mm.
he FT-IR spectra was recorded at room temperature (25 ± 1 ◦C) in
he region ∼4000–400 cm−1 on a Nicolet-6700 FT-IR spectrometer
quipped with KBr beam splitter and an air cold DTGS (Dueterated
riglycine Sulfate) detector. Every pellet was scanned under identi-
al condition and obtained the spectra then it was further analyzed
sing the ORIGIN.8 software.

.6. Statistical analysis

The data were analyzed using SPSS (Statistical Package for the
ocial Sciences) 16.0 for Windows and expressed as mean ± SE

standard error). The significance (P < 0.05) between control and
yanide treated groups was determined by using one-way ANOVA
Analysis of Variance) followed by Tukey’s post-doc or student’s t
test.
 Reports 2 (2015) 1347–1356 1349

3. Results

3.1. FT-IR spectral analysis

The control and different doses of cyanide treated on rat
sperm FT-IR spectra (∼3600–400 cm−1) is shown in Fig. 2.
The peak position and detailed band assignments were done
according to available literature [55–57] (Table 1). In order
to get detailed spectral analysis the spectra was  divided into
three distinct frequency ranges, namely ∼3600–3050 cm−1(Fig. 3),
∼3050–2800 cm−1 (Fig. 4) and ∼1800–800 cm−1 (Fig. 5). Further-
more, the protein and lipid secondary derivatives were analysed in
∼1700–1600 cm−1 (Fig. 6) and ∼3050–2800 cm−1 (Fig. 7) respec-
tively.

Fig. 3 shows the average FT–IR spectra of rat sperms from con-
trol and cyanide treated groups in the range of ∼3600–3050 cm−1.
The absorption in this range was  dominated by amid-A band at
∼3305 cm−1 of protein arising from N H and O H stretching
modes of proteins and intermolecular H banding. The weak band
observed at ∼3070 cm−1 represents N H stretching of amide-B.
The area under these bands mainly revealed about the protein
content in the samples. In the current study, the group treated
with 0.64 mg  kg−1 BW showed insignificant (P > 0.05) changes in
the area under these bands compared to control (Table 2). While,
the groups treated with 1.2 and 3.2 mg  kg−1 BW showed the sig-
nificant (P < 0.05) decrease by −12% and −28% in the area value
of these bands respectively compared to control. In addition to
these bands, one more band at ∼1544 cm−1 in the third spectral
range (∼1800–800 cm−1) (Fig. 5) was  assigned to the amid-II pro-
tein in the sperms (Table 3). Results showed that, the group treated
with 1.2 mg  kg−1 BW showed significant decrease at P < 0.05 and the
group treated with 3.2 mg  kg−1 BW showed significant decrease at
P < 0.01 in the area value of this band. The evaluated ratio value of
amid-A band to amid-I band and amid-II band to amid-I band indi-
cates the dose dependent decrease in the composition of protein
in the rat sperm after sub-chronic cyanide treatment compare to
control (Table 3).

In order to investigate the changes in lipid content of rat sperms,
the spectral range from ∼3050 to ∼2800 cm−1 was  considered
(Fig. 4). The assignment of the bands arises in this region given in
Table 1. The groups treated with 1.2 and 3.2 mg  kg−1 BW showed
significant decrease by −34% and −56% respectively in the area
value compared to control group (Table 2).

The average FT-IR spectra of control and cyanide treated groups
rat sperm in the ∼1800–800 cm−1 region is shown Fig. 5. The
detailed band assessment was given in Table 4. The band at
∼1739 cm−1 was assigned to C O stretching vibration in ester
groups of triglycerides. The cyanide treated groups showed the
dose-dependent increase in the area under this peak. One more
band observed at ∼1313 cm−1 was assigned to CH3·CH2 stretching
in collagen. The group treated with 3.2 mg  kg−1 BW showed the
significant (P < 0.01) decrease in the area under the band compared
to control, followed by the group treated with 1.2 mg  kg−1 BW
(Table 2). While the group treated with lower dose (0.64 mg  kg−1

BW)  showed insignificant changes in the area value of these bands
compared to control.

Further, in order to investigate the changes in the secondary
structure of proteins and lipids, the second derivative of IR spec-
tra in the region from ∼1700 to ∼1600 cm−1 for protein (Fig. 6)
and ∼3050 to ∼2800 cm−1 for lipids (Fig. 7) were investigated. The
changes in the peak position and detailed peak assessments were
given in Table 4. Overall intensity of all the observed peaks in the

protein and lipid secondary derivative showed significant changes
compared to control. The ratio between �-helix and �-sheet and
�-helix and random coils indicated that, the groups treated with
1.2 and 3.2 mg  kg−1 BW showed significant increase in the aggre-
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Fig. 2. The representative FT-IR spectra of the control and different dose cyanide treated rat sperms in the ∼4000–500 cm−1 range.

Table 1
Subchronic (90 days) cyanide induced changes peak position with their general band assignment based on the literature [55–57].

Wave number (cm−1) Vibrational peak assignments

Control 0.64 mg  kg−1 BW 1.2 mg  kg−1 BW 3.2 mg kg−1 BW

3305.40 3305.39 3003.46 3297.89 Amide-A: N H stretching of proteins
3070.11 3070.11 3070.10 3068.19 Amide-B: N H stretching of proteins
3014.19 3016.12 3012.26 3008.40 Olefinic C H stretching: unsaturated lipids
2962.19 2958.26 2958.26 2958.26 CH3 asymmetric stretching: mainly lipids
2925.48 2925.48 2925.48 2925.48 CH2 asymmetric stretching: mainly lipids
2856.05 2856.13 2852.20 2854.13 CH2 symmetric stretching: lipids
1739.47 1741.40 1739.47 1745.26 Ester C O stretching: lipids
1654.62 1654.62 1654.62 1652.69 Amide–I (protein C O stretching)
1544.72 1544.70 1544.70 1540.84 Amide–II (protein N H bend, C N stretch)
1452.13 1455.99 1454.06 1455.99 CH2 bending; lipids & proteins
1400.06 1400.06 1398.13 1396.21 COO symmetric stretching: fatty acids
1313.28 1313.28 1311.35 1309.42 CH3 CH2 stretching: collagen
1240.00 1240.00 1238.07 1238.07 PO2– asymmetric stretching: nucleic acids and phospholipids
1166.72 1166.72 1164.79 1168.65 CO O C stretching: glycogen
1083.79 1083.79 1083.79 1079.94 PO2– asymmetric stretching: nucleic acids

Table 2
Subchronic (90 days) cyanide induced changes in the band areas assigned to different biomolecules present in rat sperms.

Wave number (cm−1) Experimental groups

Control 0.64 mg kg−1 BW 1.2 mg kg−1 BW 3.2 mg  kg−1 BW

3305 235.52 ± 24.11 228.88 ± 35.23 192.53 ± 23.32** 172.62 ± 19.11***

3070 0.49 ± 0.01 0.46 ± 0.03 0.41 ± 0.01** 0.36 ± 0.02***

3014 0.14 ± 0.03 0.10 ± 0.01 0.06 ± 0.08** 0.04 ± 0.06**

2962 0.15 ± .05 0.18 ± 0.03 0.11 ± 0.03** 0.07 ± 0.06***

2925 2.53 ± 0.21 2.48 ± 0.42 2.36 ± 0.45* 1.56 ± 0.48**

2856 0.92 ± 0.08 0.70 ± 0.04* 0.62 ± 0.06** 0.56 ± 0.04***

1739 0.42 ± 0.01 0.62 ± 0.03 0.53 ± 0.07** 0.48 ± 0.06***

1654 28.73 ± 0.42 26.43 ± 0.52 23.23 ± 0.42* 20.41 ± 0.72**

1544 8.32 ± 0.26 7.12 ± 0.36 5.12 ± 0.31** 4.42 ± 0.36***

1452 0.28 ± 0.07 0.25 ± 0.04 0.20 ± 0.02** 0.18 ± 0.05***

1313 2.42 ± 0.05 2.38 ± 0.06 1.95 ± 0.03** 1.35 ± 0.07***

1240 2.53 ± 0.05 2.43 ± 0.07 2.12 ± 0.04** 1.43 ± 0.06***

1166 0.03 ± 0.00 0.03 ± 0.00 0.02 ± 0.00* 0.01 ± 0.00**

Values are mean ± SE for six rats in each group.
* P < 0.05.

** P < 0.01.
*** P < 0.001 for cyanide treated groups vs. control group.
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Fig. 3. The average FT-IR spectra of the control and different dose cyanide treated albino rat sperms in the ∼3600–3100 cm−1 region.

Fig. 4. The average FT-IR spectra of the control and different dose cyanide treated albino rat sperms in the ∼3050–2800 cm−1 region.

Table 3
Subchronic (90 days) cyanide induced changes in FT-IR absorption band area ratio for selected bands in rat sperm spectra.

Band area ratio Experimental groups

Control 0.64 mg kg−1 BW 1.2 mg kg−1 BW 3.2 mg kg−1 BW

I1544/I3305 0.038 ± 0.004 0.032 ± 0.005 0.026 ± 0.003** 0.025 ± 0.002***

I1544/I1654 0.28 ± 0.004 0.26 ± 0.005 0.22 ± 0.008* 0.21 ± 0.006**

I2962/I2856 0.16 ± 0.007 0.21 ± 0.008 0.15 ± 0.003 0.12 ± 0.001**

Values are mean ± SE for six rats in each group.
* P < 0.05.

** P < 0.01.
*** P < 0.001 for cyanide treated groups vs. control group.
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Fig. 5. The average FT-IR spectra of the control and different dose cyanide treated albino rat sperms in the ∼1800–800 cm−1 region.
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Fig. 6. Second derivative of FT-IR spectra of control and different d

ated �-sheet compared to control. In addition to this, the random
oils in the proteins were also increased in 1.2 and 3.2 mg  kg−1 BW
ompared to control. While the group treated with 0.64 mg  kg−1

W showed insignificant changes in the �-helix and �-sheet and
-helix and random coils compared to control.

Fig. 7 shows the alteration in the lipid composition of control
nd different doses of cyanide treated on rat sperms. The selected
pectral region (∼3050 to ∼2800 cm−1) for the analysis of alteration
n lipid composition showed the presence of different bands. The

and at ∼3014 cm−1, ∼2925 cm−1 and ∼2856 cm−1 were assigned
o olefinic C H stretching in unsaturated lipids, CH2 asymmetric
nd CH2 symmetric in the lipids. The group treated with lower dose
0.64 mg  kg−1 BW)  showed the insignificant increase in intensity
anide treated rat sperms amide-I band (∼1700–1600 cm−1) region.

compared to the control. While the groups treated with 1.2 and
3.2 mg  kg−1 BW showed the significant decrease in the intensity
compared to the control. However, the band at ∼2962 cm−1 was
assigned to CH3 asymmetric stretching vibrational groups in the
lipids. Dose-dependent decrease was observed in the intensity of
this band compared to control (Table 4).

4. Discussion
The current study was  undertaken to investigate the oxidative
damage in rat sperms induced by subchronic cyanide intoxication.
The results obtained from body weight gain, reproductive organ
weight, hormone levels, sperm count, sperm motility and sperm
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Fig. 7. Second derivative of FT-IR spectra of the control and different dose cyanide treated rat sperms lipid (∼3050–2800 cm−1) region.

Table 4
Subchronic (90 days) cyanide induced changes in protein (∼1700–1600 cm−1) and lipid (∼3050–2800 cm−1) secondary structures with their general band assignment based
on  the literature [58,59].

Wave number in cm−1 Experimental groups Peak assignments

Control 0.64 mg  kg−1 BW 1.2 mg kg−1 BW 3.2 mg kg−1 BW

Protein
1691.26 −0.000013 −0.000038* −0.000047** −0.000051*** Antiparallel �-sheet
1670.05 −0.000018 −0.000013 −0.000003** −0.000002*** Turns
1654.62 −0.000372 −0.000331 −0.000275* −0.000176** �-helix
1644.98 −0.000030 −0.000041* −0.000043* −0.000049** Random coil
1633.41 −0.000055 −0.000051 −0.000054 −0.000059* �-sheet
1627.62 −0.000021 −0.000024 −0.000029* −0.000037** Aggregated �-sheet

Lipid
3014.01 −0.000007 −0.00001 −0.000004** −0.00000006*** Olefinic C H stretching: unsaturated lipids
2962.12 −0.00016 −0.00012 −0.00008** −0.00004*** CH3 asymmetric stretching
2925.48 −0.00044 −0.00057 −0.00028* −0.00013** CH2 asymmetric stretching
2856.20  −0.00052 −0.00081 −0.00043* −0.00009** CH2 symmetric stretching

Values are mean ± SE (±0.0001 to 0.000001) for six rats in each group.
*

*

*
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P < 0.05.
*P < 0.01.
**P < 0.001 for cyanide treated groups vs. control group.

bnormality were in line with our previous work [60]. Further,
n our previous work we have also revealed that, higher doses
f cyanide can induce changes in histoarchitecture of testis, epi-
idymis and prostate and it has been presumed due to the induced
xidative stress. Several studies have demonstrated that, cyanide
an induce oxidative stress in functionally different tissues [14–23].
s a consequence, the induced oxidative stress in the male repro-
uctive organs will cause harmful effect on sperms due to the lack of
heir own antioxidant mechanism. Hence, in the current study FT-
R has been particularly utilized to investigate the oxidative damage
n the rat sperms.

In the current study, the care has been taken during sample
reparation for FT-IR spectral analysis. All samples were carefully
valuated for the number of sperms in order to the normalization

ample based on sperm number with final volume of 1 ml  in PBS
uffer by following the method (explained in Section 2.5). Then
he samples were centrifuged and the obtained sperm pellets were
mmersed in the liquid nitrogen and subjected to lyophilization.
After lyophilization, KBr pellets with even thickness were prepared
by applying equal pressure. Eventually, the FT-IR spectra were col-
lected in triplet and observed that they were identical. Therefore,
it is possible to directly relate the change in intensity and more
accurately an area under the bands to the concentration of the
corresponding biomolecules in the sperms.

The results of the FT-IR spectral analysis indicated the dose diffi-
dent changes in the absorption and an area under the peaks aroused
by the different biomolecules present in the rat sperms (Fig. 2). The
spectral range from ∼3600 cm−1 to ∼3050 cm−1 (Fig. 3) consists
mainly of two bands at ∼3305 cm−1 and ∼3070 cm−1. The band
at ∼3305 cm−1 assigned to the amide-A, mainly due to the N H
stretching modes in proteins with a negligible contribution of O H
stretching of intermolecular hydrogen bonding since the unbound

water was  removed from the samples [61,62]. The second band at
∼3070 cm−1 corresponds to N H stretching of amide-B proteins.
In the current study, the groups treated with 1.2 and 3.2 mg  kg−1

BW showed significant decrease in the area under both these bands
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Table 4). The decreased area under these bands was  the indication
f reduced protein contained in the sperms. Studies have demon-
trated that, cyanide induced the protein catabolism in functionally
ifferent tissues and caused a decrease in the protein content. In
ddition to this, the groups treated with 1.2 and 3.2 mg kg−1 BW
howed shifting of peak position of the band assigned to amide-

 from ∼3305 cm−1 in control to ∼3003 cm−1 and ∼3297 cm−1

espectively (Table 1). Such change in the peak position implied
he changes in the protein secondary structure configuration and it
ad been presumed due to the ROS attack on the proteins present

n the sperms.
The second spectral region (∼3050 cm−1 to ∼2800 cm−1) was

ainly considered for the evaluation of alteration in the lipid
ontent, which showed the presence of several peaks aroused
rom different functional groups in the lipids. This spectral region
howed the presence of three prominent bands at ∼2962 cm−1,
2925 cm−1 and ∼2856 cm−1 were assigned to CH3 asymmetric
nd CH2 asymmetric and CH2 symmetric stretching modes in lipids
espectively (Table 1). In the current study, the groups treated with
.2 and 3.2 mg  kg−1 BW showed significant decrease in the area
nder these bands. The decreased area under these bands repre-
ents the decreased lipid content in the sperms. In addition to this,
he higher dose treated groups showed shifting in frequency of
hese peaks to lower values. Studies have considered the shifting
n frequencies of a CH2 symmetric stretching band to lower val-
es by 2.3 cm−1 as a marker for decreased membrane fluidity [63].
owever, membrane lipids play an important role in maintaining

he normal shape of sperms, which is required for the competitive
orward motility in female genital track to reach the site of fertiliza-
ion. In addition to this, studies have demonstrated that the changes
n the sperms lipid bilayers will cause the increased abnormalities
n sperms, which will certainly lead to increased male infertility
34,64]. Further, lipids in plasma membrane will also play an impor-
ant role in the regulation of membrane functions [65]. The plasma

embrane in the acrosomal region of sperms carries the receptors
o recognize the ova in the female genital track. Results from the
urrent study indicates that the alteration of lipid content in the
perms from groups treated with 1.2 and 3.2 mg  kg−1 BW may  lead
o fail in recognition of ova and which may  cause infertility.

However, the analysis of second derivatives of spectra revealed
hat the very small peaks are not prominent or absent in the first
erivative spectra. In the current study, the second derivative of
he spectral region from ∼3050 cm−1 to ∼2800 cm−1 showed the
resence of band assigned to olefinic functional group in unsatu-
ated lipids, mainly due to C H stretching modes at ∼3014 cm−1.
tudies have mainly used this band to investigate the lipid perox-
dation in the tissues [66]. In the current study, the groups treated

ith 1.2 and 3.2 mg  kg−1 BW showed the significant decrease
n the intensity of the olefinic unsaturated lipid band. Studies
ave demonstrated that, the sperm plasma membrane contains
igher amount of polyunsaturated lipids, which is more susceptible
o ROS [24]. As a result of induced oxidative stress in the epi-
idymis, the elevated level of ROS will attack on polyunsaturated

ipids and caused lipid peroxidation in the sperm plasma mem-
rane. Studies have reported that lipid peroxidation in the sperm
lasma membrane will lead to the elevated number of abnor-
al  sperm, which will certainly lead to increased male infertility

33]. While, the group treated with lower dose (0.64 mg  kg−1 BW)
howed the increased area and intensity of the bands observed
t ∼3014 cm−1, ∼2925 cm−1 and ∼2856 cm−1 assigned to olefinic
C H, CH2 symmetric and asymmetric stretching modes in the

ipids (Figs. 4 and 7). The increased area under these bands was the

ndication of increased lipid content in the sperms. Such increase in
he lipid content was the indication of body response to mild toxic
ffect of xenobiotics [67].
 Reports 2 (2015) 1347–1356

The third spectral region (∼1800 to 800 cm−1) contains two
sharp bands with several other bands arising from different func-
tional groups of proteins, lipids and nucleic acids (Fig. 5). The first
sharp band observed at ∼1654 cm−1 is assigned to amide-I, mainly
due to C O stretching of ´̨ -helix proteins and second band observed
at ∼1544 cm−1 assigned to amid-II, mainly due to N H bending and
C N stretching vibration modes in proteins (Table 4). In the current
study, the groups treated with 1.2 and 3.2 mg  kg−1 BW showed the
significant decrease in the area under these bands (Table 3). The
reduced area under these bands confirms the decreased protein
content in the rat sperm. This decreased protein content maybe
due to cyanide induced increased protein oxidation in the sperms.
In addition to this, bands at ∼1452 cm−1 and ∼1400 cm−1 aroused
mainly from asymmetric and symmetric CH3 bending modes of
methyl groups of proteins with some contribution of the vibra-
tions of fatty acids respectively. The groups treated with 1.2 and
3.2 mg  kg−1 BW indicated the significant decreased area under the
bands. Such a decrease in the area under these bands had given
further confirmation of decreased protein content in sperms.

Furthermore, in order to evaluate the changes in protein to lipid
ratio the area value of amid-I proteins to CH2 symmetric stretch-
ing was used to calculate the ratio between proteins to lipids
(Table 3). The results indicated that, the groups treated with 1.2
and 3.2 mg  kg−1 BW showed decrease in both protein and lipid
content compared to control. Such decrease in the lipids and pro-
tein content was  a result of ROS induced oxidation in proteins and
lipids present in the sperms. While, the group treated with lower
dose (0.64 mg  kg−1 BW)  showed the insignificant changes in the
area under the bands assigned to proteins and lipids. Studies have
demonstrated that lower doses of cyanide may  detoxify without
causing any harmful effect on the body [25]. Consequently, in the
current study, the results indicated that, the selected lower dose
of (0.64 mg kg−1 BW)  showed no significant changes in the sperm
biochemical composition.

In addition to quantitative analysis of proteins present in
sperms, the qualitative and structural analysis was down with
the second derivative of the spectra in the region (∼1700 cm−1 to
∼1600 cm−1) assigned to amide-I. In the current study, the groups
treated with 1.2 and 3.2 mg  kg−1 BW showed significant decrease
in the intensity of the peak assigned to ´̨ -helical structures and turn
in the proteins which is accompanied by an increase in the intensity
of the peaks assigned to �-sheets, aggregated �-sheets and random
coil structures. The decreased intensity of the peak assigned to ´̨ -
helical and turns and subsequent increase in the intensity of the
peaks assigned to �-sheets, aggregated �-sheets and random coil
structures indicated the denaturation of proteins [68]. Palaniappa
and Pramod, [69] have demonstrated that, the decrease in ´̨ -helical
structure is responsible for the increase in the �-sheets secondary
structure in proteins. Further, these results also indicated decreased
protein content of rat sperms. However, both membrane proteins
and lipids played an important role in the maintenance of cell mem-
brane dynamics [70] and which is most important in the sperms to
achieve fertilization.

5. Conclusion

In conclusion, our study demonstrated that exposure to higher
doses (1.2 and 3.2 mg  kg−1 BW)  of cyanide caused significant alter-
ation in the biochemical constituents of the rat sperms. Further,
the results clearly indicated a significant change in the composi-
tion and structure of proteins. A significant decrease in ´̨ -helical

structures and turns in the proteins was accompanied by a subse-
quent increase in the intensity of the peaks assigned to �-sheets,
aggregated �-sheets and random coil structures were observed in
the high-dose cyanide intoxicated rat sperms. On the whole, the
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esults showed the sperms are most vulnerable to oxidative stress
nduced by cyanide intoxication. In addition to this, the current
tudy revealed that the FT-IR is an excellent tool for the investiga-
ion of oxidative damage in the sperms.
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