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Abstract

Seminal plasma (SP) proteins are responsible for sperm functional quality. Developing
a reliable method to determine the degree of oxidative damage of these proteins is important
for establishing semen fertilizing ability. The main aim of the study was to verify the applicabili-
ty of protein carbonyl derivatives measurement in the SP of canine and stallion, using a method
with 2,4-dinitrophenylhydrazine (DNPH). The research material consisted of ejaculates obtained
from eight English Springer Spaniels, and from seven half-blood stallions during the breeding
and non-breeding season. The content of carbonyl groups in the SP was measured on the basis
of the reactions with DNPH. The following reagent variants were used to dissolve protein
precipitates: Variant 1 (V1) — 6M Guanidine solution and Variant 2 (V2) — 0.1M NaOH solution.
It has been shown that to obtain reliable results for the measurement of protein carbonylated
groups in the dog and horse SP, both 6M Guanidine and 0.1M NaOH may be used. A correlation
was also found between the number of carbonyl groups and the total protein content in the canine
(VI: 1r=-0.724; V2: r = -0.847) and stallion (V1: r = -0.336; V2: r = -0.334) SP. Additionally,
the study showed a higher content (p<0.05) of protein carbonyl groups in the stallion SP in the
non-breeding season compared to the breeding season. The method based on the reaction with
DNPH, due to its simplicity and cost effectiveness, appears to be suitable for large-scale applica-
tion in the determination of the SP proteins oxidative damage in dog and horse semen.

Keywords: 2,4-dinitrophenylhydrazine, canine, protein carbonylation, seminal plasma, stallion

Correspondence to: M. Mogielnicka-Brzozowska, e-mail: mmog@uwm.edu.pl



IS

178

www.czasopisma.pan.pl P N www.journals.pan.pl

M. Mogielnicka-Brzozowska et al.

Introduction

Several authors have shown that semen cryopreser-
vation causes an increase in reactive oxygen species
(ROS) production (Li et al. 2010, Klaiwattana et al.
2016, Mostek et al. 2018, Figueroa et al. 2019). Con-
versely, when the balance between ROS production and
detoxification by antioxidants is disrupted, an excess of
ROS creates oxidative stress. Scientific research has
demonstrated that long-term oxidative stress leads to
the irreversible modification of proteins and the gradual
accumulation of their oxidatively modified forms in the
body (Huang et al. 2018). Mechanisms of oxidative
protein modifications are based on: oxidation of sul-
fur-containing amino acids, oxidation of aromatic moi-
eties, glycoxidation, lipoxidation, carbonylation and
nitration (Kehm et al. 2021).

The proteins found in the seminal plasma (SP)
are essential for the normal course of reproductive pro-
cesses, and their oxidative modifications can be respon-
sible for male infertility (Huang et al. 2018). Elevated
ROS levels in semen contribute to increased lipid perox-
idation as well as mitochondrial and DNA damage,
which consequently reduces sperm motility and may lead
to impaired fertilization capacity (Ferramosca et al.
2013, Majzoub et al. 2018, Moraes and Meyers 2018).
Reduced animal fertility due to deterioration in semen
quality adversely affects the profitability of their breed-
ing. Therefore, it appears important to study oxidative
modifications of SP proteins in order to improve the diag-
nosis of oxidative stress disorders in breeding animals.

To determine the quality of fresh, refrigerated and
cryopreserved semen, it is necessary to use biological
markers correlated with its quality (Aquino-Cortez
et al. 2016). Knowledge of protein markers enables the
improvement of processes related to the storage and
transport of semen and helps in the diagnosis and treat-
ment of pathological conditions of the male reproduc-
tive system (Ponglowhapan et al. 2004, Nizanski et al.
2016). The most important biomarkers commonly used
in the assessment of oxidative damage include carbonyl
derivatives (Shacter 2000). Due to their very high per-
sistence in the body, they enable the assessment of the
severity of oxidative processes in proteins (Dalle-
Donne et al. 2005). The method employed to determine
the carbonyl group content in tested material plays
a key role in the quality, reliability and time needed to
obtain reliable results (Alomari et al. 2018). Spectro-
photometric measurement using 2,4-dinitrophenylhdra-
zine (DNPH), developed by Levine et al. (1990),
is indicated as the most useful method for determining
the carbonylated protein content.

The influence of oxidative stress inducers on the
carbonylated protein content has been proven in several

studies. It was indicated in Holstein-Friesian bulls that
the cryopreservation process contributed to an increased
proportion of carbonyl groups in their semen (Mostek
et al. 2017). This suggests that a measurement of the
carbonylated protein content can be used to assess
the semen quality.

Importantly, there is no available literature detailing
the analysis parameters required to obtain reliable mea-
surement results for the canine and stallion SP.

The main aim of the study was to verify the applica-
bility of 2,4-dinitrophenylhydrazine (DNPH) method
of protein carbonyl derivatives content analysis
in canine and stallion SP using two reagents for pro-
tein dissolving: 6M Guanidine and 0.1M NaOH.
The second aim was to elucidate the relationship
between the content of protein carbonyl derivatives and
the stallion breeding/non-breeding season.

Materials and Methods

Animals

The research material was seminal plasma (SP)
collected from eight English Springer Spaniel dogs
(age range 1-5 y). One ejaculate was obtained from
each individual. Seventeen ejaculates from seven half-
bred stallions (age range 10-22 y) were collected. Three
ejaculates originated from each of three stallions, and
two ejaculates from each of the other four stallions.
Dog ejaculates were collected manually by a qualified
veterinarian, and stallion ejaculates were obtained
using an artificial vagina during the breeding season
(April — June, 7 ejaculates) and non-breeding season
(September — December, 10 ejaculates). The tested dogs
came from the “Spotted with Charm FCI” kennel in
Warsaw, and the stallions were from Stack Stallions
in Lack in Mazowieckie Voivodeship and from the
stable of Marek Romanowski in Wozlawki. Although
dog and stallion semen collection procedures do not
require the approval of the Local Ethics Committee,
exclusion letter no. LKE 1/22 was obtained.

Sample preparation

Each stallion ejaculate was centrifuged at 10000 x g
for 10 min (room temperature) according to the proce-
dure described by Mogielnicka-Brzozowska et al.
(2019). Dog semen was centrifuged at 15000 x g for
15 min at 4°C. The obtained SP was transferred to clean
Eppendorf tubes and centrifuged again using the above
parameters in order to remove sperm residues. A prote-
ase inhibitor cocktail (P8340 Sigma-Aldrich) was add-
ed to each sample to decrease the proteolytic activity
of enzymes. Samples were kept at 4°C in a thermobox
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Table 1. Content of total protein and protein carbonyl groups in dog seminal plasma depending on the variant of reagents used for its mea-
surement: V1 — 6M Guanidine, V2 — 0.1M NaOH. Different letters (a, b) indicate statistically significant differences between

different variants (V1, V2) of samples (p<0.05).

Protein carbonyl group content [nmol/mg protein]

Total protein content

Sample (mg/mL) Vi V2 p value
6M Guanidine 0.1M NaOH
1 51 32.12+7.83% 13.93 £ 0.45° 0.0159
2 85 5.72 £ 2.66 6.10+2.61 0.8704
3 36.5 41.10 +4.57 31.30+6.76 0.1059
4 35 23.07 £2.29 31.39+5.58 0.0756
5 41 37.80 +4.38 34.55+4.78 0.4338
6 93 18.93 +3.35¢ 5.47 +£3.85° 0.0103
7 47.5 24.88 +0.67° 17.99 + 3.56° 0.0301
8 69 11.79 £ 1.10° 4.30+0.82% 0.0074
Av. 57.25+21.40 2442 +£12.21 18.13 £12.63

and transported to the laboratory of the Department
of Animal Biochemistry and Biotechnology. The SP
samples were then immediately frozen and stored
at -80°C until further analysis.

Protein content determination

Total protein content was measured in the dog and
stallion SP using the Lowry et al. (1951) method.
Bovine serum albumin (BSA, IBSS BIOMED S.A.,
Poland) was used as the standard.

Protein carbonyl group content determination
using DNPH

The content of carbonyl groups in SP proteins was
measured based on the method described by Levine
et al. (1990) and Fagan et al. (1999), which uses the
reaction of the carbonyl group of proteins with DNPH,
in which colored dinitrophenyl hydrazone is produced.
Three technical repetitions were made for each sample.
The total protein content in all SP samples was calcula-
ted as 1.2 mg/mL. 500 uL of 10mM DNPH in 2M HCI
was added to 500 uL of each sample. The samples were
then vortexed every 10-15 minutes and incubated for
1 h at room temperature. A control sample was prepared
for each sample using 2M HCI instead of DNPH.
The proteins were precipitated by adding 500 pL of
20% trichloroacetic acid (TCA) (w/v). The solution was
then centrifuged (11000 % g, 5 min, 18°C), and the
supernatant was removed. The precipitate was resus-
pended with 1 mL of ethanol-ethyl acetate (1:1 v/v)
to remove free reagent, and after a 10 min incubation
at room temperature, it was centrifugated at 11000 x g
for 3 min at 18°C. The supernatant was discarded.
This process was repeated twice. In order to redissolve
the precipitated protein, the following reagents were

used: V1 — 1.2 mL of 6M Guanidine with 20 mM potas-
sium phosphate (pH 2.3); V2 — 1.2 mL of 0.1M NaOH.
After the addition of the reagents, the samples were
incubated at 37°C for 15 min and then centrifuged
(13000 x g, 5 min, 4°C) to remove any insoluble mate-
rial. The supernatant was then transferred to a new
Eppendorf tube, and absorbance at 366 nm was mea-
sured spectrophotometrically (DU 800 SPECTRO-
PHOTOMETER, Beckman Coulter). The content
of protein carbonyl groups was calculated according
to the Lambert-Beer law based on the above-mentioned
measurement results, using the molar absorbance coef-
ficient adopted as 22.000 M'cm (Swinehart 1962,
Augustyniak et al. 2015). The obtained results show
the content of carbonyl groups in nmol/mg of protein.

Statistical analysis

The results were analyzed statistically using Statis-
tica 13.3 (Stat Soft Incorporation, Tulsa, OK, USA).
The results are shown as means with standard deviation
(mean+SD). The comparison of the results of individual
variants (V1, V2) was carried out using Student’s t-test
for independent samples. Linear regression plots were
also made. Pearson’s correlation coefficient was used to
determine the relationship between individual samples.

Results

Carbonyl group content in canine seminal plasma
proteins

This study presents the average total protein content
and the carbonyl group concentration in the canine SP,
depending on the reagent variant applied (Table 1).
In the canine SP samples with numbers 1, 6, 7, and 8,
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Fig. 1. Dependence of the protein carbonyl group content on the total protein content using different variants of reagents (V1 — 6M Guan-
idine; V2 — 0.1M NaOH) in dog seminal plasma (A — V1; B — V2) and in stallion seminal plasma (C —V1; D — V2).

statistically significantly (p<0.05) lower SP protein
carbonyl group contents using 0.1M NaOH (V2) were
observed, as compared to the values of measurements
using 6M Guanidine (V1) (Table 1). As regards the
canine SP samples with numbers 2, 3, 4, and 5, no sta-
tistically significant (p>0.05) differences were noted
between variants V1 and V2.

When investigating the relationship between total
protein content and the number of carbonyl groups
in canine SP proteins, the statistical analyses revealed
a negative, highly significant (and very strong) correla-
tion in both V1 (r = -0.724; p<0.001; Fig. 1A) and V2
(r=-0.847; p<0.001; Fig. 1B).

Carbonyl group content in stallion seminal plasma
proteins

This study presents the average total protein con-
tents and the carbonyl group concentration in stallion
SP, depending on the reagent variant applied (Table 2).
In the samples under analysis (1 to 6 and 8 to 15),
statistically significantly (p<0.05) lower SP protein car-
bonyl group contents using 0.1M NaOH (V2) were

observed, as compared to the values of measurements
using 6M Guanidine (V1) (Table 2). As regards the
remaining samples (7, 16, 17), no statistically signifi-
cant (p>0.05) differences were noted between the indi-
vidual sample variants. Statistical analysis of the results
demonstrated a negative significant (moderately strong)
correlation between the total protein content and
the carbonyl group content in seminal stallion plasma.
The relationship was demonstrated in both V1
(r=-0.336; p<0.05; Fig. 1C) and V2 (r=-0.334; p<0.05;
Fig. 1D).

The statistical analysis of the results demonstrated
a highly statistically significant (p<0.01) difference
in the average carbonyl protein content in seminal
stallion plasma between the ejaculates collected during
the breeding season and the samples acquired during
the non-breeding season. A higher level of stallion SP
protein oxidation was observed outside the breeding
season (Fig. 2).

A detailed analysis of the dates on which the semen
was acquired demonstrated a positive, highly statisti-
cally significant (moderately strong) correlation
between the carbonyl group content and the month
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Table 2. Content of total protein and protein carbonyl groups in stallion seminal plasma during the breeding and non-breeding season
depending on the variant of reagents used for its measurement: V1 — 6M Guanidine, V2 — 0.1M NaOH. Different letters (a, b)
indicate statistically significant differences between different variants (V1, V2) of samples (p<0.05).

Protein carbonyl group content [nmol/mg protein]

Total protein content

Sample (mg/mL) Vi V2 p value
6M Guanidine 0.1M NaOH
Breeding season
1 50 26.06 + 4.86° 8.48 £5.81° 0.0150
2 15 92.12 +11.02¢ 42.02 £5.22° 0.0021
3 8 73.30 + 30.50° 22.35+12.79° 0.0459
4 20.5 100.22 £ 21.47¢ 33.41 £ 10.09* 0.0082
5 20.5 53.73 £19.33¢ 16.70 + 11.48° 0.0462
6 14 572.84 +17.24 28.14 +5.85° 0.0001
7 43 34.71£5.19 29.32 +12.67 0.5326
Non-breeding season

8 24 180.76 + 38.17¢ 26.52 +11.35° 0.0026
9 8 79.80 +2.942 50.38 +17.74° 0.0471
10 10 240.00 + 31.22¢ 133.33 £19.55° 0.0074
11 27.5 119.61 £ 8.43* 102.75 + 2.44° 0.0292
12 18 65.15+21.47° 21.13 £ 10.06° 0.0019
13 13 221.56 +18.38* 13.87 £4.70° 0.0001
14 13.5 73.18 £20.70° 3.14+0.70° 0.0042
15 6.5 455.71 £ 23.80° 201.63 £ 16.39° 0.0001
16 7.5 7333 +£15.22 69.09 + 14.56 0.7448
17 9.5 68.58 +29.00 52.79 +19.08 0.4749

Av. 18.15+12.10 148.86 + 149.45 50.30+51.64

in which the ejaculate was collected. This correlation
was confirmed for both V1 (r=0.478; p<0.001; Fig. 3A)
and V2 (r = 0.428; p<0.01; Fig. 3B).

Discussion

A number of different methods for determining car-
bonyl protein levels are known worldwide. The selec-
tion of a spectrophotometric method, i.e., the reaction
with DNPH, is justified by its cost-effectiveness, result-
ing from the absence of the need to purchase specific
antibodies required for Western blot analysis or expen-
sive commercial ELISA tests (Soglia et al. 2016).
The available literature, however, contains little infor-
mation on the specific methods or parameters required
for investigation of the carbonyl group content in the SP
of individual animal species (Weber et al. 2015).

In a study describing the methodology for measur-
ing carbonyl groups in oxidatively modified proteins

the 6M Guanidine and 0.1M NaOH were considered to
be alternatively used to dissolve the protein precipitate
(Levine et al. 1990). The results in the canine and stal-
lion SP showed differences in measurements between
the above-mentioned reagents in both species tested.
Lower values were found when 0.1M NaOH was used
for protein dissolving in both species. The results indi-
cate that both reagents might be successfully applied to
oxidative process measurements in the canine and stal-
lion SP proteins. However, it should be noted that these
results are influenced by the substance applied; there-
fore, it is of particular significance when comparing
the samples.

Differences achieved between protein carbonyl
group content measured using 6M Guanidine and 0.1M
NaOH are difficult to explain but may be due to the
specificity of the proteins being constituents of indivi-
dual ejaculates. These proteins may possess a different
number of chemical groups which undergo various
reactions with 6M Guanidine and 0.1M NaOH. Suscep-
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tibility of individual proteins to dissolving may be dif-
ferent.

The current study demonstrated a negative correla-
tion between the total protein content and the number
of carbonyl groups in both canine and stallion SP
proteins. This phenomenon might be explained by the
higher content of antioxidant enzymes that protect reac-
tive groups of proteins susceptible to oxidation process-
es. Sharma et al. (2016) demonstrated, in a study of bull
SP, a positive correlation between the total protein con-
tent and the concentration of superoxide dismutase, i.e.,
an enzyme involved in antioxidative processes. Howe-
ver, the present thesis needs to be further studied
to obtain convincing evidence.

The average protein content in the SP of the English
Springer Spaniel dogs was higher when compared to
non-breed dogs in which the results of measurements
were obtained using the same method (Cheema et al.
2011). The differences in the results might be related
to breed determinants, although this issue requires
further research.

It should be emphasized that in the present study,
the content of the carbonyl groups in the canine SP was
demonstrated for the first time, and the lack of such
results in the literature precludes a direct discussion
of the results obtained in the current study. In the expe-
riment the average content of carbonyl groups in canine
SP was 24 nmol/mg protein. The only available litera-
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ture on the subject presents results obtained in human
(Mohanty et al. 2016) and stallion SP (Morte et al.
2008). Mohanty et al. (2016) have demonstrated a rela-
tionship between the increased carbonyl group content
in human SP proteins and the increased percentage
of damaged sperm and the degree of lipid peroxidation.
In the above-mentioned study, the carbonyl protein con-
tent, measured using the reaction with DNPH, was
1.7 nmol/mg protein in healthy males and 4.3 nmol/mg
protein in males with reduced fertility (Mohanty et al.
2016).

Our data obtained in the stallion SP revealed that
the average content of carbonyl groups was 79 nmol/mg
protein. Morte et al. (2008) showed the average content
of carbonyl groups in stallion SP as 50 nmol/mg pro-
tein. Susceptibility of individual proteins to carbonyla-
tion and oxidative modifications may be due to the
presence of a metal-binding site in their structure
or higher amounts of amino acid residues (Cai and Yan
2013).

Morte et al. (2008) found differences in the carbon-
yl group content in the stallion SP between samples col-
lected during the breeding and non-breeding season,
which is congruent with our results, in which we
observed a higher level of stallion SP protein oxidation
in the non-breading season. This relationship may result
from the shift to a winter diet regime which is poor
in antioxidants such as vitamin E and selenium (Muir-
head et al. 2010). It can be suggested that during
the breeding season, access to pasture and a significant
proportion of green forage in the feed improves the
oxidative balance in stallion SP, which may conse-
quently result in a reduction of oxidized proteins.
Moreover, stallions during the breeding season usually
exhibit greater copulatory activity, which is associated
with the increased secretory activity of the reproductive
system accessory glands, whose secretions contain nu-
merous substances that protect sperm against oxidative
stress.

This study has confirmed the usefulness of both
studied reagents in the reaction with DNPH as an effi-
cient spectrophotometric method for determining the
carbonyl group content in the canine and stallion SP
proteins. However, we must be aware that using
the DNPH method to measure oxidative damage of SP
proteins in different animal species might give different
results, which was confirmed in our study.

Conclusions

This study showed the applicability of 6M Guani-
dine and 0.1M NaOH in the reaction with DNPH for
spectrophotometric determination of the carbonyl group
content in the stallion and canine SP proteins. The study

also confirmed the occurrence of seasonal variations
in the carbonyl group content in stallion SP proteins.
The applied method, due to its simplicity and cost-
effectiveness, appears to be suitable for large-scale
measurements of the carbonyl group content in canine
and stallion SP proteins. Additionally, it was showed
that for protein precipitate dissolving, both 6M Guani-
dine and 0.1M NaOH may be used.
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