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Abstract

Background: Thiol/disulphide homeostasis (TDH) has a critical role in many cellular

activities such as antioxidant protection. Alterations of oxidative stress in the transi-

tion period play an important role in development of some diseases and disorders in

dairy cows.

Objectives: The purpose of this study is to assess the total antioxidant status (TAS),

total oxidant status (TOS), oxidative stress index (OSI), total thiol, native thiol, disul-

phide and lipid profile in Simmental and Montofon dairy cows (aged 2–3) before and

after calving.

Methods: Blood samples were collected 233–280 days of pregnancy and the 30 days

of post-partum. Serum total thiol, native thiol anddisulphide levelswere determined as

well as TAS, TOS and paraoxonase-1 (PON-1) levels were measured using colorimetric

assays. Triglycerides (TG), total cholesterol, HDL cholesterol and LDL cholesterol levels

weremeasuredwith an automatic analyser.

Results: Total thiol (p = 0.038) and disulphide (p = 0.015) levels were higher after

calving compare to pregnancy in Montofon. TAS was found lower (p < 0.001), and OSI

was higher in both breeds (Montofon p = 0.012, Simmental p = 0.028) after calving

than in pregnancy. When compared between pregnancy and after calving levels in the

same breed, HDL was found to be higher after calving (p < 0.001) and TG was lower

after calving (p=0.020) inMontofon. PON (p=0.090), HDL (p<0.001) and cholesterol

levels were found higher (p< 0.001) and TG level was lower (p< 0.001) after calving in

Simmental.

Conclusions: According to our results, we observed different responses between two

breeds before and after calving. There are few studies about TDH in animal research,

and this is the first study in the literature that evaluates the TDH along with oxidative

stress and lipid profiles in dairy cows in the periparturient and post-partum period.

KEYWORDS

antioxidant status, dairy cows, lipid profiles, periparturient period, post-partum period, thiol-
disulphide homeostasis

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2024 The Author(s). Veterinary Medicine and Science published by JohnWiley & Sons Ltd.

Vet Med Sci. 2024;10:e70023. wileyonlinelibrary.com/journal/vms3 1 of 7

https://doi.org/10.1002/vms3.70023

https://orcid.org/0000-0002-0206-6455
https://orcid.org/0000-0001-8813-4991
https://orcid.org/0000-0001-7251-1211
https://orcid.org/0000-0003-2732-9490
https://orcid.org/0000-0001-7210-9601
https://orcid.org/0000-0002-9753-779X
mailto:omeral@ankara.edu.tr
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/vms3
https://doi.org/10.1002/vms3.70023


2 of 7 BALKAN ET AL.

1 INTRODUCTION

The transition period, which covers the period between 3 weeks

before and 3 weeks after the birth in dairy cattle, is one of the most

critical physiological stages in which most metabolic and infectious

diseases occur (Drackley, 1999; Van Saun, 2016). Understanding the

causes and consequences of metabolic changes that occur during this

period is essential for postnatal health management. Hence, it often

causes great economic losses to dairy farmers due to the fact that

the poor transition period in dairy cattle compromises on production

and reproduction (Wankhade et al., 2017). Alterations of oxidative

stress in the transition period play an important role in development

of some diseases and disorders in dairy cows. Besides, emergence of

health problems in the transition period is an important risk factor

for subsequent productive and reproductive performance (Ferguson,

2005).

Reactive oxygen species (ROS) comprise approximately 1%–2% of

the total metabolits and play an important role in many metabolic

activities such as protein phosphorylation, cellular immunity, ovulation,

implantation, blastocyst formation, luteolysis, acrosome reaction, fer-

tilization and luteal protection during pregnancy. However high ROS

levels cause lipid, protein andDNAdamage and lead to loss of cell func-

tion (Celi, 2011; Celi et al., 2012). Normally, there is a balance between

ROS and the amount of antioxidants. Oxidative stress occurs when the

amount of ROS increases and the balance between prooxidants (free

radical) and antioxidants is disturbed. ROS is a double-edged sword;

they have important roles in physiological processes, and they also

have a role in pathological processes in the female reproductive system

(Agarwal et al., 2005). ROS and antioxidants play an important role in

the regulation of reproductive processes in both animals and humans.

Imbalances between pro-oxidants and antioxidants can lead to some

reproductive diseases in females (Lu et al., 2018).

Harmful effects of ROS are balanced by enzymatic and non-

enzymatic antioxidant systems. Enzymatic scavengers such as super-

oxide dismutase (SOD), catalase, glutathione peroxidase (GPX), thiore-

doxins, peroxiredoxin and glutathione transferase play important role

in antioxidant defence (Birben et al., 2012). The non-enzymatic antiox-

idants are compounds that have sulfhydryl groups (–SH), called thiols

(R–SH), and these compounds are particularly important (Karoui et al.,

1996). Disulphide bonding structures are changed in thiol groups

due to reaction with oxidants as a consequence of their oxidation.

In this manner, thiol and disulphide balance are maintained. Besides,

structural and functional changes occur in proteins due to the loss

of thiol groups (Erel & Neselioglu, 2014; Pasaoglu et al., 2004).

Thiol/disulphide homeostasis (TDH) has an important role in many cel-

lular activities including antioxidant system, detoxification, cell growth

and programmed cell death (Erel & Neselioglu, 2014; Jones & Liang,

2009).

Dairy cows are particularly susceptible to health disorders during

pregnancy. Blood biochemical parameters in dairy cows are very

important in determining and monitoring animal’s health status and

incidence of diseases. Oxygen radicals are produced more in domestic

animals during certain periods. Maintaining the balance between

the production and scavenging of ROS is essential for homeostasis.

In recent years, there has been a growing concern for detection

of free radical damage markers for metabolic status assessment

in dairy cows (Abuelo et al., 2015; Tufarelli et al., 2023). But there

are few studies about TDH in animal research especially in dairy

cows. The significance of TDH in dairy cows becomes evident due

to importance of TDH in the antioxidant system and the limited

number of studies in dairy cows (Deveci & Erdal, 2022; Müller et al.,

2023). To date, there is no information available concerning the total

thiol-native thiol status in periparturient dairy cows. In the present

study, total thiol-native thiol status and the possible relationships

between oxidative and biochemical parameters were assessed in dairy

cows.

Therefore, the purpose of the study was to investigate the dynamic

TDH, total antioxidant status (TAS), total oxidant status (TOS), oxida-

tive stress index (OSI), paraoxonase 1 (PON1) activity and triglyceride

(TG), HDL, LDL and total cholesterol (TC) levels in pregnancy and post-

partum period of dairy cows. The results of this study will enable us

to thiol/disulphide status and relationship between oxidative and bio-

chemical parameters in dairy cows in periparturient and post-partum

period.

2 MATERIALS AND METHODS

2.1 Animal selection

The trial was carried out in a commercial dairy herd in Burdur. The

animals were kept at the same farm with the same housing condi-

tions and same feeding diets to eliminate the influence of relevant

factors. Clinical examinationswere performed for all cows. None of the

cows showed cases of clinical diseases or disorders. All cows were Bru-

cella negative. The sample size of animal material was decided using

G*Power software (version 3.1.9.7). The minimum number of animals

was calculated as25, using the settings of effect size=0.30, error prob-

ability α = 0.05, power (1 − β) = 0.80, number of groups = 2, number

of measurements = 2, correlation among measures = 0.5 and non-

sphericity correction ε = 1. In line with the resources of the research

infrastructure, the study started with 9 pregnant Montofon and 16

pregnant Simmental cattle.

2.2 Sampling and measurements

First samples collected when the animals (aged between 2 and 3) were

between 233 and 280 days of pregnancy for before calving period.

Second samples were collected from the same animals at 30 days of

post-partum for after calving period. Blood samples were collected

from the caudal vein of animals. Serum separator tubes were used

for collecting sera. Blood samples were stored immediately at 4◦C,

and serum samples were stored at −20◦C until analysis. TG, TC, HDL

cholesterol (HDL-C) and LDL-cholesterol levels were measured with

a Relassay Selectra E automatic analyser. Sampling sizes were
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calculated using G-Power 3.1 based on the values of power

(1− β)= 0.80 and α= 0.05.

2.3 Serum native thiol, total thiol and disulphide
measurements

Serumnative thiol, total thiol and disulphide levelswere analysed using

the method described by Erel and Neselioglu (2014), with Relassay

diagnostic kit (Relassay). First, disulphide bonds were reduced to func-

tional thiol groups with sodium boron hydride. Then, formaldehyde

was used to remove sodium boron hydride. Finally, all thiol groups

(reduced or not) were determined as a result of the reaction with

5,5′-dithiobis-(2-nitrobenzoic) acid.

2.4 TAS and TOS measurements

TAS and TOS measurements were performed with Relassay commer-

cial assay kit (Relassay). In TAS assay, ABTS radical, which is a dark blue

green colour, is reduced to colourless ABTS form by antioxidants in

sample. The changes of absorbance at 660 nm wavelength reflect the

level of total antioxidant level in the sample. TAS measurement is cali-

brated using stable antioxidant standard solution which is a vitamin E

analogue. In TOS assay, the ferrous ion chelator complex oxidized to

ferric ion byoxidants in sample. The enhancermolecules in the reaction

medium were prolonged the oxidation reaction. The ferric ions form a

coloured complex with chromogen in the acidic medium. The intensity

of colour is related to the total amount of oxidant molecules present

in the sample. TOS measurement is calibrated using hydrogen perox-

ide, and the results are expressed in terms of micromolar hydrogen

peroxide equivalent per litre (μmol H2O2 Equiv./L).

2.5 Calculation of oxidative stress index (OSI)

As an indicator of the degree of oxidative stress, the TOS:TAS ratiowas

defined as the OSI. To calculate OSI, the unit for TAS (mmol/L Trolox

equivalents) was converted to mmol/L Trolox equivalents, and the OSI

value was calculated as

OSI = TOS(mmol∕L)∕TAS(mmol∕L Trolox equivalents∕L) × 100.

2.6 Paraoxonase-1 (PON1) measurement

PON measurements were performed with Relassay commercial assay

kit (Relassay). Serum PON1 activity measurements were performed

in the absence of basal activity. Paraoxon hydrolysis (diethyl-p-

nitrophenylphosphate) rate was measured spectrophotometrically by

monitoring the increase in absorbance at 412 nm wavelength and

37◦C. The amount of generated p-nitrophenol was calculated from the

molar absorptivity coefficient at pH 8, which was 17,000 M 1 cm−1.

PON1 activity was expressed as U/L serum.

2.7 Statistical analysis

The findings were presented as mean values accompanied by stan-

dard deviations. Normality assumption was checked for each group

using Kolmogorov–Smirnov Test of Normality and Q–Q plots. The bio-

chemical composition data, including Total Thiol (μmol/L), Native Thiol

(μmol/L), disulphide, TAS (mmol/L), TOS (μmol/L), OSI, PON-1 (U/L),

HDL (mg/dL), LDL (mg/dL), TG (mg/dL) and Cholesterol, were assessed

using repeated measures ANOVA procedure. In the statistical design,

fixed effect was assigned to groups, whereas a repeated-measure

effect was assigned to pregnancy status. The Tukey multiple compar-

ison test was employed to assess significant disparities among the

average means. Statistical significance was determined when the p-

value was less than 0.05 for differences observed among mean values.

The statistical analysis of the data was conducted using JAMOVİ 2.3.2

software (The Jamovi Project, 2022).

3 RESULTS

When compared between animal breeds, LDL was found to be higher

in pregnant Simmental than in pregnant Montofon, and cholesterol

levels were higher in pregnant Montofon. After calving, TG was mea-

sured higher in Montofon than in Simmental (Table 1). Total Thiol

(p= 0.038) and disulphide (p= 0.015) values ofMontofon in after calv-

ing were higher compare to pregnancy (Figure 1). TASwas found lower

(p < 0.001), and OSI was higher in both breeds (Montofon p = 0.012,

Simmental p= 0.028), after calving than in pregnancy (Figure 1).When

compared between pregnancy and after calving values in the same

breed, HDL was found to be higher (p < 0.001) and TG was lower

after calving (p = 0.020) in Montofon (Figure 2). PON (p = 0.090), HDL

(p< 0.001), and cholesterol were found higher (p< 0.001), and TGwas

lower (p< 0.001) after calving in Simmental (Figure 2).

4 DISCUSSION

TDHplays akey role in antioxidant defenceand is associatedwithmany

cellular activities, such as antioxidant protection, cell growth, detoxifi-

cation, programmed cell death and cellular signal transduction. Thus,

TDH has become crucial in the evaluation of medical conditions in

humans in recent years (Erdoğan et al., 2019).

Ozler et al. (2015) showed that serum native and total thiol levels

were significantly decreased in preeclampsia, and they concluded that

TDHhas crucial in themanagementof preeclampsia (Ozler et al., 2015).

Moreover, studies have reported that plasma and erythrocyte thiol

groups (SH) were decreased after calving in dairy cows (Bernabucci

et al., 2002).Deveci et al. (2022) showed thatnative thiol, total thiol and

disulphide levels were significantly increased in dairy cattle with foot

disease as well as Müller et al. (2023) reported that disulphide levels

were decreased in chronically lamedairy cows and they concluded that

TDH had shifted to the reductive state (Deveci & Erdal, 2022; Müller

et al., 2023). In this research, we observed that total thiol (p = 0.038)
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F IGURE 1 Comparison of total thiol, native thiol, disulphide, total antioxidant status (TAS), total oxidant status (TOS) and oxidative stress
index (OSI) levels before and after calving.

F IGURE 2 Comparison of paraoxonase (PON), HDL, LDL, triglycerides (TG) and cholesterol levels before and after calving.
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TABLE 1 Comparison of biochemical parameters inMontofon and Simmental breeds.

Before calving After calving

Measurement Group Mean Standard deviation p value Mean Standard deviation p value

Total thiol (μmol/L) Montofon 513.89 88.85 0.607 670.67 220.34 0.886

Simental 584.31 155.35 622.25 116.45

Native thiol (μmol/L) Montofon 155.78 27.98 0.579 160.33 61.62 0.991

Simental 177.63 46.08 153.19 56.06

Disulphide Montofon 179.06 38.10 0.705 255.17 81.51 0.858

Simental 203.34 60.80 234.53 49.76

TAS (mmol/L) Montofon 1.01 0.07 0.953 0.75 0.18 0.797

Simental 1.03 0.08 0.80 0.14

TOS (μmol/L) Montofon 5.27 1.78 0.367 9.08 9.19 0.766

Simental 4.14 1.55 6.50 4.16

OSI Montofon 0.53 0.19 0.341 1.12 0.77 0.519

Simental 0.41 0.17 0.78 0.44

PON-1 (U/L) Montofon 342.89 94.07 0.902 414.33 144.77 0.972

Simental 378.06 136.35 445.94 189.30

HDL (mg/dL) Montofon 102.78 13.07 0.792 139.44 19.68 0.999

Simental 107.69 12.56 138.44 15.92

LDL (mg/dL) Montofon 37.67 4.47 0.014* 49.89 18.38 0.510

Simental 46.50 9.26 54.94 17.99

TG (mg/dL) Montofon 33.00 5.57 0.213 21.78 9.60 0.030*

Simental 39.63 8.90 13.00 5.11

Cholesterol (mg/dL) Montofon 103.33 11.49 <0.001* 128.11 31.43 0.629

Simental 48.24 30.93 146.31 38.51

Note: Bold values were considered statistically significant where *p values< 0.05.

Abbreviations: OSI, oxidative stress index; PON-1, paraoxonase 1; TAS, total antioxidant status; TG, Triglycerides; TOS, total oxidant status.

anddisulphide (p=0.015) levelswere significantly increased after calv-

ing in only Montofon, whereas there was no remarkable change in

native thiol (μmol/L) level. To the best of our knowledge, thiol antiox-

idants and thiol-disulphide redox are essential for the antioxidant

system in organism, and we suggest that these results are associated

with the disruption of redox balance after calving in dairy cows (Rah-

man, 2007). Based on our data, we considered that the change of thiol

and disulphide levels leads to disruption of the balance between thi-

ols and disulphides and caused abnormal TDH. As there is already a

poor body of existing research on TDH in animal research especially in

dairy cows,we suggest that these resultsmay contribute to ametabolic

status assessment in dairy cattle.

Metabolic status of dairy cattle has been extensively used in health

monitoring; therefore, research on free radical damage in veterinary

medicine has been a growing concern as a complementary tool in the

assessment of metabolic status in dairy cattle (Castillo et al., 2005,

2006). The relationship between oxidative stress and metabolic status

has been reported in many conditions, especially in diseases, such as

mastitis, metritis, retention secundinarium, acidosis, ketosis and milk

fever, where antioxidant levels decrease (Celi, 2011).

Bernabucci et al. (2002) investigated the oxidative status and rela-

tionships between oxidative and metabolic status in dairy cows during

the transition period, and they observed that plasma and erythrocyte

thiol groups (SH) and SOD levels were decreased, and reactive oxygen

metabolites, thiobarbituric acid-reactive substances and plasma GPX

(GSH-Px) levels were increased after calving in dairy cows (Bernabucci

et al., 2002). Moreover, Sayiner et al. (2021) demonstrated that GPx

levels were increased in early post-partum process in dairy cows

(Sayiner et al., 2021). Contrary to these findings, Sharma et al. (2011)

demonstrated that blood glutathione (GSH) levels were significantly

lower in early lactating cows than pregnant cows, whereas they did

not observe any change in blood GPx levels (Sharma et al., 2011). In

addition to that, Gong et al. (2016) also demonstrated that serummal-

ondialdehyde (MDA) and GPX (GSH-Px) levels increased during the

early lactation period in dairy cows, whereas serum thioredoxin reduc-

tase activity andTASdecreased (Gong&Xiao, 2016). It has been shown

that the OSI index is an important parameter than antioxidant and oxi-

dant capacity for evaluating the metabolic status in dairy cows, and

according to our study, TOS and OSI were increased after calving in

dairy cows on both Simmental and Montofon cattles. Moreover, it was

observed that antioxidant enzyme PON1 activity was increased after

calving and this result consistent with to study of Bernabucci et al.

(2002) that they reported increased antioxidant enzyme GSH-Px after

calving in dairy cows (Bernabucci et al., 2002). Based on our data, we
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considered that the increase of serum PON1 activity may be associ-

ated with an increase of TOS and OSI parameters and these findings

indicated that cows are at a greater risk of oxidative stress during this

period.AdecreasedTASobserved inbothbreedswas significant. These

changes may be seen as a result of compensation of increase in TOS

values.

Omidi et al. (2017) investigated the plasma total antioxidant capac-

ity (TAS), total thiols and MDA levels in different stages of lactation

cycle and dry period of dairy cows. They concluded that TAS could

be used as a relevant indicator in measuring the cumulative effects of

antioxidants, in addition to the metabolic profile tests currently used

to analyse dairy cattle health (Omidi et al., 2017). In our study, we also

observed significant changes in TAS. In addition to this, we concluded

that OSI is more reliable indicator to access oxidative stress.

The expected values of various biochemical components are essen-

tial for the healthy functioning of various systemsof the body, including

the reproductive system, and it has also been suggested that alter-

ations in various biochemical parameters can have an impact on

infertility. Therefore, serum biochemical profile can be helpful of man-

aging themetabolic status in dairy cows (Park et al., 2010). Sayiner et al.

(2021) reported that serum cholesterol levels significantly decreased

in post-partum period of dairy cows and they concluded that this may

be related to the energy deficiency (Sayiner et al., 2021). Our results

showed that serum HDL levels were increased (p < 0.001), whereas

serum TG levels decreased (p = 0.020) in Montofon cattles after calv-

ing. Moreover, serum cholesterol (p < 0.001) and HDL (p < 0.001)

levels were increased, and serum TG (p< 0.001) levels were decreased

in Simmental cattles in the same period. We found that LDL levels

were higher in pregnant Simmental than in pregnant Montofon, and

cholesterol levels were higher in pregnantMontofon. After calving, TG

was measured higher in Montofon than in Simmental. Previous stud-

ies showed that serumcholesterol levels decreased,whereas serumTG

levelswere increasedduring the latter stages of pregnancy andwe sug-

gest that our data obtained from after calving periodmay be related to

this change that occurs during latter stages of pregnancy according to

these studies (Castillo et al., 2005;Marcos et al., 1990; Tainturier et al.,

1984).Weconcluded that these results regarding lipidmetabolismmay

be attributable to changes in endocrine status and to the characteris-

tic decrease in dry matter intake during this period, influencing lipid

metabolism.

Turk et al. (2004, 2005) pointed out that liver failure caused by post-

partum lipid mobilization, TG accumulation and following dysfunction;

post-partum increases of HDL-Cs and oxidative stress; and combina-

tions of these factors are the primary factors causing reduced PON

production (Turk et al., 2004, 2005). Similar to this result, we observed

increased OSI, but contrary to these findings, increased PON activ-

ity, HDL level and reduction of TG levels in post-partum period. Senoh

et al. (2019) observed no difference in pre- and post-partum PON

activities in subclinical ketosis group (Senoh et al., 2019). This may be

the result of different adoptation response of different breeds to lipid

metabolism.

In conclusion, our present study demonstrates for the first time

serum total thiol, native thiol and disulphide levels in dairy cows before

and after calving. Furthermore, oxidative stress and lipid parameters

were determined. Our results showed different responses between

two breeds in periparturient and post-partum periods in terms of lipid

metabolism and oxidative status. A limitation of this study is that two

breeds were studied; therefore, the relationships of thiol/disulphide

and oxidant–antioxidant status in periparturient and post-partum

period need to be investigated in future studies preferably on different

breeds.
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