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Abstract. This study investigated the responses of novel adipokines (irisin, spexin, visfatin), an endoplasmic
reticulum (ER) stress marker (GRP78), and traditional metabolic parameters (non-esterified fatty acids (NEFAs),
beta-hydroxybutyrate (BHBA), urea, albumin, globulin, total cholesterol) in 360 healthy Brown Swiss dairy
cattle. The animals were categorized into 18 subgroups based on pregnancy stages (early, mid, dry), lactation
stages (early, mid, late), and body condition scores (BCSs). Serum analyses were performed using ELISA and
spectrophotometric methods. Interactions between physiological stages and BCS were highly significant for all
measured parameters (p < 0.001). Results showed that mean serum levels of spexin (ranging from 14.02 to
36.04 pgmL~") and irisin increased as pregnancy and lactation progressed. Visfatin levels exhibited a significant
increase specifically during the gestation period, peaking during the dry period (24.09 ng mL~!), and maintained
a significant increasing trend as lactation progressed toward the late stage (Tables 2, 4). Conversely, GRP78
(peaking at 0.46ngmL~!), NEFA (peaking at 0.52 mmol L™!), and urea levels peaked during the dry period
and early lactation, subsequently decreasing as metabolic stability was achieved. Notably, during the dry period,
stress markers rose despite declining albumin and globulin levels (p < 0.05). These data indicate that the dry
period and early lactation are the most critical phases for metabolic and cellular stress, characterized by lower
spexin and elevated GRP78 and NEFA concentrations. The later rise in irisin and visfatin, while BHBA remained
within physiological limits, confirms successful metabolic adaptation (p < 0.001). In conclusion, the integrated
evaluation of these novel biomarkers is anticipated to provide significant contributions to protective strategies
and metabolic management in dairy cattle.

Key points — High BCS exacerbates endoplasmic reticulum stress
during early lactation.
— Spexin, visfatin, and GRP78 are potential biomarkers

for bovine metabolic status. — Serum spexin, irisin, and visfatin levels increase as lac-

tation progresses, whereas GRP78 peaks during early

— Physiological stages and BCS significantly modulate lactation and the dry period, highlighting these as key
adipokines and GRP78. physiological stress points

— Peak NEFA in early lactation coincides with low irisin
and spexin levels.
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1 Introduction

Pregnancy and lactation periods in dairy cattle represent
a critical transition phase where physiological adaptation
and metabolic capacity are utilized to their maximum ex-
tent, leading to an increased risk of negative energy balance
(NEB) (Bayraktar et al., 2020; Losacco et al., 2025). The on-
set of early lactation, in particular, is characterized by the
NEB phenomenon, resulting from the inability to meet the
high energy demand required for milk synthesis through lim-
ited dry matter intake (Mekuriaw, 2023). To compensate for
this energy deficit, intense lipolysis is initiated; however, this
process elevates serum non-esterified fatty acid (NEFA) and
beta-hydroxybutyrate (BHBA) levels, thereby increasing the
oxidative load on the liver and suppressing metabolism. This
triggers metabolic stress and clinical or subclinical compli-
cations of NEB, such as ketosis, fatty liver syndrome, abo-
masal displacement, metritis, and mastitis (Ji et al., 2023).
Consequently, immunosuppression leads to infectious dis-
eases, while weakened reproductive functions result in fer-
tility losses (Potiris et al., 2025). The resulting yield losses
and high treatment costs, combined with increased involun-
tary culling rates, threaten the sustainability and profitability
of dairy enterprises (Kang et al., 2025).

Adipose tissue is a metabolically active endocrine or-
gan that regulates energy homeostasis and thermoregulation
through adipokines (Bayraktar, 2020). Spexin (SPX, neu-
ropeptide Q) is a novel adipokine with pleiotropic functions
in regulating insulin resistance, glucose levels, blood pres-
sure (Liu et al., 2022), lipid and energy metabolism (Sun
et al., 2023), body weight control (Jeong et al., 2022), and
metabolic stress responses (Kolodziejski et al., 2018; Tiirkel
et al., 2022). Spexin plays a role in preventing hepatic lipid
accumulation by stimulating lipolysis and inhibiting lipoge-
nesis (Pruszynska-Oszmalek et al., 2020). Irisin is a prote-
olytic product of the fibronectin type III domain-containing
protein 5 (FNDCY); it is an adipo-myokine that increases en-
ergy expenditure and thermogenesis by inducing the brown-
ing of white adipose tissue, often stimulated by exercise
(Bostrom et al., 2012; Oztiifek et al., 2019). It serves as
an indicator molecule in the regulation of body mass index
and energy metabolism (Bayraktar and Tekce, 2020). Vis-
fatin (NAMPT) is an adipokine with insulinomimetic and
pro-inflammatory effects, primarily expressed in visceral adi-
pose tissue. It exists in intracellular iNAMPT) and extracel-
lular (eNAMPT) forms and plays a role in glucose homeosta-
sis and metabolic response regulation (Ratajczak-Pawlowska
et al., 2025; Ormazabal et al., 2025). While iNAMPT coordi-
nates cellular survival and nicotinamide adenine dinucleotide
(NAD)-dependent activities, eNAMPT is secreted from var-
ious tissues, particularly adipose tissue, exerting endocrine
and paracrine effects (Shi and Gu, 2025). Visfatin acts as
an energy balance regulator by increasing glucose utilization
through NAD biosynthesis and insulin-like effects (Komar-
nicki et al., 2025).
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Endoplasmic reticulum (ER) stress occurs when pro-
tein folding is disrupted within the ER, directly impacting
metabolic health (Martinotti and Ranzato, 2025). GRP78
(Glucose-Regulated Protein 78), also known as BiP or
HSPAS, is a 78 kDa member of the HSP70 family (Lin et
al., 2025). Beyond its role as an ER stress sensor, GRP78
is involved in protein folding, the unfolded protein response
(UPR), regulation of protein synthesis and degradation, and
calcium homeostasis (Vietri et al., 2025; Byun et al., 2025).
NEFA is a primary indicator of lipolysis; elevated blood lev-
els confirm that the animal has begun mobilizing fat stores
due to NEB, serving as an early prognostic marker for ke-
tosis and fatty liver (Chen et al., 2025). BHBA, one of the
three main ketone bodies produced by the liver during pe-
riods of low carbohydrate intake, fasting, or prolonged ex-
ertion, indicates the liver’s fatty acid oxidation capacity (Li
et al., 2025; Gregor et al., 2025). Excessive BHBA eleva-
tion reveals the severity of the energy deficit and the risk of
subclinical or clinical ketosis while signaling an increased
metabolic load on the liver and the risk of hepatic lipido-
sis (Sosa-Higareda and Beaufrere, 2025). Parameters such as
urea (reflecting protein metabolism and dietary energy bal-
ance; Slivinska et al., 2025), albumin (indicating hepatic syn-
thesis capacity and nutritional status; Cameron et al., 2025),
globulin (as a marker of immune response and inflamma-
tion; Tani et al., 2025), and total cholesterol (reflecting liver
health and lipid transport; Wang et al., 2025) are critical for
early diagnosis and constitute the general metabolic profile
of the animal (Unal et al., 2026). During the life cycle of cat-
tle, especially in early lactation, there is a close relationship
between health status, fertility, production performance, and
body energy reserves (Xu et al., 2019). Body condition score
(BCS) is one of the most common field methods for evaluat-
ing subcutaneous fat deposits and metabolic health in dairy
cattle (Ferguson et al., 1994; Bayraktar and Geng, 2021;
Sun et al., 2025). BCS can be determined through inspec-
tion, palpation, ultrasonography, or needle measurements.
Among these, palpation and inspection are subjective tech-
niques based on the appearance of the rump, tailhead, lumbar
vertebrae, and ribs (Edmonson et al., 1989). The BCS system
numerically classifies cattle fatness on a scale from 1 (ema-
ciated) to 5 (obese) (Butler and Smith, 1989). Furthermore,
adipose-derived adipokines and cellular stress responses also
play pivotal roles in metabolic adaptation mechanisms (Turk
et al., 2008; Xu et al., 2019; Goselink et al., 2020). In this
context, novel adipokines such as spexin, irisin, and visfatin
are thought to regulate glucose and lipid metabolism, influ-
encing insulin resistance and energy homeostasis. In partic-
ular, the inhibitory effects of spexin on energy intake and
fat metabolism (Harooni and Radmehr, 2025) suggest its po-
tential as a biomarker for metabolic stress during lactation
and pregnancy (Elsherbiny et al., 2025; Chen et al., 2025).
Although numerous studies exist regarding the metabolic
profile of cattle, comprehensive research examining the ef-
fects of different condition scores on novel markers such
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as spexin, irisin, visfatin, and GRP78 throughout the preg-
nancy and lactation stages in Brown Swiss cattle is quite lim-
ited. Therefore, this study aims to provide a new perspective
on the physiological adaptation processes of Brown Swiss
cattle by evaluating adipokine responses (spexin, irisin, and
visfatin) and ER stress levels (GRP78) in conjunction with
metabolic parameters (NEFA, BHBA, urea, albumin, globu-
lin, total cholesterol) throughout the lactation and pregnancy
cycles.

2 Materials and methods

2.1 Animals

The animal material of the study consisted of 360 healthy
multiparous Brown Swiss dairy cows, raised under intensive
conditions in a large-scale commercial dairy enterprise. The
enterprise is located in Corum, Tiirkiye (40°33’ N, 34°57'E)
and maintains detailed animal tracking records. Ethical ap-
proval for the study was obtained from the Local Ethics Com-
mittee of the Veterinary Control Central Research Institute
(date: 13 May 2022; decision no.: 2022/13). All experimental
procedures were conducted in strict accordance with ethical
principles and international guidelines, ensuring the protec-
tion of animal welfare and rights.

2.1.1 Experimental design

The study was conducted on a total of 360 healthy multi-
parous Brown Swiss cows, which were systematically cate-
gorized into 18 distinct subgroups (n = 20 per group) based
on a multivariate experimental design that integrated six
primary physiological stages. These stages comprised three
pregnancy periods (early: 1-90 d; mid: 91-210d; dry period:
the final 60 d before expected calving) and three lactation pe-
riods (early: 1-100d postpartum; mid: 101-200d postpar-
tum; late: from day 201 until drying off). Each physiological
stage was cross-referenced with three specific body condition
score (BCS) categories (low, moderate, and high) to evaluate
metabolic, adipokine, and ER stress responses. To minimize
intra-observer variation, BCS assessments were performed
by a single expert using a five-point scoring system through
visual inspection and palpation of the lumbosacral and pelvic
regions. Detailed chemical composition and nutritional val-
ues of the diets provided during these experimental stages are
presented separately in Table 1. The BCS cut-off values were
dynamically adjusted across gestation and lactation stages to
accurately reflect the physiological weight shifts, body re-
serve mobilization, and changing optimal condition targets
expected throughout the production cycle of dairy cattle.
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2.1.2 Feed

The feed ingredients were provided by a private company,
and the chemical compositions of the diets were analyzed.
The dry matter, crude ash, crude protein, and crude fat con-
tents were determined using the methods reported by AOAC
International (2016). The crude fiber content was analyzed
following the procedure described by Crampton and May-
nard (1938). Neutral detergent fiber (NDF) and acid deter-
gent fiber (ADF) contents were measured according to the
methods of Van Soest et al. (1991) and Goering and Van
Soest (1970), respectively. The comprehensive nutrient com-
position and chemical analysis of the diets for the pregnan-
t/dry and lactation periods are detailed in Table 1.

2.1.3 Collection of serum samples

Blood samples were collected from the jugular vein
into 10mL vacuum tubes containing a clot activator
(VACUETTE® TUBE 9 mL Z serum clot activator, Greiner
Bio-One, Austria) to determine the levels of spexin, irisin,
visfatin, GRP78, NEFA, BHBA, urea, albumin, globulin, and
total cholesterol. Following collection, the blood samples
were centrifuged at +4 °C at 3000 rpm for 10 min to sepa-
rate the serum (NF 1200R, Niive, Ankara, Tiirkiye). The re-
sulting serum samples were transferred into Eppendorf tubes
and stored at —80 °C until laboratory analysis (Bayraktar and
Geng, 2021).

2.1.4 Biochemical analysis

Serum concentrations of NEFA, BHBA, urea, albumin, glob-
ulin, and total cholesterol were measured using a Cobas 8000
modular analyzer series (Roche Diagnostics, Mannheim,
Germany), employing a closed photometric system in ac-
cordance with the manufacturer’s protocols (Kaneko et al.,
2008).

2.1.5 Measurement of serum spexin, irisin, visfatin, and
GRP78 levels

Serum spexin, irisin, visfatin, and GRP78 concentrations
were measured using commercial bovine-specific ELISA
kits (YL Biont, Shanghai, China) and evaluated with a mi-
croplate reader (Mindray MR-96A, China/R&D Systems,
USA). The minimum detectable concentration used to mea-
sure the spexin (C120rf39) level in blood serum obtained
from the research was 0.12 pg mL~!. An ELISA kit type spe-
cific to bovine spexin (YL Biont, catalog no. YLA0409BO,
China) with an assay range of 0.2-60pgmL~!, an intra-
assay coefficient of < 8.0 %, and an inter-assay coefficient of
< 10.0 % was utilized in accordance with the manufacturer’s
protocol. The results were evaluated by reading absorption
values at 450 nm in accordance with the procedure reported
in the kit (Spexin, 2025).

Arch. Anim. Breed., 69, 517-528, 2026



520 G. C. Kotan et al.;: Metabolic, adipokine, and GRP78 dynamics in Brown Swiss cows

Table 1. Nutrient composition and chemical analysis of the ration (g kg_1 ).

Feed ingredients Dietary feed Ration
(kg) (lactation)  (pregnancy/dry)
Corn silage (30 %-35 % dry matter, DM) 22 -
Oat hay 5 -
Barley/corn meal 2.00 -
Oat silage - 10
Wheat straw - 8
Dairy feed (19 CP (crude protein), 2700 kcal kg_1 metabolizable energy (ME)) 8.00 1.5
Dairy feed (21 CP, 2750 kcal kgf1 ME) 6.5 -
Soybean meal (44 % HP) 1.5 -
Sunflower meal (32 % HP) - 1.5
Premix powder 1.00 1.00
Total (kg) 38.80 21.10
DM (kg) 21.50 12.80
Crude protein (CP) (%) 17.5-18.0 12.5-13.0
Energy (ME) (kcalkg™!) 2720 2250

The minimum detectable concentration used to measure
the Irisin level in blood serum obtained from the research
was 2.63ngmL~!. An ELISA kit type specific to bovine
irisin (YL Biont, catalog no. YLA0410BO, China) with an
assay range of 5-1000 ng mL~!, an intra-assay coefficient of
< 8.0%, and an inter-assay coefficient of < 10.0 % was uti-
lized in accordance with the manufacturer’s protocol. The re-
sults were evaluated by reading absorption values at 450 nm
in accordance with the procedure reported in the kit (Irisin,
2025).

The minimum detectable concentration used to measure
the Visfatin level in blood serum obtained from the research
was 1.05ngmL~". An ELISA kit type specific to bovine vis-
fatin (YL Biont, catalog no. YLA0411BO, China) with an
assay range of 2-160ngmL ™!, an intra-assay coefficient of
< 8.0 %, and an inter-assay coefficient of < 10.0 % was uti-
lized in accordance with the manufacturer’s protocol. The re-
sults were evaluated by reading absorption values at 450 nm
in accordance with the procedure reported in the kit (Visfatin,
2025).

The minimum detectable concentration used to measure
the GRP78 level in blood serum obtained from the re-
search was 0.037ngmL~'. An ELISA kit type specific to
bovine glucose-regulated protein 78 (GRP78) (YL Biont,
catalog no. YLA0413BO, China) with an assay range of
0.1-38ng mL~!, an intra-assay coefficient of < 8.0 %, and
an inter-assay coefficient of < 10.0% was utilized in ac-
cordance with the manufacturer’s protocol. The results were
evaluated by reading absorption values at 450 nm in accor-
dance with the procedure reported in the kit (GRP78, 2025).

2.1.6 Statistical analysis

Statistical analysis of the data was performed using the SPSS
22.0 software package (IBM Corp., Armonk, NY, USA).
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The normality of the data distribution was assessed using
the Shapiro—Wilk test. Descriptive statistics are expressed as
mean and standard error of the mean (SEM). To determine
the effects of physiological stages, body condition scores
(BCSs), and their interactions, a two-way factorial ANOVA
using the general linear model (GLM) procedure was em-
ployed. The mathematical model was defined as

Yijk =+ Pi + Bj + (P x B)ij + eijk,

where

Y;jk is the observation value,
— w is the overall mean,

— P; is the effect of the period (i =1, 2, 3 for gestation
stages or lactation stages),

— B is the effect of the BCS category (j = 1, 2, 3 for low,
moderate, and high),

— (P x B);j is the interaction effect between the period
and BCS,

— eijk is the random experimental error.

Duncan’s multiple range test was used as a post hoc anal-
ysis to identify specific differences between group means.
Statistical significance was set at p < 0.05.

3 Results

Spexin, irisin, visfatin, GRP78, and selected blood
parameters

Serum levels of spexin, irisin, visfatin, and GRP78 according
to lactation stages and BCS groups are presented in Table 2.
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The highest mean serum spexin level was determined in the
late-lactation BCS > 3.75 group (36.04 pgmL~!), whereas
the lowest mean level was detected in the early-lactation
BCS 2.5-3.0 group (18.24pgmL~!; Table 2).. The low-
est mean serum irisin level was identified in the early-
lactation BCS < 2.5 group (0.95 ng mL "), while the highest
level was measured in the late-lactation BCS > 3.75 group
(2.07 ngmL~"). In contrast, mean serum visfatin levels were
lowest in the early-lactation group and highest in the late-
lactation group, reaching their peak as metabolic stability
was achieved (p < 0.001). Furthermore, it was determined
that serum GRP78 levels were significantly influenced by
both lactation periods and BCS (p < 0.001). Mean serum
GRP78 levels, an indicator of endoplasmic reticulum stress,
reached their peak in the BCS < 2.5 group (low condition
score) during early lactation (0.23 ng mL~!) and were at their
minimum in the BCS > 3.75 group (high condition score)
during late lactation (0.12ng mL~!) (Table 2).

The mean serum levels of metabolic response parameters
(NEFA, BHBA, urea, albumin, globulin, and total choles-
terol) across lactation stages and BCS groups in Brown Swiss
cattle are presented in Table 3. The highest mean NEFA lev-
els were determined in the BCS > 3 group (0.41 mmolL™")
during the early lactation period, when negative energy
balance (NEB) was most pronounced (p < 0.001). While
serum NEFA levels in the early-lactation groups remained
below the physiological threshold of 0.40 mmolL~! (Ta-
ble 3), a higher mean level was observed during the dry
period (0.52 mmol L~!; Table 5), reflecting the increased
lipolysis during the transition to the next lactation cycle.
Conversely, the lowest NEFA levels were determined in
the mid-lactation BCS <2.75 group (0.21 mmolL™!, p <
0.001). Regarding mean serum BHBA levels during lac-
tation, the values ranged from 0.21 mmol L1 in the late-
lactation groups to 0.48 mmolL~' in the early-lactation
high-condition group (p < 0.001; Table 3). In terms of
protein metabolism, serum urea levels were lowest in the
BCS <3.25 group (21.36mgdL™!) during late lactation,
while the highest levels were found in the BCS 2.5-3.0
group (26.45mgdL™") during early lactation (p < 0.001).
The lowest serum albumin and globulin levels were detected
in the BCS <2.5 group during early lactation (32.72 and
30.93 gL~!, respectively), while the highest levels were ob-
served in the late-lactation group with BCS > 3.75 (38.08
and 36.36 gL ™!, respectively) (p < 0.05). The lowest mean
serum total cholesterol levels were found in the BCS < 2.5
group (102.2 mg dL.~!) during early lactation, while the high-
est level was found in the BCS > 3.75 group (155.2 mg dL~1)
during late lactation (p < 0.001; Table 3).

The mean serum spexin, irisin, visfatin, and GRP78 lev-
els in Brown Swiss cattle with different gestation stages and
BCS groups in the study group are presented in Table 4.
The lowest mean spexin level was found in the BCS >3
group during early pregnancy (14.02pgmL~"), while the
highest level was detected in the BCS < 3.25 group dur-
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Table 2. Mean serum levels of spexin, irisin, visfatin, and GRP78 in Brown Swiss cattle across different lactation stages and BCS groups (Mean = SEM).

p value
< 0.001
< 0.001
< 0.001
< 0.001

SEM
0.31
0.02
0.03
0.02

(>3.75)
1.952 +£0.02
26.87% +£0.03
0.128 £0.02

Late lactation
36.042 £0.31

Late lactation
(3.25-3.75)
34.02° +0.31
1.78° £0.02
24.55 +0.03
0.13F £0.02

Late lactation
(< 3.25)
31.25¢+0.31
1.554 £0.02
22.34 +0.03
0.14¢f £0.02

(>3.25)

Mid-lactation
29.87¢ +£0.31

1.484 £0.02
20.15¢ £0.03
0.14¢f £0.02

Mid-lactation
(2.5-3.25)
27.249 £0.31
1.34¢ 40.02
18.249 +0.03
0.15%¢ £ 0.02

Mid-lactation
(<2.75)
25.13¢ £0.31
1.257+0.02
16.55¢ 4 0.03
0.1644+0.02

=3

Early lactation
18.240 £ 031
1.088 £0.02
10.05" £0.03
0.18¢ +0.02

(2.5-3.0)
1.118 £0.02
12.142 £0.03

0.20° +0.02
* EL: early lactation; ML: mid-lactation; LL: late lactation; BCS: body condition score; SEM: standard error of the mean. GRP78: 78 kDa glucose-regulated protein (ER stress marker). Data were analyzed independently for each lactation stage and BCS

group. Statistical significance was set at p < 0.05. a-h Means within the same row with different superscript letters differ significantly (p < 0.05).

Early lactation
21.058 +0.31

Early lactation
(<2.5)
23.18f+0.31
1.148 £0.02
14.28f +0.03
0.23% +0.02

Spexin (pgmL~1)
Irisin (ng mL_l)
Visfatin (ng mL‘l)
GRP78 (ngmL 1)

Parameters
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Table 3. Changes in mean serum NEFA, BHBA, urea, albumin, and total cholesterol levels in Brown Swiss cows across different lactation

stages and BCS groups (mean = SEM).

Early lactation ‘

Mid-lactation

‘ Late lactation ‘

Parameters BCS groups ‘ BCS groups ‘ BCS groups ‘ SEM  p value
<25 2530 >3 | <275 275325 >325| <325 325375 >375|
NEFA (mmol L~ 1) 0.34¢ 038> 0412 | o021° 0.34¢ 0.37° 0.234 0254 030°| 001 <.001
BHBA (mmolL~1) 038> 0428 0482 | 0.24d¢ 0314 0.3s5bc 0.21° 022¢ 025%¢ | 002 <0.001
Urea (mgdL™1) 22152 2645% 2563 | 24.15% 2475%  2526% | 21.36° 2212 2342 | 016 < .001
Albumin (gL~ 1) 32724 3477%¢ 3583 | 34.15¢ 35.64P 363280 | 3512 36322b 3808 | 028  0.012
Globulin (gL ™) 30.93¢  32.04¢ 3479 | 3252 34.888P 35628 | 34.832D 35.69  36.36° | 031  0.035
Total cholesterol (mgdL~1)  102.2¢ 11899 12274 | 110.0° 121.8¢  1352° 153.22 15374 1552 | 024 <.001

* NEFA: non-esterified fatty acid; BHBA: beta-hydroxybutyric acid; EL: early lactation; ML: mid-lactation; LL: late lactation; BCS: body condition score. Statistical analysis: data were analyzed
independently for each physiological period and BCS group. Statistical significance was set at p < 0.05. Different superscript letters (a—e) within the same row indicate statistically significant

differences between groups (p < 0.05).

ing the dry period of pregnancy (36.04 pgmL~!). Regard-
ing irisin, a hormone associated with energy metabolism, the
lowest levels were identified in the early-gestation BCS < 2.5
group (2.01 ngmL~"), while the highest levels were deter-
mined in the dry-period BCS > 3.75 group (2.66ngmL™")
(p < 0.001). The mean serum visfatin level for different peri-
ods of pregnancy was lowest in the mid-gestation BCS 2.75-
3.25 group (21.24ng mL~!), while the highest level was de-
tected in the dry-period BCS > 3.75 group (24.09 ngmL~")
(p <0.001). The mean serum GRP78 levels, a cellular
stress marker, were lowest in the early-gestation BCS > 3.75
group (0.18 ngmL ™), while the highest level was observed
in the dry period of gestation in the BCS < 3.25 group
(0.46ng mL~1) (p < 0.001; Table 4).

According to Table 5, changes in energy (NEFA, BHBA),
protein (urea, albumin, globulin), and lipid (total choles-
terol) metabolism parameters were statistically significant in
parallel with the progression of gestation and the increase
in BCS (p <0.001). Mean serum NEFA levels reached
their minimum in the early-pregnancy BCS >3 group
(0.16 mmol L~ 1), while the maximum value was recorded
in the dry-period BCS > 3.75 group (0.52mmol L™") (p <
0.001). Specifically, the lowest albumin and globulin lev-
els were found in the dry-period BCS < 3.25 group (30.98
and 29.11 gL ™!, respectively), while the highest levels were
detected in the early-pregnancy BCS > 3 group (37.03 and
34.66gL~!, respectively) (p <0.05). Mean serum urea
and total cholesterol levels were lowest in the BCS <2.5
group during early pregnancy (9.20 and 83.4mgdL™!, re-
spectively), while the highest values were observed in the
BCS > 3.75 group during the dry period of pregnancy (16.35
and 113.0mg dL-1, respectively) (p < 0.001; Table 5).
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4 Discussion

4.1 Spexin, irisin, visfatin, GRP78, and selected blood
parameters

The periparturient period in dairy cattle is characterized
by negative energy balance (NEB), intense lipolysis, and
systemic cellular stress (McFadden, 2020). Spexin (SPX),
reported as a biomarker for metabolic regulation during
this phase, is a novel adipokine with pleiotropic functions,
including anorexigenic effects (Jeong et al., 2022), body
weight control (Walewski et al., 2014), stabilization of in-
sulin secretion (Chen et al., 2021), and energy metabolism
regulation (Mikuta et al., 2021; Tran et al., 2022; Sun et al.,
2023). In the current study, serum spexin levels in Brown
Swiss cattle exhibited a numerical decrease in groups with
higher BCS while reaching their highest levels during late
lactation and the dry period (p < 0.001). Our findings, indi-
cating an increase in mean serum spexin levels with the pro-
gression of lactation and pregnancy, are consistent with sev-
eral reports (Mikuta et al., 2021; Yaprakci and Akkus, 2025),
though they differ from others (Dajnowska et al., 2023). We
suggest that this trend reflects a strong inverse relationship
between BCS and spexin levels, representing an adaptive re-
sponse to maintain energy homeostasis, particularly in low-
condition animals.

Irisin, a myokine primarily secreted by skeletal muscle, is
a pleiotropic molecule that plays a critical role in metabolic
adaptation during the periparturient period. It promotes en-
ergy expenditure by inducing the browning of white adipose
tissue, regulates glucose homeostasis, and reduces insulin re-
sistance (Bostrom et al., 2012; Zheng et al., 2022). In the
current study, serum irisin levels in Brown Swiss cattle in-
creased in parallel with higher BCS (p < 0.001). Further-
more, irisin exhibited a gradual increase from the onset of
lactation, reaching its peak during the late stage of pregnancy
(dry period). These findings are consistent with literature re-
porting increased serum irisin levels as lactation and preg-
nancy progress (Colak et al., 2019; Kizil et al., 2023). How-

https://doi.org/10.5194/aab-69-517-2026



523

Metabolic, adipokine, and GRP78 dynamics in Brown Swiss cows

G. C. Kotan et al.:

(500 > d) Apueoyrusis 19JJ1p s1919] 1d110s19dNS JUIISFIP YIIM MOI JUIBS S UM SUBI | p, “S0°0 > d 18 19s Sem douroyIusis [eonsne)s “dnois sog
pue o5e1s uoneIsas yoeo 10j Apuapuadopur pazATeuE d1om BIR( UBIW ) JO JOLID PIEpUL)S JNHS 2109s uonipuod Apoq :§)g :pourad A1p/uonelsas aey :K1p ‘porrad uonelsaS-pru (oA ‘porrad uoneisas A[1es :god proe ocbmﬁ?o._g:émn VEHE proe 118 POYLIAISa-UOU [AN 4

100°>  vT0  ¥TOF op0€ll  ¥TOF 51°SOI YTOF 001 ¥TOF o¥'L6 ¥C0F 54906  ¥CTOF 39068  ¥TOF,8'16 YTO0F 341°'L8 YTOF sv'€8 (;—Tp S [oxas3[0YD [B10L,
$€0'0 1€0  I€0F qTLree 1€0F 51¥'TE I€0F pIT'6T 1€°0F q0THE 1€°0F q00'vE I€0F5ISTE [€0F 2997€ 1€°0F obp'Ce 1€0F516°0¢ (;—13) urngorn
c100 80  8TOFpLOEE 8TOF opt8IE  8TOF 8606  8TOTF qe9¥'9¢  8TOF¢89°SE  8TOF qLO'SE  8TOF e£0'LE 8TOF qe9r'9€  8TOTF qEESE (;—"18) wrunqry
1000> 910  9T'0F qS€91 OT'0F oST'HI ITOFHETTT  9T°0F oSS01 91’0 F 5¥E 01 9T'0F 50101 IT0F pI96 9T'0F pCe'6 9T'0F p0T'6 ({1 Sw) va1n
w00 100  T00F qIT0 100F qIT0 I00F qIT0  100F qITO 100F qIT0 100F qIT0 100F ¢LT0 100 F q€C0 100F581°0 (j—Troww) vgHE
100°> 100 T100FeCSO 100 F ¢L¥'0 100 F e£¥°0 100F q9€°0 100 F51€°0 100F pLTO 100F391°0 100F ;61°0 100F 510 (j—TT0WW) VAN
(SLe<) (SL'€=6TE) (sTe>) (sTe<) (STE-SLD) (SLc>) (€< 0€-$0 (sT>)
anfead  ]NFS  poued K1q pourad L1q pouad A1 KoueuZord-prjy  AoueuSard-pipy  AoueuSord-pry  AoueuSord Ajeg  AoueuSord Apreg  AoueuSaxd Kpreg sIajowereq

"(NES F uesy) sdnoid gH¢g pue sage)s UoneIsoS JUSIQHIP SSOIOB SMOD SSIMS UMOIE UI S[OAJ] [0I9)SI[OYD [BI0) PUE ‘UNNg[e ‘BAIN ‘VIHE VAN WNIos ugaw ur safuey) °g a|qeL

(500 > d) Apueoyrudis 1opy1p s1on] 1dLIdsIdNS JUISIIP (IIM MOI JWES AU UIYIIM SUBIIA] |, "G00 > d 18 135 sem doueoyrusis [eonsnels “dnoid gOg pue a5els uoneisas yoea 1oy
Apuapuadopur pazAeue a1om ele(q “(1dew ssons wn[nonal srsejdopus) urajoid payengor-osoon|s ey 82 18D ULSW ) JO JOLID PIEPUL)S NS 2100 uonipuod Apoq :§Og * mv_._um K1pyuone)sad are| :A1p ‘potrad uoneisas-pru :gnA ‘porad uone)sas Apes :gdoyg .,

100> 200 C00Fe8€0 COOFelvr'0 COO0FOP0  CO0OFHCCO 200F ¢920 20'0F q6C0 20°0F p8I1°0 w00F5Ic0 W0Fo¥C0 ({—Tw Su) 8/.d¥D

100°> ST0  STOFe60VC STOFeEIEC STOFelOEC STOF SITC STOFH¥CIC STOF oS1'Ce STOF HL8IC STOF50¢1C STOF oETIC (;—Tw Su) UneySIA

100> 100 100Fe99C 100F qL¥'C  100F qC¥'C 100F gv€'C 10°0F »qLTT 100F581C 100 F p80°C 10°0F pS0O°C 100F pl0C (;—Tw Su) ursty

[100"> 1€0 1€0F qP00c I€0F08€E 1€0Fr09€ 1€0F,£0°CC 1€°0F 550'9¢ 1€°0F 5606 1€°0F COvI 1€°0F ySO'8I1 [€0F ,€1°€C (;—Tw 8d) urxeds
(SLe<) (SL'€=6T€) (STe>) (STe<) (STe=5LD (SLz>) (€< 0€=57) cT>)

onfead NS poued A1g pourad A1 pouad A1q KoueuSord-prjy  AoueuSerd-prjy  AoueuSoxrd-prjy AoueuSexd Apreg  AoueuSerd Aprey  AoueuSerd Apreg sIopweIRd

"(NES F ueowr) sdnoiS $H pue saSe)s UONLISOS JUSISHIP SSOIOR J[NBD SSIMS UMOIY UI §/ 3D PUB ‘UNEJSIA ‘UISLII ‘UIXads JO S[OAQ] WINIAS UBIA " d|qeL

Arch. Anim. Breed., 69, 517-528, 2026

https://doi.org/10.5194/aab-69-517-2026



524 G. C. Kotan et al.;: Metabolic, adipokine, and GRP78 dynamics in Brown Swiss cows

ever, our results differ in direction from some studies report-
ing decreased irisin levels during negative energy balance
(NEB) and subclinical ketosis (Egritag et al., 2022), although
they share a conceptual similarity regarding irisin’s role as
a metabolic indicator. This difference may be attributed to
the positive association between BCS and irisin, as well as
the metabolic homeostasis achieved as NEB diminishes with
the progression of lactation. Additionally, this trend can be
explained by the differentiation of physiological adaptation
in healthy Brown Swiss cattle from pathological processes
and the potential impact of the breed-specific robust muscu-
lar structure on myokine (irisin) secretion.

Visfatin (also known as nicotinamide phosphoribosyl-
transferase, NAMPT), secreted by adipocytes and im-
mune cells, is a key regulator of energy homeostasis dur-
ing the periparturient period, characterized by its insulin-
mimetic effects, enhancement of glucose utilization, and pro-
inflammatory properties (Reverchon et al., 2013). In our
study, serum visfatin levels showed a significant increase as
lactation progressed from the early to the late stage, peaking
in cows with higher body condition scores (Table 2). This
increasing trend suggests that visfatin may play a regulatory
role in long-term metabolic adaptation and energy balance
during advanced lactation stages. These findings are consis-
tent with research reporting increased visfatin levels through-
out the lactation and pregnancy processes (Kizil et al., 2023).
Furthermore, they present a conceptual alignment with data
indicating decreased visfatin levels in animals experiencing
negative energy balance (NEB) (De Koster et al., 2017). This
trend can be attributed to the direct relationship between vis-
fatin and adipose tissue mass (BCS), as well as the increased
requirement for insulin sensitivity as NEB alleviates in the
later stages of lactation. Additionally, this increase in healthy
Brown Swiss cattle is suggested to be an adaptive response
developed to manage metabolic stress and mobilize energy
reserves effectively during the periparturient period.

GRP78, a key biomarker of endoplasmic reticulum (ER)
stress, serves as an essential indicator of metabolic demand
and cellular adaptation in high-yielding dairy cattle (Ruan et
al., 2026). In the current study, it was observed that GRP78
levels were highest during early lactation and the dry pe-
riod and significantly decreased (p < 0.001) as lactation pro-
gressed toward the later stages. These results are consistent
with literature reporting an elevation of ER stress markers
during the periparturient period (Luo et al., 2022). In the
present study, GRP78 levels showed different trends depend-
ing on the physiological state. While GRP78 levels signif-
icantly decreased as lactation progressed from early to late
stages (Table 2), a marked increase was observed during the
dry period of pregnancy, reaching its peak at 0.46 ng mL ™!
(Table 4). This decrease during lactation suggests a grad-
ual adaptation of the endoplasmic reticulum to milk synthe-
sis over time. Conversely, the surge during the dry period
may reflect the intensive metabolic preparation and cellu-
lar stress associated with advanced fetal growth and the up-
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coming onset of a new lactation cycle. This elevation can be
attributed to the physiological stress induced at the cellular
level by increased protein synthesis and metabolic workload
associated with advanced pregnancy and lactation, which
triggers GRP78 release as part of the unfolded protein re-
sponse (UPR). The rise observed in healthy Brown Swiss
cattle is considered a protective mechanism aimed at main-
taining cellular integrity and meeting metabolic demands.
Therefore, this trend represents a physiological adaptation
process rather than pathological ER stress, reflecting the ani-
mal’s ability to maintain homeostasis under high production
pressure.

Serum NEFA and BHBA levels, as primary indicators of
negative energy balance (NEB) and lipid mobilization, are
decisive parameters for evaluating metabolic adaptation dur-
ing the periparturient period (Adewuyi et al., 2005). In the
current study, mean serum NEFA (0.34-0.41 mmol L1 and
BHBA (0.38-0.48 mmol L~!) levels at the onset of lactation
indicate an absence of severe negative energy balance, re-
maining below or near the established physiological thresh-
olds (< 0.40 and < 1.0mmol L™!, respectively).. These re-
sults indicate that the Brown Swiss cattle in this study effec-
tively managed periparturient metabolic stress, maintained
lipid mobilization at a controlled level, and remained within
safe limits regarding the risk of ketosis. This resilience is at-
tributed to the metabolic characteristics of the Brown Swiss
breed, which tend to be more robust against NEB compared
to high-yielding breeds such as Holstein. Brown Swiss cat-
tle appear to mobilize body reserves more conservatively to
compensate for energy deficits. Furthermore, in contrast to
pathological conditions where severe NEB leads to a de-
crease in irisin levels (Egritag et al., 2022), the increasing
trend in adipokines (irisin, spexin, and visfatin) observed in
our study reflects a successful physiological adaptation pro-
cess in healthy animals. This suggests that the coordination
between adipose-derived hormones and cellular stress re-
sponses (GRP78) effectively supports metabolic homeostasis
in this breed.

Serum albumin levels (reflecting the synthetic capacity of
the liver and overall protein status), globulin levels (as indica-
tors of immune response), and urea levels (the end product of
nitrogen metabolism) provide essential information regard-
ing the protein—energy balance of the diet and general health
status (Osorio et al., 2014). In the current study, serum albu-
min (30.98-38.08 gL ~!) and globulin (29.11-36.36 gL™")
concentrations maintained a narrow range throughout the
periparturient period. In our study, serum urea levels were
observed to decrease toward the late lactation period, coin-
ciding with a significant decline in NEFA concentrations.
This reduction indicates a shift toward metabolic stability,
improved energy balance, and more efficient utilization of di-
etary protein as the animals transition out of the high-stress
early lactation phase. This suggests an improvement in en-
ergy balance and the stabilization of protein metabolism.
While elevated NEFA in early lactation reflects intense lipid
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mobilization (negative energy balance), the subsequent rise
in urea within physiological limits indicates a shift toward
metabolic stability and efficient utilization of dietary protein
as the animals transition out of the high-stress production
phase. This homeostatic stability suggests that the hepatic
synthetic capacity of the animals was preserved and that the
immune system remained resilient against metabolic stress.
This resilience can be attributed to the adequacy of the di-
etary protein content in meeting requirements during the
periparturient period and the ability of Brown Swiss cattle
to maintain protein synthesis capacity under lactation stress.
Furthermore, the periodic fluctuations observed in urea lev-
els are considered a physiological response to changes in the
dietary protein-to-energy ratio or the rate of tissue protein
mobilization.

Serum total cholesterol levels in cattle are directly associ-
ated with lipoprotein synthesis and energy intake, typically
exhibiting an upward trend as lactation progresses postpar-
tum (Kessler et al., 2014). The increase in total cholesterol
observed in the current study (22 % during gestation and
34 % during lactation) is in full agreement with previous re-
ports (Cozzi et al., 2011; Kessler et al., 2014). In cattle, serum
cholesterol concentrations rise due to the heightened energy
demand following the onset of lactation and the increased
requirement for lipid precursors (lipoproteins) necessary for
milk synthesis (Van Den Top et al., 1995). The literature indi-
cates that cholesterol levels — which remain low during early
lactation, the period when negative energy balance (NEB)
is most severe — gradually increase in later stages as feed
intake improves, and energy balance stabilizes (Kessler et
al., 2014). Indeed, the rise in cholesterol levels from 114 to
154 mgdL~" in parallel with the progression of lactation in
our study confirms that the animals successfully transitioned
out of NEB and that the liver’s lipoprotein synthesis capac-
ity was enhanced. This trend can be attributed to the stim-
ulation of hepatic synthesis mechanisms by the increasing
cholesterol demand for milk production and the rise in ex-
ogenous lipid intake associated with higher dry matter intake
as lactation advances. Furthermore, it is suggested that the
regulatory effects of adipokines, such as irisin and spexin, on
cholesterol metabolism also play a significant role in shaping
this metabolic profile.

4.2 Limitations

Although this study provides comprehensive multivariate in-
sights into metabolic, adipokine, and cellular stress dynamics
in multiparous Brown Swiss cows, certain methodological
limitations should be acknowledged. Firstly, while commer-
cial ELISA kits were utilized to quantify circulating concen-
trations of novel adipokines and myokines (iris, spexin, vis-
fatin) and ER stress markers (GRP78), the analytical speci-
ficity and cross-reactivity of commercially available ELISA
assays for bovine matrices remain a topic of ongoing discus-
sion in the literature — particularly for cleaved peptides such
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as irisin. Although internal assay validation protocols (e.g.,
intra- and inter-assay coefficients of variation) were strictly
maintained within acceptable thresholds in the present study,
future investigations employing mass spectrometry (e.g., LC-
MS/MS) or western blotting are recommended to further val-
idate epitope specificity and absolute peptide quantification
in bovine serum. Secondly, while our dataset spans a robust
sample size across multiple physiological stages and body
condition score categories, functional gene expression as-
says in target tissues (e.g., adipose or hepatic tissue biopsies)
were not performed, which would complement the circulat-
ing biomarker profile.

5 Conclusions

In conclusion, this study demonstrates a highly significant
interaction (p < 0.001) between conventional metabolic pro-
file parameters (NEFA, BHBA), novel adipokines (spexin,
irisin, visfatin), and the cellular stress response marker
(GRP78) in periparturient Brown Swiss cattle. The findings
reveal that as lactation progresses, and BCS fluctuates, mean
serum spexin levels exhibit an antagonistic relationship with
lipolysis intensity (NEFA), while irisin levels show a syn-
chronized change with indicators of metabolic stability. No-
tably, our data identify the dry period as the most critical
physiological phase, characterized by peak ER stress and
lipid mobilization. These patterns suggest that spexin and
GRP78 can be utilized as potent prognostic biomarkers for
the early detection of metabolic stress and ketosis risk. Fur-
thermore, the elevated irisin levels observed may reflect the
unique metabolic resilience associated with the characteristic
muscular conformation of the Brown Swiss breed. Therefore,
rather than employing general herd management, targeted
nutritional interventions and specific antioxidant strategies
are essential during the dry period to mitigate cellular stress
and ensure a successful transition to the next lactation. These
results provide a robust framework for developing more ef-
fective, breed-specific monitoring protocols aimed at enhanc-
ing animal welfare and productivity in herd health manage-
ment.
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