Mikuta et al. BMC Veterinary Research (2021) 17:359 BMC Veterin ary Rese a rCh
https://doi.org/10.1186/512917-021-03069-4

RESEARCH Open Access

. . ®
Changes in metabolic and hormonal profiles =

during transition period in dairy cattle — the role
of spexin

Robert Mikuta'", Ewa Pruszyrska-Oszmatek?, Marcin Pszczola®, Justyna Rzasinska', Maciej Sassek?,
Krzysztof W. Nowak?, Leszek Nogowski? and Pawet A. Kotodziejski”

Abstract

Background: This study aimed to evaluate spexin as a novel blood marker and to describe the relationship of this
peptide with selected biochemical metabolites measured during the transition period in dairy cows. Additionally,
MRNA expression of the spexin gene as well as spexin receptors — galanin receptor type 2 and galanin receptor type
3, was investigated in several bovine tissues. Blood samples were collected at weekly intervals starting at 21 days
before the estimated parturition day until 21 days in milk to determine concentrations of spexin, nonesterified fatty
acids, 3-hydroxybutyrate acid, total and active ghrelin, progesterone, glucose, insulin, IGF-I, triglycerides, cholesterol,
leptin, corticosterone and 17-B-estradiol as well as the activity of aspartate transaminase, alkaline phosphatase and
gamma-glutamyl! transferase.

Results: Spexin concentration decreased from 21 d before parturition to calving day and next it rose during the
first 14 d of lactation. The lowest concentration of spexin was recorded on the calving day and it differed from the
mean level of this peptide before parturition as well as postpartum. Moreover, differences were observed between
mean spexin concentrations before and after calving. Spexin levels were moderately negatively correlated with NEFA
(r=—0.39) and total ghrelin contents (r = — 0.41), weakly correlated with BHBA (r = — 0.35) while they showed

a moderate positive relationship with progesterone concentrations (r =0.42). Moreover, we detected that mRNA
expression of GALR2, GALR3 and SPX is present in various bovine tissues (kidney, bowel, rumen, spinal cord, lung,
skeletal muscle, liver, heart, fat and spleen).

Conclusion: A negative correlation between spexin concentration and NEFA, BHBA and total ghrelin contents as well
as a positive relationship with levels of progesterone, metabolites and hormones, which are key players in the dairy
cow transition period, may confirm an important function of this peptide in metabolism regulation. Thus measure-
ment of spexin concentration could provide useful supplementary information for dairy cow herd health monitoring.
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Background
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homeostasis in dairy cows. Excessive lipolysis and rising
levels of nonesterified fatty acids (NEFA) in dairy cows’
blood during negative energy balance are often asso-
ciated with the accumulation of triglycerides (TG) in
hepatocytes and impairment of liver function resulting in
an elevated ketone production [2]. Moreover, increased
blood NEFA levels could have a negative effect on oocyte
development and reproductive performance [3]. Sordillo
and Raphael [4] stated that a progressive increase in the
blood NEFA level before calving may be considered a sig-
nificant factor affecting inflammatory responses of tran-
sition cows. Higher blood NEFA concentrations might be
related to an increased risk of displaced abomasum [5],
metritis and retained placenta [6], mastitis [7] and lower
milk yield [8], while they may also result in early-lacta-
tion culling risk [9].

Interest in the different blood indices that may be
used to describe various metabolic conditions and poor
adaptation to negative energy balance (NEB) has greatly
increased in the recent years [10-14]. Many authors
defined reference or cut-off levels before parturition and
during fresh lactation to estimate the risk of metabolic
diseases; however, new potential negative energy bal-
ance indicators are being searched for [13, 15, 16]. This
search for such a blood marker is necessary and justified,
as it would contribute to increased sustainability of milk
production.
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For this reason in the last few years several novel pep-
tides, hormones or other biologically active substances
have been suggested as potential substances involved in
metabolism regulation, which may serve as indicators
of the metabolic state in the future. One of them, spexin
(SPX), is a very conservative peptide discovered in 2007
in an in-silico study by Mirabeu et al. [17]. Two years
later the gene coding 116 aa spexin precursor containing
14 aa spexin was identified by the Somnez research group
[18] (a comparison of the human, rat, and bovine SPX
sequences is presented in Fig. 1 A). The biological activity
of SPX is regulated via two subtypes of the galanin recep-
tor: galanin receptor 2 (GALR2) and galanin receptor 3
(GALR3) [19]. Until now, most studies on the functions
of spexin in metabolism control have been conducted
on fish, rodents and humans. It is known that spexin is
involved in the regulation of adipocyte metabolism,
it inhibits food intake, insulin secretion and enhances
bowel movement [20-22]. However, the role of SPX in
bovine physiology is unknown.

The aim of this study was to evaluate spexin as a novel
blood marker during the transition period, as well as
describe variation and relationships of selected biochem-
ical metabolites associated with negative energy balance.
Moreover, it was decided in this study to investigate
mRNA expression of the SPX gene as well as SPX recep-
tors — GALR2 and GALR3 in different bovine tissues.
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Fig. 1 The sequence of SPX in animals and expression of SPX and its receptors in bovine tissues: comparison of SPX protein sequences reported in
rat: human: and bovine (A), MRNA expression of SPX (B), GALR2 (C) and GALR3 (D) genes in different types of bovine tissues, kidney, bowel, rumen,
spinal cord, lung, skeletal muscle, liver, heart, fat, spleen (n-5)
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Results

First we decided to investigate the expression of SPX
and SPX receptors (GALR2 and GALR3) at the mRNA
level in various bovine tissues. We found that the SPX
(Fig. 1B) as well as GALR2 (Fig. 1C) and GALR3 genes
(Fig. 1D) were expressed in all the investigated tissues
(kidney, bowel, rumen, spinal cord, lung, skeletal muscle,
liver, heart, fat and spleen). Due to the fact that this part
of research was conducted on tissues from 5 animals,
graphs only show the presence or absence of mRNA
expression of the genes tested, which is the reason why
it was decided not to determine statistical significance
between tissues.

Spexin concentration decreased from 21 d before partu-
rition to calving day and next it increased during the first 14
d of lactation. The lowest concentration of spexin (18.45ng/
ml) was recorded on calving day (Fig. 3A) and it differed
from the mean level of this peptide both before parturi-
tion (32.74ng/ml; P <0.01) and postpartum (24.46 ng/ml;
P <0.01). Moreover, differences were observed between
mean spexin concentrations before and after calving
(Table 1, P =0.03). Spexin levels showed a moderate nega-
tive correlation with NEFA (r =—0.39; P <0.01), a weak
correlation with BHBA (r =—0.35; P <0.01) and a moder-
ate correlation with total ghrelin (r =—0.41; P <0.01), while
they were positively moderately correlated with progester-
one (r =0.42; P <0.01) (Fig. 2, Table 2).
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The NEFA level increased from 21 d before calving
and it was higher to 14.days in milk (Fig. 3B). Mean pre-
partum NEFA concentration was lowest (0.37 mmol/l)
and differences were recorded in comparison to that at
calving day (0.54mmol/ll) and the mean postpartum
level (0.47 mmol/l; Table 1, P <0.05). NEFA levels were
positively moderately correlated with BHBA (r =0.43;
P <0.01), a weak correlation was found with corticos-
terone (r =0.30; P <0.05), a moderate correlation with
IGF-I (r =0.50; P <0.01) and a weak correlation with
total ghrelin (0.35; P <0.05), whereas they were negatively
moderately correlated with insulin (r =—0.54; P <0.01),
progesterone (r =—0.45; P <0.01) and leptin (r = — 0.44;
P <0.01) (Fig. 2, Table 2).

BHBA concentration increased from 21 d before partu-
rition to 7 days in milk (Fig. 3C), with the mean prepartum
BHBA concentration being lowest (0.78 mmol/l) compared
to calving day (0.94mmol/l) and the mean postpartum
level (0.96 mmol/l) (Table 1, P <0.05). BHBA concentra-
tion showed positive moderate correlations with IGF-I
(r =0.37; P <0.01), total ghrelin (r =0.64; P <0.01) and
negative moderate correlations with insulin (r =—0.45;
P <0.01) and glucose (r =—0.40; P <0.01) as well as weak
correlations with progesterone (r =—0.34; P <0.05) and
triglycerides (r =—0.29; P <0.05) (Fig. 2, Table 2).

The total ghrelin concentration during the transition
period was variable. A mild increase in total ghrelin

Table 1 Means of blood biochemical metabolites during transition period in high yielding dairy cows (n =10)

Blood indices Time of sample collection

Multiple comparison p-values Overall P-value

pre cal post pre-cal cal-post pre-post
Spexin, ng/ml 3274 18.45 24.46 <0.001 0.025 <0.001 <0.001
NEFA, mmol/| 037 0.54 047 0.003 0.137 0.001 <0.001
BHBA, mmol/I 0.78 0.94 0.96 0.049 0.954 0.001 0.001
Glucose, mg/dl 73.54 80.10 69.50 0.109 0.001 0.162 0.001
Insulin, ng/ml 0.71 0.81 042 0.888 0.037 0.008 0.002
IGF -1, ng/ml 118.64 12845 135.64 NA NA NA 0325
Triglycerides, mg/dl 38.62 38.84 34.68 0.994 0.052 0.032 0.008
Cholesterol, mg/dl 133.19 122.52 140.13 0.187 0.004 0.222 0.003
Ghrelin active, pg/ml 8.72 13.00 15.14 0436 0.857 0.031 0.040
Ghrelin total, pg/ml 29357 411.64 563.64 0.118 0.100 <0.001 <0.001
Leptin, ng/ml 19.25 17.44 18.73 NA NA NA 0.647
Corticosterone, ng/ml 1.17 8.51 7.68 0.019 0.935 <0.001 <0.001
Progesterone, ng/mll 559 1.73 2.37 NA NA NA 0.050
17 B-estradiol, pg/ml 106.61 11711 19.88 0.990 0.144 0.006 0.003
AST, IU/I 61.15 55.22 6241 NA NA NA 0.333
ALP, 1U/1 35.68 38.06 33.76 NA NA NA 0.494
GGTPR, 1U/I 8.83 8.78 9.86 NA NA NA 0440

NA multiple comparisons not performed

NEFA nonesterified fatty acid, BHBA B-hydroxybutyrate acid, IGF - I insulin-like growth factor I, AST aspartate transaminase: ALP alkaline phosphatase, GGTP gamma-
glutamyl transferase, pre — mean concentration from -21d to -7d: cal - concentration at calving day, post - mean concetration from 7 to 21 day in milk
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Fig.2 A model of relationships between spexin (SPX) and
nonesterified fatty acids (NEFA),3-hydroxybutyrate acid (BHBA),
ghrelin total and progesterone (PROG) (all correlations are significant)

concentration was observed during the first 14 d of the
transition period, followed by a decrease up to calving
day, as well as differences between pre- and post-parturi-
tion concentrations (293.6 pg/ml) vs. 563.6 pg/ml) of this

Table 2 Correlations of spexin and spexin related methabolites
during transition period in high yielding dairy cows (n = 10)

Trait 1 Trait 2 Repeated P-value
measures
correlation

Spexin, ng/ml NEFA, mmol/I —0.393 0.005
Spexin, ng/ml BHBA, mmol/I —0.346 0.012
Spexin, ng/ml Ghrelin total, pg/ml —0.405 0.005
Spexin, ng/ml Progesterone, ng/ml 0421 0.003
NEFA, mmol/I BHBA, mmol/I 0430 0.002
NEFA, mmol/I Corticosterone, ng/ml  0.296 0.042
NEFA, mmol/I IGF -1, ng/ml 0.495 <0.001
NEFA, mmol/I Ghrelin total, pg/ml 0.349 0.016
NEFA, mmol/I Insulin, ng/ml —0.537 0.000
NEFA, mmol/I Progesterone, ng/ml  —0.446 0.002
NEFA, mmol/I Leptin, ng/ml —0435 0.002
BHBA, mmol/I IGF -1, ng/ml 0.368 0.009
BHBA, mmol/I Ghrelin total, pg/ml 0.640 <0.001
BHBA, mmol/I Insulin, ng/ml —0452 0.002
BHBA, mmol/I Glucose, mg/d| —0.397 0.004
BHBA, mmol/I Progesterone, ng/ml —0.338 0.018
BHBA, mmol/I TG, mg/dl —0.288 0.050
Ghrelin total, pg/ml  Progesterone, ng/ml  —0.373 0.013
Progesterone, ng/ml 17 {3 -estradiol, pg/ml  0.363 0.023
Progesterone, ng/ml  Insulin, ng/ml 0413 0.007
Progesterone, ng/ml IGF -1, ng/ml —0453 0.001
Progesterone, ng/ml  Corticosterone, ng/ml  —0.609 <0.001
Progesterone, ng/ml  ALP, 1U/I 0.327 0.022

NEFA nonesterified fatty acid, BHBA B-hydroxybutyrate acid, IGF - I insulin-like
growth factor |, AST aspartate transaminase, ALP alkaline phosphatase:
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hormone (Fig. 3D, Table 1). Total ghrelin concentration
was only moderately correlated with spexin, NEFA and
BHBA, as well as progesterone levels (r =0.37; P <0.01)
(Table 2).

A decrease of progesterone concentration was
observed from 21 d before parturition to 7day in milk,
followed by an increase (Fig. 3E), but differences between
mean concentrations before (5.59ng/ml) and after calv-
ing (2.37 ng/ml) were not confirmed statistically (Table 1,
P >0.05). Progesterone levels, apart from their correla-
tions with spexin, NEFA, BHBA and total ghrelin concen-
trations, were positively moderately correlated with 17
B-estradiol (r =0.36; P <0.05), insulin (r =0.41; P <0.01),
weakly correlated with ALP (r =0.33; P <0.05), while the
relationship with IGF-I and corticosterone was moder-
ately negative (r =—0.45; P <0.01, r =—0.61; P <0.01)
(Tables 2 and 3).

Blood glucose concentration reached the highest level
on calving day (Fig. 4A); however, no differences were
observed in comparison to mean glucose concentrations
recorded pre- (73.54mg/dl) and postpartum (69.50 mg/
dl; Table 1, P >0.05). Relationships between glucose levels
and other blood indices are shown in Tables 2 and 3.

The lowest insulin concentration was recorded at 7 day
in milk (Fig. 4B), while differences were confirmed sta-
tistically between the mean postpartum level of insulin
(0.42/ng/ml) and the mean prepartum level (0.71 ng/ml)
of these indices as well as those recorded on calving day
(0.81ng/ml) (Table 1, P <0.05). The correlations of insu-
lin concentration with other blood markers are shown in
Tables 2 and 3.

The highest peak of the IGF-I level was observed
at 7day in milk (Fig. 4C), whereas no differences were
observed between these indices recorded on calving day
(128.5ng/ml) as well as pre- (118.6 ng/ml) or postpartum
(135.6ng/ml; Table 1, P >0.05). The correlation of IGF-I
concentration with other blood markers is shown in
Tables 2 and 3.

The highest triglyceride concentration was recorded at
7 d before calving and next it decreased (Fig. 4D), which
was confirmed by the mean prepartum triglyceride level
(38.62mg/dl), being higher compared to that postpar-
tum (34.68 mg/d]; Table 1, P <0.05). The correlations of
triglyceride levels with other blood markers are shown in
Tables 2 and 3.

Cholesterol concentration decreased until calving day,
followed by an increase in this blood marker (Fig. 4E).
Differences were observed between cholesterol lev-
els recorded at calving day (122.5mg/dl) and from 7 to
21days in milk (140.1mg/dl; Table 1, P <0.05). Corre-
lations of cholesterol concentration with other blood
markers are shown in Table 3.
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Fig. 3 Changes in mean serum concentrations of spexin (A), NEFA (B), BHBA (C), ghrelin total (D) and progesterone (E) during transition period

A mild decrease in the concentration of active ghrelin
was observed during the first 2 weeks of the transition
period, followed by an increase from 7 d before calving to
21day in milk, with differences recorded between mean
prepartum (8.72 pg/ml) and postpartum levels (15.14 pg/
ml; Fig. 4F, Table 1, P =0.03). Correlations of active ghre-
lin concentration with other blood markers are shown in
Table 3.

Leptin concentration increased before parturition
reaching the peak level at 7 d prepartum, followed by a
decrease until 7day in milk and a subsequent increase
(Fig. 4G). There were no differences in leptin levels
between the prepartum period and calving day, calv-
ing day and postpartum, prepartum and postpartum

periods (19.25ng/ml, 17.44ng/ml, 18.73 ng/ml, respec-
tively; Table 1, P >0.05). Correlations between leptin
concentration with other blood markers are shown in
Tables 2 and 3.

An increase was observed in corticosterone con-
centration from 21 d before parturition to calving
(Fig. 4I). The highest corticosterone concentration was
recorded at 14 d in milk, with the mean postpartum
level (7.68 ng/ml) differing from the prepartum values
(1.17 ng/ml) of this hormone (Table 1, P <0.01). Corre-
lations of corticosterone level with other blood markers
are shown in Tables 2 and 3.

An increase was found in 17 p-estradiol levels from
14 d before calving to 7day in milk (Fig. 4H), with
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Table 3 Correlations of other metabolites indirectly connected
with spexin during transition period in high yielding dairy cows
(n=10)

Trait 1 Trait 2 Repeated P-value
measures
correlation
Glucose, mg/dl IGF -1, ng/ml —-0.312 0.029
Glucose, mg/dl Insulin, ng/ml 0.547 <0.001
Insulin, ng/ml 17  -estradiol, pg/  0.660 <0.001
ml
IGF -1, ng/ml Insulin, ng/ml —0.536 <0.001
TG, mg/dl Glucose, mg/dl 0424 0.003
TG, mg/dl ALP, 1U/1 0.288 0.047
TG, mgy/dl Ghrelin active, pg/ml  —0.422 0.005
TG, mg/dl Insulin, ng/ml 0394 0.013
TG, mgy/dl 17 B -estradiol, pg/  0.563 <0.001
ml
Cholesterol, mg/dl Ghrelin active, pg/ml 0473 0.001
Leptin, ng/ml Insulin, ng/ml 0446 0.003
Leptin, ng/ml 17 B-estradiol, pg/ml  0.324 0.039
Corticosterone, ng/ IGF -1, ng/ml 0.373 0.009
ml
Corticosterone,ng/  Ghrelin active, pg/ml  0.306 0.041
ml
Corticosterone, ng/  Insulin, ng/ml —0.308 0.045
ml
Corticosterone,ng/ 17 -estradiol, pg/  —0.448 0.003
mi ml
AST, IU/I ALP, 1U/1 0422 0.002
AST, IU/I IGF -1, ng/ml 0.339 0.020
GGTR, 1U/1 IGF -1, ng/ml —0.342 0.018
GGTR, 1U/I 17 B -estradiol, pg/ —0416 0.007

ml

NEFA nonesterified fatty acid, BHBA 3-hydroxybutyrate acid: IGF | - insulin-like
growth factor |, AST aspartate transaminase, ALP alkaline phosphatase, GGTP
gamma-glutamyl transferase

differences observed between mean concentrations of
17 P-estradiol before (106.6pg/ml) and after parturi-
tion (19.88 pg/ml) (Table 1, P <0.01). Correlations of 17
[B-estradiol concentration with other blood markers are
shown in Tables 2 and 3.

There were no differences in the activities of AST, ALP
and GGTP before and after calving (Fig. 5A - C, Table 1,
P>0.05). The correlations between activities of AST,
ALP and GGTP and other blood markers are shown in
Tables 2 and 3.

Discussion

In our study we decided to examine the expression
of SPX and its receptors at the mRNA level. Previ-
ous research conducted on other species such as rats,
mice and humans showed systemic SPX expression
[23, 24]. Our research also showed that SPX mRNA
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was detected in bovine kidney, intestinal, rumen, spi-
nal cord, lung, skeletal muscle, liver, heart, fat and
spleen tissues. In zebrafish and female goldfish, spexin
mRNA was highly expressed in the brain and ovaries,
which suggests that spexin plays a role in regulating the
reproductive function [25, 26]. That is why we decided
to investigate changes in SPX concentration during the
transition period.

Research conducted on laboratory animals showed that
spexin is a potent regulator of lipid metabolism [20, 22].
It is also known that a key area in the biology of transi-
tion cows is related to lipid metabolism [27] and strate-
gies to reduce the extent of negative energy balance [28].
We hypothesised that spexin concentration may change
during the transition period and that this peptide is cor-
related with selected blood markers used to describe
the metabolic condition and adaptation to NEB in dairy
cows. This study presents differences between mean
spexin concentration before and after calving during the
transition period. Spexin level decreased at the begin-
ning of the transition period from 21 d before parturi-
tion to calving day, which was the lowest concentration
point and next it rose during the first 14 d of lactation.
Additionally, differences were observed in mean spexin
concentration before and after calving, together with
negative correlations between spexin and NEFA, BHBA
and total ghrelin, as well as a positive relationship with
progesterone, which suggests that this peptide is impor-
tant during the transition of high-yielding cows from the
dry period to lactation. The importance of spexin in tran-
sition cow metabolism is confirmed by the negative cor-
relation between spexin and NEFA blood levels, which as
is commonly known is elevated as a result of lipolysis and
is strongly associated with a negative energy balance [2,
29]. The liver should oxidise NEFAs to produce energy
or convert them back into triglycerides. However, during
a negative energy balance NEFAs are often converted to
ketone bodies, while as a result of excessive lipolysis in
over-conditioned cows NEFAs are stored as fat droplets
in hepatocytes. The two latter transformations are disad-
vantageous and lead to an increased risk of ketosis and
fatty liver [30]. Thus the negative correlation between
spexin and BHBA observed in the present study is prob-
ably indirect and reflects incomplete NEFA oxidation.
Additionally, this hypothesis seems to be confirmed by
a positive relationship between NEFA and BHBA con-
centrations, which was similar to the results described
by Seifi et al. [12]. Moreover, the positive correlations
between NEFA and total ghrelin, IGF-I, BHBA and corti-
costerone as well as the negative relationships with insu-
lin, progesterone and leptin levels highlight spexin as a
peptide, which may play an important role in the regula-
tion of metabolism in dairy cows.
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Moreover, both NEFAs and BHBA, which are blood
markers connected with NEB, are negatively correlated
with spexin and total ghrelin levels. Ghrelin is a gastro-
intestinal peptide hormone involved in the regulation of
feed intake. According to Bradford and Allen [31] it may
be a negative energy balance indicator, which is consistent
with the observation of Takahashi et al. [32], who argued

that ghrelin causes increased insulin secretion. In blood,
ghrelin is mostly present in a non-posttranslationally
modified form (total), while a minor portion of ghrelin is
acylated at Ser3 (active) [33]. We observed an increased
concentration of ghrelin (both total and active) in the
postpartum period. These changes may be the result of
an increase in demand for feed during lactation, as it is
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known that ghrelin is the strongest peripheral stimulator
of food intake in mammals [34]. In turn, Borner et al. [33]
showed that plasma ghrelin level is positively associated
with body fat, liver fat and milk fat contents, but not with
feed intake in dairy cows after parturition. Compared to
the increasing concentration of ghrelin after calving we
noted a decreased level of SPX, which was confirmed by a
negative correlation between both blood markers. Based
on these results and research on other mammalian spe-
cies it may be assumed that SPX has an opposite role
in the regulation of food intake [22, 25]. Our previous
research conducted on healthy and obese women also
confirmed that the active ghrelin level is negatively cor-
related with SPX level [20]. These literature data, as well
as the results obtained during this study provide grounds
for the conclusion that there is an interaction between
these hormones in the metabolism of mammals. In addi-
tion, as described by Borner et al. [33], recent literature
sources present a growing body of evidence that ghrelin
is more involved in lipid mobilisation and fat distribu-
tion between tissues, which is the key area in the biol-
ogy of transition cows. Despite the negative relationship
between spexin and total ghrelin, no correlation was con-
firmed between spexin and active ghrelin levels. This may
probably result from the lack of changes in the activity of
ghrelin-O-acyltransferase (GOAT) — an enzyme capable
of acylating ghrelin in vivo [35]. However, this finding
requires further analysis, in particular because such rela-
tionships have been previously described in rats [36].
Other investigated hormones involved in the regulation
of feed intake through their effect on carbohydrate and
lipid metabolism included insulin and IGF-I. Although
no statistically significant changes were observed
between the period before and after calving, a small
increase was observed in IGF-I concentration at day 7
postpartum, while at the same time insulin levels were
falling. These observations confirm previous studies [37,
38]. A low insulin level after parturition may be caused by
an increased growth hormone (GH) secretion to preserve
the metabolic homeostasis of energy-deficient dairy cows
in early lactation. However, as previously mentioned, no
changes in IGF-I concentration were observed, which
seems surprising, because increased GH levels reduce
liver secretion of IGF-I [39]. On the other hand, some
research reported a lack of reduction in IGF-I level after
calving in high-producing dairy cows [40]. It is also
known that postpartum dairy cows enter a period of
negative energy balance (NEB) associated with low levels
of circulating IGF-I; however, as shown by Wathes et al.
[41], these changes may be countered by proper nutri-
tion and milking intensity. The level of glucose, positively
correlated with insulin concentration, decreased dur-
ing the first week after calving, followed by an increase
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starting from week 2. This finding is similar to an obser-
vation of Vazquez-Afon et al. [42], who explained that it
may reflect the recovery of feed intake and the improv-
ing energy status of the cow. In turn, no differences in
glucose concentration analysed pre- and postpartum, as
well as its correlations only with BHBA, IGF-I, insulin
and TG levels might confirm the thesis that glucose con-
centration is not an effective marker of energy balance.
A similar point of view was shown by Seifi et al. [12],
who claimed that although glucose is relevant for organ
function, fetal growth and milk production, its level is an
insensitive measure of energy status because it is subject
to tight homeostatic regulation.

The concentration of triglycerides was decreased dur-
ing the transition period, which was confirmed by the
mean postpartum triglyceride level being lower than in
the prepartum period. A similar observation indicating
higher triglyceride concentrations during the dry period
than post parturition was made by Seifi et al. [12]. The
triglyceride uptake by the mammary gland for milk fat
synthesis during lactation may affect an increase in this
blood marker level. Additionally, according to Djokovi¢
et al. [43], increased lipogenesis and ketogenesis in the
liver results in decreased triglyceride concentrations in
the blood.

The decrease of cholesterol concentration up to calv-
ing day, as reported in the present study, is probably
connected with the higher requirement of fetal tissues
and maternal glands for steroid hormone synthesis.
Kessler et al. [44] claimed that at the onset of lactation
the levels of enzymes essential for cholesterol biosyn-
thesis are increased to meet the increased requirement
of this marker to export liver triglycerides in lactating
dairy cows. However, the changes in the hepatic gene
expression are not reflected in a rise of blood cholesterol
concentration. A moderate increase of cholesterol con-
centration during the first 21 d of lactation, as observed
in the present study, may confirm this thesis. Addition-
ally, the physiological liver function may be estimated
based on the lack of differences in the mean activities of
AST, ALP, and GGTP before and after calving.

It is commonly known that progesterone is a key fac-
tor in the establishment and maintenance of reproduc-
tion. A decrease of the progesterone level before calving
was observed and it is relevant for uterine contractions, it
contributes to the onset of lactation and allows mammary
epithelial tissue to respond to the lactogen complex [10].
A rise of progesterone concentration was observed dur-
ing the first 21 d of lactation, which was similar to find-
ings presented by Adriaens et al. [45] and Blavy et al. [46],
who described milk progesterone curves during lactation.
Progesterone plays a critical function after calving in sup-
porting uterine function and is important for embryo
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development as well as early embryo loss [29, 47]. There-
fore a positive progesterone correlation with spexin level
underscores the role of spexin in dairy cow metabolism
during the transition and fresh lactation periods.

From an endocrinological point of view, the limitation
of this study is that it showed only a change in the SPX
concentration during the transitional period in dairy cat-
tle, rather than the direct effect of SPX. However, this is
the first study regarding the spexin peptide in cows and
our team intends to carry out further experiments to
determine its influence on the organism of these animals
as well as their dry matter intake and milk performance.

Conclusion

The present study described novel information concern-
ing a negative correlation between spexin and NEFA,
BHBA and total ghrelin levels as well as a positive rela-
tionship with progesterone, metabolites and these hor-
mones, which are key players in the metabolism of dairy
cows in the transition period.

Spexin was shown to be an important factor in cattle
metabolism during the close—up and early lactation peri-
ods. Thus measurement of spexin concentration could
provide useful supplementary information for health
monitoring in dairy cow herds.

Future studies should investigate the specific relation-
ship between spexin level and dry matter intake, milk
performance, fertility parameters in dairy cows, as well
as electrolyte levels associated with body fluid distribu-
tion [48].

Methods

Animal management, experimental design and diets

All animal activites were conducted following the guide-
lines of the Polish Council for Animal Care (Act on the
Protection of Animals Used for Scientific or Educational
Purposes in Poland adopted on 15th January 2015 and
according to earlier regulations) and are conventional
practices for animal health assessment and monitor-
ing; in particular, blood samples were collected during
standard veterinary activites, while tissue samples were
obtained from a slaughterhouse.

The experiment was performed at a commercial farm
in Wielkopolska (Poland). Ten Polish Holstein multipa-
rous high—yielding dairy cows were selected for the study,
which covers from 21 days before parturition to 21 days of
lactation (animals for blood serum analysis). Moreover, 5
different animals were used to investigate gene expres-
sion (SPX mRNA expression in bovine tissues). The
nutritional values of the feed components were calcu-
lated based on the wet chemistry laboratory analyses of
nutrient contents using the PrevAlim 3.23 software (Edu-
cagri/INRA, Theix, France). Dry matter was analysed in a
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binder dryer according to the AOAC 934.01 method [49].
Crude protein (CP) was measured by the Kjeldahl method
(AOAC 976.06) in a Kjelfoss Automatic 16,210 appara-
tus [49]. Crude fibre (CF, PN-EN ISO 6865) [50], neutral
detergent fibre (NDF, PN-EN ISO 16472:2007) [51] and
acid detergent fibre (ADF, PN-EN ISO 13906:2009) [52]
were determined using the Tecator Foss Fibertec Sys-
tem M. Crude ash (Ash) was collected after a sample was
burnt in a Nobertherm oven (550°C) (AOAC 942.05)
[49]. The feeding diets were balanced according to the
recommendations provided by the French National Insti-
tute for Agricultural Research and using the INRAtion
3.3 software (Educagri/INRA, Theix, France). Cows were
fed a total mixed ration (TMR), which was served to the
animals twice a day: at 7.00 AM and 3.00 PM. The animals
from —56 d to —21 d before parturition were fed a far-
off diet, which contained 31.7% straw, 22.6% maize silage,
20.8% alfalfa silage, 18.1% grass silage, 4% soybean meal,
1.6% rapeseed meal and 1.2% minerals and vitamins (0.70
feed unit for lactation (UFL)/kg dry matter (DM), 69¢g
protein digested in the small intestine (PDI)/kg DM, 54%
neutral detergent fibre (NDF). The close-up diet covered
the last 21 d before calving and contained 31.6% maize
silage, 10% grass silage, 10% alfalfa silage, 9.2% brewer’s
grain silage, 6.6% soybean meal, 6.6% triticale grain, 6.5%
barley grain, 6.1% sugar beet pulp silage, 4.6% straw, 4.3%
maize grain silage, 2.2% rapeseed meal and 2.3% miner-
als, vitamins and additives (0.87 UFL/kg DM, 101g PDI/
kg DM, 33% NDF). The fresh lactation diet was fed after
calving and contained 25.8% maize silage, 11.4% alfalfa
silage, 11% grass silage, 9.5% maize grain silage, 8% barley
grain, 8% triticale grain, 6.8% brewer’s grain silage, 6.4%
soybean meal, 4.5% sugar beet pulp silage, 3.3% rapeseed
meal, 3.3% straw and 2% minerals and vitamins and addi-
tives (0.92 UFL/kg DM, 110g PDI/kg DM, 28.7% NDF).
All the diets ingredients are given in terms of dry matter.
During the experiment the silages were analysed and ver-
ified once a week using the NIRS method (Foss InfraXact,
Hilleroed, Denmark). Weekly forage and TMR represent-
ative samples were collected, frozen and stored (— 20°C)
for further pooled monthly analysis using wet chemistry
methods. Based on crude protein, neutral detergent fibre
and acid detergent fibre, crude ash of the feeds as well as
the TMR were verified and recalculated monthly.

Blood and tissue sample collection

Blood samples were obtained 3h after morning feeding
[53] at weekly intervals on days 21, 14, 7 before the esti-
mated parturition day, on calving day and on days 7, 14,
21 post parturition. Calving time was estimated based on
the 280-day pregnancy period and was predicted with
approximately —2/41day to real parturition. Blood was
collected during a standard veterinary procedure from
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the jugular vein into tubes with polystyrene separating
granules covered with a clot activator and then the ali-
quots were rotated in a centrifuge (3500 x g for 15min at
4°C) within 1h. Next, serum was divided into small sam-
ples, frozen in 1.5ml tubes and stored at — 20°C for later
biochemical and hormonal analyses [54, 55].

For SPX mRNA expression analyses samples of ani-
mal tissues were taken post-mortem in a slaughterhouse.
Samples were collected from the animal within 30 min
after sacrifice and frozen in liquid nitrogen.

RNA isolation and real time PCR

Total RNA from tissues was isolated using the Tripure
reagent according to the manufacturer’s recommenda-
tions as we previously described [20]. cDNA was syn-
thesised using 1 ug of total RNA and the cDNA reverse
transcription kit (Applied Biosystems, USA). The real
time PCR reaction was run in 5x HOT FIREPol® Eva-
Green qPCR Mix Plus (ROX) on the QuantStudio 12K
Flex"' Realtime PCR system (Life Technologies, Grand
Island, NY, USA) using specific primers: spexin for-
ward 5ctgtctagaactttaggctttatttge3, spexin reverse
5'acactggagtgggttgctgtd’ (product size 61bp); GALR2
forward 5'ctcgctcctceccttgat3; GALR2 reverse 5'ctge-
gagcggagtgatct3’ (product size 67 bp); GALR3 forward
5'cagcttcagectggtcagtt3’ GALR3 reverse 5’acagacct-
caaccctgatgg3’ (product size 60bp); and glyceraldehyde
3-phosphate dehydrogenase gene (GAPDH) forward
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5'ggcgtgaaccacgagaagtataa3, GAPDH reverse 5’ cccte-
cacgatgccaaagt3’ (product size 119bp) as a reference
gene. The real time PCR program included 15min of
initial activation and a three-step amplification program
(40cycles): denaturation at 95°C for 15s, annealing
at 62.0°C for 37s and elongation at 72°C for 20s. The
specificity of reaction products was tested by determin-
ing the melting points (0.1 C/s transition rate). Rela-
tive gene expression was calculated by Delta Delta CT
(AACT).

Hormonal and metabolic profiles

Serum spexin was analysed using the Spexin / Neuro-
peptide Q (NPQ) (Human, Rat, Mouse, Bovine) RIA Kit
according to the manufacturer’s instructions (Phoenix
Pharmaceuticals, USA).

Serum  cholesterol, triglyceride, glucose and
B-hydroxybutyrate acid (BHBA) levels were determined
using colorimetric assay kits (Pointe Scientific, USA)
[56]. The levels of nonesterified fatty acids were calcu-
lated using the Wako kit (Wako Chemicals, USA). The
concentrations of total and active ghrelin, progesterone,
insulin, insulin-like growth factor I (IGF-I), leptin, cor-
ticosterone and 17-B-estradiol were analysed by means
of a radioimmunoassay (RIA). Enzyme activity (aspar-
tate aminotransferase — AST, alkaline phosphatase —
ALP, and gamma-glutamyl transferase — GGTP) was
determined using the kinetic method with the Pointe

Table 4 The list of assays used to determine metabolic and hormonal profiles

Target Kit name Sensitivity Cat. No. Manufacturer

Spexin Spexin / NPQ (Human: Mouse: Bovine) - EIA Kit 0-100 EK-023-81 Phoenix Pharmaceuticals: USA
ng/ml

NEFA NEFA-HR 0.01-4.0mmol/I 434-91,795 Wako Chemicals: Germany

434-91,995

BHBA B-Hydroxybutyrate 0.1-4.5mmol/I H 7587 Pointe Scientific: USA

Ghrelin (total) Ghrelin (TOTAL) RIA 100-10,000 pg/mL GHRA-88HK Merck Millipore: USA

Progesterone Progesterone Elisa kit 0-40ng/ml DNOV006 NovaTec: Germany

Glucose Glucose Oxy 10-500 mg/dl G7519 Pointe Scientific: USA

Insulin Insulin-Specific RIA 2-200 pU/mL HI-14K Merck Millipore: USA

IGF-I IGF-1600 ELISA 0-600ng/mL EIA-4140 DRG: Germany

Triglycerides Triglycerides DST 0-1000mg/dl T7531 Pointe Scientific: USA

Cholesterol Cholesterol kit 0-700 mg/dl C7510 Pointe Scientific: USA

Ghrelin (active) Ghrelin (ACTIVE) RIA 10-2000 pg/mL GHRA-88HK Merck Millipore: USA

Leptin Multi-Species Leptin RIA 1-50ng/mL XL-85K Merck Millipore: USA

Corticosterone Corticosterone Double Antibody RIA Kit 0-1000ng/ml SKU 07120103 MP Biomedicals: USA

17@3-estradiol 17 beta-Estradiol Elisa kit 0-600 pg/ml DNOV003 NovaTec: Germany

AST AST (SGOT) Liquid Reagents 0-5001U/1 A7560 Pointe Scientific: USA

ALP Alkaline Phosphatase 0-8001U/1 A7505 Pointe Scientific: USA

GGTP Gamma Glutamyl Transferase Reagent Set 0-10001U/1 G7571 Pointe Scientific: USA

NEFA nonesterified fatty acid: BHBA 3-hydroxybutyrate acid: IGF - | insulin-like growth factor I: AST aspartate transaminase: ALP alkaline phosphatase: GGTP gamma-

glutamyl transferase
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Scientific kits. Concentrations of hormones in blood
serum were measured using an immunoassay (ELISA)
or radioimmunoassay kits (RIA). Detailed descriptions
of ELISA/RIA kits are given in Table 4. Optical den-
sity of samples (in the colorimetric assay and ELISA
kits) was measured using a Synergy 2 microplate reader
(Biotek, USA). Specific activity of the samples from
the RIA method was measured using a 2470 Wizard2"™
y-counter (Perkin Elmer, USA).

Statistical analyses

The significance of the differences between the precalv-
ing, calving and post-partum periods for most of the
parameters was assessed using the mixed models with
the lme4 package [57] available in the R software [58].
The model included the fixed effect of the period and
a random effect of the animal and was solved using the
maximum likelihood method. Three parameters, i.e.
ghrelin active, total ghrelin and insulin, were normalised
by log transformation before the analyses. Whenever,
the variables had non-normal distribution and when the
transformation to normal distribution was not possible,
we used Generalized Linear Models. This was the case
for progesterone and 17 pB-estradiol. These variables were
analyzed using generalised linear models with Gamma
distribution and the log-link function available in the
Ime4 package [57].

The significance of the difference in the contrasts
between the periods was obtained with the use of the
Ismeans package [59] with the degrees of freedom
approximated using the Kenward-Roger method [60],
while the p-values were adjusted for multiple com-
parisons using the Tukey method. The means reported
in the tables are backtransformed to an original scale
of the measurements. The correlations between the
parameters were calculated as repeated measures of
correlations using the rmcorr package [61] available in
the R software R Core Team [58] according to Bland
and Altman [62]. The correlations were interpreted as:
very strong correlation (£0.91 to £1.00); strong corre-
lation (£0.68 to +0.90); moderate correlation (40.36 to
+0.67); weak correlation (£0.21 to £0.35); and negligi-
ble correlation (0 to 0.20) [63, 64]. Correlations were
considered significant when p <0.05.

Abbreviations

ADF: Acid detergent fibre; ALP: Alkaline phosphatase; AST: Aspartate
aminotransferase; BHBA: -hydroxybutyrate acid; CF: Crude fibre; CP: Crude
protein; DM: Dry matter; GALR2: Galanin receptor 2; GALR3: Galanin receptor 3;
GGTP: Gamma-glutamyl transferase; GH: Growth hormone; GOAT: Ghrelin-
O-acyltransferase; IGF - I: Insulin-like growth factor I; NDF: Neutral detergent
fibre; NEB: Negative energy balance; NEFA: Nonesterified fatty acids; PDI:
Protein digested in the small intestine; SPX: Spexin; TG: Triglycerides; TMR: Total
mixed ration; UFL:: Feed unit for lactation.
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