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Abstract

We investigated changes in concentrations of ADP (adiponectin), LEP (leptin), BHBA  
(beta-hydroxybutyric acid), NEFA (non-esterified fatty acid), Glucose (Glu) and INS (insulin)  
in serum of healthy perinatal dairy cows and cows with ketosis. Twenty-one healthy cows and 
seventeen cows with ketosis from a herd of a total 60 Holstein cows (near dry period i.e. 56 days 
antepartum) were selected. Blood was collected through the tail vein every 7 days, from 56 day 
antepartum to 56 day postpartum. Serum ADP, LEP, BHBA, NEFA, Glu, and INS concentrations 
were determined, and ketosis was diagnosed through serum BHBA (≥1.2 mmol/L). We showed 
the concentration of serum adipokines and energy balancing indices were stable during antepar-
tum period. However, ADP concentration increased while LEP decreased, and there were  
a significant increase in cows with ketosis compared to that of in healthy cows. Serum BHBA  
and NEFA concentrations increased significantly at first, and then gradually decreased in both 
healthy cows and cows with ketosis. However, cows with ketosis showed higher concentrations 
of BHBA and NEFA which restored later. The serum concentration of Glu in both healthy dairy 
cows and cows with ketosis showed a decreasing trend. INS concentration in healthy cows  
was decreased while it was increased in cows with ketosis. The results reflect the extent of hypo-
glycemia and lipid mobilization postpartum, suggest IR exists in cows with ketosis while serum 
ADP and LEP might play roles in the development of ketosis.

Key words: adiponectin, dairy cows, ketosis, leptin, perinatal period



374 L. Shen et al.

Introduction

The perinatal period is defined as the time interval 
from day 21 antepartum to day 21 postpartum in dairy 
cows. It is one of the most important phases in the pro-
ductivity of dairy cows, and also is a high-risk period  
of metabolic and inflammatory diseases. Recently,  
ketosis has become a global problem in dairy produc-
tion because of its high incidence, less obvious symp-
toms, high risks of lactation decrease and secondary 
diseases (Ruprechter et al. 2018). It is believed that  
ketosis in dairy cows is caused by negative energy  
balance (NEB), the disorder in glucose and lipid meta- 
bolism, high concentration of non-esterified fatty acid 
(NEFA), β-hydroxybutyric acid (BHBA), and insulin 
resistance (IR) (Li et al. 2014, Ježek et al. 2017).  
Adipokines regulate oxidative stress, inflammatory  
response and energy balance by influencing insulin sen-
sitivity and regulating glucose and lipid metabolism 
(Yu-Duan et al. 2013, Stawerska et al. 2016), indicating 
that NEB is closely associated with ketosis in dairy 
cows. Recently, researchers found that adiponectin 
(ADP) and leptin (LEP) play important roles in regula-
tion of energy balance, INS sensitivity and appetite 
(López-Jaramillo et al. 2014). Dairy cows experience 
great changes in glucose and lipid metabolism during 
the perinatal period. To monitor the dairy herd health 
and predict the disease risk in perinatal dairy cows, 
metabolic indices and their changes (in this period) 
were monitored (Ospina et al. 2010). Glucose (Glu), 
NEFA, and BHBA have been widely used in the predic-
tion of diseases in dairy cows. Furthermore, a single 
biomarker may not predict diseases precisely, hence,  
a combined indices monitoring method can provide  
better diagnostic information (Ospina et al. 2010, Zhang 
et al. 2013). There are few reports focused on serum 
adipokines concentrations during the perinatal period  
in dairy cows. Therefore, in this study, we investigated 
the indicators which are closely related to the energy 
balance in dairy cows, including adipokines (ADP, 
LEP), lipid metabolism indices (BHBA, NEFA) and 
glucose metabolism indices (Glu, INS), and provided 
the basis for how adipokines affect energy metabolism 
in these animals. Furthermore, the study revealed the 
potential of adipokines as the prediction and analysis 
indices of clinical ketosis.

Materials and Methods

Animals and managements

After observation and diagnosis by the ranch vete- 
rinarian, total 38 dairy cows, including 21 healthy ani-
mals during the perinatal period with normal parturition 

and 17 cows showing signs of ketosis (serum BHBA 
concentration ≥1.2 mmol/L) (Tatone et al. 2017,  
Hausmann et al. 2018) were chosen from a herd of 68 
Holstein cows with weight of 597±53 kg, BCS 
3.42±0.37, 2-4 parity, and which were about to enter  
the perinatal period in a large-scale semi-closed unified 
feeding farm in Sichuan province. All cows in the  
experimental groups had free access to fresh water,  
and a TMR diet was provided at 6:00, 12:00, and 19:00 
each day. The feed composition for selected dairy cows 
during the early prenatal period (60 days to 20 days  
antepartum), and the prenatal period (20 days antepar-
tum to parturition) is in Table 1.

Equipment and reagents

Equipment

Miniature oscillator (WZS-III), Jincheng instru-
ment factory, Wuxi, China; centrifuge (LD4-2A),  
Beijing Centrifuge factory, Beijing, China; Microplate 
reader (ELx800), BioTek Instruments, Inc., Winooski, 
VT, U.S.A.; Constant temperature incubator (HH-6), 
Guohua Electric Co., Ltd, Changzhou, China; Spectro-
photometer (722), Nanjing Dawei Instrument Co., Ltd, 
Nanjing, China.

Test Reagents

Bovine ADP (sensitivity 0.1 μg/mL), LEP  
(0.1 ng/mL), and INS (0.078 uIU/mL) ELISA kit (accu-
racy > 0.92); NEFA double reagent enzymatic detection 
kit; Glu oxidase assay kit; BHBA Enzyme Colorimetric 
Test Kit, all were purchased from Nanjing Jiancheng 
Biotechnology Co., Ltd.

Ethics approval 

Animal care and the experiments were conducted 
according to the Regulations for the Administration  
of Affairs Concerning Experimental Animals (Ministry 
of Science and Technology, China, revised in June 
2004) and approved by Institutional Animal Care and 
Use Committee of Sichuan Agricultural University.

Experimental methods

Sample collection and process

Ten mL tail venous blood of 60 selected cows were 
collected at 6:00 am before feeding on 56d, 49d, 42d, 
35d, 28d, 21d, 14d, 7d antepartum (-56d, -49d, -42d, 
-35d, -28d, -21d, -14d and -7d) respectively, day of par-
turition(0d) and 7d, 14d, 21d,28d, 35d, 42d, 48d, 56d 
postpartum. According to the postpartum health care 
procedure of the farm, the daily lactation, intake, body 
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temperature, blood ketone concentration, and other  
indicators of cows with ketosis were measured continu-
ously. Only cows with stable ketosis condition and no 
other diseases were included in the experimental group. 
While 21 healthy cows and 17 cows with ketosis were 
chosen finally. Collected venous blood was placed in a 
centrifuge tube without anticoagulant and centrifuged 
at 3000 rpm for 10 min to separate serum (after 1 h rest 
at room temperature), and then upper serum was trans-
ferred to EP tube which was stored at -20℃ afterwards.

Quantification of serum indices

Serum ADP, LEP, BHBA, NEFA, TG, Glu and INS 
concentrations were tested strictly following kit instruc-
tions.

Diagnosis and Grouping 

Diagnosis of cows suffering from ketosis was made 
by measuring serum BHBA concentrations and con-
firmed by postpartum monitoring of ketosis blood test 
strips. After clinical observation by ranch veterina- 
rian, the cows with serum BHBA concentrations  
≥1.2 mmol/L were included into the ketosis group, 

while the cows without any clinical disease were  
assigned to the healthy group. 

Data analysis

Serum ADP, LEP, BHBA, NEFA, TG, Glu and INS 
concentrations in each cow in both the ketosis and 
healthy group were measured and analyzed by ANOVA 
in SPSS 24.0. The results were represented in (X±S), 
taking time as the abscissa and concentration as the  
ordinate, plotted the changes of ADP, LEP, Glu, NEFA, 
TG, BHBA and INS concentrations in cows with  
ketosis and healthy cows. Differences between healthy 
cows and cows with ketosis were analyzed at specified 
time points. The difference was considered significant 
at p<0.05.

Results

Serum BHBA and NEFA concentrations in healthy 
cows and cows with Ketosis 

As shown in Table 2, serum BHBA concentration in 
cows with ketosis slightly fluctuated from -56d to -21d, 
and no significant differences was detected at each time 

Table 1. Dietary components of experimental dairy cows in the early and late prenatal period.

Period Componets  Percentage / % (In DM)

Early Perinatal Period

Formula material 35.07
Beet meal 2.035

Ingridients Cottonseed 2.057
Corn silage 11.76
Oat grass 49.07

DM 52.3
CP 14.6

NDF 43.8
Nutrient Starch 13.8

Ca 0.30
P 0.37

Late Perinatal Period

Formula material 49.34
Steam-flaked corn 3.318

Ingredients Beet meal 2.647
Cottonseed 7.390
Corn silage 14.96

Nutrient

DM 56.7
CP 17.1

NDF 33.9
Starch 23.8

Ca 0.94
P 0.45

Both the early and late prenatal period TMR diet were designed by the experimental dairy farm.
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point (p>0.05). The lowest BHBA concentration was 
observed on -21d and moderately increased thereafter, 
no significant differences were observed from -21d  
to 0d (p>0.05) on a weekly basis. However, BHBA  
concentration on 0d was significantly higher than that 
on -21d (p<0.05). Serum BHBA concentration  
increased rapidly from 0d to 14d and reached peak  
value on 14d inducing ketosis while BHBA concentra-
tions on 7d and 14d were significantly higher than those  
at any other time point (p<0.05). BHBA concentration 
declined during 14d to 56d, this weekly decline was 
significant between 14d to 35d (p<0.05), then getting 
slightly increase during 35d to 56d and finally restored 
to the postpartum value on 49d.

Serum BHBA concentration in healthy cows was 
stable antepartum. The lowest value was detected on 0d 
and showed significant difference on -56d (p<0.05), 
while no other significant differences were found during 
the antepartum period. BHBA concentrations increased 
significantly from 0d to 7d (p<0.05) and showed no sig-
nificant differences between 0d to 35d, but BHBA con-
centrations were still significantly higher than those 
found in antepartum (p<0.05). Serum BHBA concen-
tration declined from 35d to 56d, and dropped signifi-
cantly between 35d to 42d (p<0.05) and then returned 
to the level of antepartum on 56d.

Serum BHBA concentrations in cows with ketosis 
were significantly higher than those in healthy cows 

from -14d to -7d (p<0.05), and they were significantly 
higher than that of in healthy cows from 0d to 28d 
(p<0.01) while no significant differences were observed 
between healthy cows and cows with ketosis during 
-56d to -14d as well as during 28d to 56d.

Healthy cows and cows with ketosis showed similar 
levels of serum BHBA concentrations, but the rate  
of change in serum BHBA concentration in cows with 
ketosis was remarkably greater than that of in healthy 
cows.

Table 2 also shows no significant difference  
in serum NEFA concentrations from -56d to -21d 
(p>0.05) and they were increased from -21d to 14d, 
reaching the highest level on 14d while no significant 
differences were found during -21d to 0d on a weekly 
basis(p>0.05). Furthermore, serum NEFA concentra-
tion increased rapidly from 0d to 14d, while the concen-
trations on 7d and 14d were significantly higher than 
that of at any other time points (p<0.05). We also  
observed a decreasing trend of serum NEFA concentra-
tion from 14d to 56d, and it declined significantly  
in a week from 35d to 42d (p<0.05), but the concentra-
tion on 56d was still significantly (p<0.05) higher than 
that on -56d to -21d. 

Healthy cows showed stable NEFA concentrations 
from -56d to -7d, no significant difference was found 
except on -56d which was significantly lower than that 
on -49d and -42d (p<0.05). Serum NEFA concentra-

Table 2. Serum BHBA and NEFA levels in ketosis and healthy dairy cows at different time points in the perinatal period (X±S).

Time
BHBA (mmol/L) NEFA (mmol/L)

Ketosis group Healthy group Ketosis group Healthy group
-56d 0.54±0.13de 0.49±0.15defg 0.29±0.11g 0.32±0.09f

-49d 0.46±0.15de 0.46±0.08efgh 0.39±0.08efg 0.43±0.10cde

-42d 0.41±0.14de 0.44±0.09fgh 0.38±0.10efg 0.42±0.12cde

-35d 0.46±0.16de 0.49±0.08defg 0.33±0.08fg
b 0.39±0.10def

a

-28d 0.56±0.15de 0.41±0.10fgh 0.35±0.10fg 0.36±0.09e

-21d 0.36±0.10e 0.41±0.13fgh 0.35±0.11fg 0.39±0.09def

-14d 0.52±0.14de
a 0.37±0.10gh

b 0.51±0.16def
A 0.36±0.11ef

B

-7d 0.52±0.16de
a 0.36±0.14gh

b 0.56±0.17cde
A 0.36±0.10ef

B

0d 0.67±0.16cd
A 0.34±0.14h

B 0.78±0.20c
A 0.61±0.08b

B

7d 2.11±0.62a
A 0.76±0.26a

B 1.33±0.43a
A 0.62±0.23b

B

14d 2.23±1.04a
A 0.71±0.25abc

B 1.34±0.48a
A 0.60±0.17b

B

21d 1.47±0.53b
A 0.79±0.29a

B 1.15±0.38ab
A 0.80±0.21a

B

28d 1.24±0.45b
A 0.72±0.22ab

B 1.04±0.19b
a 0.79±0.26a

b

35d 0.83±0.27c 0.80±0.21a 1.01±0.37b
A 0.46±0.09cd

42d 0.82±0.22c 0.59±0.17cde 0.74±0.19c
A 0.49±0.11c

B

49d 0.64±0.15cde 0.62±0.22bcd 0.69±0.22cd
A 0.48±0.10cd

B

56d 0.67±0.14cd 0.53±0.16def 0.66±0.18cd
a 0.45±0.10cd

b

In the same indices, there are significant differences between different values marked with lower-case superscript letters on the same 
column (p<0.05); there are highly significant differences between different values marked with capital subscript letters on the same 
line(p<0.01), significant differences between values marked with different lower-case subscript letters in the same line(p<0.05). 
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tions increased from -7d to 28d and reached the highest 
level on 21d, in which a stabilization period existed 
from 0d to 14d which revealed no significant difference 
between the time points but the concentrations was still 
significantly higher than that on -7d (p<0.05) and sig-
nificantly lower than that on 21d and 28d (p<0.05).  
The concentration of NEFA in healthy cows decreased 
significantly during 28d to 35d (p<0.05), then slightly 
declined and returned to antepartum concentrations  
on 56d.

Serum NEFA concentrations in healthy cows and 
cows with ketosis showed similar changes before -21d, 
but NEFA concentration in cows with ketosis increased 
more early and rapidly than in healthy cows and had  
a higher value than antepartum concentration.

Changes of Glu and INS in healthy and cows  
with ketosis

As shown in Table 3, serum Glu concentrations 
showed a decreasing trend but no significant differences 
during the antepartum period when monitored on  
a weekly basis, and concentrations at -7d and 0d were 
significantly lower than that on -56d (p<0.05). Serum 
Glu concentrations declined from 0d to 21d, showed  
a significant difference on 0d and 7d (p<0.05) and 
reached the lowest level on 14d. Serum Glu concentra-

tions were increasing moderately between 21d and 56d 
and reached the similar level of antepartum concentra-
tion at 49d.

Healthy cows showed no significant differences  
in serum Glu concentration during the antepartum  
period, but Glu level was significantly decreased from 
0d to 7d (p<0.05), and gradually returned to the ante-
partum level after 28d and became stable within next 
two weeks. 

Table 3 shows that serum INS concentration stably 
declined during the antepartum period, and began  
to increase after 14d; INS concentrations at 7d and 14d 
were significantly higher than during antepartum period 
and at the day of parturition (p<0.05), and finally  
decreased to the antepartum level at 28d. 

Serum INS concentration in healthy cows showed 
no significant differences in the antepartum period, and 
began to decrease at -7d and became significantly lower 
than that during the antepartum on 7d and 14d (p<0.05). 
These INS concentrations began to increase after 14d, 
showed no significant difference during antepartum  
on 21d, and a moderate increase was observed till 56d.

There was no significant difference in serum INS 
concentrations between healthy cows and cows with 
ketosis (p>0.05), except on the 7d and 14d, when INS 
concentrations in cows with ketosis were significantly 
higher than those in healthy cows (p<0.05).

Table 3. Serum Glu and INS levels in ketosis and healthy dairy cows at different time points in the perinatal period (X±S).

Time
Glu (mmol/L) INS (μIU/mL)

Ketosis group Healthy group Ketosis group Healthy group
-56d 3.76±0.49a 3.95±0.68a 5.67±1.06b 5.90±1.07abc

-49d 3.35±0.60abcd 3.58±0.77ab 5.20±1.25b 5.32±1.05bcdef

-42d 3.61±0.49ab 3.48±0.48b 5.43±1.22b 5.32±1.18cdef

-35d 3.47±0.70abcd 3.41±0.44b 5.70±0.75b 5.43±1.02bcdef

-28d 3.32±0.60bcd 3.52±0.90b 5.65±0.85b 5.42±1.07abcdef

-21d 3.42±0.49abcd 3.46±0.83b 5.47±0.83b 5.52±0.99abcdef

-14d 3.50±0.34abc 3.27±0.59bcde 5.42±0.87b 5.61±1.26abcdef

-7d 3.07±0.41cdef
b 3.51±0.81b

a 5.46±0.70b 5.77±0.92abc

0d 3.27±1.01bcde 3.36±0.67bc 5.19±1.03b 5.13±1.21def

7d 2.52±0.73gh 2.89±0.65e 5.76±1.13a
A 5.06±0.75ef

B

14d 2.35±0.62h
b 2.92±0.79de

a 6.06±1.23a
A 4.85±0.87f

B

21d 2.39±0.83h
b 2.96±0.72cde

a 5.80±0.94ab 5.33±0.83bcdef

28d 2.78±0.66fgh
b 3.29±0.64bcde

a 5.12±0.80b 5.50±0.82abcdef

35d 3.03±0.86def 3.31±0.90bcde 5.28±0.90b 5.59±0.93abcdef

42d 2.87±0.59efg
b 3.40±0.78b

a 5.53±1.06b 5.67±0.76abcd

49d 3.08±0.16cdef 3.34±0.61bcd 5.39±0.76b 5.92±1.08ab

56d 3.18±0.53bcdef 3.51±0.63b 5.63±1.58b 6.02±0.86a

In the same indices, there are significant differences between different values marked with lower-case superscript letters on the same 
column (p<0.05); there are highly significant differences between values marked with different capital subscript letters in the same 
line(p<0.01), significant differences between different values marked with lower-case subscript letters in the same line(p<0.05). 
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Serum INS concentrations in healthy cows and 
cows with ketosis showed similar changes during ante-
partum period, but INS level in cows with ketosis  
increased after parturition while that in healthy cows 
declined.

Changes in serum ADP and LEP concentrations  
in healthy cows and in cows with ketosis

As shown in Table 4, serum ADP concentrations 
showed no significant differences during the antepar-
tum period, but were increasing moderate from -21d 
and became higher at 0d than those at any other time 
points before -21d (p<0.05). ADP level reached the the 
highest level on the 7d postpartum, significantly higher 
than that on 0d, then remained higher till 14d and began 
to decline significantly until 21d (p<0.05), finally  
returned to antepartum level on 56d.

Serum ADP concentration showed no significant 
difference weekly (p>0.05), but increased from -14d  
to 7d, reached the highest level at 7d, those ADP con-
centration was significantly higher than that on -56d 
and -14d (p<0.05). Furthermore, from 7d to 21d, serum 
ADP level decreased and returned to the antepartum 
level on the 21d, being significantly lower than that  
at 7d (p<0.05).

Healthy cows and cows with Ketosis revealed  
a similar trend of change in serum ADP concentration 

during the perinatal period, but cows with ketosis 
showed significantly higher serum ADP level than 
healthy cows during 7d to 14d (p<0.05) and expe- 
rienced a great change within the period from 0d to 21d.

Table 4 also shows that serum LEP concentrations 
in cows with ketosis showed a moderate decreasing 
trend, and on -7d it was significantly lower than that on 
-56d (p<0.05) while at 0d it was significantly lower 
than that before -35d (p<0.05). Serum LEP level con-
tinued to decrease and reached the lowest level on 14d, 
which was significantly lower than that at any time 
point in the antepartum period (p<0.05), then it started 
increasing. It recovered to antepartum concentration on 
42d, and there was no significant change during the 
next 14 days (p<0.05).

Healthy cows showed no significant difference in 
serum ADP level during the antepartum period (p>0.05) 
but showed a decreasing trend near to parturition, and 
continued to decrease till 14d when concentrations at 7d 
and 14d were significantly lower than its highest con-
centration found on -35d (p<0.05), and finally returned 
to the normal level on 21d.

Table 4. Serum ADP and LEP levels of ketosis and healthy dairy cows at different time points in the pernatal period(X±S).

Time
ADP (mg/L) LEP (ng/mL)

Ketosis group Healthy group Ketosis group Healthy group
-56 25.10±7.34de 25.35±8.67bc 4.11±0.99a 3.89±1.85ab

-49 25.17±8.25de 27.52±7.36abc 3.95±1.22ab 3.88±1.31ab

-42 25.77±9.70de 26.92±8.30abc 3.70±1.10abc 3.81±1.28ab

-35 25.10±7.25de 25.61±7.01bc 3.81±1.04abc 3.93±1.96a

-28 25.11±9.42de 25.25±9.11bc 3.51±0.84abcd 3.72±1.85abc

-21 26.03±4.58de 26..34±8.53abc 3.75±1.57abc 3.54±1.93abc

-14 28.63±8.08cde 25.74±7.08bc 3.47±1.06abcd 3.62±1.46abc

-7 28.74±7.93cde 26.32±5.78abc 3.30±0.90bcde 3.67±0.92abc

0 31.14±7.30bc 29.11±5.59ab 2.84±0.74def 3.12±0.99abc

7 37.32±6.67a
A 30.76±5.95a

B 2.62±0.49ef 2.89±0.99c

14 35.53±5.63ab
A 28.28±7.29abc

B 2.55±0.60f 3.02±1.10bc

21 28.93±6.88cd 25.42±7.56bc 2.73±0.74ef 3.22±1.36abc

28 26.89±8.56cde 25.45±7.44bc 2.89±0.77def 3.26±1.37abc

35 25.39±8.20de 24.35±7.84c 3.20±0.92cdef 3.70±1.48abc

42 25.23±7.67de 24.88±6.78bc 3.45±1.05abcd 3.79±1.25ab

49 25.40±6.12de 26.67±8.53abc 3.69±1.38abc 3.87±1.55ab

56 23.79±8.18e 25.38±8.10bc 3.66±1.56abc 3.79±1.64ab

In the same indices, there are significant differences between different values marked with lower-case superscript letters in the same 
column (p<0.05); there are highly significant differences between different values marked with capital subscript letters in the same 
line(p<0.01), significant differences between different values marked with lower-case subscript letters in the same line(p<0.05). 
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Discussion

Changes in serum BHBA and NEFA 
concentrations in perinatal healthy cows  

and cows with ketosis

Blood NEFA concentration in dairy cows is an indi-
cator of body fat mobilization (Ospina et al. 2010)  
and has a negative correlation with the energy balance. 
Energy requirement and DMI in dairy cows decreases 
by 30% during the dry period and leads to antepartum 
NEB (Mann et al. 2015), and causes an increase  
in NEFA level, which enhances body fat mobilization 
(Tatone et al. 2017). Increased BHBA level leads to  
a higher risk of fatty liver (Kalaitzakis et al. 2010),  
severely decreasing hepatic fat metabolism. Serum 
BHBA and NEFA concentrations were significantly  
increased after parturition in both healthy cows and 
cows with ketosis (p<0.05) and maintained for about 
30d before restoring to the antepartum level, indicating 
postpartum body fat mobilization. This mobilization 
continued until DMI restored or perinatal period was 
finished, reducing body fat deposits, raising hepatic 
burden, and increasing the risk of metabolic diseases. 
Serum BHBA level reached the highest level between 
7d to 14d and began to fall, but was still significantly 
higher than in healthy cows in this period (p<0.01). 
This shows that ketosis in dairy cows mainly occurs  
in the perinatal period and has a long auto-recovery  
period, inducing potential lactation loss and a higher 
risk of secondary metabolic diseases. 

Changes in Glu and INS concentrations  
in perinatal healthy cows and cows with ketosis 

During the perinatal period, Glu consumption can 
reach up to 500g per day postpartum (Liu 2003).  
Ketones and BHBA have a negative effect on Glu con-
centration in the blood by downregulating serum Glu 
precursor concentration, hence worsen the situation 
(Cao et al. 2017). In our study, serum Glu concentra-
tions were significantly decreased after parturition 
(p<0.05), but this decline in Glu concentration  
in healthy cows was slight and returned to the normal 
level on 28d, whereas it was more obvious in cows with 
ketosis and took longer time to recover.

Increased fetal amino acid (AA) and protein  
requirement during early lactation leads to decline  
in serum AA concentration in a cow, which largely  
interferes the INS synthesis (Zhang et al. 2013). There-
fore, persistently high NEFA concentration can cause 
apoptosis of islet cells, reducing INS secretion (Mao  
et al. 2017). In our study, serum INS and Glu concentra-
tions were stable before parturition. In consistent with 
Glu serum level INS began to fall from -7d and was 

maintained in a lower level until 21d in healthy cows, 
because of 3 reasons: (1) Decreased blood glucose level 
in postpartum cows reduced the islet B cell stimulation 
and hence, decreased the INS secretion; (2) During last 
trimester, protein requirement increases and INS syn-
thesis is reduced in dairy cows; (3) Body fat is mobi-
lized to balance energy requirement, hence BHBA and 
NEFA concentrations was increased and inhibited  
INS secretion. Researches have shown that IR occurs  
in dairy cows with type II ketosis, and its severity  
is significantly correlated with serum NEFA and BHBA 
concentrations (Gheise et al. 2018). Our research 
showed that serum INS concentration is significantly 
higher in cows with ketosis than in healthy cows,  
indicating type II ketosis may had happened in this 
herd, showing high serum INS concentrations, and  
exacerbating NEB condition.

Changes in serum ADP concentrations in perinatal 
healthy cows and cows with ketosis

ADP was firstly discovered in 1995 by Scherer and 
Lodish. The current research showed that ADP could 
regulate INS sensitivity, glucose and lipid metabolisms, 
resist oxidation stress and inflammatory response  
(Yadav et al. 2013). Nada et al. (Nada et al. 2010)  
reported that the mRNA level of hormone-sensitive  
lipase (HSL) in the adipose tissue decreased with the 
decrease in the concentration of ADP mRNA in ante-
partum perinatal dairy cows and increased with the rise 
in the level of ADP mRNA in the postpartum period, 
suggesting that ADP can regulate lipid metabolism by 
regulating the expression and secretion of HSL mRNA. 
This study showed that changes in serum ADP concen-
trations were similar to those in NEFA concentration. 
Our results are consistent with those report of Nada and 
Thompson (2010), indicating that both ADP and NEFA 
concentration in cow’s serum can reflect the body fat 
mobilization condition in dairy cows. In the condition 
of ketosis, the level of ADP mRNA is significantly 
higher than that in postpartum cows (Nada et al. 2010), 
indicating that metabolic energy disorder can stimulate 
the expression of ADP to regulate the energy balance. 
Researches also confirmed that NEFA could promote 
the expression of ADP mRNA in adipocyte in vitro 
(Zhang et al. 2008). In this study, Serum ADP concen-
tration in cows with ketosis was significantly higher 
than that in healthy cows between the 7d to 14d 
(p<0.01), and the results are consistent with the above 
findings in vitro.
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Changes in LEP concentration in perinatal ketosis 
and healthy cows

LEP, an adipokine encoded by obesity gene and  
secreted by white adipose tissues, can bind to many  
receptors like LEP receptors and adrenergic receptors 
and affects cell multiplication pathways, plays a regula-
tory role in appetite, fat mobilization and INS sensiti- 
vity, as an important regulatory hormone (Chan et al. 
2013). Serum LEP concentration is directly proportio- 
nal to body fat deposits while it is inversely proportion-
al to DMI. Hence it can be the metabolic regulatory hor-
mone of the dairy cow (Zheng et al. 2010, Cao et al. 
2017). LEP can inhibit fat synthesis, promote triglycer-
ide decomposition, inhibit fatty acid synthase expres-
sion and INS sensitivity of adipose tissue; thus, regu-
lates fat synthesis (Robertson et al. 2008). In our study, 
serum LEP concentration in both healthy cows and 
cows with ketosis remained stable and had no signifi-
cant difference before parturition. However decreased 
after parturition and recovered within 4 weeks, which 
may result in body fat mobilization. Lower LEP level 
can stimulate hypothalamic feeding centre and increase 
appetite, and can cause autoregulation in the NEB situ-
ation in dairy cows. Cows with ketosis showed lower 
LEP concentrations than healthy cows, which suppos-
edly can be a consequence of ketosis promoting fat mo-
bilisation. Moreover, a lower LEP concentration pro-
motes lipid decompo sition, and the interactive mecha- 
nism is still unknown.

Conclusion

BHBA, NEFA, Glu, INS, ADP, and LEP concentra-
tions were similar and stable in both healthy cows and 
cows with ketosis during the early prenatal period.  
In the contrast, during the postpartum period, BHBA 
and NEFA concentrations in both healthy cows and 
cows with ketosis were initially increased and then  
decreased, but cows with ketosis showed the much 
bigger increase and much longer recovery time. Glu 
concentrations in both healthy cows and cows with  
ketosis showed a decreasing trend, but INS concentra-
tion in cows with ketosis increased while that in healthy 
cows declined. In the light of the above discussion,  
we hypothesize that hypoglycemia and body fat mobili-
zation may have occurred in both healthy cows and 
cows with ketosis during the postpartum period, indi-
cating that IR happened in cows with ketosis. Also,  
serum ADP concentrations increased while LEP levels 
declined after parturition and such a change was greater 
in cows with ketosis, which indicate that ADP and LEP 
might play a role in the regulation of energy balance, 
body fat mobilization and occurrence of ketosis. 
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