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The adipose tissue (AT) is a multisite organ that participates in the endocrine and metabolic 
adaptations to the onset of lactation in periparturient dairy cows. Three primary AT functions 
secure a continuous supply of energy to maintain milk secretion and bodily function during 
periparturient negative energy balance. First, AT releases free fatty acids from triglycerides 
molecules stored in its adipocytes through lipolysis. Second, AT cellular components secrete 
peptides, also termed adipokines, that directly and indirectly adapt other organs to use free 
fatty acids (FFA) as energy substrates (Contreras et al., 2017).  Third, the AT undergoes a 
remodeling process during the periparturient period due to the rapid loss of lipid reserves. This 
process includes infiltration of anti-inflammatory macrophages that promote the differentiation 
of new adipocytes capable of buffering the FFA excess accumulated during the first 2-3 weeks 
after parturition (Contreras et al., 2018). This summary paper highlights metabolic and 
endocrine functions of AT that are necessary for an effective transition from the dry period to 
early lactation in dairy cows. 

Lipid mobilization 

Within the adipocytes, FFA are  
constantly esterified (i.e., lipogenesis) 
and hydrolyzed (i.e., lipolysis) to and 
from triglyceride molecules. This process 
is known as lipid or fat mobilization. 
Around parturition due to the negative 
energy balance, the rate of lipolysis 
surpasses that of lipogenesis. 
Consequently, the AT releases FFA into 
circulation. Lipolysis can be broadly 
divided into basal and demand lipolysis 
(Lafontan and Langin, 2009). The rate of 
basal lipolysis increases with adipocyte 
volume. For this reason, over-
conditioned cows that have large 
adipocytes release more FFA at basal conditions than lean cows (De Koster et al., 2016). Around 
parturition, demand lipolysis is regulated hormonally. Its primary activators are catecholamines, 
growth hormone, angiopoietin-like 4, and prolactin (Figure 1). However, lipolytic signals can be 
exacerbated during infectious and metabolic diseases by the presence of endotoxins in blood 
that directly activate adipocyte lipases and impair the response of adipocytes to insulin (Chirivi 
et al., 2021).  

Figure 1. Lipid mobilization includes lipogenesis and lipolysis.

Lipolysis during the periparturient period is induced by pro-

lipolytic agents and releases free fatty acids (FFA) and glycerol 

from triglycerides (TAG). Adipocytes secrete adipokines that 

modulate metabolism systemically prioritizing the use of FFA for 

lactogenesis and thus supporting lactational homeorhesis. 
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The rapid increase in demand lipolysis during the periparturient period coincides with a drastic 
reduction in lipogenesis. This change is related to low plasma insulin, adipocyte insulin 
resistance, and the AT's inflammatory responses. All these factors inhibit the transcription of 
genes that promote de novo lipogenesis and triglyceride assembly. In healthy cows, as lactation 
progresses, energy balance becomes positive, plasma insulin returns to pre-calving levels, and 
AT lipolysis and inflammation are reduced. In contrast, cows that do not transition well into 
lactation exhibit an impaired response to the anti-lipolytic effects of insulin driven by chronic AT 
inflammation leading to lipolysis dysregulation (Contreras et al., 2015).  

Adipokines as regulators of metabolic function 

The AT controls systemic energy homeostasis by modulating the availability of energy-dense 
FFA and by secreting adipokines that have endo-, para-, and autocrine functions. These 
peptides are produced by the adipocytes and immune and vascular cells that reside in AT. 
Although there are over 200 adipokines described, only adiponectin, leptin, resistin, and 
retinol-binding protein 4 (RBP4) have been studied in dairy cattle in detail. It is important to 
note that the periparturient secretion patterns of these adipokines support lactation energy 
needs by redirecting glucose to the mammary gland, increasing FFA flow to the liver and 
epithelial cells in the mammary gland, and modulating energy intake [(Giesy et al., 2012), Figure 
1].  

Adiponectin enhances systemic insulin sensitivity and reduces lipolysis. Around parturition, its
plasma content drops from 35 µg/mL during the dry period to <20 µg/mL immediately 
postpartum (Singh et al., 2014). Also, the expression of its receptors is reduced during the first 
three weeks postpartum (Saremi et al., 2014). Reflecting its anti-lipolytic effects, plasma 
adiponectin is negatively associated with circulating FFA (Kabara et al., 2014). Similar to 
adiponectin, plasma leptin peaks during the dry period (>6 ng/mL), and then its plasma
concentration is reduced to <4 ng/mL by the first week after calving (Holtenius et al., 2003). 
Importantly, over-conditioned cows exhibit higher plasma leptin pre-calving than lean animals 
(Leon et al., 2004). This difference explains, in part, the more dramatic drop in dry matter 
intake and higher rates of lipolysis observed in cows with high body condition scores. Since 
leptin reduces appetite, its low postpartum levels promote the return of DMI to pre-calving 
levels.  

In contrast to adiponectin and leptin, the synthesis of resistin increases during the
periparturient period. Adipocytes and AT macrophages are the primary sources of this 
adipokine. Resistin promotes lipolysis by inhibiting insulin signaling and promoting 
inflammatory responses within the AT (Park et al., 2017). In dairy cows, plasma resistin 
concentrations rise from 45 ng/mL during the dry period to values above 75 ng/mL postpartum 
(Reverchon et al., 2014). Body condition score is positively associated with resistin production 
by AT macrophages (Reverchon et al., 2014). Therefore, over-conditioned cows will have higher 
circulating resistin compared to lean cows, making them more susceptible to excessive lipolysis 
and AT inflammation. Finally, RBP4 is a potent inhibitor of adipocyte glucose uptake that also
impairs the differentiation of preadipocytes into adipocytes (Romacho et al., 2014). Plasma 
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levels of this adipokine fall from >50 mg/mL one week before parturition to <30 mg/mL 
immediately after calving (Abd Eldaim et al., 2010). By inhibiting AT glucose utilization, RBP4 
ensures energy prioritization to the mammary gland; however, impairing adipogenesis reduces 
the capacity of AT to buffer FFA excess predisposing to lipolysis dysregulation.  

Adipose tissue remodeling 

Lipolysis in AT induces a remodeling process within the organ characterized by a moderate 
inflammatory response with infiltration of immune cells, the proliferation of cells that are 
precursors of adipocytes, and production of 
lipid mediators of inflammation (Contreras et 
al., 2015, Contreras et al., 2017). 
Macrophages are the primary immune cell 
infiltrating AT during lipolysis. The specific 
inflammatory phenotype of these 
mononuclear cells has been broadly classified 
in classical (M1), which have active pro-
inflammatory responses, and alternative 
phenotype (M2), which promote 
inflammation resolution.  The central role of 
M2 macrophages in AT is to remove products 
of lipolysis that can be toxic to the cell, such 
as FFA and triglycerides (Kosteli et al., 2010). 
For this reason, moderate infiltration of M2 
macrophages into AT is beneficial for 
periparturient cows. During negative energy 
balance states, healthy dairy cows have a 
balanced mixture of M1 and M2 phenotype 
macrophages in AT (Contreras et al., 2016). 
When periparturient lipolysis is excessive and 
protracted, macrophages aggregate, forming 
crown-like structures and polarizing towards the M1 phenotype [Figure 2, (Contreras et al., 
2015, Newman et al., 2019)]. These macrophages secrete potent cytokines such as TNFa and 
interleukin 6 that impair insulin signaling leading to a vicious circle where AT inflammation 
exacerbates lipolysis, aggravating AT inflammation. It is important to note that TNFa and 
interleukin-6 can activate lipolysis directly in adipocytes (Chirivi et al., 2021). 

Regarding the proliferation of adipocyte precursors, this change is directly associated with the 
drastic changes in the volume of fat depots. During the first 40 days after calving, AT mass is 
reduced by 25-35% (Akter et al., 2011). Although not demonstrated in dairy cattle, rapid body 
weight loss induced by extended caloric restriction causes adipocyte death and the release of 
lipid remnants (Kosteli et al., 2010). As a response, preadipocytes proliferate to generate new 
adipocytes that replenish fat cell populations in a process termed adipogenesis. An adequate 

Figure 2. Adipose tissue remodeling during the 
periparturient period of dairy cows. In healthy cows,

lipolysis induces infiltration of M2 macrophages and 

minimal changes in the structure and composition of the 

extracellular matrix (ECM). In cows that succumb to 

periparturient diseases, M1 macropahges infiltrate AT 

forming aggregates (crown-like structures) leading to 

excessive lipolysis and inflammation.
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adaptation to periparturient negative energy balance requires adipogenesis to support the 
buffering of FFA and other products of lipolysis that are toxic to cells.  

Lipolysis induces the production of lipid mediators of inflammation in AT that are released into 
circulation. The activity of the lipases that break down triglycerides, such as hormone-sensitive 
lipase, releases linoleic, arachidonic, and other polyunsaturated fatty acids that are the 
substrate for prostaglandins and oxylipids (Contreras et al., 2020). The synthesis of these 
mediators of inflammation in the AT is probably one of the significant mechanisms sustaining 
the low-grade inflammation described by several authors in periparturient cows (Bradford and 
Swartz, 2020). 

Adipose tissue dysregulation during periparturient diseases 

The periparturient period is the lactation stage with the highest risk for metabolic and 
infectious diseases in dairy cows. Periparturient health events pose severe welfare issues and 
result in significant economic losses associated with decreased milk production, cost of 
treatment, and culling (USDA, 2015). To make things more complicated, periparturient illnesses 
often are presented as complexes of metabolic and inflammatory/infectious diseases (Probo et 
al., 2018). Two significant risk factors for increased disease susceptibility around parturition are 
lipolysis dysregulation (described above) and the dramatic increase in circulating endotoxins 
(e.g., Lipopolysaccharide (LPS) and lipoteichoic acids). Remarkably, common periparturient 
diseases such as mastitis, metritis, pneumonia, and metabolic events such as ruminal acidosis, 
heat stress, and parturition, often result in high circulating levels of LPS (Dickson et al., 2019). In 
humans and rodent models of disease, the inflammatory response to endotoxins, especially 
LPS, impairs the metabolic function of AT (Hersoug et al., 2018). In periparturient cows, 
experimental LPS exposure was associated with a higher incidence of displaced abomasum and 
placental retention and changes in metabolic parameters, including low plasma cholesterol and 
high β-hydroxybutyrate and FFA (Zebeli et al., 2011). The profile of these parameters indicates 
that endotoxemia possibly induces the development of lipolysis dysregulation in bovine AT. 

The possible mechanisms by which the endotoxemia associated with multiple periparturient 
diseases triggers AT dysfunction are twofold. First, endotoxins activate lipolysis in dairy cows by 
three mechanisms (Chirivi et al., 2021): 1) binding to TLR4 increases the levels of intracellular 
cAMP through a calcium-dependent pathway (Song et al., 2007, Moon et al., 2011), leading to 
the activation of hormone-sensitive lipase. 2) TLR4 binding to LPS stimulates the activation of 
NF-κB that triggers the synthesis of pro-inflammatory cytokines, including TNFα (Lu et al., 
2008). The latter promotes lipolysis by impairing the expression/function of perilipin, causing 
the thinning of the protein envelop of the lipid droplet and making it more susceptible to the 
action of hormone-sensitive lipase (Laurencikiene et al., 2007). 3) The activation of the 
mitogen-activated protein kinase /extracellular signal-regulated kinase (MAPK and ERK1/2). 
This pathway activates beta-adrenergic receptors that ultimately trigger the lipolytic activity of 
hormone-sensitive lipase (Zu et al., 2009, Hong et al., 2018). In contrast to bovines, in rodent 
adipocytes, LPS activates lipolysis preferentially by ERK1/2, as these species are resistant to 
NFκB triggered lipolysis (Zu et al., 2009, Bergan et al., 2013, Chi et al., 2014). In periparturient 
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dairy cows, lipolytic responses in AT are increased upon LPS exposure indicating that 
endotoxemia can potentiate AT responses to common stimulants of postpartum lipolysis such 
as catecholamines. 

The second mechanism by which endotoxins may induce AT dysfunction is by altering the 
inflammatory phenotype of AT macrophages. Endotoxins promote macrophage M1 
polarization; therefore, exposure to these bacterial byproducts early in the periparturient 
period may predispose cows to excessive lipolytic response during NEB postpartum. However, 
endotoxin-driven M1 polarization in AT may be affected by the degree of adiposity and by the 
development of endotoxin tolerance (Komegae et al., 2019). Therefore, future studies need to 
evaluate the effects of endotoxins on the phenotype of AT immune cells and its impact on 
metabolic function during the periparturient period. 

Conclusion 

Our knowledge of AT biology in periparturient dairy cows has advanced dramatically since the 
1990s. However, there are still gaps in our understanding of the changes that occur during the 
periparturient period in AT. The role of AT remodeling on the homeorhetic adaptation to 
lactation, including the responses of AT to infectious and inflammatory diseases is unclear. Also, 
the impact of the anatomical differences on the immunobiology of AT depots and the 
endocrine function of fat tissues is unknown. Filling these gaps will support the development of 
preventive and corrective nutritional or pharmacological interventions to maintain an effective 
periparturient AT function.   

REFERENCES 

Abd Eldaim, M. A., A. Kamikawa, M. M. Soliman, M. M. Ahmed, Y. Okamatsu-Ogura, A. 

Terao, T. Miyamoto, and K. Kimura. 2010. Retinol binding protein 4 in dairy cows: its presence 

in colostrum and alteration in plasma during fasting, inflammation, and the peripartum period. 

The Journal of dairy research 77(1):27-32. 

Akter, S. H., S. Haussler, S. Danicke, U. Muller, D. von Soosten, J. Rehage, and H. Sauerwein. 

2011. Physiological and conjugated linoleic acid-induced changes of adipocyte size in different 

fat depots of dairy cows during early lactation. J Dairy Sci 94(6):2871-2882. 

Bergan, H. E., J. D. Kittilson, and M. A. Sheridan. 2013. PKC and ERK mediate GH-stimulated 

lipolysis. Journal of molecular endocrinology 51(2):213-224. 

Bradford, B. J. and T. H. Swartz. 2020. Review: Following the smoke signals: inflammatory 

signaling in metabolic homeostasis and homeorhesis in dairy cattle. Animal 14(S1):s144-s154. 

Chi, W., D. Dao, T. C. Lau, B. D. Henriksbo, J. F. Cavallari, K. P. Foley, and J. D. Schertzer. 

2014. Bacterial peptidoglycan stimulates adipocyte lipolysis via NOD1. PloS one 9(5):e97675. 

Chirivi, M., C. J. Rendon, M. N. Myers, C. M. Prom, S. Roy, A. Sen, A. L. Lock, and G. A. 

Contreras. 2021. Lipopolysaccharide induces lipolysis and insulin resistance in adipose tissue 

from dairy cows. J Dairy Sci. 

Contreras, G. A., J. De Koster, J. de Souza, J. Laguna, V. Mavangira, R. K. Nelli, J. Gandy, A. 

L. Lock, and L. M. Sordillo. 2020. Lipolysis modulates the biosynthesis of inflammatory lipid

mediators derived from linoleic acid in adipose tissue of periparturient dairy cows. J Dairy Sci

103(2):1944-1955.

20
22

   
  P

ac
ifi

c N
or

th
w

es
t A

ni
m

al
 N

ut
rit

io
n 

Co
nf

er
en

ce
   

  P
ro

ce
ed

in
gs

138



Contreras, G. A., E. Kabara, J. Brester, L. Neuder, and M. Kiupel. 2015. Macrophage infiltration 

in the omental and subcutaneous adipose tissues of dairy cows with displaced abomasum. J 

Dairy Sci 98(9):6176-6187. 

Contreras, G. A., C. Strieder-Barboza, and J. De Koster. 2018. Symposium review: Modulating 

adipose tissue lipolysis and remodeling to improve immune function during the transition period 

and early lactation of dairy cows. J Dairy Sci 101(3):2737-2752. 

Contreras, G. A., C. Strieder-Barboza, and W. Raphael. 2017. Adipose tissue lipolysis and 

remodeling during the transition period of dairy cows. Journal of animal science and 

biotechnology 8:41. 

Contreras, G. A., K. Thelen, S. Schmidt, C. Strieder-Barboza, C. Preseault, R. Raphael, M. 

Kiupel, J. Caron, and A. Lock. 2016. Adipose tissue remodeling in late-lactation dairy cows 

during feed restriction-induced negative energy balance. J Dairy Sci 99. 

De Koster, J., W. Van den Broeck, L. Hulpio, E. Claeys, M. Van Eetvelde, K. Hermans, M. 

Hostens, V. Fievez, and G. Opsomer. 2016. Influence of adipocyte size and adipose depot on the 

in vitro lipolytic activity and insulin sensitivity of adipose tissue in dairy cows at the end of the 

dry period. J Dairy Sci 99(3):2319-2328. 

Dickson, M. J., S. K. Kvidera, E. A. Horst, C. E. Wiley, E. J. Mayorga, J. Ydstie, G. A. Perry, L. 

H. Baumgard, and A. F. Keating. 2019. Impacts of chronic and increasing lipopolysaccharide

exposure on production and reproductive parameters in lactating Holstein dairy cows. Journal of

Dairy Science.

Giesy, S. L., B. Yoon, W. B. Currie, J. W. Kim, and Y. R. Boisclair. 2012. Adiponectin deficit

during the precarious glucose economy of early lactation in dairy cows. Endocrinology

153(12):5834-5844.

Hersoug, L.-G., P. Møller, and S. Loft. 2018. Role of microbiota-derived lipopolysaccharide in

adipose tissue inflammation, adipocyte size and pyroptosis during obesity. Nutr Res Rev

31(2):153-163.

Holtenius, K., S. Agenas, C. Delavaud, and Y. Chilliard. 2003. Effects of feeding intensity

during the dry period. 2. Metabolic and hormonal responses. J Dairy Sci 86(3):883-891.

Hong, S., W. Song, P. H. Zushin, B. Liu, M. P. Jedrychowski, A. I. Mina, Z. Deng, D.

Cabarkapa, J. A. Hall, C. J. Palmer, H. Aliakbarian, J. Szpyt, S. P. Gygi, A. Tavakkoli, L. Lynch,

N. Perrimon, and A. S. Banks. 2018. Phosphorylation of Beta-3 adrenergic receptor at serine 247

by ERK MAP kinase drives lipolysis in obese adipocytes. Mol Metab 12:25-38.

Kabara, E., L. M. Sordillo, S. Holcombe, and G. A. Contreras. 2014. Adiponectin links adipose

tissue function and monocyte inflammatory responses during bovine metabolic stress. Comp

Immunol Microbiol Infect Dis 37(1):49-58.

Komegae, E. N., M. T. Fonseca, S. da Silveira Cruz-Machado, W. M. Turato, L. R. Filgueiras, R.

P. Markus, and A. A. Steiner. 2019. Site-Specific Reprogramming of Macrophage

Responsiveness to Bacterial Lipopolysaccharide in Obesity. Frontiers in immunology

10(1496):1496.

Kosteli, A., E. Sugaru, G. Haemmerle, J. F. Martin, J. Lei, R. Zechner, and A. W. Ferrante, Jr.

2010. Weight loss and lipolysis promote a dynamic immune response in murine adipose tissue. J.

Clin. Invest. 120(10):3466-3479.

Lafontan, M. and D. Langin. 2009. Lipolysis and lipid mobilization in human adipose tissue.

Progress in lipid research 48(5):275-297.

20
22

   
  P

ac
ifi

c N
or

th
w

es
t A

ni
m

al
 N

ut
rit

io
n 

Co
nf

er
en

ce
   

  P
ro

ce
ed

in
gs

139



Laurencikiene, J., V. van Harmelen, E. Arvidsson Nordstrom, A. Dicker, L. Blomqvist, E. 
Naslund, D. Langin, P. Arner, and M. Ryden. 2007. NF-kappaB is important for TNF-alpha-
induced lipolysis in human adipocytes. Journal of lipid research 48(5):1069-1077. 
Leon, H. V., J. Hernandez-Ceron, D. H. Keislert, and C. G. Gutierrez. 2004. Plasma 
concentrations of leptin, insulin-like growth factor-I, and insulin in relation to changes in body 
condition score in heifers. Journal of animal science 82(2):445-451. 
Lu, Y.-C., W.-C. Yeh, and P. S. Ohashi. 2008. LPS/TLR4 signal transduction pathway. Cytokine 
42(2):145-151. 
Moon, E. Y., Y. S. Lee, W. S. Choi, and M. H. Lee. 2011. Toll-like receptor 4-mediated cAMP 
production up-regulates B-cell activating factor expression in Raw264.7 macrophages. 
Experimental cell research 317(17):2447-2455. 
Newman, A. W., A. Miller, F. A. Leal Yepes, E. Bitsko, D. Nydam, and S. Mann. 2019. The 
effect of the transition period and postpartum body weight loss on macrophage infiltrates in 
bovine subcutaneous adipose tissue. J Dairy Sci 102(2):1693-1701. 
Park, H. K., M. K. Kwak, H. J. Kim, and R. S. Ahima. 2017. Linking resistin, inflammation, and 
cardiometabolic diseases. Korean J Intern Med 32(2):239-247. 
Probo, M., O. B. Pascottini, S. LeBlanc, G. Opsomer, and M. Hostens. 2018. Association 
between metabolic diseases and the culling risk of high-yielding dairy cows in a transition 
management facility using survival and decision tree analysis. J Dairy Sci 101(10):9419-9429. 
Reverchon, M., C. Ramé, J. Cognié, E. Briant, S. Elis, D. Guillaume, and J. Dupont. 2014. 
Resistin in dairy cows: plasma concentrations during early lactation, expression and potential 
role in adipose tissue. PloS one 9(3):e93198-e93198. 
Romacho, T., M. Elsen, D. Rohrborn, and J. Eckel. 2014. Adipose tissue and its role in organ 
crosstalk. Acta physiologica (Oxford, England) 210(4):733-753. 
Saremi, B., S. Winand, P. Friedrichs, A. Kinoshita, J. Rehage, S. Dänicke, S. Häussler, G. 
Breves, M. Mielenz, and H. Sauerwein. 2014. Longitudinal profiling of the tissue-specific 
expression of genes related with insulin sensitivity in dairy cows during lactation focusing on 
different fat depots. PloS one 9(1):e86211-e86211. 
Singh, S. P., S. Haussler, J. J. Gross, F. J. Schwarz, R. M. Bruckmaier, and H. Sauerwein. 2014. 
Short communication: circulating and milk adiponectin change differently during energy 
deficiency at different stages of lactation in dairy cows. J Dairy Sci 97(3):1535-1542. 
Song, J., M. J. Duncan, G. Li, C. Chan, R. Grady, A. Stapleton, and S. N. Abraham. 2007. A 
novel TLR4-mediated signaling pathway leading to IL-6 responses in human bladder epithelial 
cells. PLoS pathogens 3(4):e60. 
USDA, A. 2015. NAHMS Dairy 2014. U. S. D. o. Agriculture, ed. APHIS, APHIS. 
Zebeli, Q., S. Sivaraman, S. M. Dunn, and B. N. Ametaj. 2011. Intermittent parenteral 
administration of endotoxin triggers metabolic and immunological alterations typically 
associated with displaced abomasum and retained placenta in periparturient dairy cows. Journal 
of Dairy Science 94(10):4968-4983. 
Zu, L., J. He, H. Jiang, C. Xu, S. Pu, and G. Xu. 2009. Bacterial endotoxin stimulates adipose 
lipolysis via toll-like receptor 4 and extracellular signal-regulated kinase pathway. The Journal of 
biological chemistry 284(9):5915-5926. 

20
22

   
  P

ac
ifi

c N
or

th
w

es
t A

ni
m

al
 N

ut
rit

io
n 

Co
nf

er
en

ce
   

  P
ro

ce
ed

in
gs

140




