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Summary 

A brief summary is given regarding the pathophysi
ologica1 consequences of negative energy balance (NEB) 
and hepatic lipidosis. The relationship between hepatic 
lipidosis and NEB in early lactation is shown. The con
sequences of overconditioning in relation to metabolic 
stress after parturition is discussed. It is concluded that 
although not all aspects of these relations have been 
shown, careful monitoring of the amount of energy pro
vided during late lactation, dry period and early post
partum can prevent the metabolic disturbances that 
have great impact on health, reproduction and welfare 
of the high producing dairy cow. 

Introduction 

The.liver is the most important organ in the main
tenance of the metabolic homeostasis in animals. This 
includes a number of metabolic processes regarding di
etary amino acids, carbohydrates, lipids and vitamins. 
The liver is also involved in the synthesis of serum pro
teins, biotransformation of circulating metabolites, the 
detoxification and excretion of poisonous (waste) prod
ucts and of poisonous xenobiotics. 

The liver is vulnerable to a wide variety of meta
bolic, toxic, microbial and circulatory insults. If the re
sistance against such insults is overcome, the resulting 
failure of liver function can have far-reaching conse
quences. As in most organs, the liver can be diseased 
long before failure of function becomes apparent. The 
over-capacity of the bovine liver function is about 50% 
and clinical-chemical liver function tests stay normal 
as long as 20-25% of the liver function remains. 

In the cow, pathological changes can result from 
metabolic disturbances, disturbances in rumen fermen
tation, intoxications and infection with viruses, bacte
ria and parasites such as the liver fluke. In the high 
yielding cow hepatic lipidosis is by far the most frequent 
cause ofliver failure. 49 Although it is often shown that 
fat droplets can be observed in all dairy cows early post 
partum, it is clear that a definable clinical syndrome 

exists in association with considerable fat accumulation 
in the hepatocyte. 14 Whether this hepatic lipidosis is the 
cause of a number of diseases seen at parturi
tion9,12,13,29,30,37 or is secondary to a specific problem will 
be discussed in this paper. 

Triacylglycerol (TAG) and Lipoprotein Synthesis in 
the Liver During Pregnancy and Early Lactation 

During late pregnancy and lactation, large 
amounts of glucose are needed, but, because only small 
amounts are absorbed from the intestine, ruminants 
have to rely on other metabolic fuels and maintain a 
constant state of gluconeogenesis. When the cow expe
riences a period of negative energy balance (NEB), 
changes occur in the activity of a number of hormones 
(insulin, glucagon, growth hormone) which activate li
pase in the adipose tissues and induce changes in glu
coneogenesis and ketogenesis. The activation of hormone 
sensitive lipase in the adipose tissues stimulates fatty 
acid mobilization (lipolysis). Tissue fat is converted to 
free fatty acids (FFA) (former name: nonesterified free 
fatty acids NEFA) and glycerol. In the liver, glycerol 
can be used to produce glucose or can be recombined 
with FFA to form triacyl glycerols that are either de
posited in the hepatocytes or released in the blood as 
very low density lipoproteins (VLDL).8 The FFAcan also 
be degraded through beta-oxidation and converted to 
acetyl-CoA. Acetyl-CoA combines with oxaloacetate and 
enters the Krebs cycle for the production of ATP. Here 
fat metabolism competes with gluconeogenesis because 
both reaction chains need oxaloacetate. If there is not 
enough oxaloacetate available because of a lack of suffi
cient glucogenic precursors such as propionate, acetate, 
glycerol or amino acids or because of a large demand for 
glucose, the acetyl-CoA cannot be introduced into the 
Krebs cycle and is then converted to ketone bodies. These 
ketone bodies form an important energy source during 
fasting, lactation or pregnancy, but can disturb meta
bolic processes when their concentration exceeds cer
tain levels. 27 High concentrations of ketone bodies re
duce feed intake, decrease inobilization of fatty acids 
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and, as a consequence, the NEB perpetuates.14,15,44 There 
is a metabolic link between gluconeogenesis and 
ketogenesis but the way this link operates is still a mat
ter of discussion and research.47 The increase of corti
costeroid concentrations before calving and decrease of 
thyroid hormone concentration after calving result in 
amino acid mobilization (proteolysis) and provides a sub
strate for gluconeogenesis.53 Hepatic lipidosis is the re
sult of a situation where the rate of hepatic TAG forma
tion exceeds the formation and release ofVLDL into the 
circulation.15 The liver and the adipose tissues are used 
to store fat as reserve fuel. In the cow the energy bal
ance is mostly positive during the latter part of lacta
tion and during the dry period, this can result in fat stor
age at this time. This is an important feature because 
after parturition a period of NEB is to be expected. In 
the weeks after calving the amount of fat in the liver 
returns to normal.14•17 Cows with a strong positive en
ergy balance during the dry period accumulate more fat 
in the liver and adipose tissues. When cows enter the 
dry period in a good condition this effect is strengthened. 44 

After parturition, NEB develops because lactation 
starts and uses more energy than pregnancy did. It takes 
some time before the energy intake reaches the level 
necessary for energy equilibrium. In the high produc
ing dairy cow the negative energy balance starts before 
calving because of diminished appetite and the onset of 
the colostrum production.3 After parturition these cows 
experience a more pronounced energy deficit because of 
the high milk yield. Cows in a good or fat condition tend 
to start with a higher production than cows in a normal 
condition. In any case the liver is confronted with large 
amounts of FFA, coming from the adipose tissue and 
resulting in deposition of TAG in the liver cells that al
ready have fat stored. Studies at Utrecht15

•
44

•
45 showed 

that diacylglycerol acyl transferase (DGAT) activity in
creased in the liver cell after parturition. DGAT stimu
lates the conversion of fatty acids into TAG. Also the 
intra hepatic phosphatidate phosphohydrolase (PAP) 
activity increased about 10-fold. PAP also stimulates 
TAG synthesis.15•44•45 The rise in PAP activity is prob
ably needed to control the high cellular concentration of 
fatty acids which can become cytotoxic.15 In a number of 
cases it is shown that in particular the secretion ofVLDL 
is insufficient to keep up with the hepatic production of 
TAG. In the lactating cow the demand for VLDL pro
duction is very high as VLDL have to provide the udder 
with the major part of the lipids necessary for milk fat 
production.28

•
46 

In the case ofliver failure (as caused by fatty infil
tration) or an inadequate supply of proteins, hepatic syn
thesis of apolipoprotein A can become inadequate. This 
decreases the liver's ability to produce and secrete VLDL. 
As a consequence the accumulation of the TAG in the 
liver is continued. 28•46 If the production of apolipoproteins 
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was inhibited by ethionine administration, hepatic 
lipidosis was induced.46 Recently, new evidence was ob
tained about the impact of adequate protein intake on 
the ability of the periparturient cow to cope with the 
metabolic situation at calving.7,53 

It has been shown that a low protein diet in the dry 
period increased the incidence of hepatic lipidosis. 19 Re
cently it was hypothesized that the hormones respon
sible for activation of hormone-sensitive lipase and the 
inhibition of lipogenesis and glycogen synthesis also in
hibit the hepatic production ofVLDL while intra-hepatic 
TAG production continues. This seems redundant and 
certainly a waste of energy under NEB circumstances. 

Consequences of Hepatic Lipid 

The temporary accumulation of fat in the 
liver is a normal physiological process. All high 
producing dairy cows have a moderate degree of 
hepatic lipidosis after the dry period and accu
mulate fat in the liver during the first few weeks 
following parturition. The accumulation of fat in 
the liver peaks at about 2 weeks post partum, 
thereafter it returns to normal. It is clear that 
under extreme situations this may lead to the so 
called fat cow syndrome. 30 These cows are de
pressed, anorectic, lose weight rapidly and be
come week.Anumber of concurrent diseases such 
as metritis, retained placenta, milk fever, mastitis 
and abomasal displacement may aggravate the 
clinical picture just as it occurs frequently in cows 
with hepatic lipidosis. 9,12,rn,1s,33,34,s2 

It may be expected that also in cows with less se
vere hepatic lipidosis the liver function is impaired. In 
cows with mild hepatic lipidosis the disappearance time 
of endotoxins was found to be increased substantially.1,2,20 

However, in most cases, hepatic lipidosis is a reversible 
condition and thanks to the over-capacity of the liver the 
negative effect of this temporary hepatic lipidosis is re
stricted. Cows fasted and refed turned to normal liver 
fat content within 18 days of refeeding. 3 When a large 
number of cows experiencing hepatic lipidosis was fol
lowed, it was found that at six months after calving, liver 
fat content had returned to normal values (less than 
15%).35 The function of liver cells that continue to accu
mulate fat may eventually become impaired.49

•
52 It was 

found that in fasting cows the surface area of the rough 
endoplasmic reticulum and the number of mitochondria 
per unit ~olume decreased.37 The plasma activity of en
zymes that are used to evaluate the condition of the liver 
such as lactic dehydrogenase (LDH), alkaline phos
phatase (AP), aspartate aminotransferase (AST) and 
gamma glutamyl trans peptidase (gamma-GT) were 
higher in cows where severe hepatic lipidosis was induced 
than in_ normal cows in the same lactation stage.34,44,49 
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As mentioned before, the bovine liver has a clear 
over-capacity for a greater part of its functions but fatty 
infiltration substantially affects at least some of them. 
There are indications that the total capacity of the liver 
as a detoxifying organ is 'diminished. This becomes a 
problem in situations where endotoxins circulate dur
ing periods when hepatic lipidosis exists. In a number 
of diseases in the early postpartum period, directly or 
indirectly related to NEB, endotoxins may be produced. 
It has been suggested that portal endotoxemia, as found 
in rumen acidosis, can be of significance in the clinical 
picture of rumen acidosis. Since in cows fed high grain 
diets, short term rumen acidosis does occur, occasion
ally portal endotoxemia may become systemic 
endotoxemia, if hepatic lipidosis exists.1·2•20 As men
tioned, in cows with mild or moderate fatty liver, the 
plasma disappearance time of endotoxin was 14-16 times 
longer, while cows with severe fatty liver were unable 
to clear an injected dose of endotoxin at all.2·20 These 
findings suggest yet another cascade of processes re
sulting in a higher incidence of infectious and metabolic 
diseases12·13·14·18,50,52 may be the process behind laminitis, 
sole erosions and ulcers and in inflammatory processes 
such as endometritis and mastitis. Subclinical 
endotoxicosis may therefore become a clinical problem 
in cows suffering from hepatic lipidosis. It was found 
that the clinical signs of endotoxicosis are induced by 
eicosanoids such as thromboxane ~' proscyclins and 
prostaglandins. Treatment with non-steroid, anti-in
flammatory drugs (NSAID), suppressing eicosanoid syn
thesis alleviated clinical signs of endotoxicosis. 20 

Eicosanoids may also be responsible for the motility dis
orders of abomasal smooth muscle during abomasal dis
placement due to its effect on the neurally mediated 
reflexes. Recently it has been suggested that the de
creased contractility of the mantal muscle of the abo
masum is caused by a loss of cholinergic excitatory and 
an increase of nitrooxergic inhibitory tone. 11 

A Danish epidemiological study concluded 
that milk yield and body weight were positively 
associated with the incidence of sole ulcers. Since 
grain engorgement may be the result of a feeding prac
tice aimed at an increase of energy input in early lacta
tion, this may result in clinical problems such as 
laminitis and sole ulcers in cows that experience liver 
failure because of hepatic lipidosis. Endotoxicosis wors
ened by hepatic lipidosis may also be involved in the 
pathogenesis of those syndromes where cows with oth
erwise mild problems such as retained placenta or 
endometritis do not respond to therapy or become chroni
cally ill and die.1·2 

Belgian researchers have suggested that the gly
cogen content of the liver cell is important in protecting 
the cell against pathologic lipidosis. Severe hepatic 
lipidosis was always associated with liver glycogen 
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depletion. In livers that have been infiltrated by fat for 
a long period, a range of chronic changes can be found. 33,34 

Spontaneous ketosis occurs mostly near the peak 
oflactation (3-4 weeks postpartum). Mild ketosis, im
mediately postpartum, definitely indicates fatty infil
tration of the liver. Cows with fatty liver often show an 
unfavorable outcome of clinical conditions that in most 
cases do not cause serious problems in normal cows. 
Cows with metritis and/or retained placenta for instance 
may die despite intensive antibiotic treatment, and 
ketonuria does not respond to glucose and corticoster
oid therapy. 21·25·27 

A severe fatty liver greatly increases morbid
ity and mortality of common periparturient diseases. 

The Relation Between NEB and Hepatic 
Lipidosis Directly After Parturition 

Research with cows with induced fatty liver post 
partum has provided evidence for the hypothesis that 
hepatic lipidosis should be a causal factor in the health 
and reproductive problems of the periparturient high 
producing cow needs reconsideration. Hepatic lipidosis, 
health problems and decreased fertility seem to be re
lated to the severity of the negative energy balance af
ter parturition. Whether hepatic lipidosis via liver fail
ure initiates the decrea e of immune competence and 
fertility or just contributes to it is still under investiga
tion.26,50,51 Cows with fatty liver have reduced breeding 
efficiency. The energy balance postpartum is inversely 
related to the time of first ovulation and has a positive 
relationship with progesterone concentrations in 
milk.4,6,7,39,53 The energy balance (blood glucose/insulin 
concentration) regulates ovarian function. It is postu
lated that insulin like growth factor-I (IGF-I) serves as 
the hormonal mediator for this regulation. IGF-I is a 
potent stimulator of bovine granulosa and luteal ste
roidogenesis. In addition, IGF-I concentrations in the 
blood of cattle are influenced by variations in protein or 
energy intake. The IGF-I concentration is reduced in 
lactating cows with high milk production. 48 An improve
ment of the energy balance (less severe NEB) is associ
ated with increase in IGF-I concentration in serum and 
this increase is associated with an increased progester
one secretion during the first and second postpartum 
oestrus cycle.40•41 An increased milk production result
ing in a (severe) NEB is associated with decreased IGF
I concentration and thus with a reduced ovarian activ
ity. It has been shown repeatedly that high yielding cows 
need more inseminations per conception. 41·42 It has been 
hypothesized that oocytes and follicles that start to grow 
during the period of negative energy balance and he
patic lipidosis have less developmental potencies 80-100 
days later. 5 Studies in the Netherlands support this 
hypothesis. 26 In cows with severe hepatic lipidosis due 
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to severe NEB, it was found that ovarial activity started 
late and most of the animals did not show any sign of 
oestrus before the 80th day oflactation. The cycles that 
occurred thereafter were irregular because of repeated 
occurrence of persistent corpora lutea. At 180 days post 
partum only 35% of the cows were pregnant. At that 
time, in the 48 cows in an experimental group, only 57 
inseminations were carried out (because only that num
ber of oestruses were seen). Not only the lack of oestruses 
shown or not detected despite intensive observation that 
caused this low percentage of pregnancies, but also the 
underdevelopment of the oocytes released from the ova
ries (ovulated). Oocytes sampled after the 80th day post 
partum clearly lacked the potential for development.26 

Insuliri is one of the important hormones control
ling nutrient metabolism. Plasma insulin is lower dur
ing lactation than during the dry period in dairy cows. 
Insulin responsiveness to glucose and tissue responsive
ness to insulin is lower in late pregnancy than in non
pregnant, non-lactating cows. This may serve as a mecha
nism to protect the fetus from hypoglycaemia. At the start 
of the lactation, insulin responsiveness increases, thus 
increasing the sensitivity of glucose utilization. 

The decrease in insulin responsiveness in late 
pregnancy is associated with a decrease in the 
number of insulin receptors in adipose tissues. 
This insulin resistance in late pregnancy may be 
caused by the joint action of progesterone, growth 
hormone, adrenergic hormones or glucagon. 26,53 

Insulin seems to play a central role in the switch 
from lipogenesis at the beginning of pregnancy 
to lipolysis in late pregnancy and lactation. 31 It is 
shown that the decrease in insulin responsiveness 
(insulin insensitivity) in late pregnancy and early 
lactation inhibits ruminal emptying and abomasal 
contractions. Together with the frequently exist
ing hypocalemia, this could be a factor in the 
pathogenesis of abomasal displacement. 22•31•33 

Consequently, much attention is drawn to the pre
vention of fatty liver postpartum by adequate feeding 
and management of the dry cow. In fact all efforts should 
focus on the prevention of a severe NEB postpartum. 
Based on experiences in daily practice and on the find
ings in experiments with cows with induced fatty liver 
post partum in the Netherlands, the ration given in the 
dry period, that should not exceed 5 weeks, equals 1.2 
times the maintenance requirement.44 

Results of recent studies however have demon
strated that treatment of a severe NEB diagnosed on 
the basis of a high hepatic concentration in a liver bi
opsy collected between days 7 and 13 post partum could 
be beneficial. It was found that first ovulation occurred 
in relation to the return of NEB towards neutral.4•6,7,39 

This means that a period from 10-14 days in which the 
NEB starts to return to neutral preceedes first ovula-
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tion. In connection here with supplementation of the 
high yielding cow in the first period after parturition 
with agents that directly improve the energy balance 
should be considered. Careful monitoring of the body 
condition36 can "be of assistance in feeding management 
during late lactation and during the dry period. Such 
practices can be guided by determining the TAG con
tent in liver biopsies. However, treatment of fatty liver 
is still difficult, and all efforts should be directed to
wards prevention by careful regulation of the energy 
input in late lactation, the dry period and the first weeks 
post partum. 

The Relationship Between Hepatic Lipidosis 
(Liver Failure) and Immune Competence 

Input, throughput and output have been associ
ated with disturbances of specific and non-specific re
sistance against disease. Various nutritional_ constitu
ents or digestive products have been discriminated as 
having a negative impact on non-specific and specific 
defense mechanisms. 

The skin and the mucous membranes are probably 
the most important parts of the body in the protection 
against pathogenic intruders. Surrounding these mem
branes are a number of factors and molecules that pre
vent multiplication of these pathogens. This system of 
defense is called the innate (non-specific) immune sys
tem. This innate system consists of two components, the 
humoral and cellular. The humoral component comprises 
complement, lysozyme, cytokines, acute phase proteins 
and interferons. The cellular components such as poly
morphonuclear cells, macrophages and natural killer 
cells each have specific actions against invading micro
organisms. Parts of the ingested pathogens are then 
presented at the Major Histocompatibility Complexes 
(MHC) on the surface of these cells and stimulate im
munocompetent of the specific immune system to pro
duce specific antibodies aimed at the patho
gen.18,21,25,36,37,50,52 

The innate and the acquired immune systems in
teract comprehensively. These interactions are initiated 
by soluble factors secreted by damaged cells (products 
of arachidonic acid) or by infected cells (cytokines). Other 
interactions are cell-to-cell interactions in which adhe
sion molecules play a role. 38 

The reactions of the immune system can be evalu
ated by measuring the amount of product released into 
the peripheral blood (tumor necrosis factor (TNF), the 
cytokines and the different classes of globulins). The 
reactive capacity ofimmunocompetent cells can be mea
sured in vitro by stimulating the cells with substances 
such as pokeweed mitogen and lipopolysacharide. 38,50,51 

The tests available do not however provide full in
sight into the complicated immune system with its mul-
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tiple interactions. They only provide information regard
ing a certain aspect at a given moment, and in vitro 
tests do not necessarily reflect in vivo activity . . Malnu
trition and overfeeding are known to have impact on 
the immune functions; this applies also for a dietary 
imbalance of vitamins and minerals. 17 

When it was found that a leucopenia accompanies 
ketosis and fatty liver, the effect of ketosis on the bo
vine immune system became a subject of intense study. 
Epidemiological studies confirmed that ketosis is inter
related with several infectious diseases in the dairy 
cows. 10

•
21

•
25

•
43

·
52 In vitro responses against phytohemag

glutinin-P and pokeweed mitogen oflymphocytes from 
calves with induced ketonemia were suppressed when 
compared with normal calves.25,43 

Studies have shown that high concentrations of B
hydroxybutyrate and acetoacetate inhibit bovine lym
phocyte proliferation in vitro. Other studies however 
resulted in divergent results. Recently only minimal ef
fects of ketone concentrations mimicking those in the 
plasma of ketotic cows on lymphoproliferation were 
found. The immunomodulatory effects ofketones on lym
phocytes need further investigations.10 

The higher susceptibility of periparturient 
cows to intramammary infections and clinical 
mastitis may also be related to hypocalcemia 
which in this turn is closely correlated with he
patic lipidosis.9•44 Epidemiological studies have 
indicated that cows with parturient hypocalcemia 
have a five to eight times greater chance of con
tracting coliform mastitis. Since immunosuppres
sion, characterized by impaired lymphocyte and 
neutrophil function, was already present before 
calving, it was concluded that cortisol and 1:25 
DHCC concentration increases were not the pri
mary causes, but they may contribute to the mag
nitude and/or duration of post partum immuno
suppression. 22 

The significant immunosuppression found at one 
week prepartum indicates that changes in late gesta
tion adversely influence immune cell functions in the 
dairy cow. It is suggested that oestrogens are respon
sible for this effect. Plasma oestrogen levels at the end 
of gestation are more than 100 times higher than dur
ing oestrus and oestrogens have been associated with 
altered leukocyte and lymphocyte function. 22 

It was also found that bacterial ingestion by neu
trophils was increased at parturition. It is suggested 
that this was associated with a decreased oxidative kill
ing of the ingested bacteria. This is suggested to be a 
consequence of the negative energy and protein balance 
in early lactation. 52,53 

Other factors contributing to a higher incidence of 
mastitis include the increased exposure of the teat tips 
to environmental bacteria in cows that are recumbent 
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for a certain period and the possible loss of teat sphinc
ter muscle tone due to hypocalcaemia, also visible as 
increased spillage of milk by these cows. 

It is unlikely that immunosuppression during the 
periparturient period is the result of changes in the con
centration of a single entity, rather that several factors are 
involved and act in concert. This in turn may have pro
found effects on organ function and immune cell function. 

Challenge experiments using animals brought into 
conditions which reflect naturally occurring metabolic 
diseases are probably the best model for the evaluation 
of the effects on the immune system. Such experiments 
have been done and they strongly suggest impaired 
immune reactivity in cows suffering from hepatic 
lipidosis.44•50•51 In cows with increased levels of hepatic 
TAG, an increased severity and prolonged duration of 
mastitis after an experimental intramammary 
Escherichia coli infection and a reduced influx of poly
morphonuclear cells into the milk was observed.18•37 In 
these cows however the phagocytic activity of these cells 
and their killing capacity for bacteria was unaffected. 
Cows with induced hepatic lipidosis showed a reduc
tion of specific response for tetanus toxoid after vacci
nation. The cows in that study had also a r~duced lym
phocyte accumulation associated with skin 
allotransplants performed three days after parturition 
as compared to animals with low levels of hepatic fat. 5o,51 

The results of these studies clearly indicate that 
in cows experiencing a moderate to severe hepatic 
lipidosis and/or NEB, at least part of the immune sys
tem is affected in such a way that immune responsive
ness is reduced. This is in accordance with the observa
tions that infectious diseases are more prevalent. As 
mentioned before, clear evidence is obtained recently 
that, apart from a negative energy balance, an inad
equate protein intake, resulting in an increased demand 
for more intense mobilization of amino acids from body 
proteins (proteolysis), is involved in the complex of ad
aptations the cow has to experience around calving.7,39,53 

There is ongoing research on the subject of the 
interactions between the postpartum NEB, inad
equate protein intake, hepatic lipidosis and their 
consequences for periparturient diseases and re
production. 
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