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Historical Background 

Ketosis has been a recognized problem in dairy cattle 
since the late 1920's when the role of glucose and energy 
demands were first associated with this condition.1 De
scriptions of a disease syndrome, now thought to be keto
sis, characterized by anorexia, decreased milk production, 
and constipation appeared in veterinary texts 50 years 
prior to this.2·3 A more complex type of ketosis was recog
nized by Sollman4 and Alston5 which, unlike simple keto
sis, was associated with high mortality and a variety of 
concurrent disease problems. Morrow6 called this disease 
"Fat Cow Syndrome" based on the physical condition of 
affected cattle. Like simple ketosis, the disease occurred at 
or around parturtion. The typical histologic lesion common 
to these affected cows was severe fatty infiltration of the 
liver (hepatic lipidosis ). 

This same finding (hepatic lipidosis) is not only found 
in overly conditioned cattle but also in poorly conditioned 
animals during the periparturient period. As with the Fat 
Cow Syndrome cows, these cattle also suffer from a variety 
of concurrent diseases. 

Mechanisms 

To understand the mechanisms responsible for hepat
ic lipidosis, it is important to review the mechanisms 
brought into play in simple ketosis. Ketosis occurs as a re
sult of high energy demands placed upon dairy cattle in the 
early stages of lactation in addition to hormonally me
diated shifts in lipid metabolism. 7 It has been documented 
that the oral intake of nutrients in a high producing cow 
will be insufficient to meet the energy expended for pro
duction for approximately 6-8 weeks.8•9 During this phase 
the cow is dependent on her body stores of fat and protein 
to meet this demand. Ketosis occurs when the amount of 
fat mobilized and sent to the liver exceeds the hepatocytes 
ability to convert it to energy through the tricarboxylic acid 
cycle. A relative deficiency of oxalacetic acid [OAA] occurs 
when large amounts of lipids are presented to the liver. 
This results in incomplete oxidation of the lipid and the 
resulting generation of ketone bodies. Ketone bodies per
petuate their own production by acting as appetite sup
pressants, thus stimulating more fat mobilization into an 
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already compromised liver. By the 6-8th week of lactation, 
oral intake should meet the lactational demands and so the 
incidence of clinical ketosis decreases8

. 

In hepatic lipidosis, the cow not only deals with pro
duction of ketone bodies but associated loss of liver func
tion. Normal, healthy cows mobilize fat from body stores to 
the liver in late gestation. 10 The non-esterified fatty acids 
(NEPA), actively absorbed by the hepatocytes during this 
time, can render these cells non-functional (lacking the 
ability to release the lipid). When large numbers of hepa
tocytes are involved, liver function is diminished. These 
functions include detoxification of body waste compounds, 
synthesis of proteins, and clearance of bacteria via the he
patic reticulo-endothelial system, in addition to the con
version of fats and proteins to energy. The end result is 
that the affected cow has less ability to fight infection and 
even mild infections tend to overwhelm the patient. 

To state that the mobilization of fat stores to the liver 
is responsible for hepatic lipidosis is an over simplification. 
A variety of mechanisms have been or are currently being 
investigated as to their role in hepatic lipidosis. These in
clude: adrenal insufficiency, carbohydrate deficiency, and 
selenium deficiency11 as well as vitamin deficiencies of A 
and E. 11 In addition, the role of insulin (impaired release) 
has also been studied12 The most current research in this 
area suggests the problem resides in lipid transport and the 
release of the triacylglycerol-rich lipoproteins from the he
patocytes.13·14 

Diagnostics 

The diagnosis of hepatic lipidosis/fat cow syndrome is 
most often based on history, physical findings, and failure 
to respond promptly to what seems appropriate therapy. 
Laboratory methods are available which can aid the practi
tioner in accurately assessing the degree of liver lipidosis 
and lost function. These include non-specific enzymatic 
tests, specific enzymatic tests, quantitative assays of hepat
ic lipid content, and function tests of the liver itself. 

The non-specific tests are those that measure enzymes 
of possible hepatic origin such as asparate amino transfer
ase (AST), commonly referred to as SGOT, and lactic de-
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Cattle and hog producers know 
to call on you for effective herd health 
management. 
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Liquamycin® LA-200®. For pneumonia in 
hogs and shipping fever i_n cattle caused 
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caused by Moraxella bovis, the treatment 
to call on is Liquamycin LA-200. 

With its unique 2-pyrrolidone for
mulation and the highest concentration 

of oxytetracycline available (200 mg/ml), 
LA-200 achieves high therapeutic blood 
levels within minutes after injection. 
Then it sustains those high blood levels 
for three full days-three times as long 
as conventional oxytetracyclines. 

You simply won't find better anti
biotic value, efficacy or convenience. A 
recent study compared a single injection 
of Liquamycin LA-200 to three daily doses 
of Naxcel® and three doses of conven
tional oxytetracycline for treatment of 

acute respiratory infections in cattle. 
LA-200 offered the highest therapeutic 
success rate and the lowest treatment cost. 

Producers count on you for the 
ultimate care of their livestock. For a cure 
that complements the quality of your 
care, LA-200 is the ultimate choice. 

Liquamycin LA-200. The medicine 
that's stronger, longer. 
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hydrogenase (LHD). Both these enzymes are found in 
tissues other than liver and thus have limited usefulness. 
AST and LDH are derived from muscle as well as liver 
and, since cows with hepatic lipidosis frequently spend 
more time down due to infection, it may be difficult to de
termine the origin of the rise. AST rises slowly following 
injury to hepatic cells, reaching peak values in about 3 
days. The decline of the enzyme is even slower and may 
take 2 weeks to return to normal values. LDH can be used 
as a liver specific enzyme if isoenzymes are measured; 
otherwise, the determination is no more specific than AST. 

Liver specific enzyme tests are available. These in
clude sorbitol dehydrogenase (SDH), ornithine carbamyl 
transferase (OCT), and glutamate dehydrogenase (GDH). 
Like AST, these enzymes are associated with cell injury. 
The magnitude of the rise does not necessarily correlate 
with the amount of liver involved. In fact, focal lesions such 
as actively enlarging liver abscesses would be more likely to 
cause a large rise in these enzymes than would fatty infil
tration. Roberts and Reid15 have reported these laboratory 
determinations are poor indicators of hepatic lipidosis. 
Our experience with SHD in cases of severe fatty infiltra
tion would support their findings. 

Quantitative determinations of hepatic lipid content 
can be done by several methods, all of which require a bi
oposy. Percutaneous biopsying of the liver has been per
formed thousands of times with minimal complications. 
The site for the biopsy can be located by drawing a line 
from the right tuber coxae to the right elbow. The intersec
tion of the line and the 10th intercostal space is the loca
tion for the insertion of the biopsy needle (fig.l). 

FIGURE 1 

The biopsy needle should be inserted perpendicular 
to the skin and advanced through the muscles and perito
neum. Once the peritoneum has been punctured, the nee
dle is advanced slowly until resistance is encountered 
(liver). A sharp stab is made with the needle to puncture 
the liver's capsule. The biopsy portion of the needle is then 
opened and the biopsy cut. If correctly done, approxi
mately 40-50 mg of liver will be obtained. 
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The simplest quantitation procedure can be done on 
the fresh sample using a buoyancy test. 16 This involves di
viding the biopsy into thirds and placing the samples into 
solutions with specific gravities of 1.000, 1.025, and 1.055. 
The solutions are made from distilled water (1.000) and 
copper sulfate. The amount of fat present can be roughly 
determined based on whether the samples float or sink in 
the various solutions(table 1). 

Table 1. Liver Specific Gravity Test 

% Fat Content Interpretation 1.000 1.025 1.055 

34 Severe Floats Floats Floats 
25-34% Moderate Sink Floats Floats 
13-24% Mild Sink Sink Floats 

13% Insignificant Sink Sink Sink 

As many as 30% of all freshening dairy cattle may 
have hepatic lipid content in excess of 34% so interpreta
tion of this test must be made in light of the clinical signs of 
the cow. 

The more sophisticated methods involve chemical 
assay for triglycerides or point count determination of lipid 
content based on histologic sections. The histologic deter
minations can be done on either frozen or fixed tissue. 
These tests are likely more accurate but are not readily 
available outside academic institutions. 

Liver function tests are not diagnostic for hepatic lipi
dosis, however, they are useful in prognosing individual 

· cases.About the only function test used in large animals is 
the BSP dye excretion tests. This involves the intravenous 
injection of the dye (1 mg/lb) and the collection of 2-3 he
parinized blood samples timed between 5 and 12 minutes 
post injection. The dye is handled much the same as biliru
bin and is normally rapidly excreted by the liver. The half
life of the dye is calculated. The normal value is Tl/2 = 
3.3 + /-0.5 minutes. Most dairy cows at partrition will have 
elevated dye half-lives but still are unlikely to have clinical 
signs of hepatic lipidosis. In our experience, the prognosis 
for cattle showing signs of fatty livers, based on BSP clear
ance, is: 

BSP half-life (minutes) 

5 
5-8 
9-12 

12 

Prognosis 
EXCELLENT 
GOOD ( may require tx) 
GUARDED (requires aggressive tx) 
POOR (unlikely to respond) 

Another possible test of liver function presently being 
investigated is the quantitation of serum bile acids 
(SBA).17 Bile acids, synthesized by the liver and excreted 
in bile, facilitate the digestion and absorption of fats. Bile 
acids are absorbed from the intestinal tract and taken up 
by the liver and re-excreted in bile. This is a very efficient 
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process with little loss through the gut. In hepatic dysfunc
tion in man, SBA's elevate due to impaired hepatic uptake. 
In patients with cirrhosis, SBA elevated even when enzy
matic values were normal. Work by Dr. Frank Garry3 how
ever, indicates this test is no more accurate than BSP at 
prognosing outcome in hepatic lipidosis. 

Other laboratory tests useful in evaluating affected 
cows would include the hemogram and the chemistry pro
file. As already mentioned, affected cattle have impaired 
responses to infection. This can often be manifested by low 
leukocyte counts ( 3000). The hemogram allows the prac
titioner to monitor the cow's response to treatment. Cattle 
which fail to mount a neutrophilic response despite appro
priate antimicrobial therapy are unlikely to survive. 

A serum chemistry profile would be useful in directing 
appropriate therapy ( electrolytes, fluids). Many profiles in
corporate CPK as one of their tests. This may be useful in 
determining the origin of elevations in AST. 

Therapy 

The standard treatment for the fatty liver cow revolves 
around meeting her energy needs and, thus, preventing 
continued fat mobilization. Since the most readily detecta
ble sign is ketosis, the standard treatment is intravenous 
glucose therapy. The big problem is that 250 g of glucose 
given by rapid IV administration will only keep the cow's 
glucose level up for 1-2 hours. This is because the cow can 
only utilize approximately 60 g/hour. 18 The remainder is 
spilled into the urine and lost. The severely affected cow 
needs a steady flow of dextrose to avoid the peaks and val
leys that result in additional fat mobilization. Valuable 
cows deserve slow intravenous drips of glucose for at least 
24 hours. This gives the liver a chance to clear whatever fat 
it can from the functioning hepatocytes and will hopefully 
improve the liver's ability to metabolize fat. Maintenance 
of cows on continuous glucose therapy has been done for 
up to 3 days with good success. 

Glucocorticoids have been advocated in the treatment 
of ketosis but careful thought should be given before they 
are used in animals with clinical hepatic lipidosis. While it 
is true that these compounds will increase blood glucose19 , 

they may do so without benefit to the cow. One side effect 
of glucocorticoid therapy is to decrease the release of insu
lin. It is already well documented that insulin levels are low 
at parturition, and lowered further by ketosis12

•
20

• thus the 
elevated blood glucose may reflect impaired peripheral tis
sue utilization.19 Additionally, these compounds reduce 
the animal's immune response. In cases with infectious 
processes, the use of these products may be detrimental to 
the cow. If infections are not a problem, the positive effects 
of glucocorticoids ( decreased milk production, elevated 
blood glucose, generalized euphoria) may warrant their 
use. 

22 

Anabolic steroids have been advocated as efficacious 
in preventing further depletion of protein and fat in cattle 
with hepatic lipidosis. 15 The use of trienbolone acetate has 
been advocated for cattle. 15 There is logic to this treatment 
but few reports of its use under field situations. 

Protamine zinc insulin has been given to affected cat
tle with good results. 21 It is known that one effect of insulin 
is to inhibit lipolysis.22 It has also been shown that ketotic 
cows in the early stages of lactation have lower than nor
mal circulating insulin levels so glucose utilization may be 
affected. Protamine zinc insulin (PZI) has been selected 
because of its slow rise (peaks about 18 hours post admin
istration) and long duration of effect (36 hours). The dose 
used (100-200 units SQ) has been arrived at empirically 
but appears to be adequate based on clinical response. 21 

The possibility of creating a hypoglycemic crisis at the peak 
effect of the insulin should be considered in those cows not 
receiving continuous glucose therapy; however, this dosage 
is small enough that this problem has infrequently been 
observed. 

The use of choline in fatty liver cows has been an area 
of much debate. The controversy arises from the use of this 
drug in man where some beneficial effects have been re
ported. Work done by Reid et al suggests that choline may 
be a useful adjunct to treatment; however, it must be given 
parenterally. Orally administered choline will be destroyed 
by the rumen flora. Methionine, at 40 g/day for 7 days has 
some limited benefit in cows with subclinical ketosis. 

Propylene glycol, sodium propionate, and glycerol 
have been recommended as ketosis treatments. All these 
sustances supply substrate to the TCA cycle resulting in 
increase glucose production. An inherent drawback to 
their use is that they require a functioning liver for conver
sion. Left unmetabolized, these products act as appetite 
suppressants. Propylene glycol is most often used because 
it is both more economical and more palatable than either 
of the other products. These products have been most ef
fective when used in cattle that are still eating some rough
age (hay). 

Adjuncts to treatment: 
A variety of drugs have been used in cows with fatty 

livers. These include ACTH, vitamin E-Se products, and 
nicotinic acid. ACTH has been used to induce the endoge
nous production and release of glucocorticoids. Postiive ef
fects have been reported, but have no identifiable 
advantage over exogenously administered gluocorticoids. 
Vitamin E-Se preparations may be useful because of their 
roles as antioxidants. Since fat metabolism produces oxide 
radicals within the cell, the administration of vitamin E-Se 
seem rational. Additionally, vitamin E-Se injections given 
to fatty liver cows improve the killing ability of PMNs com
pared to those of non-injected or E-Se deficient cattle. 
Nicotinic acid has been used to prevent and treat ketosis 
by reducing the mobilization of free fatty acids. Daily doses 
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of 12 g/cow eliminated ketosis in affected cows within 9 
days. 23 Large doses of 50-100 g/cow acted as appetite sup
pressants and reduced milk production significantly for 7 
days following withdrawal of the treatment. 

Because of the reduced resistance to disease demon
strated in cattle with hepatic lipidosis, it is reasonable to 
cover the animal with antibiotics. All identifiable problems 
should be aggressively treated. Attention should be paid to 
antibiotic withdrawals so that the animal may be salvaged 
if improvement is not seen. 

In valuable cattle with hepatic lipidosis and showing 
signs of endotoxemia (high heart rate, diarrhea, weakness) 
the non-steroidal anti-inflammatory drug (NSAIDs) 
should be given.24 Flunixin meglumine, phenylbutazone, 
and aspirin all have been shown to reduce the synthesis of 
the endotoxic mediators thromboxane A2, prostcyclin and 
PGE2. 
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Disease prevention is your invest
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'CattleMaster' antigens activate the 
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'CattleMaster' maximizes both 
safety and performance, as proven in 
countless laboratory tests , field trials 
and independent challenge tests. 
'CattleMaster' is so safe, pregnant 
cows can be vaccinated in any 
trimester. 

And , while you 're preventing dis
ease, how about preventing extra 
work? With 'CattleMaster', there's no 
need to juggle an armload of syringes . 
Choose your range of disease protec
tion from these five combinations . 
It's your Master Plan . 

CattleMaster® 4 + VL5 -
IBR, Pb, BVD, bovine RSV, 5-way 
lepta and vibr iosis. 

CattleMaster® 4 + L5 -
IBR, Pl3, BVD, bovine RSV, 5-way 
lepta. 

CattleMaster® 4 -
IBR, Pb, BVD, bovine RSV. 

CattleMaster® 3 -
IBR, Pl3, BVD. 

CattleMaster® IBR-Pla-BRSV. 
CattleMaster® BVD-K. 

Ask your Norden field representative 
about 'CattleMaster'. Norden Labora
tories. The company that's always a 
step ahead of the times. 

Bovine White Cells magnified 5000 times. 
'CattleMaster' stimulates these defender 
cells to recognize and destroy the disease
causing viruses or bacteria. 
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