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Ketosis

e Affects mainly cattle and sheep

e Usually near parturition (the animal may be off feed at a
time energy demand is increasing, maybe because milk
production is starting.

e In ewes often happens before lambing, in cows 6 weeks after
calving at peak milk production)

e Too many ketone bodies in the blood

— Ketone bodies are formed from using fat from the body for
energy.

e Not enough pyruvate to form oxaloacetate to provide
citrate.
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Ketone Bodies
CH; —(“3 —CH3;
O
CO, Acetone
bf e

y
CH3—C—CH2—C\

] o
NADH+H* Acetoacetate
NADD lOH O
CH; —(:3—CH2—C/
H O

D-B-Hydroxybutyrate

Ketone Bodies - formed in the liver and oxidized in skeletal and
heart muscle and the renal cortex. Brain adapts to use them under
starvation conditions
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Ketones bodies

‘ Ketogenic
amino Acids Fatty

acids

Glucose > Oxaloacetate
Gluconeogenesis / Acetyl CoA
TCA Ketone
Glucogenic Cycle bodies
amino Acids

lGlucose in cells I:I>T Gluconeogenesis I:I>l Oxaloacetate

U

| Fatty acid breakdown — ==>{Acetoacetyl CoA ==>]Ketone bodies

Citrate







INTERMEDIARY METABOLISM OF CARBOHYDRATE PROTEIN AND FAT

Glucogenic

Ketogenic
Amino Acids Carbohydrate Amino Acids
= 4

Methionine Glucose «— Glycogen Glycerol
Leucine
Cysteine F\\\\ Isoleucine
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Phenylalani Butyrate (VFA)
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THF

e

Methylene Folate
THF Cycle

\

Methyl

TH

MTHFR - methylenetherahydrofolate
reductase

MS - methionine synthase
CBS - cystathione beta synthase
ChAT - choline acetyltransferase

Methionine

\ MS 2
1B12

\ Homocysteine

Cystathionine

}

Cysteine

SAM

SAH

.

Phosphatidyl-
ethanolamine

Choline
| =

Acetyyicholine






ketosis

e Treat with glucose or propylene glycol, which is
gluconeogenic.

e Prevent by keeping energy intake levels up and by
avoiding too much grain in advance so that the animal
becomes fat and has extra fat to use. Not always
possible to prevent, however.

e NOT self-correcting, but rather accelerates and the
animal goes down-hill.
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Serum -hydroxybutyrate (BHB) and glucose concentrations in 90 multiparous Holstein

COWS
Cows with BHBA Cows with BHBA
concentration concentration

<1200 mol/L >1200 mol/L All cows
N=77 N=13 N=90

. : median

Median median
BHBA mol/L 600 1620 620
Glucose 50 42.0 50

(mg/dl)
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Alterations of fatty acid B-oxidation capability in the liver of ketotic cows

P. Li,*+' X. B. Li,*' S. X. Fu,* C. C. Wu,* X. X. Wang,* G. J. Yu,* M. Long,t Z. Wang,* and G. W. Liu*?
*Department of Clinical Veterinary Medicine, College of Animal Science and Veterinary Medicine, Jilin University, Changchun 130062, Jilin, China
TCollege of Animal Science and Veterinary Medicine, Shenyang Agricultural University, Shenyang 110161, Liaoning, China

In this study, we investigated FA metabolism in ketotic
cows and nonketotic cows by evaluating the
expression of FA oxidation-related enzymes in liver




L Metabolic disorders such as ketosis are common in dairy cows
during the periparturient period (Goff and Horst, 1997).

U High concentrations of NEFA and ketone bodies (acetoacetate,
BHBA, acetone) and concurrent low blood glucose levels in early

lactating dairy cows are indicative. o
(Grummer, 1995,

= Subclinical ketosis is gemeraily diagnosed when plasma BHBA
concentration exceeds 1.2 mmol/L.

(Duffield, 2000;



U Three hundred twenty-seven cows in postpartum wk 4 were screened
to identify ketotic cows.

U According to blood parameters and clinical signs, 26 cows with high
BHBA levels were obtained and, of these, 15 cows showed obvious
signs of ketosis.

U Finally, in ¢ , BW, production, 6 cows
were selected a—
ol L, el
Signs of ketosis®

[ S

L In addition, 6 cows with low BHBA levels iBI—IBA <0.60 -
mmol/L, gluco : g

and no obvious signs of ketosis were selected as nonketotic cows.
7 S —




Table 1. Parity, BW, and milk production of ketotic and
nonketotic cows

Item Ketotic cows (n = 6) Nonketotic cows (n = 6)
Parity 3.8+£09 35+1.1

BW (kg) 605.33 £ 62.15* 653.64 £ 54.36
Milk production (kg/d) 26.23 + 4.35* 30.38 + 3.73
*P<0.05.

Table 2. Serum BHBA, NEFA, and glucose concentrations of
ketotic and nonketotic cows

Item Ketotic cows (n = 6 Nonketotic cows (n = 6
BHBA (mmol/L) 1.98 + 0.90* 0.48 £ 0.22
NEFA (upmol/L) 762.60 £ 152.10* 272.770 £ 62.30
Glucose (mmol/L) 2.05 £ 0.29* 4.36 + 0.85
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*P < 0'05 O Non-ketotic

*¥P< (0] ®Ketotic
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Target gene copy number/p-actin copy number
(ratlo)
=

Figure 1. Real-time reverse transcription-PCR analysis of fatty acid metabolism-related enzymes in the liver. Values are
reported as target gene mRNA copy number of 1 pg of total RNA/B-actin mRNA copy number. *P < 0.05; **P <0.01.

Error bars indicate standard errors.

The mRNA abundance and protein content of :

acyl-CoA synthetase long-chain (ACSL)

carnitine palmitoyltransferase I (CPT I)

carnitine palmitoyltransferase II (CPT II)

acyl-CoA dehydrogenase long chain (ACADL)

3-hydroxy-3-methylglutaryl-CoA synthase (HMGCS)
B acetyl-CoA carboxylase (ACC)



U Expression of the ACSL gene was increased in ketotic cows
compared with nonketotic cows (P < 0.01).

Suggests: ketotic cows require enhanced oxidation of
long-chain FA derived mainly from adipose tissue to meet energy
requirements.

U The CPT system is composed of:

1. CPTI
2. CPT II and promotes the mitochondrial translocation of FA

G2



(] NEFA in the liver are mainly metabolized via 3

pathways:
(1) complete oxidation, producing H20, CO2, and ATP

(2) incomplete oxidation, producing ketones
(3) esterification to triacylglyceride.

y
W
\ i

U Therefore, large amounts of NEFA will be
incompletely oxidized to ketones or esterified to
triacylglyceride when the uptake of NEFA exceeds the
oxidation ability in the liver, thereby potentially leading

to ketosis.



U Levels of CPT I and CPT 11, levels of mRNA and
- protein of ACADL, an enzyme catalyzing the first step
of the p-oxidation of long chain FA in the mitochondria,

__ were lower in the liver of ketotic cows.

[ These findings suggest that the ability of B-oxidation

| of hepatocyte was decreased.

(] Which indicates that high serum NEFA may regulate
expression of those genes; however, a threshold
concentration for this regulation is not known.



o4 Acyl-CoA synthetase long-chain:
activates FA to fatty acyl-CoA for FA oxidation.

Q * Carnitine palmitoyltransferase I:

is a membrane transporter of fatty acids (acyl-CoA) from the
cytoplasm into the mitochondrial matrix and is a primary
regulatory enzyme involved in mitochondrial B-oxidation.

U In this study, CPT I and CPT II mRNA levels were decreased.

U Xu et al. (2011) reported that CPT I transcription and
translation were decreased significantly when NEFA
concentrations exceeded 1.2 mmol/L in cultured bovine
hepatocytes.




4 N

U Serum NEFA concentration was negatively correlated with
protein levels of :

CPTII

ACADL
HMGCS

ACC

=

U Posivitively correlated with

o N

\ b
. '.',7'




v’ A possible explanation for this finding could be that the
expression of HMGCS is regulated by feedback inhibition of
high serum BHB concentration (Ness and Chambers, 2000).

v' However, reports about this are limited, especially in dairy
COWS.

v BHBA may affect FA metabolism by regulating CPT II,
ACADL, and HMGCS expression in the liver of ketotic cows;
however, the underlying mechanism for this effect is unknown.




