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Can we mitigate production limitations by
supporting a better transition to lactation in
dairy cows?
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Negative Energy Balance @J’“I@m
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(Mcal/day)
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energy balance

Day relative to calving

Net energy for lactation

Negative Energy Balance
Negative Glucose Balance
Negative Nutrient Balance

Grummer, 2008.
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Glucose Production from Feed

glucose

propionate

y .. =

Decreased dry —_—
matter intake =
negative energy balance
negative glucose balance




Mobilization of Fat Stores

Milk lactose

: . Milk fat Q,¢\Q
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Hepatic Nutrient Partitioning
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Complete Oxidation is a Carousel!
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Hepatic Nutrient Partitioning (@5{;
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Milk fat,
Energy for
other tissues

BHB (beta-hydroxybutyrate)
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30 Hepatocytes without FA

N
-

Liver Lipids, %

N
-,

Hepatocytes with fatty acids

Weeks Relative to Calving

Hepatic uptake reflects blood flow and [NEFA]
Accumulation in vivo peripartum is consistent
and can be replicated in primary bovine
hepatocytes providing an in vitro model for
mechanistic objectives




Accumulation of Liver Lipids

. T—’—’ GLUCOSE
glycerolﬂ T
PEP \
OAA
ketones
'
ENERGY : .
<! mltochondrla/
cytosol
White, 2015 Propionate

Mobilized

‘ Fat



Shifting hepatic gene expression likely shifts
pathway flux and can contribute to
dysregulation.
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Capacity for Complete Oxidation
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E relative to calving ai relative to calving

« PC:PEPCKCc is suggestive of capacity for complete oxidation
« PC:PEPCKCc is decreased at +1 DRTC in cows that subsequently de
velop HYK

Hepatic Oxidative Capacity is likely decreased

before HYK onset!
HYK
Weld et al., 2019, ADSA Abstract nonHYK




If insufficient complete oxidative capacity
can lead to ketosis and fatty liver, increasing
complete oxidative capacity should be
beneficial . . .

Is improved complete oxidation a result of
improved nutrient partitioning or
availability?
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Postpartum Supplementation of
Ammoniated Lactate (FACW)

= Improved feed efficiency
= [ncreased postpartum propionate
= Decreased postpartum NEFA and BHB

= [ncreased postpartum glucose and insulin

P=0.03
C 1
2.3
s 22| _
% 2; \ o
5 2| o —— I |
= 19&" - 4+ T T TRT——__ M — T
= 1.8 T TR ——
S 17 | i
1.6 | | | | | T

Caputo Oliveira et al., 2019



Postpartum Supplementation of @;mm
Ammoniated Lactate (FACW)
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Trt = 0.05
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Trt =0.30
Trt x time =0.24

MRNA, arbitrary units

PC:PEPCKc

Caputo Oliveira et al., 2019 ADSA abstract



Postpartum Supplementation of
Ammoniated Lactate (FACW)

P =0.09
—— O Control mFACW

60%
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P-value = 0.16

37%
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Caputo Oliveira et al., 2019 JDS; 2019 ADSA abstract
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Hepatic Nutrient Partitioning @
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apolipoproteins

2 possibilities: ?

1. Lipolysis "
2 ) Expo rt PhOSr.:Dhglipids

Choline

Cholesterol
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Choline Supplementation Increases
VLDL export

No Choline vs. Choline (10, 100, 1000) pM CC: P=0.06

P=0.03 14 -
1.2
1,2 -
|
= » T
= - =
= 08 O 'c
- ' |: 50,8
E S g
o6 Ef
= =
: 35
Q 04 0,4 _
-
-
0.2 0,2 -
0 - 0 -
61 2028 4528 0 10 100 1000

Choline Cthl"ldE, umol/L Choline chloride, |JI\/I-
Chandler and White, 2017; Chandler et al., 2019 ADSA abstract
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Mobilized Fat E Increased com,o/ete oxidation with
.ﬂ' NEFA decreased incomplete oxidation
... fatty acids and lipid accumulation
ENERGY!

acetyl =—>

CoA
\ ketones
11p1ds (ketosis

SRR
N\ (fatty liver)

glucose <—/ propionate
glyc

-

r R

Chandler and White, 2017; Chandler et al, unp - Choline +Choline



Are the gluconeogenic and lipotropic effects
of choline related to inflammatory status of
the hepatocyte?

Are they common across methyl donors?



Methyl Group Metabolism @IM
= Methyl groups come from methyl donors H
0 I

S — C=H
= methionine (1) @ \/\HLOH |
NH>5 H

Methyl group

" choline (3) @SCHE—CHE—OH




Methyl Group Metabolism

White
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Phosphatidylcholine s

VLDL
packaging
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Consistent effects on Hepatocytes sc
Pathway Choline Chloride Methionine
Lipid Export
>

VLDL

TG D
Oxidation

Complete oxidation (TCA >

cycle)

BHB production
(incomplete oxidation)

|

ROS secretion

Glucose Metabolism

N R
!

glycogen >

Inflammatory Response
Glutathione production

Methionine Regeneration :
|
(aka methyl donation) 1 Supplied!

Chandler and White, 2017; Chandler et al., 2016, 2017 abstracts;
Zhang et al., 2016; Zhang and White, 2019, 2017



Methionine Ameliorates LPS Challenge

= ROS and
Glutathione may
be independent

= What is the
optimal amount or
balance of
glutathione, ROS,
and other
markers?

No LPS challenge
B LPSchallenge

Zhang and White, 2017

A

Glutathione concentration

o x)

H202 concentration

in cell lysates (M)

(abitrary units)

180 -
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120 -
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OverallP< 0.01

P<0.01

P=0.10 *

I

0Met100Lys
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10Met25Lys

OverallP > 0.10
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O0Met100Lys
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Methionine Ameliorates LPS Challenge

No LPS challenge B (rs challenge

A Overall P < 0.05 B Overall P< 0.05
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Zhang and White, 2017
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Lack of methyl donors =

increased liver inflammation,
decreased liver oxidation,
and
decreased methyl donation

Does an improvement in the transition to
lactation period carry over for the remainder
of the lactation?



Positive Benefits of RP Choline on
Milk Production

ECM, Ib/day

50 T T
-3 ... 0 1 2

RP-Choline

w

2015: 93 Holstein cows: J. Dairy Science 100:1018 UFitsiiih



Positive Benefits of RP Choline on
Milk Production

What about the calf
that was born?

50 : | 1 | 1 1 | | 1 1 | | || 1 1 || 1 1
-3 ... o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RP-Choline Week after calving UF | IFAS Research
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Nutritional Programming

Feeding particular nutrients to the mother during a critical period of
fetal development can have immediate and long-term effects on the
offspring.

Parent’'s Dietary
Choices Affect
The Next Generations

- &

Mother -
1st generation

Fetus -

 2nd generation

_ Reproductive cells
- 3rd generation

.'g
e

-
a 1

https://www.diet-health.info/en/100122/papers/6267/principles/nutritional-programming

[[[[[[[[[[
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Nutrigenomic Responses

Choline N

Betaine B-vitamins . Animal studies have
L shown that a

diet with too little methyl-
donating
choline or folate before or
just
after birth causes certain
regions
of the genome to be
under-methylated for life.

http://learn.genetics.utah.edu/content/epigenetics/nutrition/



Choline supplementation of Liver Cells @WW’M* ~~~~

I Increased methyl group donation

I Methionine regeneration

What does this mean to the
calf?



Calves born to Cows fed RP Choline sc
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|

have increased average daily gain (ADG)

Birth to 5 weeks of
Birth to ~50 weeks of age age by bulls
by heifers (given LPS)
2015 2017 2017
1.77 Vs. 1.70vs. 1.80 0.96 vs. 1.23
1.86 Ib/d:; Ib/day b/day
P =0.06 P =0.09 P =0.06

n=35 n=46 n=238

IIIIIIIIIIII



Calves born to Cows fed RP Choline @xm
Had Improved Immune Response

o 10 - P =0.07
> 60 -
Q 13-
£ 50 - .
S S 12- l\l
40 - =
n -~ 114
) x
Y - B
E 30 § 10
w— 20 - ¢_>," 9-
S 2
X 10 - > 8-
— In utero effect, P=0.10
O - 7 I I T I
. . 0 7 14 21
Control Choline in
utero

Rectal temperatures measured daily.
Fever: >103.1°F.

IFAS Research

UNIVERSITY of FLORIDA

UF
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Choline supplementation at the end of gestation

impacts the fetus:

I Average Daily Gain

I Immune Maturation/Function

I Lung Development and Maturation

What happens when these heifer calves
enter the milking herd?



Piecing It All Together

= Manipulating the capacity for complete
metabolic impact

HYK
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oxidation likely has a

= Decreased PC:PEPCKc at calving in cows that subsequently develop

= Increased availability of substrate (propionate and lactate) or key

coenzymes (ex. Choline) may lead to improved metabolic health,

production, and feed efficiency

= Supplementation of methyl donors may improve hepatic efficiency to
positively impact cow and calf production in a donor-specific manner

= Export of hepatic lipids and glycogen production and calf growth and

health are increased with choline supp

= Methionine supports milk protein synt
inflammatory response during LPS cha

= Biological priority for methyl donors (c

ementation

nesis and ameliorates
lenge

noline and methionine) is

apparently different within hepatocytes
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Taken Together @g;gggﬁgam

G —>enerqgy

Ketone

bodies
glucose

TG
es

VLDL

Optimizing hepatic nutrient partitioning can reduce
metabolic disorders, support hepatic output, and improve
feed efficiency. . .

... and we likely have much more room for progress!
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Remobilization of Liver Lipids

Adipose
Tissue

NEFA

-
s
*»
+
'l
.

L
#
.

Storag
TG

Liver

Drackley, 1999
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Remobilization of Liver Lipids

Glucose

-

ApoB-100
Insulin

Cohen et al., 2011
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Filling in the Details
on Hepatic Lipolysis

‘ Lipid

Droplet

ABHD5




Hepatic Lipid-Associated Proteins @J’“Imm

At Calving, when liver lipids are accumulating:

Holdorf et al., 2019, Pralle et al., 2019, ADSA abstracts
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Hepatic Lipid-Associated Proteins @w

At Calving, when liver lipids are accumulating:

Postpartum,
when liver lipids are
decreasing:

Erb and White, 2019, Pralle et al., 2019, ADSA abstracts



Cell Culture Models @:"‘a&mm

O

Choline, mM Choline, mM
0.033 0.1 0.033 |0.1

0.016
ol

1 mM Fatty Acid Cocktail

dL Met, mM
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Reduced Fatty Liver with Rumen
Protected Choline Supplementation

P=0.02
20
B Control E Choline 16.7
15 P=0.01 P=0.10 P=0.001
10.0 10.4 (trt*day)

9.3

7.5

U

TAG in liver, % of tissue
2
o o

Eleketal., Santosand Zometal., Cooke etal.,

2013 Lima, 2009 2011 2007
10th day of feed-

restricted
pregnant, dry cows

Staples, 2016 SWNMC
UF | IEAS Research Moderate fatty liver is 5 — 10% wet weight

Linhwersity of Wisconsin-Madisan



Increased Milk Production with RP
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Choline Supplementation

100

Milk Yield, Ib/d

50

40 | | |

0O 2 4 6 8 10 12 14 16

Grummer, 2012, CNC

Average Response = 4.9 |b/d
P <0.0001

I ' [ I ' [ I ' [ I | I I | ]

18 20 22 24 26 28 30 32
Dose of choline, g/d

34 36



Transition Cow Liver Metabolism @M

Mobilized Fat E

38“ NEFA T
‘. fatty acids + glycerol ALS S, /
MICropla
. Y
‘ acetyl ENERGY! fermentathnII
CoA 06
\ ketones

\

lipids (ketosis)
(fatty liver)

’

4
glucose — «— propionate

milk fat lactose




Rumen-Protected Choline

= Oxidizing fatty acids causes oxidative stress
= Generation of reactive oxidative species (ROS)

» Decrease cell health and function

fatty acids + glycerol
Choline also reduced ROS 2detyl s ENERGY!
. — -
(2 mM choline had the CoA

lowest ROS) \ > ketones
lipids (ketosis)

(fatty liver)

- Choline +Choline

Chandler and White, 2017; Chandler et al, unpublished
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ketones




3

amino acids .

choline
fatty acids

CLA - lactate
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Nutrition Can Propagate our Impact @m&e’;&mm

= Impact during RP Choline supplementation is well documented

= |nC rummer, 2012, CNC)

= De
= Sust
" |nd

on

" m

= Impa tis carried into

offsp
= |n utero programming

= Colostrum



Positive Benefits of RP Choline on
Milk Production

ECM, Ib/day

50 T T
-3 ... 0 1 2

RP-Choline

w

2015: 93 Holstein cows: J. Dairy Science 100:1018 UFitsiiih
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How Is milk production increased during,
and AFTER,
supplementation of RP choline??
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Black Box Nutrition




Transition Cow Liver Metabolism

Mobilized Fat E

age

‘ NEFA

". fatty acids + glycerol

‘ acetyl—)ENERGY'
CoA

x\ ketones

g \

¢ lipids ) I 3

~.Lf(1tt.yhver) l
glucose — — propionate

milk fat lactose




Oxidative Stress

Fatty acid oxidation can lead to reactive oxidative species

proauction
' # ﬁ' ¢
k3
v - e
- 4
’&; | 7
’ *
L
. ‘
% s s @ ”
Js" P g

- Choline + Choline
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$60 to 70 million
nationwide per year

Impact of Dysregulat

Bobe et al., 2004



Energy and Glucose Precursors @xm

— — | GLUCOSE

glycerol

PITEP h
\ VR i | YR

o \Z

OAA ACCOA fatty acids
}
ketones
4
ENERGYJ mitochondria _/ bl o
Cytosol Fat

Rumen =l Propionate

White



Remobilization of Liver Lipids @KM

— — |GLUCOSE

1
glycerol# ' \
PEP \ PYR
OAA fatty acids 2 steps:
1/@ keltones 1 . |_|pO|yS|S
ENERGY| mitochondia 2. Packaging and
cytosol ex p 0O rt
30
i-zo
810
0

-8 -2 -1 +1 +4 +8  +29
Weeks Relative to Calving
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= Are fatty acids equally oxidized (completely or incompletely)
or stored?

* FAP

= |s this influenced by metabolic health status? (PC:PEPCK at
+1)

= What lipolytic proteins control the release of TG from the
liver during the characteristic recovery period?

= Can we nutritionally alter the oxidative capacity?

= Less fat, less oxidation, choline direct impact, prec
= Does ketosis influence fatty acid uptake by the mammary gland?

= Do milk FA reflect metabolic status

= ursors like lactate?



