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Transition inflammation:;
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Metabolic impacts of
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The transition period
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First lactation
—— Third lactation

Total disease incidence
(cases/100 cows)

-28 0 28 56 84
Days from calving

Ingvartsen, 2006

Infections increase ketosis risk

J Odds ratio, subsequent risk of ketosis
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0,5

0,0 -
Early metritis Acute mastitis  Chronic mastitis

Grohn et al., 1989
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Ketosis increases infection risk

Odds ratio, relative risk following ketosis

3.5 A
3.0 -
2,5 -
2,0 -
1,5
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0,5 -
0.0 -

Risk of metritis Risk of mastitis

Duffield et al., 2009; Doohoo and Martin, 1984

Inflammation

Acute inflammation

= Associated with immune
activation or tissue damage

= Swelling
= Pain

®» Fever
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Inflammation

Chronic inflammation

= No outward signs

= Slightly elevated
inflammatory mediators

= Alterations in signaling

INFLAMMATION
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Source: Adv Neonatal Care © 2003 W. B. Saunders
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Subacute liver inflammation is common in
postpartum cows
500 -

=@ Healthy (n = 20)

== Mild Disease (n = 41)
400 - = Severe Disease (n =70)
wfP=5old or Died (n = 30)

300 -

Haptoglobin (mg/L)
o
S
S

21 -14 -7 -3 -1 0 1 3 7 14 21 28
Day relative to calving

Sabedra, 2012 (thesis)

...and in women, even in the absence of
complications

. Group |

Group 11

‘ ™

—

*** p<00001, **p<001, ns<not significant

before
operation

1st 2nd 3rd 4th 5th 6th 7th
days postpartum

Serum C-reactive protein, mg/L

Keski-Nisula et al., 1997
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Inflammation is associated with
| transition disorders
% of cows with one or more fransition disorders
50
a a
40 -
g a Dystocia
30 Milk fever
Mastitis
20 - Metritis
b Ketosis
10 - Lameness
0
Low Int. Low Int. High High
Degree of inflammation
Bertoni et al., 2008
lausible causes of postpartum inflammation
Heat stress
[ Social
stress Catecho /. i Uterine involution
Mine Metritis
ROS Cytokines
2 Oxidative Eicosanoids
stress LPS
e Mastitis
Bradford et al., 2015
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What's the
role of
“norma
peripartum
Inflammation?

Parturition

Immediate postpartum anti-inflammatory

Odds ratio relative to
. . 3,0 - - placebo
= Flunixin meglumine

2,5 -

given 2 h and 24 h 20 -
after calving 15
= Over 1,300 cows o8
enrolled gz |

Retained Metritis
placenta

Blocking inflammation on the day of calving can interfere with
inflammatory signals needed to expel the placenta

Newby et al., 2017
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Inflammatory
signals are |
essential for e,
parturition

Q@ @ Neutrophils and
\& @ @ macrophages enter
myometrium and cervix
@z

Myometrial contractions

Amniofic fluid 4 { cox2t
IL10 myocyte calcium
> \\\» entry increases
Y, V 9 T
X - Myometrium
\ HON il and cervix
\ &4 \ IL1
iLe 1
= \ \ | IL8
Stimulate Promote Interact with M : ) '
release of contractions prostaglandin . yometr_lum § . /
proteases synthesis Lipoxin synthetic capacity i
pathways ALX (lipoxin receptor) 4 mmp

Collagen breakdown <]
Cervical ripening
in cervix

Jabbour et al., 2009

INGCRIEE
metabolic

implications of
postpartum
inflammation?
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Classification of cows according to BW |oss
postpartum

In retrospect, cows were divided according to %

of BW loss during the first month postpartum:

1) HWL - High weight loss, lost more than the

average of %BW loss (> 6%, on average 9%).

2) LWL - Low weight loss, lost less than the
average of %BW loss (< 6%, on average 5%).

Zachut et al., 2013, 2015, 2017

Increased abundance of TNFa in adipose tissue
of HWL cows at 7 d postpartum

2,0
D)
< P < 0.001
= '
g 1,0
~
e
Z 015 .
'—
0,0

HWL LWL

HWL wL

3404 3200 3561 3694 3551 3678 3199 3677

TNF-u(60KDa) s s oo s s

PXTLTZLIC) S S ————

Zachut and Moallem, 2017
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Response to glucose tolerance test

repartum
. prep . postpartum
’\ - @ = HWL 1 - = HWL
200 H N\ -l 200 |
[} ~
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15- 5 0 5 10 15 20 25 30 35 40 45 60 75 15- 5 0 5 10 15 20 25 30 35 40 45 60 75
time relative to GTT, min time relative to GTT, min
3500 - 2500 -
— <= HWL
3000 -|
2000 -|

_ 2500 - -
= [
> | 51500 -
22000 4
£ £
3 1500 - 51000 -
£ £

1000

500 -|
500
0

-15 -5 0 5 10 15 20 25 30 35 40 45 60 75
time relative to GTT, min

time relative to GTT, min

-15 -5 0 5 10 15 20 25 30 35 40 45 60 75
Zachut and Moallem, 2017

Lipolysis and inflammatory proteins
higher in IR (HWL) adipose

function annotation®

inflammatory response
organization of actin cytoskeleton
leukocyte migration

homing of mononuclear leukocytes
proliferation of T lymphocytes

reorganization of cytoskeleton

P value

0.0045
0.0000
0.0040
0.0021
0.0006
0.0000

Zachut, J Proteome Research, 2015

no. of molecules

10
9
11
S
10
7

9 4 P<0.0003
02 P<0.03
27 -
3
56
2
<5 |
s
%4
<
23
[+ P<0.05
T, |
2

1

o

MGLL Perilipin  HSL

HIS mIR

P<0.03

FAS

* Mono-glyceride lipase (MGLL)

* Perilipin-1 (PLIN)

* Hormone-sensitive lipase (HSL, LIPE)

* IR adipose - increased lipolysis
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Alpha-1 acid glycoprotein (AGP)

'“"a""“a“;’y g TRANSITION DAIRY COWS:

i Tesues Feed intake :

clrculahng ORM

leptin receplor
,,.vv"'"""""

Acute phase

N proteins

Go ne
transcnpuo

Inhibition or food intake =2 =) 0 1 2 3
Sun et al., 2016 Week relative to calving

AGP in fransition cows

600

500
=
S 400
IS
o
(O 200
<
100
0
4 3 2 y 0 1 2 3 4 5

Week relative to calving

Unpublished data, Bradford et al.
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AGP associated with reduced infake

- = AGP explained 20% of

26 variation in within-farm
- S P DMI during weeks 1-4
$072 20/ , postpartum (P <0.001)
§22.2] 18 i
- 4 = Rising from the 25™

i percentile to the 75™ is

S s s 28 3 5 8 associated with @
TEEERAR 1 kg/d drop in DMI

Unpublished data, Bradford et al.

Do repeated inflammatory signals alter
metabolisme

= 33 Holstein cows were assigned to 1 of 3 treatments
(n =11) at calving.

™ 3 treatments: 0, 1.5, or 3.0 ug TNFo/kg BW.

calving

T —
d1234567

LRRRLLA]

subcutaneous injection Ve

12
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Inflammation suppresses infake

Subclinical
Ketosis

% 15 - -»-Conftrol 2%
= 1.5 ug/kg TNF 27%

©
L a lor - 3.0 ug/kg TNF 27%
O X
S
> P =0.02, TNFa vs. control
(o) 5 ‘ ‘ ‘ ‘ ‘ ‘ (18% decrease)

il 2 3 4 5 6 0%

Day of lactation

Yuan et al., 2013

A vicious cycle?

Metabolic disorders
promote
Infections
promote

Metabolic disorders

Excessive
lipid stores

Cytokine
o receptor
‘A r @

+ Altered <€---%%

metabolism %
Cytokines

o
9 ;nh/b/_ted @
« function 3

= ® Pathogen

challenge
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Anfi-inflammatory drug salicylic acid

IKKe | IKKB
=»The parent GOk KK
compound for OH ll—Salicylates
aspirin

= |nterrupts central
inflammatory
pathways found in o
most cells 58 ool

Inflammatory
markers

GG
AVATAN

Shoelson et al., 2006

Salicylate induces mild hypoglycemia

(0]
(@)
|

~N
(@)
I

#CON «4=5S

P <0.05

o
(@)
\

Plasma glucose
(mg/dl)
(@)
(@)

N
o

1 7 14 2]

Day of Lactation

Farney et al., 2013
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Plasma glucose (mg/dL)

-30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 110 120
Time relative to start of glucose infusion (mins)

——cow 4813 = =Target = 60 mg/dL

| Glucose infusion

- Hyperinsulinemia

Objective of infusion period:
Plasma glucose of 60 mg/dL

s salicylate-induced hypoglycemia
driven by enhanced insulin sensitivity ¢

Endogenous Glucose Production (g/h)

160 mCON =SS
140
120
100
80
60
40
20
0

Basal Euglycemia Hyperinsulinemia-
euglycemia
P=0.09 P=0.01 P=0.16

Garcia, Ylioja, et al., 2018 (abstract)
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Inflammatory pathways
can promote gluconeogenesis

Palmitate 16:0
&
OH

The saturated fatty -
acid palmitate Gg -
promotes transcription 3

of gluconeogenic

genes by activating T
TLR4 (the LPS receptor) {iﬁi‘w,m,l,\hi_

Mamedova et al., 2013

Transition
metabolism is a
balancing act

= |Inflammation may
help promote
homeorhetic
mechanisms to
promote glucose
synthesis and
conservation

= Excessive
inflammation impairs  EEE..
feed intake, drives [ S——
lipolysis
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Mammary responses

Inflammatory biomarkers predict lost milk

= Plasma concentrations of haptoglobin >1.1 g/L
were associated with a 947 kg decrease Iin
305-day mature equivalent milk yield
(Huzzey et al., 2015)

= Cows with haptoglobin concentrations greater
than 0.1 g/L a week after calving produced
11% less milk in the first 2 months of lactation
than those below that threshold
(Shin et al., 2018)
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Processes activated on day 1 of lactation

| Inflammatory _ Lymphoid !
response  fissue
le]ale]llgle]

- Orange = up-regulated vs. day 45 by RNA-Seq

Ylioja et al., 2017 (Abstr.)

Postpartum NSAID study

1. Na salicylate
2. Meloxicam
3. Placebo

= Administered orally
starting 24 h postpartum

=51 multiparous cows per
tfreatment

Carpenter et al., 2016
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Anti-inflammatories in early lactation
*F e Fop g
50 - ™ " &
> /."'..°.."‘°v~
~ 40
=
% 35
; 30
o) 25
> 20
=< 15 CON = = =-MEL -<¢ee++e SAL
E Meloxicam Salicylate
N +12% +11%
5 P <0.05 P <0.05
0 1 dose 3 doses
1 5§ 9 13 17 21 25 29 33 37 4l
Weeks in milk Carpenter et al., 2016

Herd survival analysis
1.0
9 —
° T = - -y
ssess 1
L~ | 0.8 . .....ooo. = — -y
: ............. 'y .... — 1 —
: ..I'........
=
= 0.6-
T
.§ 0.4 Con vs. Melox: P =0.06
s
=
2
& 0.2
CON = = =MEL eee++ SAL
0.0 ¥ T ¥ T ¥ T
0 100 200 300
Days in milk Carpenter et al., 2016
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Chinese skullcap (Scutellaria baicalensis)

Used in traditional Chinese & G
medicine o AN«OH  Baicalin

Liver-protective effects O Yor O
Boic]
HO
. o OH O
In vitro anti-tumoral effects
Anti-inflammatory effects OCH,
HO o O
O | Wogonin
= = ¥ Effects in dairy cows? oH O

Scutellaria baicalensis exiract experiment

= 40 multiparous cows - = wiﬂifﬁ
per treatment A = g

= Randomized block ‘{.__._ _j’.,,w-' :w'@ ]
design | I ‘ '

= Commercial dairy farm I “- “ ‘ i

with an Automatic ] > ,

Milking system (AMS) "2!'?'! \ i
= Treatment pre-mixed in # R

concentrate pellet

20
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+13%

1 3 5 7 91113151719 2123 2527 29 31 33 35 37 39 41 43

Con v. SBE&O: P = 0.07 Week Con v. SBE&O: P = 0.04
Olagaray et al., 2019

Decreased somatic cells point to
reduced mammary inflammation

4.0
= CON = = =MEL ccce¢ SAL
8 25 [ *
» . é’-
® ..' » 20
= - 2 15
el g P=0.02
2 d 1.0
= o —~—Con  —SBE60
E * 0.5
1=
@
1.0 0.0
0 100 200 300 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Days in milk Week of lactation
Carpenter et al., 2016 Olagaray et al., 2019
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Hypothetical impacts of unresolved

iInflammation

Systemic
inflammation

resolution

Negative energy balance
Metabolic disease
Infertility

Rapid
resolution

Parturition

Metabolic adaptation
Normal estrus cycles

Peak lactation

Bradford et al., 2015

| o\ 7 4 ¥,
Funding: USDA i-ngA 4@

Dairy
Metabolism
Group

CCPA
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Thank youl!

Barry Bradford

bbradfor@ksu.edu
W @AnimNutr
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