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The modern broiler
« Modern broilers have a growth rate almost double than 30 years ago

» The rate of bone development does not match the fast growth rates of modern commercial
broilers.

- Bone maturity and functional potentials (e.g. tibia weight, length, density) are not reached until 25
to 35 wks of age in broilers, long after the birds are typically marketed (Rath et al,. 2000%*).

» The occurrence of lameness and bone fractures increases raising health, welfare and economic
problems.

« If the problem is sub-clinical the broilers will reach the slaughterhouse but with increased
condemnations, more carcasses being culled because of defects including “black bone syndrome”.
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* N.C.Rath et al., Poultry Science, 200079:1024-1032



Physiology
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Physiology

Allometric development of broiler growth
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Adapted from Gonzales and Sartori, 2002

The bone tissue develops first. Then,
during the rapid growth phase, the
muscle is developed.

In modern broilers, muscle mass
deposition begins almost at the same
time as bone tissue formation.



Physiology

Allometric development of broiler growth

Center of gravity shifted forward

Joints with greater stress:
microfractures, bacterial
contamination due to
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The Main Challenges of the Poultry Industry
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Vitamin D is involved in all these mechanisms

Mineral homeostasis Regulator of immune Support skeletal

and bone metabolism function muscle development Fertility
and growth

BIOLOGICAL ACTIONS OF VITAMIN D

by

Article
Classic and Non-Classic Effects of the Duration of

Supplementation of 25-Hydroxicholecalciferol in Broiler
Chicken Diets

Karen Prokoski !, Leticia C. Bittencourt %, Levy V. Teixeira 2%, Cristiano Bortoluzzi %, Elisangela Vanroo !,
Sabrina Palma ! and Jovanir L. M. Fernandes !
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Vitamin D & 250HD,

Metabolism summary

Main limitations
Q « Any gut challenge will
compromise the absorption
Vitamin D, of Vit Dy;
* Any liver challenge will
compromise the 25-OH-D3
hydroxylation of the Vit Dy

Skin

uvB .
irradiation

Active form

7-de25-OH- 1,25-OH,-D3 —ceeeme » | Biological actions into 25‘OH‘D3;
D3hydrocholesterol  ~< q * Up to 10-14 days the lipases
Production and the 25-25-OH-D3
itami fully hydroxy! t totall
Vitamin D Gut o —— care ydroxylase are not totally
25-OH-D3HYDROXY D regulated efficient.
= 3

. 25_OH_D3**
Very low conversion
Absorbed by passive diffusion, intervention
of lipase and bile acids (forming micelles).
Young birds, enteric disorders - limiting
absorption.

By 25 25-OH-D3hydroxylase, a non-specific
and non-regulated enzyme.

Low levels: Fatty liver, young and old birds
**25-0OH-D; is the circulant form

Soares et al, 1995; Atencio et al,, 2005 Khan et al. 2010



Vitamin D & 250HD,

Mode of action

Vitamin D, ( Calcitriol form) acts as a hormone via activation of its receptor (VDR),
which regulates and modulates gene expression in target cells.

Vitamin p; (25-OH D3, 1,25-(0OH),D3) enters the target cell
and 1,25-(OH),D3binds to its receptor, VDR, which is a
transcription factor. The vitamin-receptor complex enters the
nucleus and induces the synthesis of messenger ribonucleic

@ :.250n),0,

25(0H)D,

1a-hydroxylase -, acid (mRNA).
‘500
A &t - This mRNA codes for a protein responsible for a biological
%1»’\;\' effect, such as Calcium Binding Protein or CaBP.
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ex: Between 200 and 600 genes per cell type are the primary targets of vitamin D, (Carlberg, 2014)



Vitamin D’s “Classic” Role: Ca/P homeostasis

In the kidney
« 125(0H),D; enhances the expression of .
genes for basolateral calcium transporters
(resorption from urine to blood)

PTH

(Image from Nelson et al., 2020)

In the intestine

125(0H),D; stimulates Ca absorption
through the epithelium by increasing the
permeability of tight junctions

Enhances the absorption of phosphate by
an upregulation of the Na-Pi-transporter

In the bone

Under hypocaelcemia:

1,25(0OH),D5 + PTH stimulates mobilization
of Ca from bones to increase ionized Ca

Under positive calcium balance:
1,25(0OH),D; stimulates bone growth and
mineralization by:

* increasing plasma Ca and P

« direct effects exerted in osteoblasts

11



Vitamin D’s “Increasingly Popular” Role

© FGF23

Eﬂm via the Vitamin D R

Classic effects on intestine,
parathyraid glands, bone, kidney
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: Muscle Differentiation,
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\ Phosphalipid composition

MUSCLE FORM, FUNCTION, METABOUSM

Christian M., et al, Endocrine Reviews, February 2013, 34(1):33— 83



Vitamin D’s “Increasingly Popular” Role: The Immune System

25-25-OH-
D3hydroxyvitami

Toll-like
Receptor

1,25-di25-OH-
D3hydroxyIitamin D;

—

1,25(0OH),D; grymmems

receptor

WA

/NOS gene promoter

Nitric Oxide
B-Defensins
Antioxidants

Macrophages

1,25(0H),D4 stimulates gene expression involved in innate
immunity, including toll-like receptors 2 (TLR2) and -4
(TLR4) associated with the defense against infectious
agents such as lipopolysaccharides (LPS).

"’,”,,—-Re$ﬂfngin ~\-\\ﬁ‘

Reduction in
inflammation

Increased

e . Reduction
bactericidal activity

of ROS

Source: Poindexter

Norman, 2008; Shanmugasundaram & Selvaraj, 2012,
Morris et al,, 2014, Shojadoost et al., 2015



Vitamin D modulates
the Innate Immune System

The bacterial infection triggers the
activation of toll-like receptors (TLRs)
that regulates VDRs expression and
25(0OH)D3, 1-25-0OH-D3hydroxylase
activity

Qaudia Sirbe abd coll, International
Journal of molecular Sciences, 2022

25-hydroxyvitamin D
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Macrophage/Monocyte Dendritic cell
Induces Inhabition of:
antimicrobial Maturation
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and proliferation class Il
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T Delensin BT, T 12,1023
T CD a0, CD 8N, CD 86
VILR 2
ITLR 4

1.25-dihydroxyvitamin D

'h 1 Th?2 Th9 Th 17 I'reg B ccll
Inhibiton of: Stimulation of: Inhibition of: Inhibition of: Stimulation of: Inhibition of*
L2 1.4 1.9 L1 IL 10 g M
IFN ¥ IL 5 IL 21 FoxP3 Ig G
TNFa ILO CTLA 4 "

IL 13
GATA

Bacterial killing

Decrease inflammation
Decrease autoimmunity




Vitamin D and 25-OH-D3 boosts immune function and health

The main immune cells have VDR (Vit D receptor) and have the ability to convert calcidiol to calcitriol

(enzyme 1-a-25-OH-D3hydroxylase CYP27B1)

(a) Macrophage

Autocring, intracrine and paracrine effects

Stimulates the differentiation of monocytic precursors in mature cells
Downreqgulates GM-CSF expression

Stimulates PGE,, production

Increases me-specific surface antigens and of acid phosphatase
expression

Decreases MHC-2

Stimulates ‘oxidative burst’

Enhances chemotaxis and phagocytosis

Regulates the expression of CD14 (co-receptor of TLR4)

Inhibits TLR2, TLR4, and TLRY expression

Induces hypo-respensiveness to PAMPs

Alters the TLR9-dependent production of IL-8

Induces NOD2/CARD15/IBD1 expression

Induces the exprassion of a splice variant form CYP24-5V
Decreases TNF-a, IL-1, IL-6 and IL-23 production

Inhibits expression of MMP-7 and MMP-10, MMP-7 of MMP-9 by
M. tb-infected PBMC.

» Induces IL-10 and PGE, secretion from M. th-infected PBMC

» Induces defensins and cathelicidin

~ Regulates INOS expression (contradictory data)

» TLR2 or TLR4 enhances vitaminD signalling by uprequlating VDR

and CYP27B1expression

YYVYVY

VYNV VYV VNYYYY X

ression / 1,25(0H), D3
VoRep ‘ Dendritc cell

Abundant CYP27B1
expression

Low VDR
expression

» Suppresses anligen presentation 10 T cells

» Regulates negatively DCs differentiation, maturation,
and immunostimulatary capacity

» Decreases MHC class I, CD40, CD80, CD86 expression

# Decreases CD1a, CD83 maturation

» Decreases T-cell stimulation

» Decreases IL-6, IL-12, and IL-23 synthesis

» 1,25(0H),D3+ LPS generates tolerogenic DCs

# Induces VDR enhanging DCs tolerogenicity and
decreasing IL-12p70 production

» Upregulates CD152

» Indirect Th1 response inhibition

» Impairs IFN-y production

» Enhances level of FOXP3 expression

» Display anfigen unspecific suppressor activity.

» Effect on IL-10 production (Controversial data)

# Inhibits NF-xB family transcription factors activation and
expression

Michelino Di Rosa and coll, Immunology 2011

(b)

» Increases VOR levels
» Reguiates T cell development and migratory
function.

» Regulates TCR signaling

» Activates PLC-1

» Alters cytokine secretion patterns »
» Suppresses effector T cell activation »

» Induces regulatory T cells

» Regulates T celis trafficking and homing

# Induces CCR10 expression

# Decreases Thi cells proliferation »

» Promotes epidermal T-cell homing

# Inhibits chemokines and chemokine receptors

» Promotes T-cell shift from Th1 to Th2
in CD41 celis >

# Inhibits production IL-2, IFN-7, TNF-«
and IL-5

» Enhances TGF-f, and IL-4 transcripts

» Increases Th-2 cells function

# Inhibits T cell surface expression of CLA )

# Inhibits TGFfi mediated Foxp3 on CD4* T cells

~ Negatively regulates CCRB expression on
Thi7 cells

# Decreases levels IL-2 in CD4' T cells

» Regulates Th17 cells and decreases IL-17
axprassion

» Decreases IL-2 levels

Vitamin D3 + glucocorticoids stimulate
the generation of IL-10-producing
CD41/CD251 and TLR9 expression
» Actively regulates profiferation and
cytokine production of CD81 cells

T-rag lymphocyte /

Promotes T-regs cells development
Influences Treg cells differentiation
and functions

Increases the suppressive activity and
axpansion of antigen-specific Treg cells
Negatively regulates the expression
of CCR6 on the Th17 cells

Inhibits the lineage commitmeant

ol Th17 cells

Cooperates with IL-6 or TGF-f to
mediate IL-10 production

B lymphocyte

» Requiates VDR expression
~ Up-regulates CYP24A1
# Inhibits B-cell profiferation

» Increases |L-27-mediated IL-10 by up-regulating p27
producing CD4* T cells » Decreases CDK4, CDK6
» Induces Foxp3* Treg cells expansion and cyclin D expression

» Mediates death of proliferating B cells
# Inhibits plasma cells differentiation
and reduces Ig-secreting cells
and |g production
# Inhibits NF-xB
» InhibitsXB8P1 and ERN1




Skeletal Muscle-Immune System Interplay: A Two-Way Route

In humans and animals, vitamin D and VDR expression are necessary for muscle
development, myocyte differentiation, muscular volume, and function maintenance

Immune
System

Active skeletal muscle Immune system integrity

v
myokines, metabolism control
and immune system integrity
(i.e., TL-15, IL-7, TL-6)

muscle maintanance and repair
(i.e., Treg, IL-33, amphiregulin)

Vitamin |

Chronic inflammation

.
muscle damage and inflammation
(i.e., systemic Th1/Th17 molecules)

Inactive skeletal muscle

v
chronic inflammation
(i.e., local Th1/Th17 molecules)

Skeletal
Muscle

Figure 2. The three-side network relationship connecting the Immune System-Skeletal Muscle Network
and vitamin D. Vitamin D acts within the immune-muscle axis, exerting regulatory protective effects.



Skeletal Muscle-Immune System Interplay: A Two-Way Route

The review provides the evidence that deficiency of vitamin D through oxidative stress
and disruption of mitochondrial function may affect the development of skeletal muscle

atrophy.

Eurcpean Journal of Applied Physiology (2019) 119:825-839
hitps:/ dol.org 101007 /20042 1-015-04104-x

Vitamin D Deficiency

1,25(0H),D; .

INVITED REVIEW

Mechanisms of vitamin D on skeletal muscle function: oxidative

energy metabolism and anabolic state

Katarzyna Patrycja Dzik' - Jan Jacek Kaczor'(D

Received: 9 December 2018 ¢ Accepted: 13 kebruary 2019/ Published online: 4 March 2019
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Fig. 2 The graphical absteact of the vitamin D action in the skeletal
muscle in vitamin D deficiency conditions, Vitumin D deficiency
decreases 1GE-1 and PGC-1ie via VDR—the suclear receplor. Sref
ERK X AKFOXO34 signalling cascade triggers the muscle atrophy
through Murf-1 and Muakhx. Vitamin D deheiency increases oxidi-
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25-OH-D3 is THE Biomarker to assess the 250HD, Safe. efficient. reliable form
vitamin D status in humans and animals (circulating form)
=> 250HD3 is the circulating form

1,25-(OH),-D;  Active Form, ‘hormonal’ Form

VDIR
/

VDR - found in cells and

tissues
1,25-(OH),-D, 1,25-(OH),-D, 1,25-(OH),-D,
A ) VDR VDR VDR
Mineral metabolism
GUT BONE KIDNEY IMMUNE SYSTEM MUSCLE CELLS
Ca&P Bone CaandP Stimulation Growth and
absorption turnover reabsorption differentiation

VOO0

=~z ot et
5 %) EEL
it

1,25-(OH),-D4 binds to Vitamin D; Receptors
(VDR) - triggering their functions

Vedi Castamagna



Supporting nutrient allocation and metabolism
—Basal metabolism

Maintenance i
P — Immune responsible, sub-
clinical inflammation
Diet Digestion & —
P absorptio
. Ingestion Nutrler.\ts ATA Bone health and
Feed Absqrbed =
nutrients
Production Growth

Retention Lean deposition
25-0OH-D3
Post-absorptive

Support resilience via digestibility Support resilience via post-absorptive effects, supporting
enhancement and gut functionality immune competency, mitigating oxidative stress, protecting
cells, and mitigation inflammation

Pre-absoptive

Rauw (2009), Doeschl-Wilson, (2011)



References values and interpretation of vitamin D status in humans
Optimum 25-OH-D; level in humans for endocrine/skeletal homeostasis function

Laboratory results of 9890 female and 2723 male : : ; :
individuals aged 38.8+22.1 years who had simultaneous « There is an inverse relationship between PTH and 25-OH-D,

measurements of 25(OH)D3 and PTH
« PTH levels reach a stable plateau (35 ng/l) above 25-OH-D,

levels of 75 nmol/l (30 ng/ml)

* The value of 30 ng/ml is suggested to be the clinical decision
4 threshold for 25-OH-D; for both male and female adults

| o S —

PTH=exp(4.12-0.064*sqrt(25(0H)D))

904 k3 r=-0.325,
| 54 rx- R-squared=0.105
! :
80 £l p>0001) 250HD; ng/ml Reference

1001 ;

20! K 30-31 Chapuy et al., 1997
3 601 20 Malabanet et al., 1998
-~
. 501
g = 32-36 Heaney et al., 2003
a. 401
301 30-31 Holick et al., 2005
20 1 20-30 Balland et a., 2007, 2008*
W] 30 Serdar et al., 2017
04

O 25 S50 75 100 125 150 175 200
25(0OH)D., nmol/L

* seasonal influence (winter-summer)

Source: Serdar et al, 2017 21




References values and interpretation of vitamin D status in humans

Optimum 25-0OH-D3 level in humans for paracrine/autocrine functions

Decrease
in health
problem
20%
40%
60%

80%

Type
Diabetes
Influenza

Weight (epidemic)

How Much D
for Health?

Breast. Colon Cancer
Cancer

20 40
ng/ml of Vitamin D in blood
>

bU 80

Arrows from Grassroots
Health June 2013

O toome Type of Evidence Optimal 250HD Reference
Ohservational study of 23 0OH)D concentration due to vitamin
All-cause mortality rate ' ' ! HOHID cc . ' =30 ng/mL 5]
D supplementation
i ‘s dise; . ,
Alzheimer’s ¢ I't-l" e Meta-analysis of observational studies >25 ng/ml 193]
and dementia ’
servational s r of 25{0) o i * to vitami i '
Breast cancer Observational study of 25(C H.|L}I.'I.'II'I.L.L ntration due to vitamin 60 ng/mL [33]
D supplementation
Colorectal cancer Meta-analysis of observational studies 3040 ng/mlL [34]
Cardiovascular disease Ob=ervational study of the CVD mortality rate for CVD patients =3 ng/ml 9]
Myocardial infarction Observational study of 25{0OH)D cm.mﬂ'-r‘itr.almn due to vitamin >30 ng/mL (4]
N D supplementation’1n
-
: SARS-CoV-2 infection Retrospective abservational study =50 ng/mL [73]
: COVID-1% mortality Retrospective cohort study =60 mg /mL [82 i
Disbetes mellits type 2 RCT with an aml'_r'm:- of mtr:_ttnul 25{OH)D for 50 ng/mL 70
/ prediabetes patients
Gene expression Clinical trial =40 ng/mL [45]
Hvpertension Observational study of 25{0H)D concentration due to vitamin >40ng/mL [16]
M D supplementation
—_— al % r of 250 I : . . =
Preterm delivery Observational study of 25{0H)D concentration due to vitamin 40 ng/mL [106]

D supplementation

Grant et al., 2022



Interpretation of vitamin D status in humans

Optimum 25-OH-D3 level in humans for different functions and deficiencies

* Reference Baeke et al., 2010 (adaptation):

250HD; level (ng/ml)

Status

30-50 Healthy individuals
<30 Insufficiency
<15 Deficiency (rickets, osteomalacia possible)

* Reference Holick, 2023 (adaptation):

250HD; level (ng/ml)

>30 (40 — 60?)

Status

Associated with non-calcemic health benefits (e.g. severity of
COVID-19- lung injury and mortality)=> Paracrine/autocrine
functions

Adequate for optimum bone health=> Endocrine functions

20-30

Insufficiency

Serum 25(OH)D, nmol/L.
50 75 100 125 150 175 200

0 h
| 1 | | | | | L J
Su“.._?!".. Type | Diabetes (A)
SO% 2% Multiple Sclerosis 807 A
ﬂ Iwr
'.’;‘ "'""— 63%(B)
D
s}
2 6H% A » Pulmotary Tuberculosis(B)
E ( -n e modi l | 1)
S mllmml' (A
|-
E | 4 lc._—tt (A
1 52 [ 75% 1bw Binth Weight (8
\'ll",._ 60% Pre-Eclampsia (B)
s0° v-_SR'e Epidemic Influenza(U)
<n°.,_"h'v. Incident Hypertension (8)
‘g 50"...’!"‘.. Combined Cancers (Breast, Colon, & Lung)(R)
o] S0% 5
2
k5 )
Y (L)
[
Endos 1l Lancer ) _ i
| I | 1 1 I | I 1
0 10 20 30 40 50 60 70 80
o 0 s Serum 25(OH)D, ng/ml



Vitamin D5 nutritional status
Confrontation of dietary vitamin D; and 250HD,

Providing 2560HD; in the diet significantly improves 250HD; plasma level

The absorption of 2560HD; being faster, more efficient and independent from fat metabolism ensures higher
250HD;, plasma level even when gut functionality is impaired (e.g., malabsorption syndrome)

P <0.0001 P <0.0001

P <0.0001

days of age

Saunders-Blades & Korver, 2014

a1

25D Late

50,0
45,0
40,0
35,0
30,0
25,0
20,0
15,0

10,0

48,8 48,4
45,3
24,3
22,2 21,4 212 22,5 I
Control High D3 25-0OH-D3 0-42 25-OH-D3 0-21
Control: D3 2,760 |U/kg 0-42 d; m21d m42d

High D3: D3 5,520 IU/kg 0-42;
25-OH-D3 0-42: 25-OH-D3 69mg/kg + D3 2,760 IU/kg 0-42;
25-OH-D3 0-21: 25-OH-D3 69mg/ kg + D3 2,760 1U/kg 0-21 and D3 2,760 1U/kg 22-42

Source: Vignale K., J. of Nutrition, 2015



How 25-OH-D3 enhancing
Immunity
In modern Broiler production




Why focussing on vitamin D as an immunomodulator

Number of publications / year, including in the title vitamin D and immunity

PublfQed*

Advanced Create alert Create RSS

vitamin D immunity

N
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Scopus, “vitamin D” and immunty



Vitamin D Improve resilience and health

Vitamin D; and 250HD; show significant improvements in immune response

Effect on the immune system and

Host

Reference

microbial pathogens Dose

Increased anti-NDV antibodies and total 5,000 IU /kg combined with 69 png/kg of
and nonspecific intestinal [gA levels, 25(0H)D3

increased peripheral blood CD3"CD8" T

cells

Higher antibody titers to NDV vaccine 2,000 IU /kg

antigens

Enhanced DTH reactions to 69 mg kg of 25(OH)D3
phytohemagglutinin

Reduced cellular responses to antigens in Not supplemented with vitamin Dj

chickens challenged with SRBC. Reduced
thymic weight and quantities of abdominal

macrophages

Higher levels of Salmonella-specific 1gG 69 ng/kg of 25(0H)D3
Upregulation of I1-10 gene expression 100 pg/ kg of 25(0OH)D3
Upregulation in expression of TLR2 and 69 and 275 pg/kg of 25(0OH)D3

TLRA4 in addition to Th2 genes.

Broiler chickens

Broiler chickens

Broiler chickens

Broiler chickens

Broiler chickens
Broiler chickens
Broiler chickens

Vazquez et al., (2018)

Gomez-Verduzco et al., (2013)
Gomez-Verduzco et al., (2013)

Aslam et al., (1998)

Chou et al., (2009)
Morris et al., (2015)
Rodriguez-Lecompte et al., (2016)

Abbreviations: DTH, delayed-type hypersensitivity; IL-10, interleukin-10; SRBC, sheep red blood cells; TLR, Toll-like receptor; Th2, T helper 2.

Source: Shajadoost. et al.,, 2021



Vitamin D Improve resilience and health

Vitamin D; at 5,000 IU/kg feed and the addition of 250HD; at 69 mg/kg significantly

increased the immunocompetence of broilers

/ Antibody titers (log x 102) against\
NDV

9,16
10 7,76
548 606

0] .

200 vit. D3 IU/kg

logx102
o

5000 vit. D3/kg
O mcg 25(0OH)D3/ton m 69 mcg 25(0OH)D3/ton

* Vitamin D average effect: 5.77 vs 8.46 P<0.05

&25-0H-D3 average effect: 6.62 vs 7.61 P<?

NDV: New Castle Disease Virus

29 Source: Vasquezet al, 2018

Intestinal IgA (ng/ml) \

15 1,33

115
0,97
0,69

200 vit. D3 IU/kg 5000 vit. D3/kg

O mcg 25(0OH)D3/ton m 69 mcg 25(0OH)D3/ton

= Vitamin D average effect: 0.83 vs 1.24 P<0.05

&25—0H—D3 average effect: 0.92 vs 1.15 P(?

CD3+/CD4+ (T-helper)

4 R

lymphocytes
600 505 492 °65
€ 400 312
~
& 200
0]

200 vit. D3 1U/kg 5000 vit. D3/kg

0 mcg 25(0OH)D3/ton m 69 mcg 25(0OH)D3/ton

= Vitamin D average effect: 408 vs 528 P<0.05

&ZS—OH—D3 average effect: 402 vs 535 P<9




Vitamin D Improve resilience and health
Confrontation of dietary vitamin D; and 250HD,

25-0OH-D3 better modulation of the Immune Response

Treatments

.0 ey Vit D3 - 1. Vit D3 3,000 IU/kg D3

n
8 & a | - 2.*250HD3 69mg/kg
55 6 = 2omORVIEDS (2,760 IU/kg) 1-35d
- § m 25-OH Vit D3 - + 3. *250HD3 69mg/kg
& p =0.03 14d (2,760 1U/kg) 1-14d; control
co 4
© = 15-35d
b b
o 9 + 20 and 34 days of age,
S5 2 Salmonella typhimurium
Z LPS
2@

0
21d 35d

Regulation of the inflammatory response = Energy for performance

Morris A. et al.,, 2014



Vitamin D Improve resilience and health
Confrontation of dietary vitamin D; and 250HD,

25-0OH-D3 better modulation of the Immune Response

Treatments:
Levels of IL-18 mRNA in the liver
« 1. Control 3,000 IU/kg D3
® Cholecalciferol # Cholecalciferol + LPS « 2 925-OH-D3: 69ug/kg (2 760 |U/kg) 1-
X 25-0OH Cholecalciferol N 25-0OH Cholecalciferol + LPS 28d

28 d — challenged or not (LPS).

24 h after challenge - measured IL-1
MRNA

Real time PCR).

IL-1B= pro-inflammatory

mediator

Fold change from the
cholecalciferol supplemented
group

Morris A. et al,, 2014

The production of acute phase proteins requires a large

amount of energy that is not directed to growth.



Vitamin D Improve resilience and health
Confrontation of dietary vitamin D; and 250HD,

25-0OH-D3 better modulation of the Immune Response

Levels of nitrite in macrophages stimulated with LPS
400 -

* %
350 -
300 -

N
Ul
o

200 -
150 -
100 - *
50 -

Nitrite (pm)

O0nM 10 nM 100 nM 200 nM 500 nM

25OHD3 P values: P < 0.01 (linear),
P = 0.20 (Quadratic)

ROS-ON: antimicrobial components responsible for eliminating bacteria

Morris A. and Selvaraj, 2015



Vitamin D Improve resilience and health
Confrontation of dietary vitamin D; and 250HD,

25-0OH-D3 better modulation of the Immune Response

IL-10: Anti-

Levels of IL-10 mRNA in macrophages stimulated with LPS

inflammatory
10000 - marker

9 8000 -
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N
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P values: 12 h: 25-25-OH-D3hydroxycholecalciferol, P = 0.17; LPS, P < 0.01; 25-25-OH-D3hydroxycholecalciferol *LPS, P = 0.25; 48 h: 25-25-
OH-D3hydroxycholecalciferol, P < 0.01; LPS, P < 0.01; 25-25-0OH-D3hydroxycholecalciferol *LPS, P < 0.01.

250HD3 increases the production of IL-10 in macrophages stimulated with LPS

Morris A. and Selvaraj, 2015



25-OH-D3 and immune response

25-OH-D3 - anti-inflammatory activity:
« Limits excessive immune reactions that are costly in terms of energy.
* Avoids the impact on weight gain.

* Improves performance efficiency.

Antimicrobial effects:
* Improves the production of antimicrobial peptides

* Favors early maturation of monocytes and macrophages, improving the non-specific immune
response.

« 25-OH-D3 increases the immune response, both humoral and cellular, at the time of infection, when
it is necessary.

36



Conclusion and key home messages

Broilers are exposed to a number of challenges that
affect the post-absorptive metabolism, nutrients
allocation and immune systems

The adaptation in the metabolism may affect
protein balance (Proteolysis — Proteosynthesis),
amino-acids requirements (quantitatively and
qualitatively), which compromise muscle
deposition and bones mineralization

Vitamin D nutrition, and higher vitamin D blood
levels thanks to 25(OH)D3 nutrition, supports the
immune competency, and helps to cope with the
difference challenges (mitigation of virus effect,
mitigation of LPS effects, Muscle — Immune axis
modulation....)

=> maintain optimal performances
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