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1 Chemical Structures of Vitamin D
N
~1
JA 7-dehydrocholesterol
wod I
Skinl
~~
1's previtamin D,
HO.@J : One of the fat-soluble vitamins / Secosteroid hormones
Skinl
= Synthesized in skin via UV-B exposure / Ingested through diet
F—] Feed i RN
— B o8
‘J/ vitamin D, - vitamin D, Vitamin D, (cholecalciferol): animal-derived or UV-synthesized
g (cholecalciferol) ’((‘,‘ (ergocalciferol)
HO Ho” Vitamin D, (ergocalciferol): plant/fungal-derived
. CYP2R1
Liver | cypaza1
NN
I
P CYP2781
| —
G o Kidney
HO" ™~ HO*™~"""OH
25-hydroxyvitamin D, 1a,25-dihydroxyvitamin D,
(calcidiol) (calcitriol)
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Vitamin D in the body

|ovs
Diet
Jiz Circulation p ) 1
7-Delidrocholesaole P
Intestinal Absorption \’ /' ol
I’n-m—- Df!

. i skin /
* Micelle formation

. s Intestinal absorpti
+ Packaged into chylomicrons 2 S

* Transported in blood (vitamin D binding protein) 1 Paebold
ﬂands
2543H15e
1 =
Activation Mo Kotney +— | 1™
+ Two-step hydroxylation in liver and kidney on
n 4 - 12425(0H)3m 4— 24,25(0H)2D3

« Liver: Vitamin D -> 25-OHD,

+ Kidney: 25-OHD, -> 1,25(0H),D, t ll!
24-OHase ln-DHase
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* Intestinal Ca/P
absorption

* Osteoblast activity ->
bone mineralization

1 Antioxidant enzyme
expressions

J Oxidative stress
marker

¥ Pro-inflammatory
cytokines
4 Antimicrobial peptides
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Antioxidant potential of Vitamin D

VDR/RXR complex

Lo, ][ von ][ o ”

[ Vitamin D response element ]

! &

[ Gene expression modulation J
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Superoxide dismutase
Glutathione peroxidase

Nrf2

Metallothionein
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Antioxidant potential of Vitamin D

Superoxide dismutase
Glutathione peroxidase

Nrf2

Metallothionein

UNIVERSITY OF

Remove ROS directly
Decrease lipid peroxidation

Binds antioxidant response element
Promoting antioxidant system

Vitamin D receptor directly binds on
metallothionein gene receptor
Directly neutralizes hydroxyl radicals
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Improve antioxidant status

- 4 Glutathione

- 4 Glutathione peroxidase

- 4 Superoxide dismutase

- 4 Total antioxidant capacity
- ¥ Reactive oxygen species

- § Malondialdehyde
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The use of Vitamin D in swine diets

Vitamin D requirements vs. practical supplementation
3500
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Nursery pig Grow-finish Gest-lact
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The use of Vitamin D in swine diets

Vitamin D requirements vs. practical supplementation
3500

2,300 1U/kg
3000

2500
1,600-2,400 IU/kg
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1000

500
] NRC requirements

0 B u.s.industry
Nursery pig Grow-finish Gest-lact (Faccin et al., 2023)
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Objectives

(- N

To evaluate the effects of dietary VD,
supplementation on blood vitamin D status and
antioxidant capacity in weaning pigs.

. J
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Open Access |55 /
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Vitamin D in nursery piqs oo s /I I) BIOSCIENCE

Effects of dietary vitamin D, supplementation on growth
Yy 3 SUp| g
Study 1 performance, blood vitamin D status, and antioxidant capacity in
weaning pigs

= 40 newly weaned pigs (6.02 kg; 17.2 d of age)

Chan Ho Kwon', Eva S. Safaie’, Jannell A. Torres', Zhaohui Yang®, Xi Chen’, and Young Dal Jang'*

= 5 replicates with 4 pigs per pen ———

Objective: This study evaluated the effects of dietary vitamin D, (VD,) supplementation

= Treatments:
1. NRC-VD;: 220 (Phase 1) and 200 (Phase 2)
1U/kg of VD,

2. High-VD;: 2,000 1U/kg of VD, for both Phase
1 and Phase 2

56).
ation at 2,000 U/kg did nat enl
mance, while impy od antioxidant status in w
pared to NRC fore
than-recommended levels of VD, could be be

and overall health.

her-
hance their antioxidant status

Keywords: Antioxidant Status; Growth Performance; Oxidative Stress; Vitamin D,
Weaning Pig
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High-VD, increased plasma 25-OHD. levels

30

2053 P=0.01
d 14 of postweaning

-l
E
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€
2
£ 2
§ 19.29 P=0.03
5 15.66 d 28 of postweaning
H
=1
£ 14.80
2
s
=
§ 10
3
B
Zz
&
u -
NRC-VD4 High-VD,
200-220 1U/kg of VD. 2,000 1U/kg of VD.
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d28

igh-VD, increased SOD activity and decreased MDA levels

[T] Nre-vo,
Il High-vo,
Ir _____ ST)DTUTmT T _i Ir _____ ﬁD:, :M _____ _i T-AOC, mM trolox equivalent
|8 | |14 | 5
:6 : :12 : 45 I
|4 I | |10 l | a
|2 I I 8 I 3
| I | I 5
| |
O 2 L __Fom, : F=087
SOD, U/mL MDA, uM T-AOC, mM trolox equivalent
8 16 6
6 i I 55
12 I
4 5
10
2 8 4.5
2 P=0.79 # P=035 A P= 081
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SOD activity is positively correlated with vitamin D status

d 14 postweaning d 28 postweaning
8 ¥=0.1384x+ 20317 7 | y=0.1265x+ 14677 %
E R?=0.2829; P=0.04 5 o R? = 0.2361; P~0.07
E7 E 2
= 56
3 b=
36 x o °
g H
x e gs ’
£s X A £ "0
2 i x 2 g -
k-] X X %X = & o <
g4 o T 2 2%
= - % X x = -
2 23 - o o
g3 g o ¢
E] x = 4 @
v vy
2 2
10 15 20 25 30 10 15 20 25 30
Plasma 25-hydroxyvitamin D,, ng/mL Plasma 25-hydroxyvitamin Dy, ng/mL

[ Plasma 25-OHD, levels are correlated with SOD activity in nursery pigs ]
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MDA level is negatively correlated with vitamin D status

d 14 postweaning
16 ¥=-0.3321x + 15.023
R? = 0.2408; P=0.06
14 'y
12

10 -~ -

Malondialdehyde, pM
=)
»>
4
»
I
]

10 12 14 16 18 20 22 24 26 28 30
Plasma25-hydroxyvitamin D, ng/mL

[ Plasma 25-OHD, levels are negatively correlated with MDA concentrations ]
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Vitamin D,

= NRC levels vs. 2,000 1U/kg VD, supplementation
= 4 Plasma 25-OHD,; levels
= % Antioxidant status & §oxidative stress
* Recommend exceeding VD, supplementation over NRC requirements for health benefits

[ Plasma 25-OHD, levels were correlated with SOD activity and MDA levels ]
thI7
What if we could elevate plasma 25-OHD,; levels further?

UNIVERSITY OF
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25-OHD, :

skin
Metabolized form of VD, ™ G
in s‘kln lr(1;|\ sunlight
. . . . . exposure (major source)

= Major circulating form of Vitamin D From diet |
{minor source):

= Hydroxylated in the liver after absorption ? . .
from fish and meat

= Bypass the metabolic process of VD; in liver I:I
ergocalciferol v

vegetable-derived,

reviously the

F v Kidney
main form used in

supplements

A

This form maintains calcium balance with

PTH by regulating:

+ calcium absorption from gut and
reabsorption from kidneys.

+ bone formation and breakdown

UNIVERSITY OF

GEORGIA
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Serum 25-OHD, levels in gilts
VD3 VS. 25'0HD3 3 8
80 | 160 prepubertal gilts
BW: 156 kg
70
_A
60 - -
50 x° i
25-OHD; supplementation can JE
further increase blood 25-OHD, | e
levels compared with VD, P 'y .
20 ’z” el
0
2001U/kg 8001U/kg 1,400 1U/kg 2,0001U/kg
coMVD3 =4 +25-0OHD3
(Burild et al., 2016),

UNIVERSITY OF m Jang Lab
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Objectives

( N

To evaluate the effects of dietary 25-OHD; on blood
vitamin D status and antioxidant capacity in weaned pigs

\. /

UNIVERSITY OF

GEORGIA
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25-OHD; in nursery pigs

Study 2
= 48 newly weaned pigs (5.27 kg; 18.7 d of age)
= 4 replicates with 4 pigs per pen
= Treatments:
1. VD, 2,0001U/kg
2. 25-OHD, 1,000 IU/kg
3. 25-OHD, 2,000 IU/kg

Open Access M /
‘ : / I I) ANIMAL
BIOSCIENCE

Effects of dietary 25-hydroxycholecalciferol supplementation on
growth performance, blood vitamin D and antioxidant status in
nursery pigs

Chan He Kwon', Eva S. Safaie', Savannah L. Locke', Jannell A. Torres', Zhaohui Yang®, Xi Chen’,
and Young Dal Jang™*

UNIVERSITY OF

(€13(0){€) .

Study 3
= 60 newly weaned pigs (5.63 kg; 17.9 d of age)
= 5 replicates with 4 pigs per pen
= Treatments:
1. VD, 2,000 IU/kg
2. VD, 1,000 1U/kg + 25-OHD, 1,000 1U/kg
3. 25-OHD, 2,000 IU/kg

e animals ‘ﬁ\np}]
"

Artic
Effects of Dietary 25-Hydroxycholecalciferol Alone or in
Combination with Vitamin D3 on Growth Performance, Blood
Vitamin D Status, Immune Response, Bone Integrity, and
Antioxidant Capacity of Nursery Pigs

Chan Ho Kwon 'O, Eva §. Safaie ', Jannell A. Torres ', Zhaohui Yang 0, Xi Chen ?, Pengeheng Xue *

Ay| Jar

and Young Dal Jang

N

25-OHD,
Study 2

60 P<0.01
-
E
Fs0
5
s
£a0
£
] d 14 of postweaning
g 28.83°
£ 30
]
3 30.08*
E d 28 of postweaning
320
Z
w
4

10

2,000 1U/kg of VD, 1,000 1U/ kg of 25-OHD, 2,000 1U/kg of 25-OHD,

UNIVERSITY OF

GEORGIA

Study 3
P P<0.01
d 14 of postweaning
E 50.25°
Fso0
H
s 48.76°
£ a0 d 28 of postweaning
g
g
'
E
£ 30
£
i 16.55¢
]
10 13.59¢
2,000 1U/kg of VD, 1,000 1U/kg of VD, + 2,000 1U/kg of 25-0HD,

1,000 1U/kg of 25-OHD,

wine & Health
UNIVERSITY OF GEORGIA
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1 [T] vp, 2,000 1U/kg
[ 25-0HD, 1,000 1U/kg
25-0 H D3 [l 25-0HD, 2,000 1U/kg

Antioxidant status (study 2)

di4 SOD, U/mL T-AOC, mM trolox equivalent MDA, M
6 5 14
4 12
4 3
10
2 2
1 8 m
0 P=053 0 P=0.29 6 P=0.34
d 28 SOD, U/mL T-AOC, mM trolox equivalent |r MDA, uM |
6 8 |20 |
|
. 6 IIG b |
4 |12 ab . |
2 | |
2 | 8 i |
|
e P=0.88 o P=0.48 I# P=0.03|

UNIVERSITY OF
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1 [T] vo, 2,000 1W/kg
[ vo, +25-0HD,
25_0 H D [l 2504, 2,000 1U/kg
3
Antioxidant status (study 3)
d1a SOD, U/mL T-AOC, mM trolox equivalent MDA, uM
[ 6 14
n i 12
I :
2 2
8
0 P=097 0 P=0.11 & P=011
d28 SOD, U/mL T-AOC, mM trolox equivalent Ir MDA, uM |
6 6 |14 a |
|
|
4 a |12 b b |
|10 |
2 2 I |
° '
|
g P=048 ¢ P=067 | 5 P=0.05|

UNIVERSITY
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25-OHD,

reached 23.7 (study 1) and 32.5 (study 2) ng/mL at d 28 postweaning

[ The plasma MDA level was minimized when plasma 25-OHD, levels ]

Broken-line analysis

Study 2 (d 28)

i
N
= ~
o s

E i
e %
Ys o a i
E N T
@ ~ A
% b ~
= N e
g 10 i L ~ _ 23.7ng/mL s
= P et
g N

S i A & Y

P < 0.05; 95% Cl: [1.8-45.6 ng/mL]

Malondialdehyde, pM
8

Study 3 (d 28)
\.ﬁ.\ * 3 b *
& - . y
B e

s +
.

P < 0.05; 95% CI: [-38.5-103.5 ng/mL]

5 10 15 20 25 30 35 a0 as
Plasma 25-hydroxhvitamin D, ng/mL

20 30 40 50 60 70
Plasma 25-hydroxhvitamin D;, ng/mL

UNIVERSITY OF

(€13(0){€) .
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Overall

Broken-line analysis

Based on our studies, we concluded that 21.6 ng/mL is the
minimum plasma 25-OHD, level to minimize MDA concentrations

25
20
=
o ~
% 15 >
£
o ~
=] ~
] ~
- ~
5 10 ~ _21.6 ng/mL
= e S e e e e e - -
=
5
@ study 1 (vD, 2,000 1U)
. P <0.05; 95% CI: [14.1-29,1 ng/ml] A study 2 (25-0HD,)
0 10 20 30 40 50 60 70 80 @ study3(25-0H,)

UNIVERSITY OF

GEORGIA

Plasma 25-hydroxyvitamin D, ng/mL

- .
"‘ lJa&g Labhm. . 24
EEY oniven GEORGIA
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25-OHD,

= 25-OHD; supplementation vs. VD, supplementation
= % Plasma 25-OHD,; levels
* 4 Antioxidant status and J oxidative stress

* Increase in plasma 25-OHD; levels by 25-OHD, supplementation further reduce oxidative
stress

[ Plasma 25-OHD; levels were correlated with MDA levels ]
év‘7
What about 25-OHD, supplementation in sow diets?

UNIVERSITY OF

GEORGIA (@) =i, | 25

.

Objectives

To evaluate the effects of dietary 25-OHD,
supplementation during late gestation and lactation on
vitamin D status, milk composition, antioxidant
capacity, and immune responses in sows and their
progeny during the suckling period.

. Y

UNIVERSITY OF

GEORGIA
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25-OHD; in sow diets

Study 4

= 30 sows in d 105-108 of gestation
= 3 treatments with 10 replicates each

= Same diets were fed in late gestation and
lactation periods

= Blood and milk samples were collected

= Treatments:
1. VD, 2,000 1U/kg
2. VD3 2,000 IU/kg + 25-OHD; 1,000 IU/kg
3. 25-OHD, 2,000 1U/kg

UNIVERSITY OF

(€13(0){€) .

Sample analysis
= Vitamin D status (plasma and milk)
= Milk compositions

= Antioxidant parameters (plasma and milk)
* Superoxide dismutase
» Total antioxidant capacity
* Malondialdehyde

* Immunoglobulin G (plasma and milk)

- -
25-OHD; in sow diets
=
Farrowing
0 P <0.001
60
o
E
]
£ 50
]
E
£ 40
] 34.36° 35.27°
£
8 Sow Plasma
~ 30
=]
g 27.15¢
E
£2
:
%
g3
5 P=0.07
3 2.39¢
z 2.11%
w 2 i
Y 1.76//’:;'“ Plasma
1 0.70 0.70
0.67 = Colostum
e
2,000 1U/kg of VD, 1,000 1U/kg of VD, + 2,000 1U/kg of 25-OHD,
1,000 1U/kg of 25-0HD,

UNIVERSITY OF

d 14 of lactation

8

P<0.001

70 a
7 65.77°
i Sow Plasma
£ 60
§
T
£s0 45.00°
g
€
8 40
g
= 31.29¢
E
£ 30
s
g 10
::- 5.51 5.53
8 g 5.8 Piglet Plasma

1.21
110 -—— 04 ;
—— ——= Milk

2,000 1U/kg of VD, 1,000 1U/kg of VD, + 2,000 1U/kg of 25-OHD,

1,000 1U/kg of 25-OHD,
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25-OHD; in sow diets

Farrowing

|
|
|14
12
l10
Iy
|

18

16

16
14
12
10

UNIVERSI

Superoxide dismutase, U/mL

d 14 of lactation

P=0.40

TY OF

(€13(0){€) .

If__“_ao_sﬁ.?““j

| i |

I14 |

d

12

| ¢ :

|10

| |

1 '
|

| & P=0.06,

o o i i T VS |

Milk

8

6

4

2

? P=019

[ vo, 2,000 1W/kg
[ vo, + 25-0HD,
[l 25-0HD, 2,000 1U/kg
Piglet =
4 vy
3
2
1
0 P=0.99
Piglet
A
4 % q
3
2
1
g P=087

25-0HD§ in sow diets

Total antioxidant capacity, mM Trolox equivalents

Farrowing
|14
|
12

10
I

ls

|
6
|

d 14 of lactation

Colostrum

8 . d
6

4

2

0 P=060

Milk

8

6

4

L

g P=092

[T] v, 2,000 1U/kg
[T] vp, + 25-0HD,
[l 25-0HD, 2,000 1U/kg
o Piglet |
E AN
| '
I3 d c cd |
I I
2
I |
It '
|
!i P=0.06|
Piglet -
5 vy
a4
3
2
1
e P=0.67
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25-OHD; in sow diets

Malondialdehyde, pm

[ vo, 2,000 1W/kg
[ vo, + 25-0HD,
[l 25-0HD, 2,000 1U/kg

Farrowing [ — =
Sow | Colostrum | Piglet ‘@ |
M| /
4 viall 8 = Im 7 |
3 6 l12 ¢ ¢ :
|
2 4 |10 d I
1 2 l'g |
|
|
0 P=0.39 0 P=0.96 | ¢ P00,
e e o o e —————— — ——
d 14 of lactation
Sow Milk Piglet
4 | 8 14 ‘_"$
3 6 12
2 4 10
1 2 8 b m
2 P=0.88 g P=055 5 P=067

UNIVERSITY OF

(€13(0){€) .
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25-0HD§ in sow diets

Milk fat & 1gG levels, mg/mL

Farrowing _ __ __ __ __ __ __ __ __ __ __ __ __ e -
. Milk fat, % 0 r Colostrum IgG I
X ok : |
| 12 |
L b | | . |
1 b I 110 I
I | |l g b |
| I'g
| | | I
1
It P-D.048: |4 P=002,
___________ L e o o e e — ———— —
d 14 of lactation
Milk fat, % Milk IgG
10 05
0.4
8 03
& 0.2
0.1
4 P=067 0 P=072

UNIVERSITY OF

GEORGIA

O B N W B 0

[T] v, 2,000 1U/kg
[1] vo, + 25-0HD,
[l 25-0HD, 2,000 1U/kg

Piglet plasma IgG

Bl

P=036

Piglet plasma IgG

e r—
NIVERSITY OF GEORGIA
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25-OHD; in sow diets

= 25-OHD; supplementation vs. VD, supplementation in sow diets
* 4 Plasma 25-OHD; levels in sows and their progeny
= 4 Antioxidant status in sows
= § Oxidative stress in piglets
» 4 Colostrum fat and IgG contents

[ 25-OHD,; improved the health status of sows and milk ]
<'v‘7
[ Their progeny also improved their early health ]

UNIVERSITY OF rl‘ll‘ Jang Lab
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Nursery pi
( Y Pig ) =

* High-VD, supplementation: f Vitamin D status fAntioxidant status
* 25-0OHD, supplementation: 4 Vitamin D statusfFAntioxidant status
* Vitamin D status and oxidative stress are negatively correlated

b /
Sow ~N
* 2,000 IU/kg of 25-OHD, supplementation enhanced...
Su mma ry » Vitamin D status, superoxide dismutase, total antioxidant

capacity, milk fat contents, and colostrum IgG levels

.
( Suckling pig ) \

* 25-OHD, supplementation in sow diets...
» Increased vitamin D status and antioxidant capacity
> Decreased oxidative stress
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High vitamin D, can increase vitamin D status and
antioxidant capacity,
while 25-OHD; is more efficient

In nursery pigs, vitamin D requirement should be
determined based on plasma 25-OHD, levels

Take home messages

The use of vitamin D; may be insufficient for
enhanced vitamin D status compared to 25-OHD,
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