Vitamin D and Vitamin D Metabolites Impact on
Calcium and Phosphorus Balance in
Gestating Sows

Su A Lee and Hans H. Stein
Department of Animal Sciences
University of lllinois, Urbana 61801
Phone; 217-333-0013
hstein@illinois.edu

Summary

One-hydroxycholecalciferol (1-OH-Dg) and 25-hydroxyeholecalciferol (25-OH-Dyg) are vitamin
D metabolites that may be added to diets for pigs. Because 1-OH-D3 is already hydroxylated at
the 1-position, only the first hydroxylation in the liver at the 25-position is needed to convert the
metabolite to calcitriol, which is the active form of vitamin D3 Likewise, because the 25-0H-Djy 15
already hydroxylated at the 25-position, only the second hydroxylation in the kidwey at the I-posi-
tion is needed if this metabolite is used. It is possible that supplementation of diets with 25-OH-0z
or 1-OH-Dy increases absorption and retention of Ca and P by inereasing the conversion efficiency
to calcitriol compared with the conversion of cholecaleiferol to calcitriol. Effects of supplementation
of 1-OH-D3 and dietary Ca and P in diets fed to gestating sows have been determined, and the ef-
fects of supplementation of 25-OH-Dy and 1-OH-Dj in diets without or with phytase have also been
reported. Results of these experiments have indicated that Ca and P balance and concentrations of
digestible energy and metabolizable energy in diets fed to late-gestating sows were not affected by Ca
and P levels, but were increased by dietary supplementation with 1-OH-D3. There was no interac-
tion between dietary Ca and P and supplementation with 1-OH-Dy Supplementation of 25-0H-Dy,
1-0H-Dy, or microbial phytase increased digestibility and retention of Ca and P. Supplementation of
phytase did not affect digestibility of energy, but supplementation of 1-OH-Dj increased digestibility

of energy and concentration of metabolizable energy in diets containing no microbial phytase.

introduction

Concentrations of blood Ca are tightly regulated by cal-
citonin, parathyroid hormone, and calcitriol {ie., 1,25-dihy-
droxycholecalciferal), which is the active form of vitamin
Dy (Crenshaw, 2001). The regulation may change absorp-
tion of Ca and P from the intestinal tract, reabsorption of
«Ca and P from the kidneys, and formation or resorption of
lbone tissues (Renkema et al, 2008). In most diets for pigs,
witamin Dy (i.e., cholecalciferol) is provided in vitamin pre-
mixes {Quisirumbay-Gaibor, 2019), and dietary vitamin Dy
needs to be converted to the active form before it can be
utilized by animals. Cholecalciferol is transformed to cal-
citriol by two steps of hydraxylation (Henry, 2011). The first
step, which takes place in the liver, involves hydroxylation of
cholecalciferol at the 25-position to yield 25-hydroxychole-
calciferol (25-0H-Dj3). The second step, which takes place
in the kidney, hydroxylates 25-OH-Dy at the 1-position to
vield 1.25-dihydrexycholecalciferol ie., calcitriol).

Oine-hydroxycholecalciferol (1-0OH-Dy) and 25-0H-
Dy are vitamin D metabolites that may be added to diets
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for pigs. Because 1-OH-Dy is already hydroxylated at the
1-pasition, only the hydroxylation in the liver at the 25-posi-
tion is needed to convert the metabolite to calcitriol. Like-
wise, because the 25-OH-Dj is already hydroxylated at the
25-position, only the hydroxylation in the kidney at the
1-pasition is needed if this metabolite is used. Supplemen-
tation of diets with 25-OH-D3 or 1.0OH-Dy may increase ab-
sorption and retention of Ca and P by increasing the conver-
sionefficiency to calcitriol compared with the conversion of
cholscalciferol to calcitriol. It is possible that effects on Ca
and [* balance differ between 25-0OH-Dy and 1-0H-Dj3, but
research to test this hypothesis has not been reported. It is
also possible that effects of supplemental vitamin D metab-
olites {i.e., 1-OH-D30r 25-0OH-Dy) are affected by the use of
miciobial phytase because both feed additives can change
Ca and P metabolism in broilers (Han et al, 2009), but pig
datato demonstrate this have not been reported. Therefore,
the objective of this contribution is to summarize current
knowledge and experiments about the effects of vitamin [

metabolites on Ca and P balance in sows.



Table 1. Calcium and P balance, the apparent total wract digestibility {ATTD) of gross energy, and concentrations of digestible enengy and
metabelizable energy in diets containing different levels of Ca and P without 1-hydroxycholecalcifiero! (1-0H-Dy) or with 1-0H-D51.23

Caand I’

[tem Mormal Low Pvalue
levelsh
1-0OH-Dy, SEM Caand 1-OH- .
mg/kg diet 125 0 125 PlLevels Dy Interaction
Feed intake, kg/d 2498 243 2199 292 0.05 0997 0223 0.901
Fecal excration, kg/d 040 033 036 .31 006 0.096 0,001 (b1
Lrine excretion, kg.l'd 1051 1.4 1210 1391 340 0.327 0.554 08044
ATTD of dry matter, % 85,04 8772 56,30 #8.31 217 0076 0003 0.365
Ca balance
ATTDo Ca. % 11.31 3025 18.21 3049 1217 0407 0001 0439
Ca retention, % of intake 0.0 1748 1541 07 1157 079 1.005 0.292
P balance
ATTDOIR % 1557 370 23.38 2963 1116 0731 0,003 0114
P retention, % of intake 1244 2803 2193 28.51 11.52 0223 oonn 0269
Energy concentrations
ATTD of gross energy, % 34A 73 B5.6 475 13 nra) 0.001 0654
Digestible energy, kealfkg 3240 3.361 3375 3,388 an 0237 < (.00 0.871
Metabolizable energy, keal/kg 3163 3,268 3.197 3,291 S8 0357 0.003 (L8561

1Data from Lee and Stein (2022

#Each least squares mean for each treaiment represents 9 observations, respectively, except for the 2 dicts containing normal oe low Ca and P levels

with na supplerental 1-OH-Dy (o - 8}

Indormal bevel of Ca and I« 100% of the requirement for late gestation soves [0.72% Ca and 0.55% P low bevel of Ca and P - 755 of the requlrement

for labe gestation sows (0.54% Ca and 0.4 1% - NRC, 2012),

Effects of Dietary Supplementation of
Vitamin D Metabolites in Gestating Sows

Effects of dietary Ca and P and 1-OH-D3 on
digestibility and retention of Ca and P in sows

This experiment was conducted to test the hypoth-
esis that supplementation of 1-0OH-Dy to diets for gestar-
ing sows containing Ca and P at ar below the requirement
increases apparent total tract digestibility (ATTD) and
retention of Ca and P as well as the ATTD of gross energy
(GE: Lee and Stein, 2022). The second hypothesis was that
there is an interaction between dietary Ca and P concen-
trations and supplementation with 1-0H-Dy in diets fed to
gestating sows.

Diets were formulated using a 2 = 2 factorial arrange-
ment with 2 levels of Ca and P (i.e, 100% or 75% of the
requirernent; NRC. 2012} without or with supplemental
1-OH-Dy (Savine, Savint, lluma Alliance, Durham. NC).
Calcium to total P ratio in all diets was 1.3:1.0. Analyzed
1-0H-Dy in the 2 diets containing the premix were 4.96
and 3.46 pg/ky, respectively, which areclose to the commer-
cially recommended dose of 5 pg/kg, The calculated level
of vitarin Dy in all diets was 1,660 IU/kg, All vitamins and
minerals except Ca and P were included in all diets to meet
or exceed nutrient requirements (NRC, 2012). The 4 diets
were fed to 36 multiparous sows from d 91 to 105 of gesta-
tion. Sows were housed individually in metabolism crates

during the experimental period. Daily feed allotments were
provided in one daily meal that was fed at 0700 h throughout
the experiment. The daily feed allowance was calculated as
1.5 x the maintenance energy requirement for late gestating
sows based on the initial (day 90) body weight of sows (Le.,
100 keal ME/kg body weight™?%; NRC, 2012). Water was
available at all times. The initial 5 days of each period were
considered the adaptation period and urine were collected
during the following 4 days. A color marker was included in
the meal fed on day 6 and again in the meal fed on day 10.
Fecal collections started when the first marker appeared in
the feces and concluded when the second marker appeared.
At the conclusion of the experiment, fecal samples were
dried at 50 °C in a forced air oven and dried samples were
ground; a sub-sample was collected for analysis, Diets, urine
and fecal samples were analyzed for Ca, I and GE and diet
and fecal samples were also analyzed for dry matter.

Mo interactions between dietary Ca and P levels and
supplemental 1-0OH-Dy were observed for Ca and P balance,
the AT T of dry matter (DM) and GE, or concentrations of
DEand ME (Table 1). Dietary Ca and P did not affect Ca and
P balance, the ATTD of DM and GE, or concentrations of
DEand ME. However, although feed intake was not different
among treatments, fecal excretion was less (P = 0.001) from
sows fed diets supplemented with 1-OH-Dg compared with
sows fid diets with no 1-OH- Dy, which resulted in greater
(P = 0003} ATTD of DM in sows fed diets supplemented



with 1-0OH-Dy compared with sow fed no supplemental
1-0H-Dg The ATTD of Caand Pand retention of Caand P
were greater (P < 0.05) if sows were fed diets supplemented
with 1-OH-Dy compared with sows fed no supplemen-
tal 1-OH-Dy. The ATTD of GE and concentrations of DE
and ME increased (£ < 0.01) by supplementing 1-OH-D3 to
the diets.

Effects of 25-OH-Dy and 1-OH-Dz on
digestibility and retention of Ca and P in sows

A follow-up experiment was conducted to test the hy-
pothesis that supplementation of diefs for gestating sows
with 25-0OH-Dq or 1-OH-Dy increases Ca and P balance,
the ATTD of GE and concentrations of ME in diets without
or with microbial p]1}'1a.ihe (Lee et al, 2022). Diets were for-
mulated using a 3 = 2 factorial with 3 inclusions of supple-
mental vitamin D metabolite {no metabolite, 25-0H-Dy, or
1-CH-Dvy) and 2 inclusion levels of microbial phytase {0 or
1000 units; Quantum Blue; AB Vista, Marlborough, UK).
Diets were fed to 60 multiparous sows, All diets contained
90% of the requirement for Ca and P (NRC, 2012) and con-
tained 1,660 [U/kg of vitamin Dy as cholecalciferol from the
vitamin-mineral premix. The daily feed allowance was 15
times the maintenance energy requirement for gestating
sonws based on the initial body weight of sows (i.e. 100 keal
ME/kg body weight™75 NRC, 2012). Water was available at
all times. Total feces and urine samples during the collec-
tion period were collected and prepared for further analyses
of Ca, P and GE.

Results indicated that there was no difference in the
ATTD of DM and GE among the 3 diets containing micro-
bial phytase, but among diets without phytase, the ATTD of
DM and GE was greater (P < 0.05) in diets containing 1-OH-
3 compared with the diet without a vitamin D metabolite
(interaction; P < 0.05; Table 2}. If no phytase was added to
diets, the DE was greater in the diet containing 1-OH-Ds
compared with the diet without a vitamin D metabolite, but

if phytase was added to the diets, no difference among diets
wasobserved {interaction; P < 0.05). In diets without micro-
bial phytase, the ME was greater in diets containing either
one of the 2 vitamin [ metabolites than in the diet without
one of the metabolites, but among diets with microbial phy-
tase, the ME in the diet containing the 1-OH-Dy metabolite
was less than in the diet with 25-0H-Dy (interaction; P <
0.05). No effects of microbial phytase on ATTD of DM or
GE, oron concentrations of DE and ME were observed. Be-
cause the interactions between vitamin [ metabolite and
phytase in Ca and P balance were not significant, anly main
effects were included in the final model to analyze these
parameters. Regardless of metabolite supplementation, use
of microbial phytase increased (P < 0.05) the ATTD of Ca
and P and Ca and P retention (Table 3). Regardless of di-
etary phytase, the ATTD of Ca and P was greater (P < 0.05)
for sows fed a diet containing one of the vitamin D me-
tabolites compared with sows fed a diet without a vitamin
D metabolite, Calcium and P retentions were greater ( <
0.05) for sows fed a diet containing one of the 2 vitamin D
metabolites compared with sows fed a diet without one of
the metabolites.

In both experiments, it was observed that supplemen-
tation of vitamin D metabolites increased the ATTD and
retention of Ca and P in pigs, which was in agreement with
previous data (Regassa et al., 2015; Zhang and Piao, 2021).
This indicates that both of the vitamin D metabolites were
effective in increasing digestibility of Ca and P and further
implies that there is a beneficial effect of providing metabo-
lites in which the first or the second hydroxylation has taken
place, even if sows are provided diets that contain vitamin
D3 well above the requirement.

The increase in Ca and P balance by supplemental
1-OH-Dy and 25-0H-Dj in the second experiment may
be a result of sows being fed below the requirements for Ca

Table 2. Apparent total tract digestibility (ATTD) of gross energy, and concentrations of digestible energy and metabolizable energy in diets

fed o sows in late gestation?

ltem “;;::}’t';';':_*] O unit/kg diet 1,000 unit/kg diet Povalue
Vitamin _DE- ) 25-0H- 1-0H- ) 25- 1-0OH- SEM Phytase Vit Dy Phytase =
metabolite: [ [ OH-Dy Dy Vit Iy
ATTD of dry maiter, % 8545k 8757k gEII g74ld  g848a @aTT 071 0.345 0.028 0009
ATTD of gross energy. % 8491k g70b  g7SSa BAR3SE BRI ASTEM 07 0.852 0023 21
Digestible energy, keal/kg 33030 33850 34l0e 335wk 3403 333PE 30 0852 007 0.021
Metabolizableenergy keal/kg  3.056¢ 324480 32492 33)gabe 3355 3| 32 0889 0.088 0,029

+E\Within a row, means without a comman superscript differ (P = 005)

|Exch least squares mean represents 10 observations excepd that there were only 9 observations far the 2 diets comaining 25-0OH-Dy.
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Table 3. Apparent total tract digestibility [ATTC) of Ca and P and retention of Ca and P in diets fed to sows In |ate-gestation'

Microbial phytase, . .
ftem unit/kg diet SEM  P-value Vitamin D3 metabolite SEM  P-value
0 1,000 - 25-0H-Dy  1-0H-Dy
ATTD of Ca, % 2450 32.30 387 0036 17.73b 30.38= 37.10a 4,27 = 0.001
Caretention, % ofintake 1843 2653 424 0026 1356b 25472 28410 459 0.003
ATTD of B % 40.28 51.02 225 <0001 35560 43.51=2 52 88a 251 = 0,001
P retention, % of intake 3430 39.40 259 0036 29 G5b 41542 38.97m 285 < (.001

5Within a row, means withous a commen superscript differ (F < 0,05).

1Each least squares mean represents 10 ubsen-au‘h'ns.'emml that there were only 9 observations for the 2 diets containing 25-OH-Dy,

and P The ATTD of P in lactating sows was not affected by
adding 25-OH-Dj to diets containing 100% of the Ca and
I required by lactating sows (Zhang et al., 2019}, but no
interaction was observed between dietary Ca and P levels
and supplementation of 1-OH-Dj in the first experiment.
It therefore appears that supplementation of late-gestation
diets with 1-OH-Dy positively affects Ca and P balance re-
gardless of dietary Caand P

Effects of using both phytase and 1-OH-Djy in P-defi-
cient diets fed to broilers were additive [Snow et al., 2004),
but this was not the case in diets for pigs (Biehl and Baker,
1996). Results from the second experiment demonstrated
that effects of addition of phytase and vitamin DY metabolites
were not additive in diets for sows and the results, therefore,
are in agreement with the data by Biehl and Baker (1996).
Although there were no interactions between phytase and
vitamin [} metabolites for Ca and P balance, interactions
were observed for the ATTD of DM and GE and concentra-
tion of DE and ME in diets, which to our knowledge has not
been previously demonstrated. The mechanisms for these
interactions are, however, not clear and additional research
is needed to elucidate the reasons for this observation.

The level of vitamin Dy in all diets was well above the
presumed requirement for sows in gestation (i.e. 20 pa/kg;
NRC, 2012}, but the fact that the ATTD of Ca and P and re-
tention of Ca and P increased by adding one of the vitamin
D metabolites to the diets indicates that sows are not able
to convert sufficient quantities of vitamin Dy to calcitriol to
maximize Ca and P balance. It is not clear why the vitamin
D metabolites are so effective in sows fed diets containing
vitamin Dy in excess of the requirement. It appears that
sows have difficulty hydroxylating vitamin D te 1,25-di-
hydroxycholecalciferol, whereas use of one of the vitamin
D metabolites results in increased synthesis of 1,25-dihy-
droxycholecaleiferol. Conversion of 25-OH-Ds to 1,25-di-
hydroxycholecalciferol in women in wlk 12 of pregnancy is
two-fold greater than in non-pregnant women (Hollis and
Wagner, 2017, and it is, therefore, possible that pregnancy
increases the need for calcitriol, but because we did not in-
clude non-pregnant females in this experiment we cannot
confirm this hypothesis. It is also possible that the increase
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in 1.25-dihydroxycholecalciferol synthesis in sows fed a vi-
tamin D metabolite is beneficial to their progeny because
supplementation of diets for sows with 25-OH-Dj resulted
in increases in blood vitamin D, growth performance, and
bone mineralization of their offspring {Witschi et al., 2011;
Flohr et al, 2016). However, more research is needed to
confirm this hypothesis,

To be converted to the calcitriol, 25-OH-Dy skips the

hydroxylation step in the liver and 1-OH-Dy skips the hy-
droxylation step in the kidneys. The observation that the
2 vitamin [} metabaolites are equally effective in increasing
ATTD of DM, GE, Ca, and P indicates that it is the double
hydroxylation that is problematic for sows, whereas it ap-
pears to be less important which hydroxylation step needs
to be completed if a vitamin D metabolite is provided.
The increases in DE and ME in diets containing 1-0OH-Dy
were a result of increased ATTD of DM, This was observed
in bath experiments (Lee and Stein, 2022; Lee et al, 2022)
and confirms that 1-0OH-Dy increases energy concentra-
tions in diets by increasing the ATTD of DM when no phy-
tase was used,

Conclusions

In conclusion, there were no interactions between lev-
els of dietary Ca and P and supplemental 1-OH-D3 and be-
tween use of vitamin D metabolites and microbial phytase
on Ca and P balance in sows in late gestation. The ATTD
and retention of Ca and P and concentrations of DE and
ME in diets fed to sows in late gestation were not affected
by dietary Ca and P, but supplementation of 25-OH-Dz and
1-0OH-Djy increased the ATTD and retention of Ca and P.
Supplementation of 1-OH-Dy increased the ATTD of DM
and GE and concentrations of DE and ME in diets contain-
ing no microbial phytase. No effect of phytase was observed
for the ATTD of GE and concentrations of DE and ME
in diets.
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