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ABSTRACT

Environmental concerns with P of animal origin
polluting surface waters are leading to legal incentives
aimed at reducing the dietary P content of dairy cow
rations to the lowest possible level that does not nega-
tively affect health and productivity. The objective of
the present study was to determine the effect of feeding
rations with low dietary P content in late gestation
on the Ca homeostasis of the periparturient dairy cow.
FEighteen multiparous dairy cows were either fed a P-
deficient (0.15% P in dry matter antepartum and 0.20%
P in dry matter postpartum) but otherwise balanced ra-
tion or a control ration with adequate P content (0.28%
P in dry matter antepartum and 0.44% P in dry matter
postpartum) during the last 4 wk of gestation until d
10 postpartum. Blood was obtained before initiation
of P-deprivation (baseline) and —10, —2, +1, +3, and
410 d relative to parturition to be analyzed for plasma
concentrations of Ca [Ca] and inorganic phosphate
[Pi]. In addition, plasma concentrations of parathyroid
hormone [PTH], the bone resorption marker CrossLaps
[CTX], 25-hydroxyvitamin D, and 1,25-dihydroxyvita-
min D were determined in a subset of samples. Feeding a
P-deficient diet for 4 wk antepartum positively affected
the Ca homeostasis of periparturient cows. Clinical hy-
pocalcemia occurred in 3/9 control and 0/9 P-deprived
cows. [Calcium|, [PTH], and plasma concentrations of
vitamin D metabolites did not differ between groups
until parturition, whereas [Pi] was decreased and [CTX]
significantly increased in P-deprived animals. At partu-
rition [PTH| was significantly greater in control cows
compared with P-depleted cows. The P-deprived cows
had significantly higher [Ca] than control cows on d
+1 (2.46 £ 0.11 vs. 2.27 £ 0.41 mmol/L) and +2 (2.61
+ 0.13 vs. 2.35 £ 0.25 mmol/L). Plasma [CTX] was
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significantly higher in P-deprived than in control cows
on d +2. Bone resorption and the typical increase in
1,25-dihydroxyvitamin D in periparturient P-deprived
cows seemed to occur despite the smaller rise of [PTH],
suggesting either greatly increased sensitivity to PTH
or bone mobilization independent of PTH. Future
studies must explore potentially negative effects of P-
deprivation antepartum on health and productivity of
the dairy cow in the following lactation.

Key words: hypocalcemia, parathyroid hormone,
vitamin D, CrossLaps, bone mobilization

Short Communication

Periparturient hypocalcemia remains one of the eco-
nomically most important metabolic disorders of dairy
cows (Reinhardt et al., 2011; Oetzel, 2013). While
periparturient hypocalcemia of cattle was almost ex-
clusively associated with recumbency around calving in
the past, numerous recent studies have elucidated the
role of subclinically decreased plasma Ca concentra-
tions ([Ca]) during the periparturient period on health
and well-being of high producing dairy cows (Curtis et
al., 1983; Martinez et al., 2014; Rodriguez et al., 2017).
Acknowledgment of the importance of the plasma
[Ca] around calving led to a shift of the focus toward
monitoring the plasma [Ca] rather than the incidence
of clinical hypocalcemia when assessing the efficacy of
a strategy for prevention of hypocalcemia. At the same
time the relevance of the plasma inorganic phosphate
concentrations ([Pi]) in periparturient cows remains
controversial. Although restricted dietary P supply to
dairy cows in late gestation and around calving is per-
ceived as a potential risk for health and productivity
by many veterinarians, nutritionists, and producers in
the field (Griinberg, 2014), legal incentives targeting
at reducing the dietary P content of cattle rations to
the lowest possible level that does not negatively affect
health and productivity are implemented in many parts
of the world (Goff, 2018).

9591



9592

The negative effect of excessive dietary P in late ges-
tation on the plasma [Ca] of the periparturient dairy
cow is well established (Peterson et al., 2005; Lean et
al., 2006). Limited information is available, however, on
the effect of transient but marked dietary P deprivation
in late gestation on the calcium balance of the dairy
cow around calving. Reducing dietary P from 0.44 to
0.21% prepartum, corresponding to the lower end of
current recommendations for dietary P supply for dry
cows, resulted in a less pronounced decrease in plasma
[Ca] at parturition but did not alter the concentra-
tion of biomarkers for bone metabolism, the plasma
concentrations of parathyroid hormone (PTH), or the
active form of vitamin D in dairy cows (Peterson et
al., 2005). As regulatory mechanisms affecting intesti-
nal absorption, renal secretion, and mobilization of Ca
and Pi from bone interact in many ways (Bergwitz and
Jiippner, 2010), the objective of the present study was
to determine how a marked reduction of the dietary P
supply in late gestation affects the Ca balance of dairy
cows during the periparturient period. We hypothesized
that dietary P deprivation in the weeks before calving
would result in enhanced bone mobilization before calv-
ing and would thereby alleviate the decline of plasma
[Ca] commonly observed in periparturient dairy cows.

The national and institutional guidelines for the care
and use of experimental animals were followed and all
experimental procedures were approved by Utrecht
University Institutional Animal Care and Use Commit-
tee (permit no AVD108002016616). This study is part
of a multi-institutional project evaluating the effect
of dietary P deprivation in dairy cows during various
stages of the production cycle. To further understand
the molecular mechanisms through which P depletion
may affect various organ systems of the dairy cow at
different stages of the lactation cycle, other laboratories
are currently conducting studies on liver and muscle
tissue as well as on leukocytes obtained from these
transition cows. The present study focuses on the ef-
fect of dietary P deprivation on Ca homeostasis in the
periparturient period.

A total of 18 multiparous dairy cows determined to be
healthy based on physical and hematological examina-
tion were included in this study. Animals were housed
in tiestalls with rubber bedding covered with sawdust
in a temperature-controlled environment. Cows were at
least 2 wk dry and 6 wk before expected calving at
the time of inclusion. The study consisted of a 2-wk
acclimation period that was followed by a period of
dietary P deprivation extending from 4 wk before the
expected calving date to 10 d p.p. Cows were paired by
lactation number and previous 305 d milk yield and one
cow of each pair was assigned to one of the 2 experi-
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mental groups by random allocation. The experimental
groups were the low P (LP) group and the control
(CON) group. Cows in the LP group were offered a
P-deficient but otherwise balanced dry cow TMR from
4 wk before expected calving to the day of calving and
were thereafter switched to a P-deficient but otherwise
balanced TMR for lactating cows. Cows of the CON
group were fed the identical dry cow or lactating cow
TMR, depending on the stage of lactation, which was
supplemented with NaH,PO, to obtain an adequate
dietary P content (NRC, 2001). During the acclimation
period that immediately preceded dietary P depriva-
tion, both groups were offered the dry cow TMR of
the CON group. The experimental rations were based
on corn silage, beet pulp, and grass seed straw. Ration
details are presented in Table 1. The P contents of the
rations of groups LP and CON were 0.15 and 0.28% in
DM in the dry cow ration and 0.20 and 0.44% in DM
in the lactating cow ration, respectively. The dietary P
concentration in rations of the LP group was the lowest
content we were able to obtain using standard ingredi-
ents in an otherwise balanced ration and was less than
60% of the NRC (2001) recommended dietary P levels
before and after calving. Cows were fed twice daily at
standardized times. During the dry period feed intake
was restricted to 12.5 kg of DM/d, and after calving
cows were fed ad libitum.

Attitude and behavior of the cows were monitored
daily and a thorough physical exam was conducted
once a week. During the calving period, study animals
were under constant veterinary supervision to ensure a
smooth calving process and early recognition of peri-
parturient hypocalcemia such as coolness to the touch,
dullness, muscle weakness, or mild rumen bloat. If early
signs of hypocalemia were apparent, blood biochemical
analysis was initiated to confirm the diagnosis. Oral
or parenteral treatment with Ca salts was initiated as
deemed necessary by the attending veterinarian.

Blood samples were obtained by puncture of the
jugular vein 3 times a week between 0700 and 0800 h.
Additional blood samples were obtained the day after
calving at the same time if this was not a regular sam-
pling day. To follow the development of the parameters
investigated in this study over time relative to calving,
sampling times were expressed as day relative to calv-
ing. Because blood was not collected daily and thus
samples were not obtained on the same day relative to
calving time clusters were assigned to each designated
sampling time. Baseline values were determined in
samples obtained at the end of the acclimation period.
Sampling time d —10 relative to calving (d —10) in-
cluded one sample per cow obtained on d 11, 10, or 9
antepartum (a.p.). Sampling time —2 (d —2) included
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Table 1. Ingredients and composition of experimental rations of low P (LP) and control (CON) groups during
the dry period (antepartum) and early lactation (postpartum)'

Control LP Control LP
Ttem antepartum antepartum postpartum postpartum
Ingredient (% of DM)
Corn silage 29.2 29.4 39.1 39.6
Grass seed straw® 25.8 26.0 124 12.6
Beet pulp 35.2 35.5 36.1 36.6
Soybean meal 0 0 8.7 8.8
Palatinose’ 4.8 4.8 0 0
Urea 0.68 0.68 0.34 0.35
Coated urea 2.03 2.05 1.00 1.01
Mineral mix 1.56" 157" 1.10° 1.11°
NaH,PO, 0.67 0 1.23 0
Chemical analysis
DM (% as fed) 60.0 59.3 58.3 58.2
NE,;, (MJ/kg of DM) 5.90 5.88 6.48 6.54
DVE’ (g/kg of DM) 61.0 60.7 79.4 80.4
OEB’ (g/d) 18.1 17.9 11.8 12.0
Starch (g/kg of DM) 111 110 153 154
Ca (g/kg of DM) 4.35 4.38 5.8 5.7
K (g/kg of DM) 13.5 13.4 14.1 14.5
P (g/kg of DM) 2.83 1.52 4.41 2.03
Mg (g/kg of DM) 3.47 3.51 1.83 1.8
S (g/kg of DM) 1.24 1.25 1.36 1,41
Na (g/kg of DM) 4.3 1.82 3.62 1.5
DCAD (mEq/kg of DM) 109.9 105.0 294.6 290.8

'Cows of the LP group received the antepartum ration of the CON group during the acclimation period.
*Grass seed straw from smooth meadow-grass (Poa pratensis) known for its quality and palatability, which is
similar to common grass hay.

*Palatinose was used as substitute for molasses to stimulate rumen fermentation, but without increasing the
dietary K content.

‘Mineral mix containing Ca (0 g/kg), Mg (180 g/kg), Na (100 g/kg), Cu (1.655 g/kg), Co (0.022 g/kg), Mn
(0.9 g/kg), Zn (0.65 g/kg), I (0.01 g/kg), Se (0.015 g/kg), vitamin A (340,000 IU/kg), B-carotene (0.6 g/kg),
vitamin Dy (140,000 I1U /kg), and vitamin E (8,000 IU/kg).

"Mineral mix containing Ca (170 g/kg), Mg (38 g/kg), Na (120 g/kg), Cu (0.73 g/kg), Co (0.009 g/kg), Mn
(1.2 g/kg), Zn (1.67 g/kg), I (0.042 g/kg), Se (0.017 g/kg), vitamin A (280,000 IU/kg), B-carotene (2.27 g/kg),
vitamin D3 (90,000 IU /kg), and vitamin E (900 IU/kg).
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SDVE = intestinal digestible protein (Tamminga et al., 1994).
TOEB = degraded protein balance (Tamminga et al., 1994).

one sample per cow obtained between 3 and 1 d a.p.
and sampling time d +1 consisted of the first samples
of each cow obtained postpartum (p.p.) that was ob-
tained between 0 and 24 h p.p. Samples labeled as d
+3 were obtained between d 2 and 4 p.p. To also study
the effects of P deprivation relative to the onset of
treatment, samples obtained on Friday morning of each
week were expressed as samples of wk 0 to 4, where wk
0 corresponded to the sampling time at the end of ac-
climation, and wk 1 to 4 to samples obtained at the end
of the 1st to 4th wk of dietary P-deprivation. To limit
the confounding effect of parturition on the analysis
only weekly samples obtained a.p. were included, and
samples obtained in the 4th wk of depletion (at time
wk 4) were only included if obtained at least 7 d before
calving.

Blood was collected in lithium heparin tubes and
was kept at room temperature for up to 30 min until

processed. Samples were centrifuged at 1,600 x ¢ for
15 min at 6°C. Plasma was harvested and stored at
—20°C until analyzed. All samples were analyzed for
plasma [Pi] (ammonium molybdate) and [Ca] (Arse-
nazo IIT) using an automatic analyzer (ABX Pentra
400, Horiba, Europe GmbH, Langenhagen, Germany).
Plasma samples obtained at baseline, d —2, d +1, and
d +3 from a subset of 5 randomly selected animals
from each group were furthermore analyzed for concen-
trations of CrossLaps ([CTX]) as a marker for bone
resorption, PTH, 25-hydroxyvitamin D ([25-OHD)]),
and 1,25-dihydroxyvitamin D ([1,25-(OH),D]) as de-
scribed below. Random selection of animals from the
CON group for this analysis was conducted after prior
exclusion of animals having received Ca salts either
orally or parenterally. Weekly plasma samples of the
5 preselected cows per group were also analyzed for
plasma [CTX] as described below to crudely determine
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the time pattern of the onset of bone resorption due to
the treatment.

Analysis of CTX, PTH, and 25-OHD were conducted
by means of commercially available ELISA [Serum
CrossLaps ELISA, Immundiagnostic Systems (ids)
GmbH, Frankfurt am Main, Germany; Bovine Intact
PTH ELISA Kit; Immuntopics Inc., San Clement, CA;
25(0OH)-Vitamin D direct day ELISA, Immundiagnostik
AG, Bensheim, Germany]|. Intra- and interassay coef-
ficients in our laboratory and sensitivities were 9.76%,
7.64%, and 0.04 ng/mL for CrossLaps, 7.16%, 5.43%,
and 110 pg/mL for PTH, and 10.1%, 13.4%, and 6.08
ng/mL for 25-OHD. According to the manufacturer,
cross-reactivity with other vitamin D metabolites com-
pared with 25-OHD; is 67.8% for 25-OHD, and 100%
for 24,25-(OH),D3.

Measurement of plasma concentrations of 1,25-(OH),D
was carried out by a commercial diagnostic laboratory
using a competitive ELISA following solvent extrac-
tion [1,25-(OH)y,-Vitamin D ELISA, Immundiagnostik
AG]. Intra- and interassay coefficients and sensitivi-
ties documented and provided by the laboratory are
6.69%, 9.00%, and 4.80 pg/mL. Cross-reactivity with
1,25-(OH),D, compared with 1,25-(OH),Dj; is declared
to be 41%.

Results are expressed as mean and standard devia-
tion or as median and interquartile range for param-
eters that were not normally distributed. Normality of
distribution was checked by Shapiro-Wilk’s test for nor-
mality distribution and by checking probability plots.
Log-transformations were used wherever appropriate to
obtain normal distribution. Repeated measures ANO-
VA were conducted to determine effects of treatment,
time, as well as treatment x time interactions using
an autoregressive(1) model with cow identification as
subject. Post hoc tests were used whenever F-test was
significant. Bonferroni-corrected P-values were used
and P < 0.05 was considered statistically significant.
All analyses were conducted with SAS software (SAS
9.3, SAS Institute Inc., Cary, NC).

All 18 cows completed the study and calved sponta-
neously or with mild to moderate assistance. Three of
9 cows of the CON group (2 cows entering fourth and 1
cow entering the fifth lactation) developed clinical signs
of hypocalcemia early p.p. In all 3 cases treatments
were administered after sample collection d 41 and in 1
case after sample collection d +3. Treatment consisted
of intravenous administration in 1 case and in 2 cases
of subcutaneous administration of Ca salt solutions (10
g of Ca as Ca borogluconate). In all cases treatment
was combined with repeated oral administration Ca
salts. All treated cows recovered uneventfully within 72
h of treatment. Neither recumbency nor clinical signs of
muscle weakness were noticed in the LP group.
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The plasma [Pi] time curve relative to calving is pre-
sented in Figure 1. Plasma [Pi] showed a significant
time, treatment, and time x treatment interaction effect
(P < 0.001). Values of the LP group were significantly
below baseline values and below the reference range for
plasma [Pi] in cattle (1.4-2.6 mmol/L, Constable et
al., 2016), during the entire study period and reached
a nadir of 0.57 + 0.2 mmol/L at d +1 (Figure 1). Dif-
ferences between groups were significant at all sample
times except baseline. In the CON group a numeri-
cal decline in plasma [Pi] was observed at d +1 with
a nadir of 1.04 £ 0.4 mmol/L. Differences over time
however did not reach significance level in this group.
Plasma [Ca] showed a significant time (P < 0.001) and
treatment effect (P = 0.004) but no time x treatment
interaction effect. In the CON group values measured
at d +1 and +3 were significantly below concentrations
measured at d —2 and —10, values measured at d +3
were also significantly below values at d +10. A similar
trend was observed in the LP group, but differences did
not reach the significance level in this group (Figure 1).
Group differences were identified at d +1 and +3, with
values in the CON group on average being 0.19 and
0.26 mmol/L lower, respectively, than in the LP group
(Figure 1). The median plasma [Ca] of the CON group
but not of the LP group was below the reference for
plasma [Ca] in cattle at the sampling times d +1 and
+3 (2.4-3.2 mmol/L, Constable et al., 2016).

Plasma [PTH] that was only analyzed at the base-
line, d —2, +1, and 43 times revealed a significant
time (P < 0.001) and treatment effect (P = 0.026)
but no time X treatment interaction effect (Table 2).
Although differences over time were not significant in
the LP group, a significant increase in plasma [PTH]
at d +1 and 43 compared with baseline as well as at
d 4+1 compared with d +3 occurred in the CON group
(Table 2). Significantly higher plasma [PTH] in the
CON group compared with the LP group was measured
at d +1 and +3. Plasma [CTX] showed a time effect
(P < 0.001) and a weak treatment effect (P = 0.054,
Table 2). Values measured at d —2, +1, and +3 in the
LP group were higher than baseline values, and values
measured at d +3 were higher than values determined
at d —2 (Table 2). In the CON group values determined
p-p.- were higher than a.p. values. Differences between
groups only reached the significance level at d 4+3 with
higher concentrations in the LP group than the CON
group (Table 2). Remarkably, plasma [CTX] showed a
considerable degree of scatter that increased over time
in the LP group, which was not observed in the CON
group.

The concentrations 25-OHD and 1,25-(OH),D deter-
mined in the present study are summarized in Table
2. No significant treatment, time, or treatment X time
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Table 2. Plasma concentrations (mean + SD or median and interquartile range in brackets) of CrossLaps (CTX), parathyroid hormone (PTH),
25-hydroxyvitamin D (25-OHD), and 1,25-dihydroxyvitamin D (1,25-OH,D) at the baseline (end of acclimation), d —2 (between 3 and 1 d
antepartum), d +1 (within the first 24 h postpartum), and d +3 (between 2 and 4 d postpartum) sampling times stratified by group (CON:

control, LP: low P group) relative to parturition

Time of sampling

Parameter Group Baseline d -2 d+1 d +3
CTX (ng/mL) CON 0.59* 0.90" 2.17° 1.92*P
[0.48-0.66] [0.82-0.92] [2.07-2.4] [1.53-2.61]
LP 0.53" 3.29" 4.88" 6.23*
[0.52-2.3] [1.14-3.79] [2.71-7.46] [3.4-7.9]
PTH (pg/mL) CON 108" 490P¢ 5,584*8 1,640°
[65-289] [129-651] [2,511-5,790) [522-1,687]
LP 337" 286" 1,054 364"
[261-464] [273-608] [1,039-1,299) [292-1,417]
25-OHD (ng/mlL) CON 28.8 + 3.6 31.3 + 3.1 324+ 5.2 24.5 + 1.14
LP 27.0 + 2.0 26.2 + 6.6 30.1 + 6.1 26.8 + 5.4
1,25-OH,D (pg/mL) CON 20.7 + 7.8 22.7 + 5.0 47.0 + 18.2°7 61.7 + 22.9°
LP 23.6 + 3.6" 36 + 3.4" 62.4 + 20.7™ 69.5 & 32.2°

ACaeyalues with different uppercase letters for the CON group and lowercase letters for the LP group within a row differ significantly between

sampling times (P < 0.05, Bonferroni corrected).
*Values within the same column differ between groups (P < 0.05).

interaction effect was observed. For 1,25-(OH),D a sig-
nificant time effect (P < 0.001) but neither a treatment
nor treatment X time interaction effect were identi-
fied. The mean 1,25-(OH),D concentrations of both
prepartum samples were significantly lower than at d
+3 in both groups. Values determined at d +1 were
significantly above baseline concentrations in the LP
group (Table 2). Differences between groups were not
observed at any sampling time point.

Plasma [Ca], [Pi], and [CTX] relative to the dura-
tion of dietary P deprivation are presented in Table

3. Plasma [Pi] showed a significant treatment (P =
0.008), time (P = 0.033), and time X treatment inter-
action effect (P = 0.048). Whereas in the CON group
no change in plasma [Pi] was observed between wk 0
and 4, a numerical decline became noticeable within
1 wk of dietary P-deprivation. Differences to baseline
values, however, were only significant at wk 2 and 4
(Table 3). Significant treatment, time, and treatment
x time interaction effects (P < 0.001) were identified
for plasma [Ca]. The plasma [Ca] of the LP group was
significantly higher than baseline (wk 0) values from

: 2.5
3.0- * *
-t fa x4 T 2.0 - &
' a * b
EE Ei E E = i . L - =
— 25 ; - — *
e =1 i E = 1.5- . e o
E i g 7
= 2.0 ! — 1.0 b
S : &
154 : .t -
1 §
cT T 1t T T - T T T o'c T v T T T T T
BL 40 2 + +3 +10 BL -10 2 +1 +3 +10

Days relative to parturition

Days relative to parturition

Figure 1. Plasma concentrations of total Ca (left panel) and inorganic P (P1i, right panel) of cows of the control (CON) group (open boxes)
and cows of the low P (LP) group (gray boxes) at the sampling times baseline (BL, end of acclimation), d —10 (between 11 and 9 d antepartum),
d —2 (between 3 and 1 d antepartum), d +1 (within the first 24 h postpartum), and d +3 (between 2 and 4 d postpartum). Box and whisker
plots represent median (horizontal line), lower and upper quartiles (bottom and top of box, respectively), as well as the range (lower and upper
end of whiskers, respectively). The vertical dashed line represents time of parturition. Values labeled with different uppercase (group CON) and
lowercase (group LP) letters differ significantly within the same group (P < 0.05, Bonferroni corrected); values labeled with * differ significantly
between groups at the same sampling time (P < 0.05).
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Table 3. Plasma concentrations (as mean + SD, or median and interquartile range in brackets) of total Ca, inorganic P (Pi), and CrossLaps
(CTX; Immundiagnostic Systems GmbH, Frankfurt am Main, Germany) at the sampling times wk 0 (end of acclimation), and wk 1 to 4
(corresponding to number of weeks of dietary P deprivation antepartum) stratified by group (CON: control, LP: low P group)

Item Group wk 0 wk 1 wk 2 wk 3 wk 4
Ca (mmol/L) CON 2.44 4 0.04* 2.56 + 0.05° 2.48 £+ 0.11*+ 2.44 4 0.07** 2.48 4 0.02%AP
LP 2.47 + 0.05" 2.59 + 0.06" 2.6 £ 0.05*" 2.64 + 0.07*" 2.58 £ 0.04*
Pi (mmol/L) CON 1.38 + 0.174 1.46 + 0.18* 1.39 + 0.17%4 1.58 + 0.45* 1.5 + 0.31%
LP 1.5 £0.31° 1.33 £ 0.14™ 0.95 + 0.3 1.34 + 0.48™ 111 + 0.5%
CTX (ng/mlL) CON 0.59* 0.34% 0.43% 0.44%4 0.5
[0.48-0.66] [0.34-0.35] [0.25-0.5] [0.26-0.45] [0.49-0.52]
LP 0.53" 0.59* 0.61° 0.87% 1.23"
[0.52-2.3] [0.29-1.08] [0.41-1.65] [0.53-1.93] [0.52-2.48]

ABacyalues with different uppercase letters for the CON group and lowercase letters for the LP group within a row differ significantly between

sampling times (P < 0.05, Bonferroni corrected).
*Values within the same column differ between groups (P < 0.05).

wk 1 to 3 (Table 3). In the CON group, significantly
elevated plasma [Ca] relative to baseline was only
observed at wk 1. The plasma [Ca] of the LP group
was significantly higher than in the CON group from
wk 2 to 4 (Table 3). Plasma [CTX] when expressed
relative to onset of dietary P deprivation revealed a
significant treatment effect (P = 0.0091) but no time
or treatment X time interaction effects. As was men-
tioned with [CTX] when expressed relative to calving,
plasma [CTX] showed a considerably larger degree of
scatter in the LP group, which tended to increase over
time resulting in an increase of the 3rd interquartile,
whereas the 1st interquartile remained unchanged over
time. Significant differences between groups only were
determined at wk 3.

The results presented here show a positive effect of
dietary P deprivation in late gestation on plasma [Ca]
of periparturient cows with a lower incidence of clinical
hypocalcemia and with plasma [Ca] in P depleted cows
in the range of 10 to 15% above the values of control
cows in the first 3 d of lactation. This is in line with
earlier studies on low P intake a.p. in which plasma [Ca]
p.p. was increased (Barton et al., 1987), the incidence
of clinical periparturient paresis was decreased (Kichura
et al., 1982) or the transient decline in plasma [Cal at
parturition was less pronounced (Peterson et al., 2005).
Phosphorus deprivation in this study was associated
with marked treatment effects on plasma [PTH] during
the periparturient period. Lower secretion of PTH in
states of P deficiency is well documented in cattle and
other species and is thought to either be a consequence of
increased plasma [Cal in P-deficient animals mobilizing
bone or enhanced activation of 25-OHD; to 1,25-OH,D;
occurring in states of P-deprivation (Bergwitz and
Jiippner, 2011; Anderson et al., 2017). Enhanced PTH
secretion in response to declining plasma [Ca] around
calving is considered the key regulatory mechanism to
control periparturient hypocalcemia through activation
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of bone resorption. Lower plasma [PTH]| in P-deprived
cows in this study suggests that a regulatory circuit
independent of PTH but equally effective in mobiliz-
ing bone tissue is triggered by dietary P deprivation.
Although enhanced bone mobilization in states of P
deficiency is well accepted, the physiological relevance
of this phenomenon has been questioned in the past
(Thompson et al., 1975; Ivey et al., 1978; Kichura et al.,
1982). Higher plasma [CTX] and increased plasma [Cal
in P-depleted compared with control animals observed
in this study suggest that bone turnover was triggered
to a physiologically relevant degree as can be concluded
from the differences in plasma [Ca] and in incidence
rates of clinical hypocalcemia in periparturient cows
between groups. Similar effects were reported to occur
in nonperiparturient lactating cattle and in pigs (Liese-
gang et al., 2002; Griinberg et al., 2015).

Interestingly, the marked difference in plasma [PTH]
between groups was not associated with remarkable
differences in the plasma concentrations of 1,25-OH,D
between groups. This result is in good agreement with
the findings of a recent study conducted in beef cattle
(Anderson et al., 2017) and points to a potential role of
fibroblast growth factor 23 (FGF23), a bone-derived
phosphatonin that was characterized for the first time
in 2000 (Schiavi and Kumar, 2004). Low dietary P
intake was demonstrated to decrease plasma concentra-
tions of FGF23 and concomitantly increase 1,25-OH,D;
in humans while plasma [PTH] was low (Antoniucci et
al., 2006). In the current study no differences in plasma
concentrations of 1,25-(OH),D between groups were ob-
served either before or around parturition. Synthesis of
1,25-(OH),D by the enzyme 1-a-hydroxylase is regulat-
ed by the interplay of several factors including plasma
Ca, FGF23, and PTH. We speculate that the decrease
in plasma [Pi] a.p. may have triggered a decrease of
the plasma FGF23 concentration as this was reported
for mice (Perwad et al., 2005). The ensuing stimula-



SHORT COMMUNICATION: LOW PHOSPHORUS IN DRY COWS

tion of the 1-a-hydroxylase (Shimada et al., 2004) may
have been counterbalanced by the inhibitory effect of
the concomitantly elevated plasma [Ca] resulting from
bone mobilization until parturition (Bushinsky et al.,
1985). At the onset of lactation, the assumed decline of
plasma FGF23 concentrations in P-depleted cows may
then have altered the tissue responsiveness to PTH
and decreasing [Cal, which could explain the timely
increase in 1,25-(OH),D despite the lower PTH peak at
parturition in P-depleted animals.

The present study is based on a small sample size and
furthermore included one-third of animals of the con-
trol group that underwent medically indicated treat-
ment with Ca salts, thereby likely biasing the results
and the power of the statistical analysis presented here.
Although results of d +1 were obtained before treat-
ment and thus were unaffected by Ca treatment, it is
probable that the difference in plasma [Ca] between
groups at d +3 would have been more pronounced, if
these cows of the CON group had not been supple-
mented with Ca. Another finding of this study that is
likely an artifact of sample selection is the difference in
variation in plasma [CTX] between groups. Whereas
in the LP group random selection of samples for CTX
analysis included all animals of the group, the 3 cows
with clinical hypocalcemia having received treatment
were not considered for random selection in the CON
group to avoid confounding effects of treatment. This
approach, however, created a selection bias skewing the
age distribution in the CON group toward younger ani-
mals, which probably contributed to the lower degree of
scatter observed in this group.

In conclusion, although many strategies for preven-
tion of periparturient hypocalcemia are based on the
concept of stimulating PTH secretion and activating
vitamin D, the results of this study suggest that other,
yet undetermined mechanisms that are not dependent
on or are less dependent on PTH secretion, but are
equally effective in sustaining the plasma [Ca| of the
periparturient cow, must be considered. Future studies
should aim at identifying these mechanisms and explor-
ing the degree and duration of dietary P-deprivation
required during late gestation to trigger a degree of
bone mobilization effective in sustaining periparturient
plasma [Cal. Furthermore, studies investigating delete-
rious effects of dietary P-deprivation in late gestation
on health and productivity during the following lacta-
tion are warranted.
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