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Calcium metabolism in cows receiving an intramuscular injection of
1,25-dihydroxyvitamin D, combined with prostaglandin F, closely

before parturition
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To determine the effect of exogenous 1,25-dihydroxyvitamin
D, [1,25(OH),D,] combined with induced parturition on
calcium (Ca) metabolism, cows received a single intramuscular
injection of 1,25(OH),D, and prostaglandin F,, (PGF,)
closely before calving. Ten late-pregnant, multiparous
Holstein cows were assigned to 1,25(OH),D, group (five
treated with both 1,25(OH),D, and PGF,)) and control
group (five treated with PGF,,). 1,25(OH),D, group
showed an increase in plasma Ca concentration around
parturition, whereas control group revealed a decrease in
plasma Ca level. Plasma Ca concentration in 1,25(OH),D,
group were significantly higher than that in control group
during —0.5 to 3 days after parturition.
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1,25-dihydroxyvitamin D,

1,25-dihydroxyvitamin D, [1,25(0OH),D,], a physiologically
active form of vitamin D, metabolites, has been used to
elevate plasma calcium (Ca) concentration during 1 to 4
days post-injection and thereby prevent parturient paresis
(parturient hypocalcemia) in dairy cows [2,4,5]. This
metabolite has the advantage of a shorter biological life than
vitamin D,; therefore, toxicity problems are reduced [9]. The
shorter biological life also requires a more accurate
prediction of the time of parturition for full effectiveness [4].
Because a decrease in the plasma Ca level is most likely to
occur within 1 or 2 days postpartum [11], we suggest that
exogenous 1,25(0OH),D, should be administered to cows
during 1 to 3 days prepartum. Parturition can be induced to
dairy cows using prostaglandin F,, (PGF,,) within 2 or 3
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days after injection [6]. In this short communication, cows
received a single intramuscular injection of 1,25(OH),D;
and PGF,, closely before calving. The objective of this study
was to determine the effects of exogenous 1,25(OH),D,
combined with PGF,, on Ca metabolism around parturition
and to discuss the ability of this prophylactic regimen to
prevent parturient paresis in cows.

The protocol and experimental design were approved by
the Obihiro University of Agriculture and Veterinary
Medicine, Laboratory Animal Care and Use Committee.
Ten late-pregnant, multiparous Holstein cows (aged 3 to 4
years) were assigned to 1,25(OH),D, group (five treated
with both 1,25(0OH),D, and PGF,,) and control group (five
cows treated with PGF,,). The cows stayed in an outside
paddock during dry period until 275 days gestation, and
were housed in an individual pen until 5 days postpartum.
The cows were fed a ration of good quality hay, grass and
corn silages, and commercial concentrate; providing daily
0.3% Ca and 0.2% phosphorus (P) of dry matter (DM)
prepartum and 0.8% Ca and 0.4% P of DM postpartum.

Intramuscular injection of 1,25(OH),D, and/or PGF,, was
performed as close to 1 or 2 days before the predicted date
of parturition. Date of parturition was predicted twice a day
by rectal temperature, by observation of udder filling and
oedema, and by swelling and relaxation of the vulva and
pelvic ligaments [1]. The cows of 1,25(OH),D, group
treated with a 1 pg/kg body weight 1,25(OH),D, dissolved
in ethanol and 25mg PGF,, (Dinoprost; Pharmacia &
Upjohn, Japan). The 1,25(OH),D, use in this study was the
gift of Mercian Corporation, Japan. The cows of control
group treated with 25 mg PGF,, and ethanol.

Heparinized blood samples were obtained from the
jugular vein from 277 days gestation to 5 days postpartum;
the samples were immediately chilled in ice water and then
centrifuged at 4°C. The obtained plasma was frozen at —30°C.
The plasma 1,25(0OH),D, concentrations were determined
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Table 1. Plamsa 1,25(OH),D,, Ca, inorganic phosphorus (iP) and Mg concentrations around parturition in 1,25(OH),D, and control groups

(mean £ SD)

Items Days after parturition

Groups Prepartum -1 -0.5 0 0.5 1 2 3 5
1,25(0OH),D, (pg/ml)
Control 36.849.8 53.6+£22.1 52.9+14.3 73.3£35.3 75.4423.8 96.6+£25.9 95.8+31.7 95.4+23.0 57.4+16.2
1,25(0H),D, 28.7£13.4  1185.0+384.1* 694.54526.7** 596.6+338.4** 391.4+188.9* 51.9459.1 65.2+17.5 459+11.6 20.2+12.5*
Ca (mg/dl)
Control 9.7+0.3 9.4+1.0 9.4+0.6 8.3£1.2 8.6+0.9 8.3£1.0 8.5+0.8 9.1£0.6  10.0<1.1
1,25(0OH),D, 9.8+0.6 10.7+0.8 11.0£0.9* 10.8+1.0* 11.5£1.0*  11.1£1.1%* 11.1+£0.9* 10.3+0.7*  9.6+0.5
iP (mg/dl)
Control 5.0£0.5 3.3£2.0 3.5+1.4 2.5%¢1.5 4.1+0.8 4.9+1.0 4.3+1.3 4.7+1.6 3.6+1.0
1,25(OH),D, 4.5+0.9 5.8+1.2 6.3+1.5% 6.0+1.9% 7.9+2.1* 7.842.6 8.1+2.3 6.8+2.3 4.3£0.3
Mg (mg/d)
Control 2.3+0.2 1.9+0.9 2.440.3 2.6+0.5 2.7+0.2 2.740.3 2.5+0.3 2.3+0.4 2.3+0.7
1,25(0OH),D, 2.4+0.2 2.4+0.6 2.3+0.4 2.3£0.3 2.3+0.2 2.3+0.3 2.5+0.2 2.3+£0.3 2.4+0.5

Prepartum: 277 days gestation. Significant difference at the timed value between the groups: *p<0.05; **p<0.01.

using a 1,25(OH),D RIA kit (Immunodiagnostic Systems,
UK). The levels of Ca, inorganic phosphorus (iP), and
magnesium (Mg) were analysed using a TBA-30R
automatic analyser (Toshiba Medical Systems, Japan).

The actual time (mean=+ SD) of parturition after the
intramuscular injection was 29.4 £ 8.9 hours in 1,25(OH),D,
group and 27.6 £ 11.7 hours in control group. There were
not any specific clinical signs seen in cows of 1,25(0OH),D,
group by using exogenous 1,25(0OH),D, compared to those
of control group. Only one cow of control group developed
retained fetal membrane. Parturient paresis occurred in one
cow of control group within 10 hours of parturition and in
another of 1,25(0OH),D, group at 4 days postpartum. These
two cows received Ca treatment (an intravenous infusion of
500 ml of 25% Ca borogluconate solution) [10,12] by the
referring veterinarian, and recovered immediately. The
criteria to start this treatment were that the cow was in
recumbency and was unable to stand up itself.

Wilcoxon rank-sum test was used to observe the
difference of the values between two groups on the each day
after parturition. The data after Ca treatment were excluded
in two cows with parturient paresis. The procedures for
statistical analyses were done using JMP 5.0.1] software
(SAS, USA). The significance was set at p < 0.05.

Table 1 shows plasma 1,25(OH),D,, Ca, iP and Mg
concentrations around parturition in cows of 1,25(OH),D,
and control groups. Plasma 1,25(0OH),D, concentrations in
1,25(0OH),D; group (391.4 + 188.9 to 1185.0 + 384.1 pg/ml)
were significantly higher during —1 to 0.5 days after
parturition than those in control group (52.9 + 14.3t0 754
23.8 pg/ml; p < 0.05 or p <0.01). The levels of 1,25(0OH),D,
at 5 days postpartum in 1,25-(OH),D, group (20.2 + 12.5 pg/
ml) were significantly lower compared with the level in
control group (57.4+16.2 pg/ml; p<0.05). 1,25(OH),D,
group showed a marked increase in plasma Ca and iP

concentrations around parturition, whereas control group
seemed to reveal a mild decrease in plasma Ca and iP and a
small rise in Mg level around calving. Plasma concentrations
of Ca (10.3+£0.7 to 11.5+ 1.0 mg/dl) and iP (6.0 £1.9 to
7.9+2.1 mg/dl) in 1,25(0OH),D, group were significantly
higher than those in control during —0.5 to 3 days (8.3 £ 1.0
t0 9.4 to 0.6 mg/dl; p <0.05 or p <0.01) and during —0.5 to
0.5 days 2.5+ 1.5 to 4.1+ 0.8 mg/dl; p <0.05) after parturition,
respectively. There was no significant difference in plasma
Mg concentration between two groups.

The increase in plasma Ca and iP concentrations following
the 1,25(OH),D, injection described here was similar to that
observed by some previous investigations [2,4,5]. It has
been shown that exogenous supplied 1,25(OH),D, does not
stimulate increased bone resorption and that hypercalcemia
and hyperphosphatemia result from an increased rate of
intestinal absorption [4,8,9].

Goff and Horst [3] indicated that the main problem to
impede the widespread use of exogenous 1,25(OH),D, or its
analogues for the prevention of parturient paresis was the
difficulty in timing the treatment. In the present study, we
suggested that the prophylactic regimen using the
intramuscular injection of 1,25(OH),D, combined with the
induced parturition was successful to prevent hypocalcemia
closely near calving. However, some disadvantages in 1,25-
(OH),D; group, i.e., the significant low plasma 1,25(OH),D,
concentration at 5 days postpartum and parturient paresis in
one cow at 4 days postpartum, seemed to result from an
inhibition of renal 1-a-hydroxylase and endogenous
1,25(0OH),D, synthesis by exogenous 1,25(OH),D,
administration [7,8]. Repeated administration of low dose of
1,25(0OH),D, as described by Hoffsis et al. [5] will be
necessary to make the present prophylactic regimen
complete.



Acknowledgments

We thank Dr. Azuma Watanabe (Mercian Corporation,
Japan) for supplying the 1,25(OH),D,. This study was
supported in part by a Grant-in-Aid for Scientific Research
(Shourei-A No. 13760218) from Japan Society for the
Promotion of Science and a grant from The 21st Century
COE Program (A-1), Ministry of Education, Culture,
Sports, Science, and Technology of Japan.

References

1.

2.

Ewbank R. Predicting the time of parturition in normal
cows. Vet Rec 1963, 75, 367-371.

Gast DR, Horst RL, Jorgensen NA, Deluca HF. Potential
use of 1,25-dihydroxycholecalciferol for prevention of
parturient paresis. J Dairy Sci 1979, 62, 1009-1013.

. Goff JP, Horst RL. Effect of subcutaneously released 24F-

1,25-dihydroxyvitamin D, on incidence of parturient paresis
in dairy cows. J Dairy Sci 1990, 73, 406-412.

. Goff JP, Horst RL, Littledike ET, Boris A, Uskokovic

MR. Bone resorption, renal function and mineral statuses in
cows treated with 1,25-dihydroxycholecalciferol and its 24-
fluoro analogues. J Nutri 1986, 116, 1500-1510.

. Hoffsis GF, Capen, CC, Placke ME, Norman AW. The use

of 1,25-dihydroxycholecalciferol in the prevention of

Effect of 1,25-dihydroxyvitamin D3 and induced parturition in cows

10.

11.

12.

167

parturient hypercalcemia in dairy cows. Bovine Pract 1979,
13, 88-95.

.Kask K, Gustafsson H, Gunnarsson A, Kindahl H.

Induction of parturition with prostaglandin F,, as a possible
model to study impaired reproductive performance in the
dairy cow. Anim Reprod Sci 2000, 59, 129-139.

. Littledike ET, Engstrom GW, Sachs M. Sequential

sampling and analysis of renal hydroxylase activities of cattle
given lahydroxyvitamin D,. J Dairy Sci 1986, 69, 990-997.

. Naito Y, Goff JP, Horst RL, Reinhardt TA. Effects of

continuous administration of 1,25-dihydroxyvitamin D; on
plasma minerals and unoccupied mucosal 1,25-dihydroxyvitamin
D, receptor concentrations. J Dairy Sci 1989, 72, 2936-2941.

. Okura N, Yamagishi N, Naito Y, Kanno K, Koiwa M.

Vaginal absorption of 1,25(OH),D, in cattle. J Dairy Sci
2004, 87, 2416-2419.

Radostitis OM, Blood DC, Gay CC. Veterinary Medicine.
8th ed. pp. 1314-1328, Bailliere Tindall, London, 1994.
Yamagishi N, Ooizumi T, Sato R, Naito Y. Changes in
periparturient plasma parathyroid hormone and 1,25-
dihydroxyvitamin D levels in cows with milk fever history. J
Jap Vet Med Assoc 1996, 49, 724-728.

Yates DJ, Hunt E. Disorder of calcium metabolism. In:
Smith BP (ed.). Large Animal Internal Medicine. pp. 1315-
1322, Mosby, St. Louis, 1990.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


