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PARATHYROID HORMONE, CALCITONIN, SERUM AND MILK MINERALS 

IN THE PERIPARTURIENT DAIRY COW 

by 

Nancy W. Shappell 

(Abstract) 

Twenty Holsteins, ten pregnant heifers and ten pregnant 

cows (third or greater pregnancy) were subdivided and fed 

either a low calcium (Ca) or Ca-supplemented ration for four 

weeks prepartum to determine the influence of age and pre-

partum Ca intake on hormonal control of peripartum Ca homeo-

stasis. Jugular blood samples were taken on a fixed sched-

ule from 21 days prepartum through 21 days postpartum for 

parathyroid hormone (PTH), calcitonin (CT), Ca, magnesium 

(Mg), and phosphorus (P) analysis. Heifers and cows receiv-

ing the high Ca ration prepartum tended to have higher pre-

partum serum Ca. Cows fed the high Ca ration prepartum 

(hi-Ca cows) exhibited severe hypocalcemia (6.1 mg/dl) at 

parturition and remained hypocalcemic for three days. Serum 

PTH concentration increased prepartum (-5 to -3 days) and at 

parturition, followed by an increase in CT, in all groups 

except high-Ca cows. Circulating CT was lower in high-Ca 

cows throughout the experiment. Serum concentrations of PTH 



and Mg increased from 7 to 21 days in all except high-Ca 

cows. Feed intake corrected for metabolic bodyweight was 

similar for both dietary treatments and ages. Milk produc-

tion was greater for the first week in cows fed low Ca pre-

parturn. There was no correlation between hypocalcemia and 

increased milk Ca concentration. In conclusion, heifers 

were able to achieve calcium homeostasis despite the high Ca 

ration, while high-Ca cows exhibited subclinical milk fever. 
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INTRODUCTION 

Milk fever, or hypocalcemic paresis (HP}, is a multie-

tiological disorder that predominantly effects mature high 

producing dairy cows in the first three days of lactation. 

Inability to maintain calcium homeostasis as calcium is uti-

lized for milk synthesis results in inappetance and leth-

argy. If left untreated, paralysis will develop within 24 

hours, followed by death. 

An effective treatment of HP has been established 

(intravenous administration of calcium borogluconate}, but 

feeding a ration low in calcium for two weeks prior to calv-

ing is an effective preventative measure. Although effec-

tive, the mechanisms involved are unclear. It is with this 

in mind, as well as the fact that the incidence of HP 

increases with age, that the following objectives were set 

forth for this thesis: 1. To compare calcium homeostasis of 

the periparturient cow entering first lactation versus third 

or greater lactation, 2. To ascertain the effects of pre-

partum feeding of high or low calcium on various serum and 

milk minerals and hormones during the periparturient period. 

1 



REVIEW OF LITERATURE 

Hypocalcemic paresis (HP) is precipitated by colostrum 

and (or) milk synthesis. Mammary gland demand for calcium 

(Ca) is large, 20g Ca/kg colostrum, compared to blood and 

body fluid stores of 8g (48). As true milk synthesis begins 

shortly after parturition, demand for Ca per kilogram of 

milk decreases. However, total Ca drain is approximately 

equal due to increased milk production (50). The physiolog-

ical basis for why one cow can meet these demands for Ca, 

while others fail, remains unclear after more than 50 years 

of research. Serum hormone and mineral profiles have pre-

sented trends, but no conclusive explanati9ns. Some spe-

cific hormone-mineral relationships as well as other factors 

involved in HP are discussed below. 

Parathyroid Hormone 

One of the first hormones suspected to be involved in 

HP was parathyroid hormone(PTH)(l7). The major function is 

to increase the Ca concentration of blood via increased bone 

resorption (52), decreased urinary Ca excretion (43), and 

increased activity of renal 

2 
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25-hydroxycholecalciferol-1-hydroxylase ( 25(0H) 03 -1-ase) 

(16). The product of 25(0H) 03 -1-ase, 1,25 dihydroxychole-

calciferol ( l,2S(OH)2 o3 ) stimulates intestinal Ca absorp-

tion (16). It has been hypothesized (17) that a deficiency 

of PTH would severely hamper the ability of the animal to 

maintain Ca homeostasis at the initiation of lactation. 

After sensitive radioirnmunoassays were developed, it was 

determined that plasma PTH concentrations in paretic cows 

are similar to those of unafflicted cows (29, 31, 44). 

Although PTH insufficiency was an inaccurate diagnosis, 

this hypothesis provided the basis for the development of an 

effective prophylactic measure. Feeding a low Ca ration 

prepartum causes serum Ca to decrease (22, 62) initiating 

the release of PTH (41). In vitro work has shown that as 

extracellular fluid Ca declines, PTH synthesis increases 

(24). Validating this work in vivo, Saeki and Hayashi (SS) 

found calves fed rations low in Ca had increased parathyroid 

function when subsequently challenged with ethylenediamine 

tetraacetic acid (EDTA). In contrast, feeding a high Ca 

ration resulted in a diminished PTH response to EDTA chal-

lenge. Serum Ca was less severely diminished when lactating 

cows were fed rations low in Ca and challenged with EDTA 

(4). The result of the responses triggered by a prepartum 

ration low in Ca is the activation of the parathyroid glands 
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before parturition with subsequent stimulation of bone 

resorption (a slow process) prior to the time of greatest Ca 

need (7). 

Effectiveness of a low Ca ration in prevention of HP is 

well documented (8, 21, 64). PTH does become elevated when 

feeding low Ca rations prepartum (36) and hydroxyproline, an 

indicator of bone resorption, also rises (22). Early initi-

ation of Ca mobilization may be the key to the effectiveness 

of this practice. Still, this does not explain the natural 

etiology of the disorder, whereby some cows exhibit HP and 

some don't. 

Calcitonin 

While PTH increases resorption of bone (53) calcitonin 

(CT) decreases resorption (59,60) and increases urinary Ca 

and P excretion (6, 42, 53, 64). Relative absence of secre-

tory vesicles in the parafollicular cells (C cells) of thy-

roid glands in animals with HP suggested stores of CT were 

depleted, causing the severe hypocalcemia associated with 

HP. Use of reliable radioirnmunoassay led to the dismissal 

of the CT theory, as it had in the case of the PTH defi-

ciency theory. Mayer and coworkers (40), and Hollis et al 

(29) showed that cows developing HP had reduced plasma CT 

concentrations throughout the periparturn period. 
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It has been proposed that CT protects the maternal 

skeleton against excessive resorption at parturition (63). 

In humans (63) as in bovine (29, 15) CT is elevated during 

pregnancy and early lactation. In addition, it has been 

found that CT stimulates the activity of 25(0H) 0 3 -1-ase in 

the proximal straight tubule of the kidney (35). An 

increase of circulating l,2S(OH) 2 o3 in response to CT infu-

sions in rats further substantiates the importance of CT 

(30). By stimulating l,25(0H) 2 o3 production, intestinal 

absorption of Ca can be maintained, while protecting the 

skeleton from excessive Ca loss. Calcitonin deficiency in 

cows with HP may be important in Ca absorption and the role 

of CT should be reevaluated. 

Milk 

Littledike (38) clearly established the link between 

the initiation of lactation with subsequent development of 

hypocalcemia, hypophosphatemia, and hypermagnesemia seen at 

parturition. The altered plasma mineral profiles mentioned 

above were consistently produced by alternate periods of 

milking (4 days) and nonmilking (3 days). It has been sug-

gested the cause for the abnormally severe hypocalcemia 

found in HP is related to 1) greater colostrum or milk pro-

duction and (or) 2) greater Ca concentration of colostrum or 
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milk in affected animals (27). However, Hibbs and coworkers 

(27) found that cows with HP did not secrete more colostrum, 

and the Ca content of the colostrum was no greater than that 

of unafflicted cows. The validity of these results may be 

questionable due to the experimental protocol involved. 

Cows were milked out and a sample of colostrum for Ca analy-

sis was obtained "before the calf nursed". Unless personnel 

were in attendance 24 hours a day there is a good chance 

calves were not removed before suckling the cow. Colostrum 

production was quantified and compared for the first two 

milkings in 47 unafflicted cows and 39 cows with HP. These 

cows were kept with their calves for the first 3 days so 

recorded colostral production did not account for that 

amount removed by the calf. The authors felt any variation 

due to differences of colostral intake by calves would be 

compensated for by the large number of cows used. The 

validity of these assumptions are questionable. 

Age is an important factor in the etiology of HP. In a 

study by Curtis, Cote, and Mills (12), 15.1% of the Hol-

steins studied exhibited HP, with no cases in cows less than 

5 years of age. As age increased, frequency of HP also 

increased through 8 years. While number of cases declined 
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somewhat by 9 years, this actually reflected the reduced 

number of cows kept to this age due to culling for other 

reasons. The trend for incidence to be related to age is 

understandable when age-related changes in Ca metabolism are 

considered. 

Work in cattle showed the intestinal tract has a 

decreased absorptive capacity as age increases(25). In rats 

the adaptive capacity of intestinal cells to increase active 

Ca transport in response to a dietary Ca deficiency, 

decreases with age (2). Calcium transport in rat intestine 

increases late in pregnancy and peaks in lactation concommi-

tant with elevated plasma l,25(0H)2 o3 to supply required Ca 

for fetal growth and milk synthesis (23). Alimentary stasis 

is associated with high plasma estrogen concentrations found 

at parturition. To determine the effect of stasis on Ca 

metabolism in relation to increasing age, hyoscine hydrobro-

mine injections were given to induce alimentary stasis 

experimentally (45). The results indicate that decreases in 

feed intake and serum Ca a~e greater in older lactating cows 

(>6 years) than in young ones (3 years). 

In addition to the intestine, the bone is less respon-

sive to demands for Ca mobilization with aging. The esti-

mated maximum exchangeable bone Ca in cattle falls from 31% 

at approximately two years to 20% at three years and 5% by 
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13 years of age (23). As the pool of exchangeable Ca 

decreases with age, so does the concentration of circulating 

CT (16). Ca is required not only for milk synthesis, but 

also for the initial mineralization of the skeleton and 

skeletal growth. Under these conditions CT serves a protec-

tive role, preventing bone resorption. CT also indirectly 

increases intestinal absorption of Ca by increasing the 

activity of 25(0H) 0 3 -1-ase (35). Availability of Ca from 

the gut diminishes as the animal matures, and therefore 

demands for Ca from other sources increase. Diminished CT 

secretion would allow mobilization of bone to meet the Ca 

needs, and elevated PTH would stimulate the activity of 

25(0H) D -1-ase (19). Unfortunately, comparative data eval-

uating calcitonin of pregnant heifers and cows in later 

pregnancies is unavailable. 

Age was found to influence colostral composition. Cal-

cium and phosphorus excretion both increase through four 

years of age with a concommitant decrease in plasma Ca and 

plasma inorganic phosphate (47). This observation offers 

another reason for the increased susceptibility of older 

animals to HP. 
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Other Factors 

The effect of estrogen on calcium homeostasis at par-

turition is unclear. Elevation of circulating estrogen dur-

ing late pregnancy has been established (61, 57). Promotion 

of Ca uptake by bone and prevention of bone resorption (51) 

are two actions of estrogen. Prepartal plasma estrone was 

lower in paretic animals while plasma estrogen was the same 

for both groups (57). The authors of this study conjectured 

that prepartum estrone signaled bone accretion, thus lower-

ing serum calcium and stimulating Ca mobilization mecha-

nisms. Therefore, cows with lower estrone would be less 

sensitive to demands for Ca and subsequently less efficient 

at mobilization in response to the intiation of lactation. 

In support of this theory Bargeloh et al, (3) reported that 

prepartum estradiol injections tended to increase serum Ca 

postpartum. This increase occurred in spite of a signifi-

cant decrease in feed intake of estrogen-treated cows. Data 

would indicate that estradiol's priming effect on the cal-

cium mobilization at parturition overcomes the negative 

effect of reduced feed intake (and subsequent reduction in 

dietary Ca available). 

In contrast to these findings, Holli~ et al (29) found 

higher estrogen levels in paretic cows than normocalcemic 

animals. There were no differences in PTH and l,25(0H) 2 o3 , 
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but increased plasma hydroxyproline concentrations indicated 

rates of bone resorption were lower in paretic cows until 

approximately 3 days postpartum. In contrast, control cows 

exhibited enhanced rates of bone resorption one day prepar-

tum. At this time, available data is not conclusive as to 

the involvement of estrogen in HP. 

Vitamin D and its metabolites have been the focus of 

much of the recent research on HP. The role of these hor-

manes in increasing intestinal absorption of Ca and P were 

previously mentioned. Prophylactic use of vitamin D in feed 

or intramuscular injections has met with limited success. 

Feeding vitamin 0 3 (20-30 million I.U.) for 3 to 8 days pre-

partum decreased incidence of HP by 80% in cows with a pre-

vious history of the disorder, while no effect was seen in 

those with no history (26). Recent work by Littledike and 

Horst (39) indicates vitamin o 3 (D 3 ) is an unsatisfactory 

means of prophylaxis. An injection of 15Xl06 I.U. o3 at 32 

days prepartum followed by 2.sx10 6 I.U. 25 days prepartum 

resulted in death of 10 of 17 treated cows. Of the surviv-

ing seven cows, none had HP at calving. As previously men-

tioned 1,25 (OH) 2 o3 , the metabolically active form of vita-

min o3 , was no different for paretic animals compared to 

normal cows (29). Prepartum diets high in Ca did decrease 

1,25 (OH) 2 o 3 , probably as a result of elevated serum Ca 
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(related to dietary Ca) (22). Increased concentrations were 

seen by one day prepartum, at approximately the same time 

cows receiving the low Ca ration exhibited an elevation. 

From these results the severe hypocalcemia at parturition in 

cows fed high Ca prepartum could not be associated with 

deficiency of 1,25 (OH) 2o3 . While the effects of vitamin D 

on calcium homeostasis are fairly well defined, its role in 

the etiology of HP remains unclear. 

Conclusions and Stated Intent 

With the development of reliable radioimmunoassays the 

roles of various hormones in HP have been evaluated. The 

failure to maintain calcium homeostasis cannot be explained 

by PTH insufficiency (31). Calcitonin has been found to be 

diminished in paretic cows (40, 29) and high Ca rations fed 

prepartum have been associated with lowered CT at parturi-

tion (7). Although increased incidence of HP with increas-

ing age has been established (12), evaluation of PTH and CT 

in the periparturient period with respect to age has not 

been undertaken. 

It was the intent of this study to investigate the 

effect of feeding rations low or high in Ca in the prepartum 

period on physiological changes in the periparturient 

period. The influence of increasing age on these changes 
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was also evaluated. The pre- and postpartum sampling period 

was extended (21 days prepartum to 21 days postpartum) to 

achieve a more complete evaluation of the changes in 

response to parturition, and initiation and maintenance of 

lactation. Although the first 3 days after parturition are 

the most critical in regard to the development of HP, the 

demand for Ca for milk synthesis remains for the duration of 

the lactation. By observing changes in serum minerals, hor-

mones, feed intake, and milk composition and production over 

this period a better understanding of adaptations to 

increased Ca demands may be provided. Reasons for the fail-

ure of cows to meet these demands, as in HP, may then become 

more evident. 



MATERIALS AND METHODS 

Experimental Design 

The experimental design was a 2x2 factorial. The fac-

tors were age and prepartum dietary calcium supplementation. 

Twenty Holsteins, 10 pregnant heifers and 10 cows in their 

third or greater pregnancy were used. One half of each 

group received a low calcium ration, while the other half 

received a calcium supplemented ration. Experimental 

rations were f P-d beginning four weeks prior to the predicted 

day of calving Mean age of heifers was 2 years, and mean 

ages of cows r ;ceiving low and high calcium rations were 4.5 

and 5.0 years respectively. All cows were maintained on a 

calcium-adequate ration from the time of calving through 

three weeks postpartum. Ration compositions are given in 

Table 1 and 2. Limestone was added to the high calcium 

ration to achieve approximately 2.5 times the concentration 

of calcium fed the low group (Table 3). Ingredients were 

mixed and fed 's a complete ration. Prepartum rations were 

fed at 1.4% (dry matter basis) of body weight and the post-

partum ration was fed ad libitum. 

13 
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TABLE 1 
a 

Ration Composition 

Ingredient Low Ca/High 
Ration 

% 

Corn Silage ensiled with 
chopped orchardgrass hay 71 

Ground Corn 22 

Soybean Meal (44% Protein) 6 

Concentrate A c 

Vitamin A, D, Salt, 
Trace Mineralsd 1 

a Dry matter basis. 

Ca b Lactation 
Ration 

% 

52 

28 

20 

e 

bHigh Ca ration was supplemented with limestone at 3.5% in 
place of ground corn. 

c Pelleted concentrate composition given in Table 2. 

dVitamin A, 4,500 IU/kg; Vitamin D, 62 IU/kg on a total dry 
matter basis. Trace minerals and salt, Watkin's. Contains 
not less than 0.23% Fe 0.225%, Mn, 0.20% Zn, 0.10% Mg, 
0.04% sulfur (as sulfate), 0.023% Cu, 0.007% Co, 0.007% 
iodine, and 98.5% NaCl. 

e Provided by concentrate A (Table 2). In addition, salt, 
dicalcium phosphate, and trace minerals were available free 
choice. 
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TABLE 2 

Concentrate A Compositiona 

Percent 

Soybean.Meal 

Dicalcium Phosphate 

Ground Limestone 

Distiller's Grain 

Wet Molasses 

Pellet Binder 

Trace Minerals and Salt 

Dried Molasses 

Sodium Sulfate 

Magnesium Oxide 

Wheat 

Vitamin A and D 

aDry matter basis. 

79.1 

4.0 

2.8 

2.7 

2.6 

2.3 

2.0 

1.4 

0.9 

0.9 

0.7 

0.6 



Dry Matter (%) 

ADF (%) 

Crude Protein (%) 

NE (Meal/kg) 

Ca (%) 

p (%) 

Mg (%) 

16 

TABLE 3 

Ration Analysisa 

Low Ca High Ca 

46 46 

26 26 

11 11 

33 32 

0.52 1.16 

0.31 0.30 

0.22 0.53 

aCalculated on dry matter basis. 

Lactation 

54 

21 

15 

34 

1.11 

0.51 

0.34 
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Jugular blood samples were taken by venipuncture at 

approximately 9:00 A.M. on 21, 14, 7, 6, 5, 4, 3, 2, and 1 

day prior to the predicted date of calving and on 0, l, 2, 

3, 5, 7, 14, and 21 days postpartum. Aliquots of serum were 

frozen at -20C for subsequent parathyroid hormone (PTH), 

calcitonin (CT}, calcium, magnesium,and inorganic phosphate 

analysis. Due to inability to reliably predict day of calv-

ing, prepartum samples were analyzed individually, but 

results were grouped (21 to 14 and 13 to 7 days prepartum) 

for graphical presentation of data. 

Daily feed intake and postpartum milk production were 

recorded. Milk samples taken on the day of blood sampling 

were frozen at -20C for calcium, magnesium, and inorganic 

phosphate analysis. Body weight was recorded on 5, 4, and 3 .. 

weeks prepartum and 0, l, and 3 weeks postpartum. 

Serum Analyses 

Parathyroid Hormone 

PTH was quantitated by standard homologous double anti-

body radioimrnunoassay (5). Purified bovine PTH (Lot No. 

40AGLF1), 1 2 5 I bovine PTH (Lot No. 14025031), and be.vine 

specific PTH antisera (Lot No. 42AFLD1) were obtained from 

Cambridge Medical Research Lab, Cambridge, Mass. PTH anti-

sera, prepared at a dilution of 1:5,000, bound a maximum of 
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25% of labeled PTH. Reliable estimates were obtained over a 

range of 50 to 2,000 pg/ml. All samples were analyzed at 

the completion of the study. Intraassay variation was 5.1%. 

Calcitonin 

Serum calcitonin was determined by L. J. Deftos, M.D., 

Endocrinology Lab, Veterans Administration Medical Center, 

San Diego, CA. The procedure was previously described (13) 

with the only change being the use of rabbit antibody 

against bovine calcitonin in place of guinea pig antibody. 

Inter- and intraassay coef f icents were ~10% and ~20% respec-

tively. 

Calcium and Magnesium 

Calcium and magnesium were measured on the same serum 

sample diluted 1:50 in 0.1% lanthanum oxide solution by 

atomic absorption spectrophotometry (Perkin-Elmer Model 

403). Standards of 1 to 5 ug/ml calcium and 0.1 to 0.5 

ug/ml magnesium were made from certified reference solutions 

(Fisher Scientific, Fairlawn, N.J. ). Lanthanum was main-

tained at 0.1% in the standards and for blanks. Instrument 

settings were as given for calcium and magnesium in Perkin-

Elmer Analytical Methods, Sept. 1976. 
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Inorganic Phosohate 

Serum inorganic phosphate was determined by the method 

of Fiske and Subbarow (19) except that 500 ul of 

1-amino-2-napthol-4-sulfonic acid premix (ANSA; Fisher Sci-

entific, Fairlawn,N.J. ) was used instead of 400 ul of 

ANSA. Samples were read ten minutes after the addition of 

ANSA on a Beckman Model 35 or Gilford Model 250 Spectropho-

tometer. 

Analysis of Milk 

Milk samples were analyzed for total calcium, magne-

sium, and phosphate. Prior to mineral analysis, duplicate 

samples were wet ashed in concentrated nitric acid (A.C.S.). 

Five ml of milk (2.5 ml from the A.M. milking, 2.5 ml from 

P.M.) were digested in approximately 50 ml of nitric acid 

over heat. Watch glasses were used to ensure refluxing of 

the acid. Once digestions were complete, watch glasses were 

removed and samples dried ~o approximately 5 ml. Using hot 

double distilled water rinses the digests were transferred 

to 100 ml volumetric flasks. Upon cooling samples were 

brought to volume with water. 

For calcium and magnesium analysis 1:50 dilutions were 

made with 0.5% lanthanum oxide, and samples read according 

to the procedure described for serum. Total inorganic phos-
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phate was determined as described for serum analysis, except 

that 500 ul of digest was assayed in place of 5 ml of prote-

in-precipitated serum filtrate. To maintain a constant reac-

tion volume, 4.5 ml of distilled water was added. 

Statistical Analysis 

Treatment differences were compared using Tukey's pair-

wise comparison of least square means from analysis of the 

model below: 

yijkl 
where 

= µ + T1• + A . + (TA) .. J l J + C ( i j ) k + Dl + (TAD} i j l + E 
ijkl 

yijkl 
µ 

T. 
l 

A. 
J 

(TA) .. lJ 
c(ij)k 

o, 
(TAD) .. 1 lJ 

E ijkl 

is observed dependent variable 

is mean of Y 

is fixed effect of ith treatment, i = 1,2 

is jth age, j = 1,2 

is the interaction of treatment i and age j 

is random effect of kth cow within ith treatment 

jth age, k = 1,5 

is fixed effect of 1th day, 1 = 1,15 or 22 

is the interaction among treatment, age, and day 

random residual 

Treatments, age, and treatment by age were tested for sig-

nificance at the .05 level using the cow mean square. 

and 
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The number of observations per cow from -21 through -5 

days was often less than five due to inability to predict 

time of calving. All observations from -21 through -5 days 

were designated prepartum without distinction as to day, and 

were used to evaluate treatment and age differences in the 

prepartum period. Orthogonal contrasts comparing treatment, 

age, and treatment by age interaction were performed on all 

serum measurements and tested at· the .05 level of signif~

cance. 



RESULTS AND DISCUSSION 

Preliminary Considerations 

Before reporting the results of this experiment, cer-

tain constraints of the experimental design and their impli-

cations should be considered. To avoid variation due to 

circadian rhythms in hormones, serum samples were taken at 

the same time each day, (approximately two hours after feed-

ing). This did not insure that by the time of sampling all 

animals had consumed the same amount of feed. In addition, 

serum calcitonin (CT) concentrations have been observed to 

change in response to feeding (49). Therefore, results may 

have been influenced by differences in feeding patterns. 

Parathyroid hormone (PTH) secretion has been observed 

to be stimuated by epinephrine release (34). In the case of 

some heifers, having been less accustomed to handling, the 

restraint necessary for venipuncture was stressful. There-

fore, serum PTH concentrations may have been increased in 

some heifers as a result of epinephrine secretion. Another 

time in which the effect of stress should be considered was 

at the time of calving. Again in order to minimize the 

effect of diurnal variation, blood samples were taken at 

22 
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approximately 9 A.M. after calving. In doing so the actual 

time elapsed from parturition to sampling could be be up to 

24 hours. Cortisol affects calcium homeostasis by reducing 

intestinal Ca absorption and inhibiting reabsorption of Ca 

in the kidney (56). Serum cortisol concentrations are high 

at the time of parturition (32, 61), but concentrations may 

vary for each cow at 9 A.M. as time of calving varied. 

Therefore the influence of serum cortisol on parameters 

measured on the day of parturition would not be consistent. 

The last factor to be considered is colostrum sampling. 

As time of parturition varied so did 1) the number of hours 

the calf was kept with the darn, and possibly quantity of 

colostrum suckled and 2) time from parturition to the first 

milking. These factors could result in differences in min-

eral concentrations of colostrum as well as total colostrum 

output. These problems were unavoidable under current man-

agement practices of the research farm. 

Serum Calcium 

Preparturn serum calcium (Ca) of heifers receiving the 

ration with high Ca content (high-Ca heifers) was higher 

(although not significant on any one day) than serum Ca in 

heifers receiving the low Ca ration (low-Ca heifers) (Fig. 

1). The trend for prepartal serum Ca to be positively asso-
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ciated with dietary intake of Ca has been observed before in 

cows (62, 7, 22). Little fluctuation in serum minerals and 

hormones was seen within treatment groups from 21 through 5 

days prepartum, and the number of observations was reduced 

due to inability to accurately predict time of calving. 

Therefore, the least squares mean of all observations for 

the group in this period was calculated and compared as a 

static prepartum value (Table 4). Significant differences 

(p<.05) in serum Ca concentrations due to dietary treatment, 

were present in accordance with the trends cited above. 

In both groups of heifers there was an increase in 

serum calcium from five to three days prepartum. Serum Ca 

tended to decrease at parturtion, followed by an increase at 

five days postpartum. By 14 days serum Ca had stabilized at 

prepartum values. 

Again, although not significant on any individual day, 

the cows receiving high Ca rations (high-Ca cows) maintained 

higher prepartum serum calcium than those cows on low Ca 

rations (low-Ca cows)(Fig. 2, Table 4). ·These findings 

agree with the response noted above for heifers. Signifi-

cant treatment differences (p<.05) were measured at one and 

two days postpartum, when high-Ca cows exhibited hypocalce-

mia or subclinical milk fever, with a mean Ca concentration 

of 6.1 mg/dl. Green et al, (18) reported a similar degree 
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TABLE 4 

Prepartum Concentration of Serum Minerals and Hormones.a 

Serum Lo-Ca Hi-Ca Lo-Ca Hi-Ca 
Parameter Heifers Heifers Cows Cows 

-----------------------------------------------------------x ( S. E.) x ( S. E. ) x ( S. E. ) x ( S. E. ) 
-----------------------------------------------

Ca (mg/dl) b 8.2 ( . 2) 8.7 ( . 2) 8.2 ( . 2} 9.0 ( . 2) 

Mg (mg/dl) 2.0 ( . 1) 2.0 ( . 1) 2.0 ( . 1) 1. 8 ( . 1) 

"P b 5.2 ( . 2) 5.7 ( . 2) 4.7 ( . 2) 6.2 ( . 2) ... (mg/dl) 

PTH (pg/ml )b 693 (144) 237 (170) 718 (162) 247 (144) 

CT (pg/ml) 1046 (98) 1046 (98) 1019 (98) 937 (98} 

a 
Means of all samples obtained from -21 days through -5 days. 

b Dietary treatment effects (p<.05). 



27 

of hypocalcemia at parturition and one day subsequent in 

cows fed a prepartal ration high in Ca. The hypocalcemic 

state of our cows was extended in comparison to the brief 

decline seen in the low-Ca cows. From these results (Figs.1 

and 2) it can be concluded that low Ca feeding prepartum is 

effective in cows, but may be unnecessary in heifers as cal-

cium homeostasis was maintained in these animals despite the 

feeding of high Ca prepartum. 

Serum Magnesium 

In contrast to serum calcium, magnesium (Mg) showed 

little variation due to treatment or age over the experimen-

tal period. Therefore, mean Mg values for all heifers and 

cows were plotted (Fig.3)(See Appendix Fig. 17 and 18 for 

separate graphs). The most salient feature of this figure 

is the trend for increased serum Mg from seven to 21 days 

postpartum. Although there was no significant difference, 

serum Mg concentrations tended to be lower in high-Ca cows. 

This will be discussed later. 

Serum Phosphorus 

Heifers showed no significant response in serum phos-

phorus (P) to the concentration of Ca in the ration (Fig.4). 

The trend for elevated serum ? in high-Ca heifers, may be 
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due to lower PTH concentrations, and therefore relative 

absence of its phosphaturic effect. Prepartum serum P was 

elevated in high-Ca cows (Table 4). Green et al,(22) 

observed similar results in cows on high Ca rations. In 

contrast, the decline in serum P seen in heifers at four 

days prepartum may have been the result of the concommi-

tantly elevated parathyroid hormone (PTH). With the 

approach of parturition both groups exhibited declining 

serum P. Slight fluctuations in P were seen after parturi-

tion, but a lower basal concentration (approximately 4 

mg/dl) seemed to have been established. 

In cows, serum phosphorus concentration is signifi-

cantly (p<.05) elevated to approximately 6 mg/dl in the pre-

partum period in high-Ca cows ~ersus 4.5 mg/dl in low-Ca 

cows (Fig.5). Again, this is in agreement with findings of 

Green et al, (22) and probably is the result of decreased 

PTH secretion. At parturition hypophosphatemia is evident 

in cows that received the high Ca ration (2.7 mg/dl), but 

the decline in cows on low Ca was much less severe (3.7 

mg/dl). As with heifers, new baselines were established by 

both groups (approximately 4 mg/dl) and maintained for the 

duration of the experiment. 
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Parathvroid Hormone 

Serum parathyroid hormone concentrations are shown for 

heifers in Fig. 6. As stated previously there was a ten-

dency for prepartum serum Ca concentrations to be increased 

in high-Ca heifers. This elevation in serum Ca was probably 

the result of increased intestinal absorption of dietary Ca 

(7). In cattle fed low Ca rations, total intestinal Ca 

absorption would be expected to decrease and correspondingly 

serum PTH concentrations increase. Predictably, prepartum 

serum PTH concentration was lower in cattle fed the low Ca 

ration (Table 4). These results are in concurrence with 

those of Black et al (7) in cows. Thus effectiveness of 

feeding low Ca rations prepartum is apparently associated 

with earlier secretion of PTH. 

An elevation in circulating PTH was seen in high-Ca 

heifers around the time of parturition (597 pg/ml) in 

response to decreased serum Ca. Any elevation by low-Ca 

heifers was less obvious, as PTH was already elevated due to 

the lower Ca content of the prepartum ration. By 14 days 

PTH had risen again and remained elevated at day 21 (738 and 

692 pg/ml for low-Ca and high-Ca heifers respectively). 

Similar prepartum trends of PTH in response to dietary 

calcium seen for heifers were present in cows (Fig. 7). PTH 

peaked at parturition for both groups of cows (842 and 919 
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pg/ml for low-Ca and high-Ca cows respectively). High-Ca 

cows maintained elevated PTH for three days, most likely in 

response to the corresponding period of hypocalcemia. Ele-

vation in PTH was probably responsible for the hypophosp-

hatemia that occurred at this time. 

At 21 days postpartum, low-Ca cows and heifers had 

higher PTH than high-C a animals. This elevation of PTH may 

have been responsible for the concommitant rise in serum Mg 

at 21 days, as PTH serves not only to decrease urinary Ca 

excretion, but also urinary Mg excretion (64). In hypocal-

cemic cows PTH was not elevated at 21 days, nor was serum 

Mg. In fact there was an actual decr~ase in circulating PTH 

at this time with a resultant concentration of 1/3 that 

found in normocalcemic cows. 

Calcitonin 

While PTH increases resorption of bone (53) calcitonin 

(CT) decreases resoprtion (60) and increases urinary Ca 

excretion (6, 64). The greatest flux in serum CT concentra-

tions occurred from the third day before parturition to the 

fifth day postpartum (Fig. 8). In either dietary treatment 

group heifers tended to exhibit increased serum concentra-

ti.ons of CT one day subsequent to an increase in circulating 

PTH. Peak CT concentrations appeared to be greater in 
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high-Ca heifers compared to low-Ca heifers (1428, versus 

1359 pg/ml). 

In contrast to the profiles of heifers, cows receiving 

high Ca prepartum had lower serum CT concentrations, with 

only slight fluctuations in the time frame of the biphasic 

period seen with heifers (Fig. 9). Diminished serum concen-

trations of CT found in hypocalcemic cows is similar to 

reduced CT concentrations of the paretic cows reported by 

Hollis et al (29). Cows receiving low calcium prepartum 

responded with the highest peak CT value of all groups (1986 

pg/ml). As with heifers, elevation of serum CT followed an 

increase in circulating PTH, with a resultant biphasic pat-

tern. This elevation of CT by our normocalcemic animals in 

respones to parturition is in contrast to the response shown 

by the control cows of Hollis et al (29). 

Feed Intake 

per 

Feed intake was calculated as dry matter intake in kg 

kg metabolic body weight (kg/kg ·75 ) (Appendix Fig. 24). 

Mean body weights at parturition for low-Ca heifers, high-Ca 

heifers, low-Ca cows, and high-Ca cows were 546, 502, 673, 

and 654 kg, respectively. There was no effect of age or 

dietary treatment on feed intake. Inappetance was exhibited 

in all groups as parturition approached, with dry matter 
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intake falling from 0.06 kg/kg·75 at five days prepartum to 

0.04 on the day of parturition. Feed intake increased to 

more than 200% of prepartum intake (0.13 kg/kg ) by 21 

days. Trends for prepartal inappetance followed by 

increased intake postpartum were in agreem~nt with those of 

Moodie and Robertson (45), with exception that they found a 

positive correlation between age and prepartal inappetance 

not seen here. 

Milk Production 

In order to determine if hypocalcemia was related to 

increased Ca loss due to greater milk production, milk 

weight records were analyzed. As indicated in Figure 10., 

there was no increase in milk production for these hypocal-

cemic cows compared to other groups. Milk production was 

plotted as kg/kg ·75 . Although not significantly different 

(p>.05) there was a trend for low-Ca heifers to produce more 

milk than high-Ca heifers. The trend for milk production to 

be inversely correlated with prepartum Ca intake was also 

eviden~ in cows. During the first five out of six days into 

lactation milk production of low-Ca cows was greater than 

any other group (p<.05). Increased milk production was not 

sustained past the first week of the lactation. The 

increase in milk production could not be attributed to 
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higher feed intake, as intake was similar for all groups. 

Hibbs et al (27) found no difference in quantity of colost-

rum produced by paretic and control cows. However, as noted 

previously, data was only provided from the first two milk-

ings, and calves were housed with cows and allowed to nurse 

during this period. 

Milk Minerals 

There was no difference in colostral (Table 5) or milk 

calcium content due to dietary treatment or age. Colostral 

Ca ranged from 195 to 219 mg/dl at parturition. Calcium 

content of milk stabilized at approximately 100 mg/dl for 

all groups by 14 days postpartum (Figs. 11 and 12). If 

colostrum production on a metabolic body weight basis is 

considered, low-Ca cows produced the most colostrum (p<.05). 

Older animals tended to produce colostrum with the higher Ca 

content (219 mg/dl). Payne (44) also observed increased 

colostral Ca loss with increasing age. In contrast, high-Ca 

cows displayed severe hypocalcemia, lower colostrum produc-

tion, and a tendency for lower colostral Ca content. 

Trends seen in colostral Ca at parturition were similar 

to variation in colostral Mg concentrations. The group with 

higher colostral Ca output at day 0, had higher colostral Mg 

output (Table 5). In heifers, Mg (32.2 mg/dl) and Ca (212 
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TABLE 5 

Mineral Composition of Colostrum on the Day of Parturition 

Ca (mg/dl) 

Lo-Ca 
Heifers 

x (S.E.) 

193 ( 6) 

Ca outputa 75 1.1 ( .3) 
(g/kg bwt' ) 

Hi-Ca 
Heifers 

x (S.E.) 

212 ( 6) 

1.7 (.4) 

Lo-Ca 
Cows 

x (S.E.) 

219 ( 7 ) 

2.8 (.4) 

Hi-Ca 
Cows 

x (S.E.) 

193 ( 7) 

1.6 (.4) 

Mg (mg/dl) 23.8 (1.7) 32.2 (1.7) 31.0 (1.9) 25.1 (1.9) 

Mg outputb 75 .13 (.08) 
( g/kg bwt · ) 

P (mg,dl)a 305 ( 9) 

P output 75 1.9 ( .4) 
( g/kg bwt · ) 

a 

.33 (.09) .41 (.09) 

246 (9) 237 (11) 

2.1 (.5) 3.1 (.5) 

Significant dietary treatment effect (p<.05). 

.20 ( .09) 

283 ( 9 ) 

2.5 (.4) 

bSignificant age, dietary treatment interaction (p<.05). 
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mg/dl) were elevated in the high-Ca group compared to the 

low-Ca group (23.8 mg Mg/dl and 193 mg Ca/dl). In cows, the 

trend of Ca/Mg association was repeated, with low-Ca cows 

having colostrum with higher Mg and Ca than high-Ca cows. 

Mg content averaged 10 mg/dl from five through 21 days post-

partum (Figs. 13 and 14). No relationship to serum Mg was 

evident. 

Phosphorus content of colostrum at parturition (Table 

5) was significantly different (p<.05) due to dietary treat-

ment, but responses were opposite in heifers and cows. 

Colostral P was higher in low-Ca heifers (305 mg/dl) than in 

high-Ca heifers (246 mg/dl). Total Ploss via colostrum was 

similar for heifers. In cows, colostral P averaged 283 

mg/dl in cows fed the high Ca ration and 237 mg/dl in ani-

mals fed the low-Ca ration. This difference in milk P con-

centration may be related to the larger serum P pool of 

high-Ca cows in the prepartum period. As previously men-

tioned, prepartum serum P was significantly elevated in 

high-Ca cows, but severe hypophosphatemia occured at partur-

ition. This rapid decline in P was probably due to elevated 

PTH and its phosphaturic effect. Increased loss of P in the 

colostrum could have contributed to the hypophosphatemia. 

Colostral concentrations of Ca appea~ to be inversely 

related to colostral P in both heifers and cows. Milk phos-
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phorus concentration averaged 140 rng/dl after three days 

postpartum (Figs. 15 and 16). 

Summary and Conclusions 

Pregnant heifers and cows (third or greater pregnancy) 

were fed rations containing high- or low-Ca for approxi-

mately four week priors tO the predicted date of calving. 

Heifers tended to have increased serum Ca and P prepartum in 

response to increased dietary Ca. The same trend was seen 

in cows and agrees with the results of Green et al (20). 

Lower serum Ca and higher PTH were associated with the 

low-Ca ration. The established decline in serum Ca and P 

and rise in PTH at parturition (27) was also seen in heifers 

and cows in this study. In agreement with work by Green et 

al (20) hypophosphatemia and hypocalcemia were most severe 

in cows receiving high Ca prepartum. By 21 days of lacta-

tion an elevation in PTH, and a concommmitant increase in 

serum Mg was seen in all groups except high-Ca cows, in 

which case neither PTH nor Mg was elevated. In contrast to 

work o= Hollis et al (22) postpartum CT increased approxi-

mately one day subsequent to elevations in PTH, in all 

gro~ps except high-Ca cows. The high-Ca cows in this study 

reacted as paretic cows in Hollis's study, with no quantita-

tive CT response throughout the experiment. Feed intake, 
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nor milk production, nor Ca content of colostrum could 

explain the severe hypocalcemia found in cows receiving high 

Ca prepartum. Feed intake was equal for all groups. Milk 

production as well as Ca lost via colostrum was actually 

greater for low-Ca cows. 

In conclusion, postpartum hypocalcemia can be induced 

in cows, not heifers, by feeding high Ca prepartum. 

Increased prepartum PTH, and increased efficiency in intes-

tinal absorption of Ca found with feeding low Ca rations 

would help to explain the means by which this dietary treat-

ment has its prophylactic effect on HP. The continued 

increase in PTH seen through 21 days of l~ctation may indi-

cate a long term adaptation by the cow in order to supply 

the Ca necessary for increased milk synthesis. Finally, 

hypocalcemic cows exhibited levels of circulating PTH simi-

lar to normocalcemic cows, but CT was markedly diminished in 

this group. The cause and effect of this depressed CT 

response is unknown, suggesting further investigation and 

evaluation in relationship to milk fever and Ca homeostasis 

is required. 



EPILOGUE 

The results of this study pose four questions of inter-

est for further investigation. They are as follows : 1) Is 

the trend for increased prepartum parathyroid hormone {PTH) 

associated with feeding low calcium (Ca) rations indirectly 

affecting increased bone resorption and intestinal Ca 

absorption? 2) What are the cause and effect relationships 

of calcitonin (CT) secretion on bone resorption and intesti-

nal Ca absorption when rations high in Ca are fed in the 

prepartum period? 3) Would decreased concentrations of 

serum CT in heifers receiving prepartum rations high in Ca, 

induce hypocalcemia? 4) Are increases in PTH and Mg 

observed up to three weeks postpartum continued past 21 

days? The purpose of this section is to offer an experimen-

tal approach to answer these questions (assuming unlimited 

funding and technical assistance). 

To use rats as a model for HP, serum mineral and hor-

mone responses would have to be established as similar to 

those seen in cows. If this is accomplished, the population 

size for experimental purposes can be greatly increased. To 

address the questions above, pregnant rats would be grouped 

53 



54 

as young or aged, and fed either a low Ca or Ca-supplemented 

ration prepartum. In addition to dietary treatment, infu-

sions of CT-specific antibodies would help elucidate the 

physiological role of CT in calcium homeostasis at parturi-

tion. Infusions of CT antibodies around the time of peak 

serum CT concentration in heifers, might cause hypocalcemia, 

thereby creating an analogous situation to high-Ca cows with 

diminished serum CT. 

To establish the relative contribution of Ca mobilized 

from the bone versus that absorbed from the gut, oral diso-

dium-(-3-amino-1-hydroxypropylidene )-l-bisphosphonate (APD) 

could be give~. APD causes rapid and selective inhibition 

of bone resorption (1). By using APD, the relative contri-

bution of kidney and intestinal Ca conserving mechanisms 

could be observed. 

Maintenance of lactation could be continued past wean-

ing by mechanical milking of rats. By doing so rats would 

have to adapt to an extended period of Ca loss as in the 

dairy cow. This would facilitate evaluation of PTH in the 

maintenance of Ca homeostasis. Alterations in Ca homeos-

tatic mechanisms would be monitored by blood, urine, feces, 

milk and bone sampling. Minerals to be measured in these 

samples would include Ca, Mg, and P. Use of chromic oxide 

in the rations would allow estimations of total fecal min-
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eral loss (24). Hydroxyproline, an indicator of bone 

resorption, could be determined in serum, urine and bone. 

Urinary creatinine (46) could be quantified to calculate 

total urinary mineral excretion and hydroxyproline excre-

tion. Serum hormones would include PTH, CT, and 1,25 dihy-

roxycholecalciferol (33). Intestinal adaptations in 

response to treatments should be clarified by measurement of 

1,25 dihydroxycholecalciferol receptors and Ca transport in 

the intestine. Parathyroid hormone and 1,25 dihydroxychole-

calciferol receptors in bone could be determined immunohis-

tochemically. Total bone mineral content could be monitored 

as pregnancy and lactation progressed using 125 I photon 

absorptiometry (10), although exposure to radiation might 

cause problems for the developing fetus. 

From this protocol the effect of altered endocrine 

secretion on calcium homeostasis in the periparturient 

period can be examined. By using CT-specific antibodies, 

absence of CT could be evaluated in low- and high-Ca rats as 

compared to control rats. Once Ca intake was established, 

the determination of fecal and urinary Ca loss (using 

chromic oxide and creatinine) would indicate intestinal 

absorptive capacity for Ca. In conjunction with total 

absorption of Ca, in vitro measurement of intestinal Ca 

transport would provide estimates of relative absorption 
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efficiency. Through in vitro assays it should be possible 

to compare changes in intestinal Ca transport, intestinal 

and bone hormone receptor numbers, as well as total bone 

mineral content in relationship to prepartum dietary Ca. 

Animals maintained through an artificially extended lacta-

tion would provide information on long term adaptation to 

lactational demands for Ca. Results of this experiment 

would allow for a more complete understanding of the influ-

ence of prepartum dietary Ca and age on calcium homeostatic 

mechanisms in the periparturient cow, using the rat as a 

model. 
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APPENDIX 

Most of the current researchers of hypocalcemic paresis 

(HP) use Jersey cows instead of Holsteins, due to the higher 

incidence of HP in this breed (34.5 versus 6.4% for Hol-

steins)(l2). In a second experiment, five Jerseys, two 

pregnant heifers and three cows in their third or greater 

pregnancy, were used. All animals received the low calcium 

(Ca) ration in order to provide comparisons of aged and 

young Jerseys, as well as low-Ca Jerseys to low-Ca Hol-

steins. Due to limited number of animals available ~he fol-

lowing data indicate only trends. 

Serum Ca in ·Jersey cows (JCs) at one day postpartum 

tended to be lower than Jersey heifers (JHs)(Fig. 20). Two 

of the cows exhibited severe hypocalcemia at this time (5.6 

and 5.2 mg/dl) even more severe than that seen in Holstein 

cows fed the high Ca ration prepartum (Fig. 2). Holstein 

heifers on the low Ca ration prepartum appeared better able 

to maintain serum Ca than JHs. Serum magnesium (Mg) showed 

large variation. The trend for increased serum Mg seen in 

Holsteins from seven to 21 days postpartum was repeated in 

Jerseys (Figs. 3, 21). Serum phosphorus, presented in Fig-
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ure 22, again showed large variation within groups. A trend 

for elevated calcitonin (CT) around parturition can be seen 

in Figure 23. The peak at two days prepartum in JCs was 

probably due to one extremely high value from a "nervous" 

cow that reacted violently to restraint required for veni-

puncture. The range of CT values were similar to those 

found in Holstein heifers and cows (Figs. 8, 9). 

Effect of age on feed intake in Jerseys seems to indi-

cate higher intake per kilogram of metabolic body weight in 

cows (Fig. 24). The same trend might be present in Hol-

steins~ but the dietary teatment effect lowered feed intake 

in high-Ca Holstein cows, so intake was not consistently 

increased in relation to age (Fig. 19). The same overall 

profile, decreased intake at parturition followed by 

increased intake postpartum, was present in Jerseys as it 

was in Holsteins. Jersey intake, per kilogram of metabolic 

body weight, was also similar to that of Holsteins. As 

might be expected, milk production per kg of metabolic body 

weight was greater in JCs than in JHs (Fig. 25). This may 

be the result of increased intake and increased mammary 

gland secretory capacity in cows. The same trend was seen 

in Holsteins (Fig. 10). Milk production, per kilogram of 

bodyweight, was less for Jerseys than Holsteins. Although 

colostral Ca output was no different, milk Ca profiled in 
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Figure 26 would indicate milk from Jerseys is higher in Ca 

than milk from Holsteins (Fig. 11). in addition, milk Mg 

was higher in Jerseys (15 mg/dl) than Holsteins (10 mg/dl) 

(Fig. 13, 14, 27). Milk phosphorus was comparable for both 

Holsteins and Jerseys (Figs.15, 16, 28). 

Even these results based on a limited number of obser-

vations, indicate the Jersey cow's heightened susceptibility 

to HP in comparison to the Holstein cow. Severe hypocalce-

rnia occurred around parturition in two out of three cows, 

despite the feeding of a low Ca prepartum ration. From the 

parameters measured, the weak link in the calcium homeos-

tatic mechanisms is not clear. Milk production tended to be 

greater in JCs, but so was feed intake. In comparison to 

Holsteins, milk production per kilogram of body weight was 

less for Jerseys. The decreased capacity for bone mobiliza-

tion and intestinal Ca absorption with increasing age may be 

even greater in Jerseys than in Holsteins. As these results 

are inconclusive, the need for further research is indi-

cated. 
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Figure 25. Effect of age on milk production in Jerseys. 
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Figure 26. Effect of age on mi1k calcium in Jerseys. 
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Figure 27. Effect of age an milk magnesium in Jerseys. 
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Figure 28. Effect of age on milk phosphorus in Jerseys. 
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