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TREATMENT OF CALCIUM,
PHOSPHORUS, AND
MAGNESIUM BALANCE
DISORDERS

Jesse P. Goff, DVM, PhD

In food animal practice, the majority of the calcium (Ca), phospho-
rus (Phos), and magnesium (Mg) balance disorders are due to low blood
concentrations of one or more of these minerals. The purpose of this
article is to review methods that can be used to restore normal blood
concentrations of these minerals. The theories on the pathophysiology
and prevention of the diseases that result in these mineral imbalances
are discussed in recent reviews.® ' 2 3.2 Ajthough low plasma Ca is
often accompanied by changes in plasma Phos and Mg, the following
sections will consider each mineral separately. The pros and cons of
combined therapies will be discussed in the final section. In all cases the
doses of the treatments described are those appropriate for the 600-kg
cow. Doses for smaller animals and sheep or goats should be adjusted
according to body weight.

TREATMENT OF CALCIUM DISORDERS

Plasma Ca concentration is normally maintained between 2.1 and
2.6 mmol/L (8.5-10.4 mg/dL). Nearly all dairy cows will experience
subclinical hypocalcemia (<1.8 mmol/L, 7.5 mg/dL) within 24 hours of
calving. Generally, cows that are recumbent and unable to rise as a result
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of low blood Ca will have plasma Ca concentration less than 1.25 mmol/
L (5 mg/dL), and some will be down as low as 0.5 mmol/L (2 mg/dL);
below this level is generally incompatible with life. About half of the
plasma Ca is bound to plasma proteins, such as albumin; another 5% is
bound to citrate, phosphate, and other organic anions. Ionized Ca consti-
tutes from 40-45% of total Ca concentration. Ionized Ca concentration is
closer to 45% of total Ca when blood pH is acidic and closer to 40%
when blood pH is alkaline. While ionized Ca concentration is physiologi-
cally the most relevant Ca determination that can be made, our experi-
ence has been that total Ca determination is adequate to diagnose the
metabolic disorders involving Ca in ruminants (i.e., ionized Ca remains
at ~40-45% of the total Ca over a wide range of total plasma Ca
concentrations). '

Calcium Pool Sizes

In the 600-kg cow, the plasma volume will be ~6% of body weight
or 36 L. Assuming normal plasma Ca concentration is 10 mg/100 mL
plasma, there will be 3.6 g Ca in the plasma pool, half of which is
ionized and the other half is bound to plasma proteins. Interstitial fluid
volume is in equilibrium with the plasma but does not contain albumin-
bound Ca. If interstitial fluids constitute 15% of body weight (90 L) and
contain 5 mg Ca/100 mL, there will be 4.5 g Ca in the interstitial fluids.
Total extracellular fluid Ca pool size is therefore about 8.1 g Ca in a 600-
kg cow. Intracellular body fluids constitute about 40% of body weight
or 240 L. Intracellular Ca concentration is estimated to be 0.004 mg/100
mL. Total intracellular Ca pool size is just 0.01 g.

Treatment of hypocalcemia should be done as early as possible,
especially if recumbency is present. The pressure exerted by the massive
weight of the cow can cause a “compartment-like” syndrome on the
down side appendages in which ischemia of the muscles is followed by
necrosis resulting in the downer syndrome cow.’

Intravenous Ca Treatments

The fastest way to restore normal plasma Ca concentration is to
administer an intravenous injection of Ca salts. The first Ca solutions
used to treat severe hypocalcemia were 10% calcium chloride solutions
given at a rate of about 150 mL/cow." Although effective, this treatment
lost favor because any subcutaneous leakage of the calcium chloride
solution tended to cause localized sloughing of the skin. Calcium gluco-
nate has largely replaced calcium chloride because it is less injurious
when injected subcutaneously. Boric acid is often added to the calcium
gluconate forming calcium borogluconate, which improves the solubility
and stability of the solution. Because pure calcium borogluconate solu-
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tions are acidic (pH ~3.5), calcium oxide is often added to these solu-
tions to increase the pH. In general, commercial preparations for intrave-
nous use supply from 8.5 to 11.5 g Ca/500 mL. They may also contain
sources of Mg, phosphite (not phosphate), and glucose (dextrose). Solu-
tions containing calcium propionate, calcium lactate, calcium levulinate,
and calcium formate have been used successfully as well. The source of
Ca has no significant effect on clinical recovery from hypocalcemia.'” All
effectively raise total and ionized Ca concentrations in the blood. Cal-
cium chloride solutions tend to increase ionized Ca content of blood to
a greater extent than do other Ca salt preparations, especially when
more than 20 mg/kg Ca is administered intravenously (~12 g Ca/600-
kg cow).1# 17

How much Ca should be given intravenously? Assuming the 600-
kg cow has 8.1 g Ca in the extracellular fluids, a cow with a blood Ca
concentration of 4.5 mg/100 mL will have ~50% of the normal amount
of Ca in her extracellular fluids and will require about 4 g Ca to restore
normal extracellular fluid Ca concentrations; however, we also would
like to supply her with a bit more Ca to give her a bit of a buffer
against the continuing drain of Ca to production of milk. What is an
effective dose?

An internordic field study examined the effect of the intravenous
administration of 6, 9, or 12 g of Ca on the therapeutic result in cows
with milk fever." A variety of Ca preparations were used, and the cattle
were primarily of the Nordic breeds (weighing approximately 500 kg).
The 9-g Ca dose yielded significantly better results than did the b6-g
dose, but there was no advantage observed by raising the dose to 12 g.
These data suggest the effective intravenous Ca dose is just under 2 g
Ca/100 kg body weight. A good rule of thumb is to administer the Ca
at a rate of 1 g/ min.

Fatal arrhythmia of the heart will occur when plasma total Ca
becomes excessively high, beginning at about 28 to 32 mg Ca/100 mL,"
Figure 1 is the plasma Ca profile of a Jersey cow with milk fever given
500 mL of a 26% calcium borogluconate solution (10.5 g Ca total) over a
period of 12 minutes. Plasma Ca increased from 4.3 to 22 mg/ 100 mL
during the course of treatment. Plasma Ca remained above normal (10
mg/100 mL) for about 4 hours after the treatment. One effect of this
hypercalcemia is to shut off parathyroid hormone secretion vital to the
Ca homeostatic mechanisms of the body. Parathyroid hormone has a
half life of 3 to 4 minutes, and in this cow parathyroid hormone was
quite high prior to treatment, 780 pg/mL, but was just 82 pg/mL 1
minute after treatment. Hypercalcemia also stimulates release of thyro-
calcitonin, which inhibits renal Ca reabsorption and bone Ca resorption.
The establishment of hypercalcemia during treatment has the negative
effect of reducing the ability of the animal to establish Ca homeostasis.
From 1 to 2 g Ca is typically lost to the urine within 30 minutes
after treatment with intravenous Ca as the animal responds to the
hypercalcemia.
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Figure 1. Plasma Ca concentration in a cow treated for milk fever with 10.5 g Ca as
calcium borogluconate administered intravenously over a 12-minute period.

Subcutaneous and Intramuscular Ca Treatments

Ca salts can also be injected subcutaneously. Figure 2 presents the
plasma Ca profile in 6 normal Jersey cows given 10.5 g Ca as 500 mL
calcium borogluconate divided and injected into 10 subcutaneous sites.
The degree of hypercalcemia achieved is not as great as with intravenous
administration of the same dose of Ca. As with intravenous Ca injection,
the subcutaneous injection of Ca increases Ca in the blood for 4 to 5
hours only.

The amount of Ca that can be injected into a subcutaneous site
should be limited to 1 to 1.5 g Ca (50-75 mL of most commercial
preparations). Greater amounts of Ca can cause local tissue necrosis. Ca
is toxic to cells as high amounts of Ca extracellularly can overwhelm the
ability of cells to maintain low intracellular Ca concentrations. Calcium
chloride solutions are not at all well tolerated subcutaneously. Ca solu-
tions containing glucose may also be slightly more injurious as the
added glucose adds to the osmolarity of the solution.

Although subcutaneous Ca injection will not cause severe hypercal-
cemia, the subcutaneous injection of Ca may not result in a favorable
clinical response in a severely hypocalcemic cow, as the circulation to the
subcuticular tissues is often compromised during severe hypocalcemia.
Dgcasiona]tlg cows with clinical milk fever that have been unsuccessfully
treated with subcutaneous Ca solutions by producers have died within
minutes of an intravenous injection of Ca administered by a veterinarian.
The suspicion is that as the circulation was restored, the intravenous
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Figure 2. Mean + SEM plasma Ca concentration in & Jersey cows given 10.5 g Ca as
calcium borogluconate subcutaneously (500 mL in ten different sites).

and subcutaneously administered Ca entered the blood simultaneously,
causing fatal hypercalcemia.

Preparations are available for intramuscular administration of Ca.
Usually the Ca is supplied as calcium levulinate or calcium lactate,
which tend to be less injurious to tissues than other forms of Ca and
also tend to be more expensive. Most of these preparations must be
limited to 0.5 to 1.0 g Ca per injection site to avoid tissue necrosis. To
%::t an effective dose of Ca into the clinically hypocalcemic animal might
therefore require 6 to 10 injections into widely separated sites.

Oral Ca Supplementation

Ca is absorbed across the intestinal mucosa by two methods. The
first method is by the active transport of Ca across intestinal cells, a
process mediated by the hormone, 1,25-dihydroxyvitamin D. The second
method is by passive diffusion across the tight junctions that hold
adjacent mucosal cells together. This paracellular Ca transport is concen-
tration dependent. Theoretically, when the concentration of ionized Ca
over the intestinal tract mucosa cells (including the rumen mucosa) is
greater than the concentration in the blood, Ca will diffuse into the
blood. Because of the electrical charge and molecular size of Ca relative
to the tight junction, the actual concentration of ionized Ca that must
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bathe the mucosa to get passive transport of Ca is ~6 mmol/L, about
five times the ionized Ca concentration in blood.* Oral Ca supplements
are available that effectively use this method to increase plasma Ca
concentration rapidly following treatment.’ *

Several efficacy and safety factors are important to consider when
using and choosing an oral Ca supplement for treating hypocalcemia.
To be effective, the Ca in the supplement must be readily soluble in
water (digestive fluids) so elevated ionized Ca concentration over the
mucosa will be rapidly achieved before the Ca concentration over the
mucosa is diluted below the 6 mmol/L effective level during mixing
with other intestinal digesta. Calcium chloride is the most soluble of the
Ca salts; calcium propionate and calcium formate, calcium acetate, cal-
cium gluconate, and calcium lactate are also soluble enough for this
purpose; calcium hydroxide, calcium oxide, and calcium carbonate are
relatively insoluble and unsuitable for treating hypocalcemia.® Ca that is
not absorbed by passive diffusion is still available for absorption by
active Ca transport in the small intestine, but this absorption is not rapid
enough to be of aid in the treatment of hypocalcemia and will not be
considered further in, this review. Most of the commercial supplements
available use calcium chloride or calcium propionate as the source of Ca.

The greater the amount of soluble Ca in the preparation, the greater
the amount of ionized Ca that will be available for absorption (Fig. 3).
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Figure 3. Mean * SEM plasma Ca concentration profiles from Jersey cows (n = 6/

treatment) treated with 50 g (circle) or 100 g (square) Ca (supplied by calcium chioride) in
an oral drench.
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Administering small amounts of Ca may never achieve the 6 mmol/L
Ca concentration over the mucosa necessary for passive absorption.
Administering larger amounts of Ca will rapidly achieve the 6 mmol /L
level over a section of mucosa, and all the Ca above 6 mmol /L will
rapidly diffuse into the blood. Administering 50 g Ca from calcium
chloride as a drench in 250 mL of water is roughly equivalent to adminis-
tering 4 g Ca intravenously.® Giving the same amount of Ca in 1000 mL
water greatly reduces the amount of Ca absorbed by passive absorption.
Giving 100 g Ca as calcium chloride in 500 mL water (doubling the
dose) results in much greater blood Ca concentrations so that it is
roughly equivalent to giving 10 to 12 g Ca intravenously.

When Ca solutions are administered as a drench, at least a portion
of the dose will bypass the rumen and enter the abomasum. This
enhances passive Ca absorption because the volume of fluid in the
rumen will rapidly dilute the Ca concentration to a value below the 6
mmol/L required for passive absorption. The abomasal and duodenal
fluids will not dilute Ca concentration as rapidly. Calcium chloride may
be more effective than calcium propionate in terms of eliciting the
esophageal groove reflex.’ 1 Incorporating the Ca into a gel or paste
reduces the amount of Ca likely to bypass the rumen. Pastes and gels
can be effective as they release Ca in a localized area of mucosa, but, in
general, more Ca must be administered by gel or paste to get the same
rise in plasma Ca as is achieved by an oral Ca drench.

Unfortunately, hypocalcemic cows have poor swallowing and gag
reflexes, making them vulnerable to aspiration pneumonia. Drenches of
Ca solutions suffer one distinct disadvantage: some cows will aspirate
the solution, which leads to a severe aspiration pneumonia. The risk
increases with the volume of the drench. Gels and pastes are much less
likely to cause aspiration pneumonia, the risk decreasing with the viscos-
ity of the preparation. Various definitions of “ gel” exist; the safer prepa-
rations have a consistency close to that of toothpaste.

Another consideration is whether it is better to use calcium chloride
or calcium propionate as the source of Ca. Calcium chloride is slightly
more effective and takes up less volume than calcium propionate. It also
is an acidifying agent. This could be good if the herd is not being fed
anionic salts prior to calving to induce a mild metabolic acidosis to
prevent milk fever. The calcium chloride may induce a mild acidosis to
enhance Ca homeostasis. Unfortunately, the acidifying activity of cal-
cium chloride also means that it is possible to induce a severe metabolic
acidosis when repeated treatments of calcium chloride are administered.
In herds where cows are already being fed prepartal anionic salts, this
is likely to be a bigger problem. Calcium chloride is very irritating to
mucous membranes, and treatment has been known to cause lesions in
the rumen and abomasum.* Incorporating the calcium chloride into an
oil emulsion effectively eliminates the tissue damage induced by calcium
chloride (and also improves the palatability),™ but it also reduces the
availability of the Ca for passive absorption.!" One such preparation has
been used in Europe for a number of years and effectively improves
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plasma Ca concentration.”? Because the calcium is not readily available
to improve calcium concentration immediately, the efficacy of these oil-
calcium chloride emulsions suggests that the chloride in the preparation
may be an active component of the preparation. Perhaps the chloride is
inducing a slight metabolic acidosis, simulating the beneficial effects
observed when anions are added to the diet to prevent milk fever.
Calcium chloride boluses have also been made. Unfortunately, the solu-
bilization of calcium chloride in water is an exothermic process, and
these boluses have caused severe esophageal and rumen mucosa damage
in some animals.

Calcium propionate is effective’ *” and less irritating to tissues than
is calcium chloride. It does not induce a metabolic acidosis, so larger
amounts of Ca can be given. It supplies the cow with a gluconeogenic
precursor, which is generally a good idea, as most hypocalcemic cows
are in negative energy balance. Calcium propionate’s main disadvantage
is the large volume of material that must be used to raise plasma Ca.
Drenches and gels commonly used exceed 700 mL to achieve an effective
dose. Another option is to stomach tube the cow (or use an esophageal
pump system) and pump larger volumes of calcium propionate into the
rumen. This bypasses problems with swallowing large volumes. Calcium
Empionate costs ~$1.55/kg whereas calcium chloride is ~$0.30/kg;

owever, the cost of the Ca source is a minor component of the overall
price of commercially available oral Ca supplements.

Care must be taken when administering oral Ca supplements not
to injure the back of the throat, especially with animals resisting treat-
ment.’® Long nozzles at the end of the gel tubes were common but have
been shortened, and that seems to have reduced the incidence of injury.
Animals should have a good swallowing reflex to avoid aspiration
pneumonia; recumbent and wobbly cows should not be treated with oral
Ca supplements. Oral treatment increases Ca within 30 to 60 minutes of
administration, and plasma Ca concentrations remain elevated for about
6 hours. Calcium chloride acts a little faster, but calcium propionate may
act a little longer. Figure 4 presents the plasma Ca concentration profile
of a Jersey cow with moderate hypocalcemia after calving that was
treated with an oral calcium propionate drench supplying 94 g Ca.

Summary

Intravenous, subcutaneous, and oral treatment of hypocalcemia re-
sult in rapid increases in plasma Ca that last about 5 to 7 hours, and
any method can be used to buy the cow the time she needs to establish
her Ca homeostatic mechanisms. In cows that are recumbent, slow
intravenous Ca injection is the only choice that should be recommended.
Combining intravenous, subcutaneous, and oral treatments is not a
good idea. It risks inducing fatal hypercalcemia, it further shuts off the
endocrine system needed to achieve Ca homeostasis, and it does not
improve the clinical response, as you are unlikely to be raising plasma
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Figure 4. Plasma Ca concentration following treatment of a moderately hypocalcemic
Jersey cow within 12 hours of calving with 94 g Ca orally supplied in a calcium propio-
nate drench.

Ca for longer than the 5 to 7 hours achieved with any single treatment.
A more reasonable approach is to administer a second treatment 8 to 12
hours after the first treatment.

TREATMENT OF MAGNESIUM DISORDERS

Mg is a major intracellular cation that is a necessary cofactor for
enzymatic reactions vital to every major metabolic pathway. Extracellular
Mg is vital to normal nerve conduction, muscle function, and bone
mineral formation. Hypomagnesemia generally leads to hyperexcitabil-
ity, tetany, convulsion, and, too often, death. Hypomagnesemia is often
accompanied by and complicated by hypocalcemia and hypophos-
phatemia.

Bovine plasma Mg concentration is normally 0.75 to 1.0 mmol/L
(1.8 to 2.4 mg/dL). Normal plasma Mg concentration in sheep is 0.90 to
1.15 mmol/L (2.2 to 2.8 mg/dL). Moderate hypomagnesemia of 0.5 to
0.75 mmol /L (1.1 to 1.8 mg/dL) is associated with reduced feed intake,
nervousness, and reduced milk fat and total milk production. This can
be a chronic problem in some dairy herds that often goes unnoticed.
It can also predispose these animals to milk fever. Because moderate
hypomagnesemia is not an emergency situation and is generally treated
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by increasing dietary Mg, treatment of this condition will not be dis-
cussed further in this review.

When plasma Mg concentration falls below 0.5 mmol/L (1.1 mg/
dL), twitching is sometimes seen in the muscles of the face, shoulder,
and flank. As hypomagnesemia progresses, tetanic spasms of the mus-
cles become more common, which eventually cause the cow to stagger
and fall. Clonic convulsions may follow with chomping of the jaws and
frothy salivation. Hypomagnesemic tetany in calves is clinically similar
to that in adults and is often accompanied by moderate hypocalcemia.
Affected ewes are generally hypocalcemic and hypomagnesemic.?

Cerebrospinal fluid Mg concentrations less than 0.4 mmol /L (1 mg/
dL) are responsible for the clonic convulsions seen in animals with
hypomagnesemic tetany * Blood samples obtained during or shortly
after an episode of tetany may have near normal levels of Mg as a resuit
of muscle damage and leakage of Mg from intracellular pools. CSF Mg
concentration will remain low during tetany, and also can be a reliable
indicator of Mg status for up to 12 hrs after death.

Magnesium Pool Sizes

In a 600-kg cow there is about 0.84 g Mg in the blood, 3 g Mg in all
extracellular fluids, 84 g Mg inside cells, and 204 g Mg within bone
mineral. Blood and extracellular fluid Mg is in equilibrium with Mg
concentration in the cerebrospinal fluids. CSF Mg concentration is simi-
lar to plasma Mg concentration, although changes in CSF Mg concentra-
tion will lag behind changes in plasma Mg concentration as the blood
brain barrier slows diffusion. It is generally believed that the reduction
in CSF Mg level is responsible for the tonic-clonic convulsions typical of
severe hypomagnesemia.* * * No depletion of the Mg content of soft
tissues has been demonstrated in hypomagnesemic cattle®; thus, intra-
cellular Mg does not serve as a significant readily mobilizable store of
Mg for replenishment of extracellular Mg,

Intravenous Treatment of Hypomagnesemia

Animals exhibiting hypomagnesemic tetany need immediate treat-
ment. If normal plasma Mg concentration is about 2 mg/100 mL and
clinical signs requiring immediate treatment occur when plasma Mg
declines to 0.5 to 1.0 mg/100 mL, we can assume that 50% to 75% of the
extracellular fluid Mg must be administered intravenously to return

lasma Mg to “normal” levels. This will require from 1.5 to 2.25 g Mg;
owever, as with Ca, we would like to supply her with a bit more Mg
to give her a bit of a buffer against the continuing drain of Mg. Most of
the commercially available intravenous Mg preparations supply from
1.5 to 4 g Mg, usually as the chloride, borogluconate, or hypophosphite
salts of Mg; usually these include calcium salts and are primarily meant
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for IV calcium therapy. No research has been done to titrate the most
effective dose for treatment of hypomagnesemia. A dose of 2 to 3 g of
Mg administered intravenously over a 10-minute period should be a
safe and effective means of treating hypomagnesemia. Most of the com-
mercial preparations are combined with Ca because hypomagnesemia is
often accompanied by hy‘pocalcemia. Also, intravenous administration
of a solution containing Mg only carries a risk of inducing respiratory
failure as a result of medullary depression and increased cardiac failure
during treatment.®

When plasma Mg exceeds the renal threshold for reabsorption of
renal tubule fluid Mg (approximately 1.8 mg/100 mL in cattle and 2.2
mg/100 mL in sheep), the excess plasma Mg is rapidly excreted into the
urine. Plasma Mg concentrations of 4 to 7 mg/100 mL result in muscle
weakness, and Lﬁe deep tendon reflexes are decreased. When plasma
Mg is increased to 11 mg/100 mL, the deep tendon reflexes are absent.
At 14 to 18 mg, Mg/100 mL plasma respiratory paralysis becomes a real
threat. Higher concentrations of plasma Mg can induce cardiac arrest in
diastole. Hypocalcemia exacerbates these effects; addition of Ca to Mg-
containing solutions reduces the severity of these effects.** Figure 5
presents the plasma Mg profile of a normal cow treated with 2.5 g Mg
as MgSO, intravenously over an 8-minute period. One minute after
intravenous treatment, plasma Mg was 6.4 mg Mg/100 mL in the sys-
temic circulation (sample taken from the opposite jugular vein). We can
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Figure 5. Plasma Mg concentration in Jersey cows following intravenous or oral treatment
with 2.5 g Mg supplied by magnesium suifate (2.5 g Mg in 500 mL intravenously adminis-
tered over an 8-minute period versus 2.5 g Mg in 100 mL SQ). Square = intravenously;
circle = subcutaneously.
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assume that the Mg concentration within the heart was much higher
during jugular infusion!

Hypermagnesemia was commonly used as part of anesthesia proto-
cols involving chloral hydrate years ago. Hypermagnesemia induces a
neuromuscular blockade and flaccid paralysis. Unfortunately it does not
quickly induce central nervous system depression, reducing its ability
to block pain.* This property also eliminates induction of hypermagnese-
mia as a humane means of euthanasia.

Treatment of these animals can be challenging, as insertion of the
IV needle will often initiate another tetanic episode. Some veterinarians
use intramuscularly administered tranquilizers or sedatives such as Ace-
promazine to reduce the risk of injury to the cow and themselves from
continuous clonic convulsions prior to intravenous treatment. Intrave-
nous administration of tranquilizers is not advisable, as it has been
associated with sudden hypotension and death.

Clinical response to Mg therapy can be disappointing, and success
is related to the interval between onset of tetany and treatment. Cows
should not be stimulated to rise for at least 30 minutes after treatment
to avoid initiating tetany and convulsion. Cattle that will recover do so
about an hour after treatment, as it takes that long for CSF Mg concentra-
tion to return to normal. Many of these cows will relapse and require
further treatment within 12 hours.

Subcutaneous Treatment with Magnesium Solutions

The difficulty of treating an animal during a convulsion can some-
times be overcome by the subcutaneous administration of Mg. Injecting
200 to 400 mL of a 25% magnesium sulfate (MgSO;, * 7 H,0) solution to
supply 5 to 10 g Mg subcutaneously (50-100 mL per injection site) will
increase plasma Mg to normal levels in about 30 minutes, provided
peripheral blood flow has not been compromised. Solutions of higher
concentrations are essentially fully saturated and hyperosmotic and can
cause tissue damage. Figure 5 presents the plasma Mg profile of a cow
given 2.5 g Mg as magnesium sulfate in 100 mL water subcutaneuusclﬁ’.
Although this dose is low and does not increase blood Mg very much,
it demonstrates that the response to subcutaneous Mg will be much
slower than the intravenous response, but it may be safer for the cow
and the veterinarian.

Magnesium Enemas

This treatment was also developed as an alternative to intravenous
treatment in the convulsing patient. It is easier for the producer and does
not require sterile equipment. An enema for an adult cow consisting of
60 g magnesium chloride or 60 g magnesium sulfate dissolved in 200
mL water can be administered into the descending colon. This treatment
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will increase plasma Mg concentration within 10 minutes.* # It can
cause some mucosal sloughing, especially if more highly concentrated
solutions are used.

Oral Magnesium Administration

Oral administration of Mg salts can provide longer maintenance of
plasma Mg concentration once the animal has regained good esophageal
reflexes so that the risk of aspiration pneumonia is reduced. They are
not recommended for initial treatment because of the relatively slow
rate of absorption of orally administered Mg. They are most effective as
a means of preventing relapse following intravenous Mg treatment.
Drenching the cow with a slurry of 100 g magnesium oxide in water
has been reported to be effective. This provides about 50 g Mg to the
animal. It may be easiest to give via stomach tube, and the addition of
100 g calcium chloride, 100 g sodium phosphate, and 50 g sodium
chloride may enhance the effectiveness of the slurry, especially if hypo-
calcemia and hypophosphatemia accompanied the hypomagnesemia.
The addition of sodium may enhance rumen Mg absorption. Alterna-
tively, 200 to 400 mL of a 50% magnesium sulfate solution can be
administered by drench. Magnesium sulfate is more available for absorp-
tion than magnesium oxide.

Summary

Cows exhibiting clinical hypomagnesemia must be treated quickly.
The intravenous administration of Mg is preferred, and this is most
safely done when the Mg solution also contains Ca as well. Clinical
signs may not subside until cerebrospinal fluid Mg concentrations in-
crease, which may require 30 to 60 minutes following treatment. Subcu-
taneous or rectal administration of Mg salts can be an effective alterna-
tive, although problems with peripheral blood flow and premature
evacuation of enemas may compromise the effectiveness of these treat-
ments. When using solutions containing Mg only, it may be wisest to
give 1/2 the IV dose of magnesium (1 g) and 5t0 10 g Mg subcutane-
ously to safely get initial correction of blood magnesium and sustained
increase in blood Mg from the subcutaneous dose. All of these treatments
only increase plasma Mg to normal concentrations for 3 to 6 hours. Oral
administration of Mg salts at the time of initial treatment (once it can be
given safely) will help maintain normal plasma Mg concentration for up
to 12 hours and is highly recommended. Unless management practices
are instituted to increase dietary Mg intake (or in some cases, decrease
potassium and nitrogen intake®), relapses to treatment are almost inevita-
ble. Remember too that if hypomagnesemic tetany has occurred in one
cow or ewe in a herd or flock, steps should be taken immediately to
increase Mg intake to prevent further losses.
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TREATMENT OF PHOSPHORUS DISORDERS

The biologically active form of Phos is the phosphate anion. Phos-
phate is a component of phospholipids, phosphoproteins, nucleic acids,
and energy-transferring molecules, such as ATP. The phosphate anion is
an essential component of the acid-base buffer system. It is second only
to Ca as the major component of bone mineral, Plasma inorganic Phos
concentration is a measure of the amount of phosphate anion in the
blood, and is normally 1.3 to 2.6 mmol/L (4-8 mg/100 mL) in adult
animals and 1.61 to 2.74 mmol/L (5 to 8.5 mg/100 mL) in young
growing animals.

Chronic mild hypophosphatemia with plasma Phos concentrations
between 2 and 4 mg/100 mL is generally associated with reduced
growth and productivity and, in time, will result in rickets in young
animals and osteomalacia in adult animals.'® Because this is not an
emergency situation and is generally treated by increasing dietary Phos,
treatment of moderate hypophosphatemia will not be discussed further
in this review.

Animals recumbent as a result of severe acute hypophosphatemia
will have plasma Phos concentrations below 0.3 mmol/L or i mg/dL,
and often closer to 0.15 mmol/L or 0.5 mg/100 mL. Hypocalcemia,
hypomagnesemia, and hypoglycemia are also often present in these
animals as well. Why these cows are recumbent is essentially unknown.
It seems reasonable to believe that depletion of intracellular phosphate
in the form of ATP or creatine phosphate in muscle is involved in
the “downer cow” syndrome; however, because about 170 g Phos (as
phosphate anion) is in the total intracellular pool, and often cows re-
spond clinically to the relatively small intravenous dose of 5 to 6 g Phos
as phosphate, it is difficult to believe that the cause of the downer cow
syndrome is intracellular phosphate depletion. We can speculate that the
extracellular phosphate concentration is restored by the intravenous
dose accounting for the clinical response, but the only known role
for extracellular phosphate anion is in acid-base physiology. Perhaps
extracellular phosphate plays a critical role in myoneural transmission
or muscle strength.

Beef cows and ewes fed a diet marginal in Phos will have a chronic
hypophosphatemia of 0.6 to 1.1 mmol/L (2-3.5 mg/100 mL). Then, in
late gestation plasma, Phos can decline precipitously as the growth of
the fetus accelerates and removes substantial amounts of Phos (and
energy) from the maternal circulation. These animals often become re-
cumbent and are unable to rise, although they appear fairly alert and
will eat feed placed in front of them. Cows carrying twins are most
often affected. Plasma Phos concentration in these recumbent animals is
often less than 0.3 mmol/L (1 mg/100 mL). The syndrome usually is
complicated by concurrent hypocalcemia, hypomagnesemia, hypoglyce-
mia, and in some cases, hypokalemia.

In dairy cows and goats, the production of colostrum and milk at
the onset of lactation draws large amounts of Phos out of the extracellu-
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lar Phos pools. This alone will often cause an acute decline in plasma
Phos levels at parturition. Downer cow syndrome is an occasional se-
quelae to milk fever in dairy cows. Cows with milk fever are severely
hypocalcemic (plasma Ca < 5 mg/dl) and usually hypophosphatemic
(plasma inorganic Phos < 2 mg/dL) at the time of initial treatment for
milk fever. In most cases, intravenous administration of Ca salts raises
blood Ca concentrations immediately, followed within a few hours by a
rise in blood Phos concentration.” This rapid recovery of plasma Phos
is due to a reduction in parathyroid hormone secretion reducing urinary
and salivary loss of Phos, and resumption of gastrointestinal motility
accompanied by increased plasma concentrations of 1,25-dihydroxyvita-
min D, which allows absorption of dietary Phos and reabsorption of
salivary Phos secretions; however, in some animals plasma Phos concen-
trations fail to increase following therapy for milk fever, and it is be-
lieved that this results in a failure to rise after treatment, which can be
one cause of the “downer cow” syndrome.” '™ 2 Effective methods to
restore normal plasma Phos concentrations could be of aid in treatment
and prevention of the downer cow syndrome.,

Phosphorus Pool Sizes

About 1 to 2 g Phos is present in the plasma inorganic Phos pool,
and 4 to 7 g Phos is normally present in the extracellular Phos pool of a
600-kg cow. Intracellular Phos concentration is about 25 mmol/L (78
mg/dL), and total intracellular Phos content is about 170 g, with 5 to
6 g located within erythrocvtes. Salivary secretions represent another
important pool, which removes between 30 and 90 g Phos from the
extracellular Phos pool each day, with higher amounts secreted when
dietary Phos is high.

Intravenous Treatment of Hypophosphatemia

Assuming that about 6 g inorganic Phos exists in the extracellular
pool of a 600-kg cow and that plasma inorganic Phos concentration is
normally 5 mg/100 mL, the cow with a plasma inorganic Phos concen-
tration of 1 mg/100 mL will require about 4.8 g of inorganic Phos to
restore normal tl::l:;usrrazt inorganic Phos concentration. The author is aware
of no studies that have examined the intracellular phosphate levels in
“downer cows,” and because plasma phosphate is generally restored to
normal with the treatments outlined later, we must assume that intracel-
lular inorganic phosphate concentration is not altered dramatically, even
when extracellular phosphate concentration is reduced by as much as
80%! As with treatment of Ca and Mg deficits, we would like to supply
her with more than 4.8 g Phos to give her a bit of a buffer against the
continuing drain of Phos.

The majority of the products available to veterinarians in the United
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States for intravenous treatment of hypophosphatemic cattle use phos-
phite (PO,) salts as the source of Phos. Phosphite salts are used because
they are very soluble in water and remain soluble even in the presence
of Ca and Mg, allowing preparation of solutions to treat low blood Ca,

and Phos conditions with the same product; however, Phos found
in blood and body tissues is almost exclusively in the form of the
phosphate anion (PO,). To our knowledge, no pathway exists for the
conversion of phosphite to phosphate salts in body tissues. Phosphite
salts are incapable of increasing plasma inorganic phosphate concentra-
tion.*

Sodium phosphate (monobasic, monohydrate) is a soluble form of
phosphate that can be administered intravenously. The pH of the solu-
tion must be slightly acidic (pH ~5.8) to ensure solubility of the phos-
phate. Ca salts cannot be included in these solutions, as insoluble Ca
phosphate salts will form. Intravenous sodium phosphate treatment (7
g Phos from 30 g reagent grade monosodium phosphate in 300 mL
water administered over a 10-minute period) initially causes a hyperpho-
sphatemia (plasma phosphate above 10 mg/100 mL) for a short time
and will maintain normal plasma Phos concentration for 3 to 4 hours
(Fig. 6). How deleterious the initial hyperphosphatemia is to the cow is
unknown, although it seems likely that some Ca phosphate precipitates
are likely to form as plasma Phos rises, especially if the animal has
recently been treated with Ca intravenously. A product using 30 g
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Figure 6. Mean = SEM plasma Phos concentration (mg/dL) in cows receiving 7 g Phos
intravenously supplied by sodium phosphate (circle) or sodium hypophosphite (square). n
= B/treatment.
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monosodium phosphate in 300 mL water with no pH adjustment so the
pH is less than 3.0 is available in Australia and is believed to be
effective.”? Some of the sodium phosphate enemas designed for use in
humans contain 5 to 6 g Phos in each treatment with the pH adjusted
to ~5.8 (very similar to the formula described above) and have been
used for intravenous treatment of cattle after diluting to 1000 mL in
water to reduce the tonicity.

Oral Treatment of Hypophosphatemia

Because the intravenous phosphate effect is short lived, most ani-
mals will require oral administration of phosphate to achieve more
prolonged elevation of plasma phosphate. An effective dose is 50 to 60
g Phos supplied by 200 to 300 g feed grade monosodium phosphate in
warm water administered as a drench or via stomach tube. Bone meal
or dicalcium phosphate may also be used (0.5 kg), but they are only
poorly soluble, difficult to administer, and do not increase plasma Phos
rapidly enough to be very useful (Fig. 7).* Sodium phosphate can also
be put into gelatin caﬁlsules and administered as boluses or incorporated
into ?:h paste or gel, which reduces the risk of aspiration pneumonia from
drenches.
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Figure 7. Mean = SEM plasma Phos concentration (mg/dL) in cows receiving an oral
drench containing 50 g Phos supplied by sedium phosphate (circle) or dicalcium phosphate
(square). n = 4/treatment.
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Summary

Oral sodium phosphate treatment (50 g Phos) causes a more pro-
longed increase in plasma Phos than does intravenous treatment (6 g
Phos). One could give more phosphate intravenously, but there is a
possibility that this might result in excessive formation of calcium or Mg
phosphate precipitates within the blood, as plasma Phos concentrations
immediately after treatment are well above physiological levels of
plasma Phos. Intravenous phosphate solutions should not be given
immediately before or after intravenous Ca treatment for this same
reason. The two types of treatment should be spaced at least 2 hours
aﬁart. No such restrictions would be necessary for the oral sodium
phosphate treatment. Monosodium phosphate is more soluble than di-
calcium phosphate, which probably accounts for its greater ability to
raise plasma Phos concentrations. The sl::eed with which the oral sodium
phosphate treatment raised plasma Phos concentration suggests that
phosphate is being absorbed from the rumen or that a significant propor-
tion has bypassed the rumen.®

Gastrointestinal motility and phosphate absorption may be poor in
some downer cows, which actually is the precipitating cause of the
hypophosphatemia. If true, it would suggest that oral treatment with
the sodium phosphate drench may not be effective in these downer
COWS. Thougﬁ this has not generally been our experience, the intrave-
nous administration of sodium phosphate may be necessary to correct
plasma Phos followed by an oral sodium phosphate treatment to main-
tain normal plasma Phos over a longer period.

The clinical response of the downer cows to the intravenous or oral
sodium phosphate can be disappointing if not treated early in the
course of the syndrome because muscle and nerve damage secondary to
prolonged recumbency and the “crush” or “compartment” syndrome
may keep the cow down despite correction of plasma Phos concentra-
tion. Altﬁough routine treatment of milk fever cows with phosphate
solutions is unwarranted, on those farms with a historical record of
hypophosphatemia and downer cows, the clinician could routinely fol-
low intravenous Ca treatment with oral sodium phosphate treatment as
initial treatment of the cow.

COMBINATION TREATMENTS AND CONCLUSIONS

Intraperitoneal administration of solutions containing Ca, Mg, or
phosphate is an effective means of raising plasma mineral concentration
and results in plasma pofiles that are nearly as high as with intravenous
treatment. Unfortunately, this procedure carries a very high risk of
inducing adhesions within the abdominal cavity. This risk can be re-
duced by using solutions with near neutral pH and using solutions that
are only slightly hypertonic.

In most cases, combining Ca and Mg salts together is not harmful
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and can be beneficial, especially when hypomagnesemia is the primary
problem. Most hypomagnesemic animals also are hypocalcemic, and
treatment with Mg alone can be lethal because the increasing Mg:Ca
ratios in the heart during infusion into the jugular vein can cause heart
failure. Phosphate cannot be put into solutions containing Ca or Mg
without causing precipitates to form. Therefore, hypophosphatemia
must be addressed separately.

Potassium is often incorporated into parenteral Ca solutions for two
reasons. Most milk fever cows exhibit hypokalemia, and the idea is to
help restore normokalemia. This probably is unnecessary, as potassium
increases in the blood shortly after gastrointestinal motility is restored
following intravenous Ca treatment. The second reason may be to pro-
tect the heart from the deleterious affects of hypercalcemia. Potassium
can counteract the toxic effects of calcium on the electrical potential of
the heart muscles. The potassium content of the entire extracellular pool
of our 600-kg cow with a blood potassium concentration of 4 mEq/L is
about 19 to 20 g potassium. The addition of 1 to 2 g potassium to these
calcium-containing products would seem to offer little protection, as this
is not enough to raise plasma potassium content of the extracellular pool
by very much; however, because these products usually are administered
into the jugular vein, the potassium concentration may confer some
protection at the level of the heart before it is diluted within the systemic
circulation. Including much more than 2 g potassium risks inducing
cardiotoxicity from potassium. Although theoretically an interesting con-
cept, it is not clear whether potassium-containing products are actually
safer or result in an improved clinical response.

Glucose is often incorporated into intravenous treatments for cattle,
In general, the glucose does no harm and can be used by the animal
(milk fever cows are hyperglycemic because hypocalcemia prevents insu-
lin secretion, and Ca administration will allow insulin to be released).
Hypophosphatemic beef cattle are almost always hypoglycemic, sug-
gesting that glucose should always be included in treatments for the
recumbent beef cow in late gestation. Some glucose will be lost to urine,
which might exacerbate dehydration in some animals, but this effect is
relatively small. Glucose-containing solutions do cause more tissue ne-
crosis when injected subcutaneously, perhaps because they increase the
tonicity of the solution.

An oral cocktail that includes Ca, Mg, phosphate, and a glucogenic
source can benefit the fresh cow to help prevent problems or can be
given to the alert (good swallowing reflexes) recumbent cow. Many of
the gels and pastes that are available for treating hypocalcemia also
contain some Mg or Phos. Inclusion of Mg is generally a good idea.
Inclusion of phosphate will reduce Ca absorption slightly.

A recipe we have used consists of 0.5 to 0.75 kg calcium propionate,
0.25 to 0.35 kg MgSO,+7 H;O, 0.2 to 0.3 kg monosodium phosphate
(feed grade), and 0.5 L of propylene glycol dissolved in 6 L of warm
water and administered via stomach tube or esophageal feeder. Varia-
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tions might include the addition of 0.075 to 0.1 kg potassium chloride,
or 1 kg alfalfa meal to help restore potassium in cows that are not eating.
Cardiotoxicity is the main problem during intravenous administra-
tion of any mineral solution, as jugular infusion causes very high blood
mineral concentration in the heart. Give the solutions slowly! Use the
subcutaneous abdominal vein (16-gauge needle) in animals that are at
atest risk (toxic cows, etc.) so the solution is diluted prior to reaching

e heart.

ACKNOWLEDGMENTS

The author would like to thank Dr. Wayne R. Griffin, Chippewa Veterinary Clinic,
Chippewa Falls, W, for the practice tip to incorporate sodium phosphate into gelatin
capsules to treat hypophosphatemia, and Dr. Robert B. Corbett, Dairy Health Consultation,
El Paso, TX, for informing the author that human enema treatments were an inexpensive
source of sodium phosphate. The author would like to remember Dr. Max Sachs, now
deceased, of the Volcani Institute of Israel, a pioneer in mineral metabolism of the dairy
cow, who initially suggested to the author that phosphite salts were of no therapeutic
benefit to the cow.

References

1. Alanko M, Cederquist B, Jonsgard K, et al: The effect of different calcium doses in milk
fever therapy: A comparative internordic field study. Nord Vet Med 27:616-626, 1975
2. Allsop TF, Pauli JV: Magnesium concentrations in the ventricular and lumbar cerebro-
spinal fluid of hypomagnesaemic cows. Res Vet Sci 38:61-64, 1985
3. Bacon JA, Bell MC, Miller JK, et al: Effect of magnesium administration route on
plasma minerals in Holstein calves receiving either adequate or insufficient magnesium
in their diets. ] Dairy Sci 73:470-473, 1990
4. Bowen M, Blackmon DM, Heavner JE: Effect of magnesium jons on neuromuscular
transmission in the horse, steer, and dog. ] Am Vet Med Assoc 157:164-173, 1970
5. Bronner F. Intestinal calcium absorption: Mechanisms and applications. ] Nutr
117:1347-1352, 1987
6. Cheng Y, Goff JP, Horst RL: Restoring normal blood phosphorus concentrations in
hypophosphatemic cattle with sodium phosphate. Vet Med 4:383-388, 1998
7. Cox V5: Downer cow syndrome. In Howard JL, Smith RA (eds): Current Veterinary
Therapy 4: Food Animal Practice, 4th ed. Philadelphia, WB Saunders, 1998, pp 215-217
8. Goff JF, Horst RL: Oral administration of calcium salts for treatment of hypocalcemia
in cattle. ] Dairy Sci 76:101-108, 1993
9. Goff JP: Ruminant hypomagnesemic tetanies. In Howard JL, Smith RA (eds): Current
Veterinary Therapy 4: Food Animal Practice, 4th ed. Philadelphia, WB Saunders, 1998,
pp 215-217
10. Goff JP: Phosphorus deficiency. In Howard JL, Smith RA (eds): Current Veterinary
Therapy 4: Food Animal Practice, 4th ed. Philadelphia, WB Saunders, 1998, pp 218-220
11. Goff JF, Horst RL: Calcium salts for treating hypocalcemia: Carrier effects, acid-base
balance, and oral versus rectal administration. ] Dairy Sci 77:1451-1456, 1994
12. Goff JF, Horst RL, Jardon PW, et al: Field trials of an oral calcium propionate paste as
an aid to prevent milk fever in periparturient dairy cows. ] Dairy Sci 79:378-383, 1996
13. Hallgren W: Studies on parturient paresis in dairy cows. Nord Vet Med 7:433-441, 1955
14. Hapke HJ: Acute disorders due to calcium therapy in cattle. Tierarztl Prax 2:257-260,
1974
15. Jonsson G, Pehrson B: Trials with prophylactic treatment of parturient paresis. Vet Rec
87:575-578, 1970



16.
17.

18.

19.

30.

2

32.

33.
34.

CALCIUM, PHOSPHORUS, AND MAGNESIUM BALANCE DISORDERS 639

Kenney DG, Weldon AD, Rebhun WC: Oropharyngeal abscessation in two cows
secondary to administration of an oral calcium preparation. Cornell Vet 83:61-65, 1993
Kvart C, Bjorsell KA, Larsson L: Parturient paresis in the cow: Serum ionized calcium
concentrations before and after treatment with different calcium solutions: Classifica-
tion of different degrees of hypo- and hypercalcemia. Acta Vet Scand 23:184-196, 1982
Little WL, Mattick ECV: The calcium content of cow’s blood. II: (a) calcium in the
blood of parturient heifers; (b) effect of injections of parathyroid extract, irradiation,
etc.; (c) some case reports of milk fever. Vet Rec 43:1091-1095, 1933

Littledike ET, Glazier D, Cook HM: Electrocardiographic changes after induced hyper-
calcemia and hypocalcemia in cattle: Reversal of tlg-:indu-:ed arrhythmia with atropine.
Am ] Vet Res 37:383-388, 1976

- Malmo J: Downer cow syndrome. In Howard JL: Current Veterinary Therapy III: Food

Animal Practice, 3rd ed. Philadelphia, WB Saunders, 1993, pp 321-323

- Mayland H: Grass tetany. In Church DC: The Ruminant Animal: Digestive Physiology

and Nutrition. Prospect Heights, IL, Waveland Press, 1988, p 511

- Moodie EW, Robertson A: Some aspects of calcium metabolism in the dairy cow. Res

Vet Sci 3:470-474, 1962
Mordes JP. Wacker EC: Excess magnesium. Pharmacol Rev 29:274-282, 1978

- Mudge GH: Agents affecting volume and composition of body fluids. In Gilman AG,

Goodman LS, Gilman A: The Pharmacologic Basis of Therapeutics, 6th ed. New York,
Macemillan Publishing, 1980, p 881

Oetzel GR, Goff JP: Milk fever (parturient paresis) in cows, ewes, and doe goats. [n
Howard JL, Smith RA: Current Veterinary Therapy 4: Food Animal Practice, 4th ed.
Philadelphia, WB Saunders, 1998, pp 215-218

Pauli JV, Allsop TF: Plasma and cerebrospinal fluid magnesium, calcium and potassium
concentrations in dairy cows with hypomagnesaemic tetany. N Z Vet | 22:227-231, 1974
Pehrson B, Svensson C, Jonsson M: A comparative study of the effectiveness of calcium
propionate and calcium chloride for the prevention of parturient paresis in dairy cows.
] Dairy Sci 81:2011-2016, 1998

- Reinhardt TA, Horst RL, Goff JP: Calcium, phosphorus, and magnesium homeostasis

in ruminants. Vet Clin North Am Food Anim Pract 4:331-350, 1988

Reynolds CK, Bell MC, Sims MH: Changes in plasma, red blood cell and cerebrospinal
fluid mineral concentrations in calves during magnesium depletion followed by reple-
tion with rectally infused magnesium chloride. | Nutr 114:1334-1341, 1984

Ringarp N, Rydberg C, Damberg O, et al: The prophylaxis of milk fever in cattle by
oral administration of calcium chloride gel. Zbl Vet Med 14:242-251, 1967

Schroder B, Kappner H, Failing K, et al: Mechanisms of intestinal phosphate transport
in small ruminants. Br | Nutr 74:635-648, 1995

Schultken A; Investigations on the efficacy of a prophylactic treatment against milk
fever in dairy cattle, and data on the prevalence of milk fever in the region of East
Westphalia-Lippe, Germany. Doctoral, justus-Liebig University, 1993

Wacker WE, Parisi AF: Magnesium metabolism. N Engl | Med 278:658-663, 1968
Wentink GH, van den Ingh TSGAM: Oral administration of calcium chloride-con-
taining products: Testing for deleterious side-effects. Vet Q 14:76-79, 1992

Address reprint requests to

Jesse P. Goff, DVM, PhD

Metabolic Diseases and Immunology Unit
National Animal Disease Center
USDA-Agricultural Research Service
2300 Dayton Avenue

Ames, A 50010



	619.jpg
	620.jpg
	621.jpg
	622.jpg
	623.jpg
	624.jpg
	625.jpg
	626.jpg
	627.jpg
	628.jpg
	629.jpg
	630.jpg
	631.jpg
	632.jpg
	633.jpg
	634.jpg
	635.jpg
	636.jpg
	637.jpg
	638.jpg
	639.jpg

