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ABSTRACT

Recent recognition o£ hypomagnesemia and a condition

in ruminant animals called "grass tetany" has augmented

investigations of factors affecting the behavior qr meta

bolism of magnesium. In the^ present study an attempt was

made to interrelate body magnesium with ambient temperatures,

age and selected dietary factors, using 96 young and old

male rats. Results indicated that rats maintained at 3°C

consumed more feed than those maintained at 23°C. Serum-

Protein bound iodine (PBI) values in rats receiving low

iodine diet decreased in cold, and both serum magnesium

and PBI levels decreased in rats on the high potassium diet,

irrespective of temperature. Tissue magnesium and calcium

concentration increased on addition of dietary iodine,

suggesting a greater utilization of these minerals in the

presence of iodine. Kidney was the principal excretory route

for both magnesium and 28-magnesium. On the normal magnesium

ration, addition of iodine increased excretion of magnesium

and 28-magnesium in cold exposed rats. High dietary potassium

also decreased absorption, retention and tissue magnesium

concentration, especially in young rats. Turnover rate of

radiomagnesium was higher in soft tissues and lower in bone.

Concentrations of other minerals further reflected metabolic

effects.
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CHAPTER I

INTRODUCTION

Metabolic diseases are widespread among farm livestock,

particularly in cattle and sheep during early lactation and

late pregnancy. Hypomagnesemia, also known as grass tetany

or grass staggers, is one of the most serious of these metabolic

diseases. Mineral metabolism is known to play a significant

role in the causation of this condition. Hypomagnesemic

tetany causes a great loss of livestock and livestock products

in many parts of the world, especially in areas where sheep

and cattle are raised extensively, or where high-yielding and

quick-maturing stock are raised and fast-growing high quality

pastures are available. The condition has been reported in

many parts of the world, including Holland, Britain, Norway,

New Zealand, Australia and South Africa (Colby and Frye, 1951).

The incidence of hypomagnesemic tetany varies greatly

from year to year and in different seasons of the year (Green,

1939). In New Zealand and Australia, the condition is found

to occur frequently in the late winter or early spring (Blumer

ejt al^., 1939). Possibly temperature and humidity, together

with the favorable internal environment, predispose the animal

to develop the signs of what is now called "hypomagnesemic

tetany". Confusion and lack of clarity in conception charac

terize the large literature on the tetany syndromes of cattle.
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The great economic loss caused by this condition in

ruminant animals can be prevented or controlled by modifying

the intake of various dietary constituents, and by making the

environment suitable for the normal metabolism of these

minerals.

Magnesium is known to be an essential element for the

proper functioning of the mammalian body (Aikawa, 1963; Kruse

et a]^., 1932; Wacker and Vallee, 1958), and it is normally

found in various concentrations in practically every organ,

secretion, and fluid of the body. It is now known to be re

quired for the activity of a great many enzymes, particularly

those concerned with oxydative phosphorylation. Such functions

do not yet explain the signs or symptoms observed in nutri

tional deficiency (Wacker and Vallee, 1958) . A clear

relationship between magnesium and diseases of cattle and sheep

has not yet been conclusively established. Asymptomatic

hypomagnesemia is frequently reported, but clinical signs are

usually associated with some degree of hypocalcemia (Marshak,

1959) .

There is general agreement that elucidation of magnesium

metabolism has been hampered for years by methodology

inadequacies (Elkinton, 1957; Wacker and Vallee, 1958), and

there is ample reason to question seriously the reliability

of the occurrence of pure hypomagnesemic tetany. Grass tetany

occurs in young ruminants raised exclusively on milk diets

and in adult ruminants near the time of parturition, when
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grazing in certain areas in the spring and autumn. The

causative £actor(s) is not well understood, although the type

in calves has also been produced experimentally in young

animals through inhibiting normal rumen development (Duncan

e;t , 1935; McAleese and Forbes, 1959; Smith, 1957).

Some authorities have postulated hypomagnesemic tetany

to be a physiological dysfunction of neural or endocrine

mechanisms triggered by environmental stresses (Green, 1948) .

The production of thyroid hormone has been shown to be increased

in animals kept under cold stresses (Dempsey and Astwood, 1943).

Magnesium appears to be intimately associated with responses

resulting from increased thyroxine in the circulation (Sellers

and You, 1950), and higher levels of thyroxine in the circu

lation, possibly, also increase the urinary excretion of

magnesium (Szelenyi ejt al^. , 1968). Low ambient temperatures,

then, could be the cause of an increase in the rate of

excretion of magnesium (Hale and Mefferd, 1958) . The work

of several investigators in this field has suggested a need

to consider the possible role of thyroid hormone in regulating

magnesium levels in the body. Along with other factors,

temperature possibly influences indirectly the critical levels

of plasma magnesium, by acting on such endocrine organs as

the thyroids. Since individual levels of thyroxine and other

hormones vary considerably, this assumption may explain why

only a part of the animals in a group may suffer from acute

hypomagnesemic tetany.
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The present study with rats was designed to investigate

some o£ these problems, especially to study the magnesium

behavior under cold stress and the effect of age and iodine

level upon thyroid status as indicated by serum thyroxine

levels of rats on selected rations. The purpose of this

study was to obtain data to indicate the possible relation

ship of these factors.

-'X



CHAPTER II

LITERATURE REVIEW

The physiological role o£ magnesium in animal systems,

and its role as an essential nutrient, has been the subject

of much attention in the last two decades. The literature,

however, contains many important research reports relating

to the relationship of magnesium metabolism, the endocrine

status of an animal, and the subsequent effect of low ambient

temperature.

Effect of Cold on Plasma Magnesium and Plasma Volume

Many investigators have reported and confirmed the

increased tissue magnesium concentration and increased

serum magnesium under cold stress in various species of

animals (Axelrod and Bass, 1956; Hegsted e_t al^., 1956 ;

Platner, 1960; Plainer and Hosko, Jr. 1953). Plainer and

Hosko (1953) were probably the first to report the role of

magnesium during acclimatization. They also found that the

increase in serum magnesium under cold stress followed a

linear relationship to a drop in rectal temperature.

Hypothermia appeared to stimulate the mobilization of

magnesium from depots (Platner, 1950), but the cellular

levels of magnesium were rigidly maintained at the expense

of the skeletal depots (Duncan, 1954). Blood and plasma

volume appeared to be decreased in hypothermia (Conley and
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Nickerson, 1945), but there appeared to be a discrepancy

between short term and long term exposures to cold (Rodbard

a_l., 1950). Deb and Hart (1956), emphasizing the difference,

reported an increase in blood volume relative to body weight

at five weeks of age in rats placed at 30®C for two weeks,

and then at 6°C for six weeks. In these trials extracellular

water had a tendency to increase relative to body weight.

No change was found in the hematocrit, or blood volume, of rats

exposed to 3 C for 30 days (Garcia e^ sQ., 1957); however.

Brown e^ (1954) suggested that a high blood volume was

associated with acclimatization to cold.

It was considered that the magnesium content of the

erythrocyte and the magnesium content of the serum were not

interdependent (Greenberg e_t al., 1933). It was considered

that a higher correlation exists between the ihtracellular

level of cations and the clinical symptomology than with

the serum level of cations, particularly in magnesium

deficiency (Smith and Hammersten, 1959). The clinical

significance of serum magnesium measurements has been un

certain at best (Barnes ejt al., 1957; Elkinton, 1957),

because magnesium is predominantly intracellular and it can

readily be conserved in the deficiency state. In this study,

the regulatory mechanism of extracellular magnesium did not

appear to be particularly sensitive. Others have suggested

that it is more correct to think in terms of diurnal and

seasonal variations rather than concentration (Pleshchitser,



1958). In this regard, the relationship o£ climate to serum

magnesium levels in hibernating and non-hibernating species

has been reported to be highly relevant (Axelrod and Bass,

1956; Platner, 1950; Platner and Hosko, 1953).

Effects of Cold on Magnesium Behavior

Evidence in the literature suggests that both environ

mental and hormonal factors play a major role in regulating

magnesium concentrations in the body. In one experiment,

the overall metabolic rate v/as increased during cold exposure

(Sellers and You, 1950) and thyroxine levels were increased

(Yousef £t al., 1967). Animals' response to cold appears to

be mediated by the pituitary (Tyslowitz and Artwood, 1942) and

the adrenals (Sellers et al., 1951), as well as the thyroids

(LeBlond and Gross, 1943). Dempsey and Astwood (1943)

reported increased activity of the thyroid gland in cold. This

was accompanied by increased utilization of thyroxine in rats

exposed to cold (Rand et al., 1952; Randall et ̂ ., 1959).

Moreover, about a 70 percent decrease in serum magnesium has

been reported by injecting thyroxine into rats exposed to low

temperatures, and fed a normal diet (Vitale e;t al. , 1959 ;

Vitale e^ al^. , 1957a), and the magnesium requirements of rats

appeared to be increased after thyroxine administration.

Yousef e^ aj^. (1967) confirmed that thyroid function and

metabolic rate were involved in the compensation stage of

acclimatization to a new environment, and they reported
131thyroxine I and PBI levels to be increased significantly
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at 1°C exposure. In another study (You and Sellers, 1951),

with cattle, thyroid activity was found to be higher at 1°C

than at 18 C; it was also higher with feeding to appetite

than with controlled feeding at 1°C. Estimation of thyroxine

degradation rate was also considered in this study as a good

index for quantitative evaluation of thyroid function.

(Vohnout et al., 1967).

Sellers and You (1950) suggested that the increase in

metabolic rate of acclimatized animals was not dependent on

the hyperthyroid state, but rather on the presence of the

thyroid hormone in the circulation. In a study with rats,

LeBlond e^ aJ^. (1944) found decreased survival in thyroi-

dectomized animals exposed to cold. The action of thyroxine

could be related to its effect on the structural integrity

of the mitochondria, and magnesium could, of course, somehow

prevent such changes (Vitale ejt aJ., 1957b). Tapley and

Cooper (1956) were unable to state clearly whether the effect

of thyroxine was related to biochemical changes or to the

physical integrity of the mitochondrial system. From the

work of Tipton ejt al^. (1946) tissue, oxygen consumption

appears to have a close connection with the thyroid hormone.

They found the activity of succinoxidase and cytochrome oxidase

of liver tissure to be increased in thyroid-fed rats. You and

Sellers (1951) reported an increased oxygen consumption and

succinoxidase activity in rats exposed to 1.5°C. for 27 to

70 days.



Thyroid hormones might, therefore, have considerable

effect on magnesium metabolism. Decreased plasma magnesium

concentrations in thyrotoxicosis and increased levels of

plasma magnesium in thyroid insufficiency have been reported

(Hanna, 1961; Jones and Fourman, 1.966). Reports that serum

magnesium concentration decreased in thyroxine-fed cows,

which in turn increased the incidence of hypomagnesemic tetany,

have appeared (Leech and Bailey, 1953; Swan and Jamieson, 1956).

Maley (1957) demonstrated decreased P:0 ratios in livers from

thyrotoxic rats, an in vivo effect. As far as hypomagnesemia

is concerned, Forbes (1965) showed that thyroxine-treated

rats did not have more severe manifestations of magnesium

deficiency than others. Todd (1969), in his recent review,

states that it is unlikely that there is any feedback control

of thyroid function by plasma magnesium level, and that the

effects of thyroid hormone on magnesium metabolism in cold are

probably secondary to its effect on basal metabolism.

Effect of the Routes of Excretion

It may be pointed out that knowledge of routes by which

ruminants excrete magnesium and the mechanism of control of

such excretion is of value in connection with the etiology of

hypomagnesemia (MacDonald and Care, 1959). Jones and Fourman

(1966) have suggested that the effect of thyroid hormone on

the renal transport of magnesium is direct, rather than

indirect on bone resorption. They found that, in relation
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to intake, urinary excretion rates were high in thyrotoxicosis

and low in myxedema; plasma concentrations were the reverse.

Ingram and Slebodzinski (1965), working with pigs, found that

the secretory activity of the thyroid gland declined with age

and that it was less at 35°C than at 25°C. Induction of hypo-

thyroidism by excess of iodine in diet, or removal of thyroids,

and treatment with anti-thyroid drug has been found to elevate

the output on magnesium in urine of rats, to increase serum

magnesium levels, but to decrease magnesium in heart and

skeletal muscle (Szelenye £t al., 1968). Hale and Mefford

(1958) also reported greater urinary excretion rate of plasma

magnesium at low ambient temperatures.

Parathyroid Effect of Magnesium Metabolism

Heaton (1965) suggested that the parathyroids regulate

plasma magnesium by mobilization of bone magnesium, and that

deprivation of magnesium increased their activity. There is

some evidence that magnesium deficiency in the rat is associated

with an increase in parathyroid gland activity, and it has been

suggested that hypomagnesemia is the stimulus for this response

(Gitelman ejt ^., 1968). Wallach e;t £l. (1966) reported in

creased plasma magnesium, inorganic phosphorus and calcium in

dogs with hyperparathyroidism. Parathyroidectomized animals

may (Jones and Fourman, 1966, Silbert e_t ^. , 1965), or may

not (Heaton and Pyrah, 1963), have low urinary magnesium, but

in rats the early response to parathyroid ablation was apparently
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increased urinary excretion according to the studies by

Berthaux e_t aJ. (1960) and Heaton (1965) . Parathyroid hormone

also appears to influence magnesium absorption from the intes

tine, and urinary excretion rate may be influenced by the

extracellular fluid level of magnesium (Maclntyre et al..

1963). The parathyroid hormone may cause marked conservation

of urinary magnesium and calcium. However, hyperparathyroidism

is usually associated with both hypermagnesuria alone or with

hypocalcemia and often hypomagnesemia (Heaton and Pyrah, 1963;

Maclntyre e;t al., 1961) . Additional evidence of magnesium

deficits in this condition has also been presented (Jones and

Fourman, 1966) . The parathyroid hormone has been shown to

augment urinary magnesium excretion in dogs (Roberts ̂  ,

1954) and in rats (Carroll and Pechet, 1967; Heaton 1965).

MacManus et (1971) concluded from their experiments with

rats that magnesium deficiency inhibits the action of para

thyroid hormone on its target organs.

Effect of Cold on Adrenals and Magnesium Conservation

Sellers £t aJ^. (1951) reported the adrenals to be necessary

for rat survival in cold; the average survival time was found

to be 12 hours in rats placed at 1.5°C for 12 to 48 hours

after adrenalectomy. Hypertrophy of adrenals with cold exposure

was reported by Selye (1937), but this was not taken as a

reliable index of adrenal hyperactivity (Heroux and Hart, 1954) .

A close relationship, however, appeared to exist between

adrenal cortical activity and body temperature control (Egdahl

et al., 1955; Holtkamp et a^., 1949).
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The activity of magnesium, catecholamines and ACTH has

been shown to increase during cold acclimation in rats

(Neubeiser, 1958; Platner, 1960; Platner and Hosko, 1953).

Adrenal glands in rats reportedly increased in weight in

magnesium deficiency (Edin et , 1970); Richer et al. (1967),

however, reported that magnesium deficiency did not stimulate

the adrenal cortex. The fall of corticosterone level has

been reported to be a sensitive index of magnesium deficiency

(Richer ejt a_l., 1968; Ginn e^ » 1967). These workers

found that aldosterone and plasma magnesium were increased in

magnesium-deficient rats. In adrenalectomized rats, serum

magnesium, plasma magnesium and magnesium concentration in

muscle appeared to be increased (Conway and Hingerty, 1946;

Zwemer and Sullivan, 1934) . Vitale ej; al. (1959) have suggested

the hypomagnesem.ia seen in primary aldosteronism to be secondary

to a potassium deficiency, which resulted in kidney damage and

thus poor resorption of magnesium. Hypersecretion of aldosterone

may adversely affect magnesium balance and plasma magnesium

level (McAleese and Forbes, 1959; Scott and Dobson, 1965).

Magnesium Availability and Feed Efficiency in Animals

The age and sex incidence, stage of pregnancy or lactation,

nutritional background and profound tissue alterations observed

in winter tetany of beef cows have suggested an etioligical

relationship to qualitative and quantative malnutrition (Marshak,

1959) . Ender e^ (1957) stressed the role of undcrnutrition

as a factor in the etiology of tetany. Green plants

generally contain abundant magnesium (Pleshchitser, 1958;
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Wacker and Vallee, 1958), but there is much speculation on the

matter of magnesium availability. The amount of magnesium

retained by cattle has not been found to be dependent upon the

dietary magnesium content, Ca:P ratio or the crude fibre content

(Garner, 1950). In this regard, investigators have variously

incriminated dietary potassium, nitrogen, protein, manganese,

sulfates, chelating agents, and a host of other "blocking sub

stances" (Bartlett e;t ^. , 1954 ; Blaxter and McGill, 1956;

Marshak, 1958) . Herbage magnesium has been found to be lowest in

April and highest in August (Stewart and Reith, 1956). Field

e_t a^. (1958) considered 0.1 percent magnesium in dry matter

as marginal.

It has been shown in cattle that serum magnesium concen

tration does not reflect direct changes in magnesium intake

when magnesium is present in excess of requirement. Hegsted

6t al. (1956) have reported an increased magnesium require

ment and a decreased feed efficiency in a cold environment.

Magnesium requirements for growth at 12.8°C were found to be

from 3 to 5 times as great as for comparable growth at 23.8°C,

and a 25 percent decrease in feed utilization occurred despite

a 20 percent increase in food intake in the cold.

Kunkel and Pearson (1948) found 2 to 30 mg magnesium per

100 gm of diet fed to magnesium deficient rats to be adequate

for blood magnesium and for growth. On assigning a value of

100 for the availability of magnesium in MgSo^, as determined

by blood levels, the average values for MgO, MgCo^ and

magnesium from young wlieat plants grown in a field where grass

tetany had occurred were 61, 96, and 76, respectively.
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Role of Potassium in Regulating Magnesium Metabolism

Suttle and Field (1969) induced hypomagnesemic tetany

in ewes and lambs by increasing potassium intake and decreasing

magnesium intake. Plasma magnesium concentrations were

reduced. The work of many investigators (Blaxter ejt aj^., 1960;

Hendricks, 1962; Odell > 1952; Suttle and Field, 1967)

suggest that when the potassium content of hay and concentrate

diet was raised to a level found in the tetany-inducing pastures,

the apparent availability of magnesium to sheep was markedly

reduced; however, no hypomagnesemia was observed.

Since highly fertilized pastures have been rich in

potassium and low in sodium, it seemed possible that increased

aldosterone secretion might explain hypomagnesemia when it

occurs in animals feeding on pastures being intensively grazed.

However, it has not been possible to confirm that this is a

factor of major importance in ruminants, and it appears probable

that any effect on magnesium metabolism was secondary to the

effect on sodium (Termouth and Beattie, 1970).

Reduction in food intake per se has lowered serum

magnesium level in ruminants (Herd, 1966), and low ambient

temperatures might lower the magnesium level further by in

creasing the potassium content of the blood and some tissues

(Baker and Sellers, 1957; Booker e^ 1952). This might have

been the subsequent reason for the fall in serum values observed

by Kunkel £t a_l. (1953) and Suttle and Field (1969) . Both

potassium and magnesium are intracellular ions, suggesting an
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intimate relationship between the two cations (Eichelberger

and McLean, 1942) . Suttle and Field (1967) have shown the

addition o£ potassium to the diet to cause a decrease in the

urinary output of magnesium by 33 percent, and to increase

significantly the levels of phosphorus, sodium and calcium

by 98 percent, 76 percent, and ISO percent, respectively.

Fecal output of magnesium and potassium were increased,

whereas serum magnesium was decreased by 0.4 mg per 100 ml

and serum potassium by 4.9 mg per 100 ml.

Role of Calcium in the Tetany Syndrome

Many studies have already indicated a constant relation

ship between hypocalcemia and the occurrence of tetany (Parr,

1957; Smith, 1957), whereas, hypomagnesemia without hypo

calcemia was clinically silent. Such studies have reduced the

validity of earlier studies wherein hypomagnesemia without

hypocalcemia was shown in tetany cases (Duncan £t al., 1935) .

Moreover, many workers have shown the common occurrence of

hypomagnesemic plus hypocalcemic tetany (Leffel e^ a]^., 1958;

Marshak, 1958; Randall et al^., 1959; Smith, 1957; Udall, 1947)

In cattle, no clinical state has been proven to be the result

of hypomagnesemia alone (Elkinton, 1957; Marshak, 1958), and

the occurrence of asymptomatic hypomagnesemia has been widely

recognized (Allcroft, 1947; Bartlett e^ » 1954). Cases of

non-hypomagnesemic tetany have also been reported (Duncan

et al., 1935; Jones, 1954).
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Dietary Magnesium McAleese and Forbes (1961) reported

the average dietary requirement of magnesium in rats, for a

maximum weight gain, to be 115 ppm, a value not affected by

environmental temperature or time of experiment. Dietary

levels averaged 100, 116 and 130 ppm at increasing calcium

levels. For maintenance of "average" blood magnesium levels,

about 365 ppm were required. This value was unaffected by

time or temperature, but was influenced by dietary calcium,

being 285, 399 and 413 ppm at increasing calcium levels. It

was also noted in their experiment that, with a basal diet

having 20 ppm of magnesium, rats lost 80 percent of the

magnesium originally present in their femurs while still

gaining in femur calcium. McAleese and Forbes (1961) con

cluded that the rat can satisfy its requirement for magnesium,

judged by bone magnesium concentration, at a lower concentra

tion of dietary magnesium at 10°C than at 23°C.

Miscellaneous Effects Moodie (1968) reported posterior

pituitary hormone in sheep to have no observed effect on

magnesium metabolism. Thyrocalcitonin, a recently discovered

hormone, although markedly affecting serum calcium levels,

has not been shown to have a significant effect on serum

magnesium concentration (Gudmundsson e_t ^., 1966). This

hormone has been reported to reduce the excretion of calcium

and magnesium cations in .thyro-parathyroidectomized rats

receiving parathyroid hormone, probably because it greatly

diminished the hypercalcemic response (Anast ejt a_l., 1967;

Carroll and Pechet, 1967).



CHAPTER III

GENERAL PROCEDURE

Ninety-six male albino rats, comprising two age groups,

were used in this experiment with two trials. Both young

(twenty-eight days) and old (one to two years) rats were

used in this study. Younger rats could not be used because

twenty-one day-old rats died o£ acute cold exposure and

pneumonia within hours after exposure to 3°C.

All rats were maintained at 23±1°C or 3±0.5°C. Half

of the animals from each age group were exposed to these

ambient temperatures for the twelve to thirteen days of

the total experimental period.

Both the warm and cold-exposed rats were caged in groups
of three. All animals were given de-ionized water, and fed

libitum one of the following four rations in the first

replication:

1. Ration with low-iodine and normal magnesium^. This

ration also served as control for the rest of the ration

treatments.

2. Ration with normal magnesium, but high iodine content

of ten times the NRC requirement of 0.OlSmg/lOOgm diet. Iodine,

as potassium iodide, was added to the low—iodine diet.

The basal ration was tlie low uodine test diet supplied
by the Nutritional Biochemicals Company, Cleveland, Ohio 44128.

17
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3. Ration with high magnesium content of five times the

NRC requirement of 40mg/100gm diet. Magnesium salt was added

as magnesium oxide to the low-iodine test diet.

4. Ration with both high magnesium and high iodine

added in proportions of five and ten times the requirement,

respectively.

The second replication was identical to the first, except
that high dietary potassium was substituted, as potassium iodide,
at a level of ten times the requirement of ISOmg/lOOgm diet,

instead of the high magnesium. The detailed composition of

the rations is given in Table I.

About thirty-five hours before killing on the last day,
one rat from each ration and age group was dosed quantita

tively, intraperitoneally, with 0.1ml (O.luc) of carrier-free
2 8Mg , and placed in a metabolism cage for quantitative

collection of feces and urine (Hansard and Comar, 1953).

Feces and urine samples were collected at three time

intervals before killing, weighed or measured, and the Mg^^

counted in an automatic scintillation counter. All dosed

rats were sacrificed after the twelfth day on the rations

and 35 hours after dosing, and the following individual

samples were taken: blood, heart, spleen, liver, femur, kidney

and gastrocnemius muscle. Samples were weighed, counted and

chemically analyzed individually for Mg, Ca, K, Fe, Cu, Zn

and Mn. All other rats from these treatments were killed on

the twelfth or thirteenth day, and identical tissues were
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taken for chemical determination of minerals. Blood from

each treatment group and lot was taken and pooled for FBI and

total mineral determination. Individual blood samples were

also taken from each rat for hematocrit. Serum was separated

from the blood by centrifugation after complete clotting. The

2
serum was stored by freezing at 0.0°C for iodine determination.

All chemical analyses were performed by atomic absorption

spectrophotometer.^

/V it- \ V,

2
Tetrasorb-125(T-4 diagnostic kit). Abbott Laboratories,

Radio-Pharmaceutical Products Division, North Chicago, Illinois.

3
Perkin-Elmer Manual. Analytical Methods for Atomic

Absorption Spectrophotometry^ Perkin-Elmer, Norwalk, Connecticut,



CHAPTER IV

RESULTS AND DISCUSSION

Treatment effects on feed consumption by rats. Average

feed consumption values of different rats are presented in

Table II (adjusted to a 100-gm rat weight). From these data,

it is evident that young rats consumed a greater amount of

all feeds per gram body,.weight than did old rats, irrespective

of temperature; actual feed consumption, however, was greater

in the old rats. Young rats consumed about 86 percent more

feed at 3° than at 23°C, compared to a relative increase of

43 percent for old rats. This was in agreement with the

study of Treadwell e;t al. (1957), who found greater feed

consumption for animals at 1° than at 2S°C. However, since

it was not mentioned, they probably did not observe such an

increase in feed consumption for their immature rats in cold

as compared to the increase for old rats. The results also

agree with Hegsted £t (1956) who found a 20 percent increase

in feed consumption in cold; however, in the present experi

ment the observed increase in feed consumption in cold was

about 52 percent. This figure on a 100 gm rat weight basis,

however, amounted to 70 percent.

Young rats consumed 99 percent more feed at 3° than at

23°C when fed the basal low-iodine ration, whereas old rats

did not show an increased consumption in cold. On addition

of high iodine to the diet, young rats consumed about
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12 percent less feed in cold, while no change occurred at

room temperature (23®C). Similar values for old rats showed

14 percent and 42 percent reduced intakes at 3° and 23°C.

respectively. No change in feed consumption occurred in

young rats when high magnesium was fed in the ration, whereas

old rats consumed 10 percent and 46 percent less at 3° and

23°C, respectively. Slight differences occurred in feed

consumption of all rats fed the ration containing high iodine

and high magnesium.

When high levels of potassium were fed to rats on low-

iodine ration, 14 percent and 8 percent reduction in feed

intake was observed for young rats in cold and room tempera

ture, respectively. It was interesting to note that, while

increasing the dietary iodine and potassium resulted in

little change in the feed intake of young rats, old rats

consumed 33 percent and 60 percent less feed at 3° and 23°C,

respectively (Table II).

Differences in rat FBI values. It is observed in Table III

that FBI values of the pooled serum of rats, on an average, were

lower in cold than at room temperature. This may be explained

by a greater rate of utilization (Rand e^ £!.• > 1952) and dis

appearance from the serum and a lower iodine absorption from

the intestine, especially when rat diet contained low levels

of iodine. However, this did not agree with the work of

Yousef et al^. (1967) , who reported increased FBI levels for

cattle at 1°C exposure, although the rations used were not low
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in iodine. At room temperature, young rats showed lower PBI

values than old rats. Increase in the metabolic rate, however,
IS not dependent on a hyperthyroid state but on the presence of
the hormone in the circulation (Sellers and You, 1950). It
has been suggested that accurate measurement of "free"

thyroxine is a far better index of metabolic status than serum
PBI levels (Selekow and Robin, 1970), although "free" thyroxine
is difficult to measure in the laboratory.

The high-iodine diet, however, increased PBI values,
except for old rats at room temperature. tVhen dietary magnesium
was also raised along with iodine, the old rats did not appear
to reflect a marked change in PBI values, whereas young rats
showed decreased PBI values in cold, and increased values at
room temperature. When rats were fed high iodine as well as

high potassium, PBI values declined in young rats, but in
creased in old rats. High dietary magnesium or potassium did
not produce a marked effect on PBI levels at 23°C, but in cold,
PBI levels appeared to decrease in young rats, while increasing
in old ones.

Effect on serum magnesium, potassium and other electrolytes.
Table IV shows the concentration of different minerals in the
serum of young and old rats, pooled for each dietary and
temperature treatment. Average serum magnesium levels for all
rats ranged from 0.75 to ,2.75 mg/lOQ ml serum. Values were

comparatively high for all rats fed high dietary magnesium with
01 without high iodine. The single exception was the case of

r
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old rats fed the high iodine and high magnesium ration at

23°C. These results are in agreement with the work of

McAleese e^ aj^. (1961) , who observed higher serum magnesium

levels in lambs on a normal magnesium ration, compared to

lambs on a magnesium deficient ration. Similarly, decreased

magnesium concentrations were observed in all rats fed high

potassium in the ration with or without high iodine, except

for old rats receiving the high-potassium diet in the cold.

Effects of potassium were more evident at room temperature

than in cold. These findings were in agreement with the report

of Suttle and Field (1969), who noted decreased plasma mag

nesium levels in ewes by the increase of dietary potassium.

The above-mentioned responses to higher dietary levels of

iodine and magnesium, shown in increased serum magnesium levels,

were slightly more marked in the cold (Axelrod and Bass, 1956).

Generally, serum calcium concentrations appeared to be

higher when serum magnesium levels increased, and this response

was more evident at lower ambient temperature. Calcium

concentration was also higher for rats fed high dietary iodine

when high potassium was added; high serum calcium was accom

panied by somewhat lower serum magnesium levels. It may be

pointed out that, at room temperature, all rats fed the above-

mentioned ration showed the lowest serum concentrations of

calcium and magnesium of all groups (Colby and Frye, 1951).

Potassium concentration in serum showed a wide variation

ranging from 19.2 to 34.1 mg/100 ml serum, although no regular
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age or treatment pattern was observed, and the data could not

be used for valid conclusions.

Serum iron concentration appeared to increase and

that of manganese to decrease in all rats fed the high

potassium ration with or without high iodine. Neither

temperature nor age produced-marked changes in iron or

concentration in rat serum.

In all rats, however, zinc concentration increased with

an increase in serum magnesium. Copper was found to be in

higher concentrations in cold-exposed rats. No other marked

changes were observed in zinc and copper levels (Table IV).

Treatment effect on tissue concentration of magnesium.

The data in Table V show the levels of magnesium in various

selected rat tissues under different treatments. Highest

concentration was found in rat femurs and ranged from 0.79

to 2.09 mg/gm femur. Generally, small differences in con

centration were observed for the two temperatures, but this

was not in agreement with the results of McAleese e^ (1961)

The liver tissue of young rats showed a higher magnesium

concentration per gram of tissue in cold than at 23°C. Neither

ration nor age of rat revealed marked differences in liver

magnesium concentration.

Old rats generally showed slightly higher magnesium

-tissue concentration, than young rats, especially when fed

high dietary magnesium with high iodine. However, femur
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magnesium concentration -was higher in young rats fed high

potassium with high iodine than in young rats fed other rations.

Young rats also revealed a greater spleen magnesium concentra

tion than old rats, except for those rats fed the high iodine

or high dietary magnesium in cold. Little variation in heart

magnesium was noticed, exceptr that old rats fed the high

dietary potassium in cold showed comparatively low magnesium

concentration. This was in agreement with the report of

Seenappa (1971), but in the present experiment, liver magnesium

did not change greatly.

Muscle tissue was higher in magnesium for rats on high

dietary iodine with high magnesium, and the response was more

evident in cold. No other clear changes were noticed in

muscle magnesium concentration.

Generally, tissue concentration of magnesium increased

in both age groups when high dietary iodine was included in

the high magnesium ration, showing a greater utilization of

magnesium in the presence of dietary iodine. This response

was slightly higher in cold exposed rats.

Treatment effect on calcium and potassium tissue concentration,

Data relating to calcium and potassium concentration in rat

tissues are presented in Tables VI and VII, respectively.

Generally, old rats showed higher femur calcium concentra

tions than young rats, but did not show much temperature effect

(McAleese and Forbes, 1961). In young rats, however, femur

calcium concentration increased when high levels of potassium
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with iodine were fed in cold. Calcium concentration was also

elevated by feeding the basal low-iodine diet, with or without

high magnesium, to young rats at room temperature. High

dietary iodine, alone or with high magnesium, increased liver

calcium concentration in all rats in cold. Moreover, almost

all the young rats in cold had the highest calcium deposition

in muscle tissue. At room temperature, old rats showed a

more uniform muscle calcium level. In general, all rats re

flected a higher muscle calcium concentration on high dietary

magnesium, with or without high iodine, the exception being

old rats at 23°C.

Tissue calcium concentrations were usually greater when

high dietary iodine was combined with high magnesium than

when high magnesium was fed with low dietary iodine.

Generally, liver and muscle tissues did not show a clear

and considerable variation of potassium concentration, but

even then it was more concentrated in livers of old rats in cold,

compared to other rats. In the femur, however, young rats

revealed a higher potassium concentration than old rats, with

slight exception. Old rat femurs showed increased potassium

concentration for the high-iodine, high-magnesium ration.

High dietary magnesium, with or without high iodine, showed

decreased heart potassium concentration for all rats in cold;

this result was not observed at 23°C. High dietary potassium

with high iodine also appeared to decrease heart potassium in

most rats, but the high potassium diet alone did not reflect



34

a marked change. It was interesting to observe that high

dietary magnesium, with or without high iodine was reflected

in an increased spleen potassium concentration, although a

wider standard deviation was present, especially at 3°C.

Excretion of magnesium in young and old rats. Data in

Table VIII, taken 35 hours following the intraperitoneal dosing

of rats with 28-magnesium, indicate that most of the radio-

magnesium excretion was in the urine. Stable magnesium

excretion did not differ considerably in urine and feces,

although young rats in cold appeared to excrete slightly more

magnesium in feces than in urine.

Data also indicated that young rats on the basal low-

iodine ration reflected no effect of ambient temperature on

urinary magnesium excretion, while twice as much injected radio-

magnesium appeared in the urine at room temperature than at

3°C. For the same rats, at room temperature, fecal excretion

increased 52 percent and 300 percent for magnesium and radio-

magnesium, respectively. In contrast, old rats on the basal

low-iodine ration excreted 5 to 6 times more total urinary

magnesium at room temperature. Fecal magnesium excretion also

increased 6 times at 23°C, but fecal excretion of 28-Magnesium

decreased.

When high iodine was added to the basal diet, total

excretion of magnesium and radiomagnesium increased for all

rats in cold, while at room temperature all rats showed
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decreased excretion values. Young rats fed high magnesium

were not dosed with 28-magnesium. Old rats fed this ration

in the cold, however, excreted about 50 percent less 28-magnesium,

but more stable magnesium in urine and feces, when compared

with the basal ration-fed rats. All rats fed high potassium

were dosed with the isotope, except for the old rats in cold.

This treatment did not reflect much change except that com

paratively more total excretion of radiomagnesium occurred in

cold than at room temperature, when the values were compared

with the basal ration-fed rats. This finding did not agree

with the study of Suttle and Field (1967), indicating a de

creased output of magnesium in urine with a high potassium diet,

although the ration was not low in iodine. On addition of

high iodine to a high-potassium diet, more total magnesium

appeared to be excreted from the body, whereas there was little

change in 28-magnesium excretion (Sezelenye et £l., 1968).

Excretion of other electrolytes. Results of intake and

excretion of other selected minerals for different rats are

presented in Table IX,

The data indicated that old rats fed the high-iodine

ration, at either low or room temperature, excreted more total

potassium than ingested. More potassium, however, was retained

by young rats fed high potassium, irrespective of ambient

temperatures. In all rats, the main route of potassium

excretion was urinary.
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Calcium was mostly excreted in feces, and, in general,

low iodine diets resulted in higher calcium excretion from

the body, especially for rats retained in cold.

Most of the excreted zinc was fecal for all rats and,

in cold, more zinc was excreted than ingested. This response

was further aggravated in cold by a high-iodine and high-

magnesium ration.

Excretion of iron also chiefly fecal, but all rats showed

a positive balance of this electrolyte. Copper also was in

a positive 35-hour balance for all rats. Rats fed high iodine

and high potassium reflected higher excretion of copper in

the cold than at 23°C,

Manganese intake and excretion values did not reveal

noticeable changes in excretion, except that more manganese

appeared to be excreted by rats on a high potassium diet;

this response v/as more evident in cold (Table IX) .

Blood and tissue concentration of radiomagnesium. The

percent of 28-magnesium/ gm x lO"^ and calculated specific
activity values 35 hours after dosing are presented in Table X.

Radiomagnesium concentration was greatest in liver, spleen,

heart and kidneys, and mostly in that order. This was in

agreement with the results of McAleese e_t £l. (1961) for lambs.

The turnover rate of 28-magnesium, however, was usually higher

in liver, spleen, heart and kidneys, for all rats. Whole blood

of young rats showed a higher percentage of 28-magnesium dose
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retention than did that of old rats, especially in cold

(McAleese ejt , 1961), except for old rats fed the basal

ration at 23°C. Blood accumulated radiomagnesium more rapidly

at room temperature than in cold, a response more marked in

old rats. In general, the blood turnover rate of 28-magnesium

was higher for the rats fed the basal diet.

In cold, young rats showed a higher percent 28-magnesium

dose retained in liver and spleen than old rats. For all rats,

liver turnover rates were higher for basal ration than other

rations in cold; but young rat spleens showed a higher turnover

rate of 28-magnesium at room temperature.

It was interesting to note that a lower percent dose of

28-magnesium was retained in the heart of all rats fed the

high magnesium ration, compared to other rations; the turnover

rate of 28-magnesium was also low in these rats. Rats on high-

iodine and high-potassium rations had a comparatively high

turnover rate of 28-magnesium in heart.

The percent dose retained, 35 hours after dosing, was

higher in bone and soft tissues of young rats than of old rats.

The turnover rate of 28-magnesium was also higher in all young

rat tissues. High-iodine ration seemed to increase the femur

specific activity, expecially at 23°C, perhaps indicating the

depletion and lability of bone magnesium (McAleese and Forbes,

1961). Temperature, however, did not appear to have a noti

ceable effect on the percent dose retention in rat muscle.

Basal ration-fed rats had a higher percent dose of 28-magnesium

retention in muscle tissue, possibly reflecting the low dietary

iodine (hyperthyroid) effect on the magnesium in muscles.
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Kidney 28-magnesiuin turnover rate at 23°C was higher for

young rats than for old rats fed the basal ration. High iodine

and high magnesium however, appeared to decrease the turnover

rate in young rats. Kidney percent 28-magnesium dose retention

was particularly high in young rats receiving the high-potassium

ration in cold, but not at 23°C. No marked differences were

observed in 28-magnesium retention in old rat kidneys. Kidney

turnover rate of 28-magnesium decreased in old rats fed high

magnesium, whereas it increased slightly on high dietary

potassium (Table X).

Total 28-magnesium uptake in blood and organs. Data on

the percent uptake of 28-magnesium for total blood and organ

of rat (adjusted to 100-gm rat), shown in Table XI, showed

young rats to have higher values than old ones, in general.

Liver and heart showed the greatest uptake for all rat

treatments (McAleese ejt , 1961) , being higher in cold than

at room temperature, particularly in young rats. Spleen and

femurs of old rats had low figures compared with young rats.

Kidneys also showed a similar pattern, although the response

was greater in cold, perhaps reflecting a greater enzymatic

activity in young rats at lower temperature. In cold, the

blood and liver of all rats generally showed lower 28-magnesium

uptake values, although this response in liver was greater for

old rats. Blood uptake values in old rats were usually elevated

by the high-iodine ration, irrespective of temperature. All
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rats receiving high, iodine generally showed a higher percent

28-magnesium uptake in the liver, spleen and femur. The high

magnesium ration lowered these values for all rat livers. Rat

kidneys reflected slightly higher uptake values for the basal

low-iodine ration than for other rations.

Effect of temperature, age and diet upon tissue concen

tration of zinc and iron. Zinc and iron tissue concentrations

are presented in Tables XII and XIII, respectively, and are

discussed below in order of tissues.

Young rats had a higher zinc tissue concentration than

old rats. Temperature effects in young rats were not marked

for zinc. The high-iodine and high-magnesium ration was re

flected in a higher concentration of heart zinc in cold than

at room temperature. In contrast, at room temperature, heart

zinc concentration increased in rats receiving high-magnesium

ration without high iodine. Generally, heart iron was higher

in young rats than in old rats in cold. These differences

were not marked at room temperature.

Liver zinc and iron were more concentrated in cold-exposed

rats. Other differences for liver tissue were not marked.

Femur iron levels were usually higher in young rats,

irrespective of temperature. Zinc was more concentrated in

femurs of rats receiving high dietary iodine, with or without

high magnesium.

Spleen zinc concentration increased in all rats on a

high-dietary iodine and high-potassium ration. In young rat
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spleens, zinc also increased for the high magnesium ration.

Spleen iron was higher in young rats fed high dietary iodine

with magnesium, compared with old rats, irrespective of ambient

temperature, and a similar response appeared in old rats fed

the high-iodine diet. High dietary potassium also showed

such a response, but only in cold.

Muscle zinc levels were highest in young rats exposed to

cold. Other variations in muscle zinc and muscle iron concen

tration were inconsistent.

In general, low iron concentrations were reflected in the

heart, liver and spleen tissues of young rats receiving high

dietary magnesium in cold, and, to a lesser extent, in old

rats. High iodine and high magnesium ration produced increased

femur iron levels, irrespective of age or temperature.

Treatment effect on copper and manganese concentrations

in rat tissues. Copper and manganese tissue concentrations

given in Tables XIV and XV, respectively, showed no marked

differences in heart copper concentration, but, generally,

young rats had slightly higher values than old rats. High

dietary potassium produced lower heart copper levels in cold-

exposed rats than in rats kept at 23°C,

Liver and muscle copper concentrations did not show im

portant differences, although concentration appeared to be

slightly decreased in rats fed high dietary iodine with or

without high magnesium at room temperature. Moreover, young

rats showed somewhat higher muscle copper concentration than

old rats .
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Spleen copper concentration was higher in young rats

receiving high dietary magnesium with or without high iodine.

Femur copper concentration was higher in cold-exposed

rats, except for high potassium fed rats. Other differences

in femur copper levels were less marked.

Tissue manganese concent-ration was higher in young rats,

irrespective of temperature. This response was greater in

rats fed high dietary iodine with or without high magnesium.

In old rats, temperature did not show much influence on

tissue manganese levels; muscle concentrations, however, were

slightly higher at room temperature.

Hematocrit Values - Temperature did not produce a

marked effect on hematocrit. However, old rats, on an average,

had 45.5 percent hematocrit compared to 37.5 percent for

young rats,
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SUMMARY

Hyporaagnesemic tetany has provided the impetus for in

vestigation of metabolic interrelationships in various animals.

The present study, using 96 piale rats, was involved with

magnesium behavior under cold stress as associated with age,

serum protein bound iodine (FBI) levels and selected diets (low

and high iodine in combination with normal or high levels of

magnesium or potassium). The results of these studies

indicated that:

Rats in cold generally consumed more feed, but the percent

of increase was greater for young rats (per unit of body weight).

Moreover, old rats on the high-iodine, high-potassium diet con

sumed less feed, especially at room temperature.

Rats on low iodine diets showed decreased serum FBI values

in cold compared with room temperature, and values decreased in

young rats receiving a high-potassium or a high-magnesium diet.

High-potassium diets also decreased serum-magnesium levels,

especially at the higher temperature. Serum zinc concentration

increased with an increase in serum magnesium, irrespective of

temperature. However, copper level in serum was higher in the

cold-exposed rats.

Generally, tissue concentration of magnesium increased in

all rats when high dietary iodine was combined with high mag

nesium, especially at the lower temperature, suggesting a greater
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magnesium utilization in the presence of high dietary iodine.

Muscle-calcium deposition increased at the loiver temperature

in young rats, and tissue calcium levels increased in rats

consuming the high-iodine, high-magnesium diet. Potassium

levels decreased in the heart and increased in the spleen of

all cold-exposed rats fed the high-magnesium diet, irrespec

tive of iodine content.

Kidney was the principal excretory route for both mag

nesium and 28-magnesium. On the normal magnesium ration,

addition of iodine lowered retention of magnesium and 28-

magnesium in cold-exposed rats. High dietary potassium de

creased absorption and retention of magnesium and 28-magnesium,

and this was reflected in lower tissue concentration, especially

in the young rats. Turnover rate of 28-magnesium was higher

in soft tissues and lower in bone.

Concentration of other minerals further reflected meta

bolic effects. Tissue zinc concentration was generally higher

in young than in old rats, and liver, zinc and iron were more

concentrated in rats exposed to cold. Spleen levels of zinc

increased in all rats on the high-iodine, high-potassium diet.

Young rats had higher femur iron and manganese levels, irrespec

tive of temperature. Femur iron levels increased on the high-

iodine, high-magnesium diet, irrespective of age or tempera

ture, whereas femur copper concentration were higher in cold-

exposed rats, except for those fed the high-potassium diet.
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