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Summary

The purpose of this study was to investigate the effects of dietary magnesium, nitrogen
and potassium on the hypomagnesemic syndrom in rats. Two hundred seventy male Spragu-
Dawley rats weighing 50-60 g at the beginning were used in a 3x3x3 factorial treatment
design. The experiment thus included 27 treatments, with ten rats randomly allotted to each.

The experimental animals were fed diets in which the concentrations of Mg, N (as
protein) and K were varied. Mg levels covered the range from deficiency to dietary ade-
quacy.

The symptoms of Mg dcficiency, including skin lesions and lowered Mg contents of
blood, muscle and bone, occured more quikly or with greater scverity on the Mg-deficient
diet when the levels of dietary N, supplied as casein, were increased from 2.2 to 3.0 or 3.8 %.
These observations indicate that the interference by Nis quantitative rather than qualitative
and that presence of nitrate or other nonprotein nitrogen is not essential to the depression of
Mg availability.

Elevated dietary K levels did not appear to influence the depressed weight gains and
feed conversions resulting from low-Mg high-N feeding, but they did aggravate the hypo-
magnesemia. [t is suggested that dictary K influences Mg metabolism separately, rather
than as part of the Mg-N interaction.

An increased serum calcium generally occurred coincident to hypomagnesemia in this
experiment, indicating that calcium is involved in some way in the Mg-N interaction. Die-
tary K levels did not influence serum calcium concentrations.

Ozet

Farelerde rasyonlarla alinan magnezyum, potasyum
ve nitrojenin hipomagnezemi sendromu iizerine etkisi

Bu arastirma rasyonlardaki magnezyum, potasyum ve nitrojerin hipomagnezemik
kondisyon tizerine etkisini tesbit etmek amaa ile diizenlenmistir. Arastirma materyali ola-
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rak Spraguc-Dawley kan hattindan gelen 270 adet zlbino erkek fare kullamilmisur. Arag-
tirmznin beslangicinda farclerin canlt agirhiklen 55-60 gr. arasinda olup tesadufi 6rnekleme
yolu ile 27 deneme grubuna aynilmislardir. Diuzeni 3x3x3 faktoriyel tipinde olan bu arastir-
mada her bir dencmne grubu tger farkh seviyede magnezyum, potasyum ve nitrojen ihtiva
ceden 27 cesit rasyondan birisi ile beslenmistir,

Rasyonlarinda 50 mg/kg megnezyum tasiyan gruplarda vasodilatisyon ve hiperemi
ile baslayan derilezyonlen gorilmustir. Rasyondaki nitrojen seviyesi ve crestirma siiresinin
artmast ile lezyonlerna sayr ve siddeti de artnmy, yaygin hematom, pustul ve kil kayiplan
meydana gelmistir.-Rasyondaki nitrojen ve potasyumun artmeast ve magnezyumun 2zalmasi
serum magnezyum konsantrasyonunu oénemli derecede dusurmustir (P<0.01). Serum
magnezyumunun digmesi Gzerinde arastirma siresi, magnezyum ve nitrojen arasmdaki
interaksiyonlar yiiksck derecede onemli etki gostermistir, Potasyumun ise yalniz magnezyum
il interaksiyonu %35 seviyesinde énemli bulunmugtur. Rasyondaki nitrojen ve potasyumun
artmasi ve magnczyumun azalmast ile kemik magnezyum konsantrasyonu énemh derecede
dismiistiir. Serum ve kemik magnezyum konsantrasyonlar arasinda yiksck derecede énem-

1i bir korrelasyon (r=0.978) tesbit edilmistir.

Sonug olarak, hayvanlardaki hipomagnezemik durumrun basit bir 1ﬁagnezyum nok-
sanhgina degil birgok faktorlerin kanstign komplike bir sebebe bagh oldugu kamsina vanl-
nustir. Bu nedenle, 6zellikle sigir ve koyunlarda bazt kritik dcvrclcrdc meydana gelen ve ot
tetanisi olarak blhncn hipomagnezeminin onlcnebllmcsx 1(,m muhtelif potansnycl fm(lorlcre

karsi muhteliorf kuyucu tdebirleribn irarada alinmasi gcrckmeklcdlr

Introduction

Hypomagnesemic -tetany -or “grass tetany’’ continues to present
a serious problem in the production of cattle and sheep in' many parts
of the world. Although thc symptoms have been recognized for some
years (12}, it remains a disease of cconomic significance and increasing
concern is generatcd by the observation that it frequently occurs on
“improved” grassland (18) which suggests rcevaluation of fertiliza-
.tion or sceding practices. Recent findings of Burau and Stout'(1) have
added significantly to the understanding of the. phy51olog1ca1 mech-
anism of hypomagnesemla. by their implication of trans-aconitic acid;
the conditions in soil and forage which allow this mechanism to operate
still require study. Sjollema(13) who pioneered in this area of inves-
tigation, reported that protein, potassium and nitrate levels were
consistently high in pastures on which grazmg cattlc mamfestcd symp-
_toms of tetany.

It is gencrally accepted that some degree, of dietary magnesium
“deficiency is associated with hypomagnesemia, although it is becom-
ing increasingly evident that the deficiency is induced, rather than
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a simple one (14). A number of investigations have related high di-
etary nitrogen and potassium levels to hypomagnesemia in cattle,
sheep and laboratory animals (2,5,7,9,16). This paper reports on the
effects of feeding graded levels of supplementary magnesium, nitro-
gen (as protein) and potassium, in varying combinations, to {abora-
tory rats on parameters including blood chemistry, bone and muscle
magnesium contents and general animal health and wecight gains,

Materials and Methods

Two hundred seventy male Spragu-Dawley rats weighing 50-60
g were allocated to a 3x3x3 factorial treatment design. Three levels
of magnesium were fed, on which were superimposed three levels
cach of dietary nitrogen and potassium. The experiment thus included
27 treatments, with ten rats randomly allotted to each. The animals
were individually housed in galvanized iron cages and were given
their respective diets and water, ad libitum. Weight gains. and feed
consumption were recordcd weekly. One half the animals selected
at random from; each treatment group were decapitated at the end
of the fourth. wcek and blood, skelctal muscle (right leg), heart muscle
‘and femurs were obtained for chemical analyses. The remainder were
similarly sampled at elght weeks, when the cxperiment was termi-
nated.

The experiment was organized in three trials, characterized by the
three different dietary nitrogen levels used: Trial one :2.2 9 N, Trial
two: 3.09,, and Trial threc:3.8 9, N. The nitrogen levels were supplied

- by purified vitamin-free casein. Composition of the basal diet is given in
. Table 1. At each level of nitrogen, three levels of magnesium (50, 200,
and 400.mg /kg) and three levels of potassium (1.8, 3.6 and 7.2 g/kg
diet) were incorporated, as MgSO,.7H.O and K,SO,, respectively.
_The salts listed in Table 1. were.wcighed, approprlate magnesium
‘and’ potassium variables added, and the resulting mix made ‘up to 4 %
" of the total diet with glucose. Varlatlons in the casein content of the
rations, to accomodate the nitrogen var1ables were compensated for
by addition or ‘deletion of cornstarch.

Skin lesions associatcd with hypomagnesemia were : arbltrarlly
classified, according to severity, using-a scale from one to five. Rank
.1 was given those rats showing only limited crythematous conditions,
while rank 5 indicated extensive hematomatous -and.pustulous skin
lesions accompanied by extensive hair loss. - : - ‘
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Tabie 1. The basal rat diet

Ingredient - glkg

Starch 643.0

Casein ) 180.0

Cottonsced oil 100.0

Glucese 5.9

Vitamin mixture 111

Cellulose 20.0

Salts: 40.0
Cz, (Po,), . 15.4700
KH,Po, 6.2648
Na Cl 5.2930
Fe So,.7TH,0 | 1.0001
Mn SO,.H,0 . 0.1520
ZnCl, 0.0098
Cu SO, .5H,0 0.0180
Co Cl.6H0 o 0.0008

An atomic absorption spectrophotometer (a combination of
Techtron Model AA-3 Atomic absorption unit with a Carl Zeiss Model
PMQ 1I spectrophotometer) was used for the determination of Mg,
Ca and K in serum, bone and soft tissue samples. Methods developed
by Willis (17) were used for secrum Ca, Mg and K determinations.
Magnesium concentrations in bone, heart and skeletal muscle were
determined on frecze-dried, ether-cxtracted samples by the method
of Parker (11).

Results

Weekly weight gains of the cxperimental animals are presented
in Figure 1. in relation to the nine dietary variables. Differences be-
" tween treatment groups in terms of weight gains and feed conversions
were subjected to analysis ¢f variance.

Rats on the low protein diet (2.2 %, N) gained significantly slower
(P <0.01) than those on the other two protein levels. There was no
significant difference in growth response to the two higher levels of
protein. Similarly, rat growth on the 50 mg/kg magnesium diet was
significantly less than on the other two Mg levels (P <0.01). No sig-
nificant differences in growth occured among the three levels of K
applied. The interaction between N and Mg was also significant for
weight gains (P <0.01) and for feed conversion efficiency (P <0.05)
indicating that low Mg and high N, within the ranges studied, ten-
ded to depress growth and feed conversion.



Interrelationships of Dietary Magnesium 387

o L
4 B

)
3q ‘b\
\\ \
25 _ LN, 38
29 foX
Cao ™%
15 2.2
10}
c _ X
3
2,40

Magnesium mg/kg

400

2 3 4 5 6 7 8
. Weeks
Figure 1. The weekly weight gsin of rats with
different dietary treatments®

Skin lesions, as shown in Figure 2, were obscrved in rats fed the
50 mg kg level of Mg and appeared characteristic of Mg dcficiency.
Again, the intcraction between dietary Mg and N was apparent.
Vasodilation and hyperemia were visible by two weeks in rats fed
the low level of Mg and 2.2 9%, N; they were notable in ninc days in
rats on the 3.0 and 3.8 9, N, low Mg rations. Among the rats which
remained on the experiment throughout the eight weeks, there was a
significant increase in severity of skin lesions (P <0.05) at the 3.0 and
3.8 9, dietary N levels over the 2.2 9, level, according to the nume-




388 S.0. Alpan - J.E. Oldfield - L.R. Jones

Figure 2. Skin lesions of magnesium deficiency (right) as compared to a
normal rat (left)

rical rating scale, previously described. Variations in dietary K level
did not exert significant effects on skin lesion development.

Concentrations of Mg, Ca and K in blood scrum are listed for
various dietary treatments in Table 2 and more dctailed data for
serum Mg are given in Table 3.

The mean concentration of scrum magnesium decreased signif-
icantly (P <0.01) over all treatments from 2.04 mg/100 ml at four
wceks to 1.73 mg/100 ml at eight weeks. This depression may be
attributed partly to aging of the rats but probably also reflects the
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Table: 2. Mean values of blood serum znalyses for different periods and treatments

Diet

[ 2 | Sérum
| Period Number O —
or of Meagnesium [Calcium |  Potassium
level rats | - -
| | mg/100ml | mg/100ml | No.of [mg/100ml
| | : | rats
[4¢ Weeks | 135 2.04° 10.6° 90 242"
Period I8 Weeks | 135 1.73 10.7 90 22.6b
| 2.2 90 2.14° 10.5°
Nitrogen | 3.0 90 1.84° 10.8¢8b 90 24.6
% l 3.8 90 1.66" .18 90 22.9b
, 400 90 2.512 10.8° 60 23.1
Magnesium 200 90 2.18° 10.4 60 24.1
mg kg I 50 90 0.95° 11.1* 60 23.1
[ 1.8 | 90 2.06? 10.7 60 22.6°
Potzssium | 3.6 90 1.83 10.9 60 22.9°
| glke | 7.2 90 1.75% 10.7 60 23.7°

a,b,c Mean values with unlike superscripts within czch group are significantly (p <0.05)
difterent.

Table: 3. Mean serum magnesium values (mg/100 ml) of rats {;or the different cross

treatments*
| | | Magnesium mg/kg diet | Potassium g/kg dict |
| Diet iLevel 300 [ 200 | 50 | 1.8 36 | 7.2
! i 2.2 2.88 - 2.46 1.09 2.36 2.07  2.00
Nitrogen ’ 3.0 ©2.39 2.22 0.91 2.02 1.78  1.72
I % 3.8 2.28 1.86 0.84 1.79 1.64 1.64
l 1.8 2.76 2.38 1.03
Potassium | 3.6 2.45 2.14 0.90
| glkg 7.2 2.33 2.02  0.91

* Each mean value represents 30 serum samples from 30 rats.

severc depression caused by feeding the low Mg diet. As dietary N,
in protein form, incrcased from 2.2 to 3.0 and %, 3.8 serum Mg values
decreased, at all levels of Mg intake, from 2.14 to'1.84 and 1.66 9,
(Table 2). Morcover, incrcasing dietary K levels from 1.8 to 3.6 g/kg
tended to decrcase serum Mg values from 2.06 to 1.83 mg 9%, respec-
tively, although increasing dictary K further did not cause additional
depression of serum Mg.

Levels of serum Ca were apparently affected by both dietary
N levels (P <0.01) and dictary Mg (P <0.01). Potassium content of
the diets apparently did not affect serum Ca concentration within
the range studied.

Mean values from the analyscs of bone, heart and skeletal muscle
are listed in Table 4. The Mg content of bone and of bonc ash was




Table: 4. Mecan values for fat-free dry matter analyses of bone, heart and skeletal muscle

. Bone Heart Skeletal muscle
Period Number
or of Ash Magnesium | Magnesium
level rats Ash Magnesium Ash | Magnesium
% | mg/100 g 9% of ash % | mg/100 g % | mg/100 g
4 wecks 135 51,22 281.5° 0.55 4.76" 100.8? 4.82 114.9°
Period 8 weeks 135 56.5% . 274.1° 0.49" 4.88P 98.0P 4.79 112.3
T 2.2 90 53.0° 291.9¢ 0.55° 4.96° 101.8° 4.64° 114.9°
Nitroge 3.0 90 53.1* 276.7° 0.52% 4.74> 97.8° 4.85% 111.8b
! "’go/“ 3.8 90 55.5Y 265.5° 0.48° 4.76P 98.6° 4.92° 14.1°
- ¢ 400 90 53.8° 373.1° 0.69° 4.69 99.8 4.83 115.2°
2 | Magnesium 200 90 54.7° 336.9° 0.62° 4.87" 99.6 4.77 116.2°
A mg /kg 50 90 53.1° 123.4° 0.25° 4.90° 98.8 4.81 109.4°
1.8 90 53.4% 292.8° 0.55" 4.86° 99.8* 4.765. 114.0
Potassium 3.6 90 54.1° 275.8P 0.51® 4.87° 100.0°  4.86° 113.3
glkg 7.2 90 54.1° 265.0° 0.49° 4.7¢0 98.3P 4.79° 113.6

a,b,c The means with unlike superscripts within cach group are significar}tly (P<0.05) different.
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significantly increased (P <0.01) with increasing levels of dietary
N and K and, as expected, with decreasing dictary Mg Increasing
dietary N and K similarly decreased heart muscle Mg but did not
significantly change skcletal muscle Mg The correlation coefficient
between serum and skeletal muscle Mg was found to be low and non-
significant, suggesting that bone, rather than muscle, serves as a stor-
age site for mobile Mg.

Discussion

This work lends support to the concept that other dietary factors
in addition to the well-recognized Mg deficiency per se, contribute to
the etiology of hypomagnesemia. The Mg defiecincy syndrome, as iden-
tified by skin lesions in the area of the head and neck, and the low serum
Mg levels was obviously affected by elevated dictary levels of N. This
antagonism between dietary N and Mg was suggested by the work
of Sjollema (13). More recently Kemp, et al. (8), in studying intake
and utilization of Mg from herbage by lactating cows, reported that
availability of Mg increased as the forage matured. The cause for
this phenomenon could have involved either qualitative or quantita-
tive aspects of the dietary N content, since, in addition to a dccrease
in the quantity of protein in maturing forage, there is a shift from a
high to relatively low level of non-protein nitrogen. The work reportcd
here, involving variations in protein nitrogen only, suggests that it is
the quantitative aspect (i.e. the total N present) that is the more im-
portant, It should be observed that the problems of nitrate interfer-
ence with Mg metabolism obscrved in ruminants would probably be
mediated through protein formed as a result of microbial synthesis.

It is interesting that variations in dictary K did not significantly
affect the growth responses of the rats, althoug they did have some
influence on serum Mg values, and hence on incidence of hypomagne-
semia, at the higher cnd of the range of K levels administered. Others
have rcported such hypomagnesemic cffects of increased K intakes
in rats (5), sheep (9) and cows (15). Since all intéractions among
variables other than K for hypomagnesemia were highly significant
but when K was included the significance was lost, it appecars that K
acts-on Mg independently of the other items studied. It has been
suggested (3) that high dietary K has a negative cffect on the absorp-
tion of Mg, or that it increascs re-excretion of Mg into the gut (4).

The finding that hypomagnesemia was accompanicd'by an in-
crease of serum calcium was in agreement with those of previous re-

o
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ports (2, 16). Association of blood Ca and Mg has been also reported
in cattle and sheep (6). It has been previously implied that K intake
did .not appear to affect serum Ca values.

Analytical data gathered on bone support the multiple-cause
concept for Mg deficiency in that the simultaneous effects of dietary
variables on bone Mg was greater than the separatc constituent ef-
fects. The rather wide variations noted in Mg- content of bone and
bone ash suggest the mobility of bone Mg and its probable usefulness
in compcnsating for serum magnesium deficiency. The correlation
cocfficient between Mg in bone ash and serum magnesium in this
study, r=0.978, was higly slgmflcant Others have also speculatcd
on the mobility of bonec Mg (5, 10).

These data support the hypothesis that the hypomagnesamia
condition in animals is not related to a simple dictary dcficiency,
but rather a complex interaction. The findings suggest that cropping
practices that give rise to high N and K levels in feed herbage may
aggravate the problem of Mg deficiency in domestlc species of
animals.
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