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ABSTRACT 

The results obtained in the present investigations point to a definite 
correlation between the onset of myocardial injury, electrocardiographic 
changes and biochemical changes. Changes in the electrocardiogram and 
elevated serum levels were paralleled by an increased excretion of magne
sium in urine as early as one hour. Serum calcium and serum potassium levels 
did not show any significant result, but in coming days these ions including 
serum magnesium might help clinicians diagnose myocardial infarction. In 
this study, increased urinary magnesium excretion was found to coincide 
with elevated serum transaminases, and it is suggested that in addition to the 
other establised diagnostic criteria, estimation of serum as well as urinary 
magnesium may be used as an additional index of myocardial infarction. 
MJlR/, Vol.3, No.3 & 4, /5/-J55, J989 

INTRODUCTION 

Tension and worries in the developing societies 
have lead to a steady increase in the incidence of 
myocardial infarction, which has reached epidemic 
proportion. Experimental and clinical studies on 
myocardial infarction are engaging the attention of 
medical scientists. Simple techniques such as careful 
history coupled with certain routine laboratory tests 
along with electrocardiography are sufficient for di
agnosing myocardial infarction. The profound en
vironment of electrolytes especially potassium. cal
cium, magnesium. sodium and phosphorus in the 
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pathophysiology of cardiovascular structure and runc
tion has become more and more appreciated during 
recent years. Cardiac necrosis was first recognized in 
conjunction with potassium deficiency by Schrader, 
ct.ai.' Lehr. et. ai.' and Jenings. ct. alJ showed a 
marked increase in tissue calcium, sodium and water 
and a decrease in tissue magnesium and potassium 
contents in myocardial necrosis. They also showed that 
administration of magnesium offers considerable pro
tection against the development uf myocardial infarc
tion. Various workers have produced diffuse myocar
dial injury in experimental animals after infusions of 
sympathetic catecholamines (isoprenaline, 
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Table I. Serial Estimation of Serum Potassium· in Isoprenaline Induced Myocardial 
Injury in Mongrel Dogs 

Group 1 He 

Control (10) Mean 4.38 
S.D. ±O.5J 

Experimental A(5) Mean 4.18 
S.D. ±1l.39 

Experimental B(20) Mean 4.07 
S.D. ±O.56 

Groups Compared: 
0.73 

Control vs Experimental A 
r 

1.43 
Control vs Experimental B 

r 

• Milliequivalent per litre (mEq/L) 

epinephrine and norepinephrine) in high doses offer
ing this as an experimental model fur infarct studies:'-7 

The aim of Ihis work has been to investigate the 
importance orthe [race elements in the pathogenesis as 
well as diagnosis of myocardial infarction. 

MATERIAL AND METHODS 

Myocardial injury was produced in mongrel dogs by 
infusing isoprenaline 2-4 microgram per kilogram per 
minute for six hours. The animals were divided into two 
groups randomly. The control group comprised of ten 
and the experimental group of 25 animals. The control 
group received infusion of physiological saline at a rate 
of2 microgram per kilogram per minute for six hours. 

Tallie II. Serial Estimatioll of Serum 

2 Hr 3 He 4 He 5 He 6 Hr 

00 4.26 4.22 .. L22 4.18 
±O.42 ±O.46 ±O.46 ±U.5-1 ±O.4S 
3.Y2 3.84 3.88 HS 4.12 
±O.41 ±O.3H ±O.46 ±O.-l(j ±IJ,48 
3.48 3.65 3.@ J.SU 3)';6 
±O.40 ±O.3() ±O.43 ±tl.46 ±U.4X 

O.SI 1.(13 1.26 1.12 {1.20 

5.03 3.6n 3.0(1 2.16 l .bO 

<0.001 «Ull «UJI <0,05 

Out of the experimental group of 25 dogs. five were 
given 2 micrograms isoprenaline in physiological saline 
per kilogram per minute and labelled as experimental 
group A. while experimental group B (2() animals) 
received isoprenaline at 4 micrograms per kilogram per 
minute dissolved in physiological saline (low dose and 
high dose, respectively). Serial recording of ECG was 
done and blood samples were taken every hour for 
estimation of serum electrolytes. After six hours of 
infusion. the animals were sacrificed and their hearts 
removed and injected with ]()(X, Sllcrose solution 
through the aorta. Tissue samples of the left ventricle 
were taken consistently from areas showing signs of 
massive hemorrhage and infarct. The tissues were 
dried at 125°C and \vere digested by the method 
adopted by Yunicc. et. al." Suilable aliquots of the 

Calcium in Isoprenaline- Induced Myocardial 

Injury in Mongrel Uogs 

Group 1 He 2 Hr 3 He 41-1r 5 Ur 6 Hr 

Control (10) Mean 9.H6 9.7t) 9.46 9.76 ').75 9.72 
S.D. ±O.5() ±O.57 ±U.53 ±IJ.5-t ±U.54 ±tl.52 

Experimental A(5) Mean t}.6H 9.6 .. 1 9.S0 9.42 9.2t-i 9. l 6 
S.D. ±O.41 ±O.40 ±1J.37 ±O.43 ±O.47 ±().59 

Experimcntal B(2()) Mean 9.92 9.t-i1l 9.71 9.S0 9.3.3 9.09 
S.D. ±O.53 ±O.S3 ±(J.55 ±O.·17 ±U.47 ±O.SI 

Groups CompareJ: 

1 Il.SY IJ.4t) IJ.93 1. 1·\ 1.53 I. 76 
Control vs Experimcntal A 

p 
1 lUX 1.(IS U.23 1.31 2.12 3.06 

Control vs Experimental B 
p <O.OS <1I.Ol 

• Milligrams per Jecilitre (mglDL) 
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ElecLrolyte Changes Tn ExperimenLal Myocardial Injury 

·1.9 
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� ·1.2 
'" 
o �.I 

? 4. 

:-i J.H 
3.X 

3.7 
3.6 

.1.5 
3.� 

Serial Estimutinll ur SerulIl Pnlaso;illlH 

in Experiment:!lI), IndUl':l'd 
I\lyncardial injury. 

�Cunlrul 

o--olp.glll 

3.3 L-�-�-"--'---r-'--------2 5 (, 
Time Inllouse 

Fig. I. The 11IIimais given 2 IllC� belong to c.xpcrimclltal group A llnd 
thnsc gil'en .t meg helollg to group B. 

samples were takcn for analysis of calcium and Illagnc
si UIll. DClcrminat ion of magnesium in serUJ11 :lS well as 
myocardium was done hy culorimetric method using 
titan yellow. 'J The same procctlurc as described above 
was adopted for urine, except that a correctiun was 
made for urine colour by running a "blank" and "test"' 
through the entire procedure with watcfsuhstiWlcd for 
titan yellow. Determination of serum as well as 
myocardial tissue calcium was done hy EDTA titration 
method. 10 Serum potassium was estimated in C-120 
AIMIL name photometer. 

RESULTS 

The present investigation was plal1n�d to assess the 
relationship of the variolls diagnostic criteria used in 
acute myocaruial infarction and mainly focused on 
changes in serum as well as myocardial cicL'trolytcs 
with relation to changes in ECG. Table I and Fig. I 
slww the results or serial serum potassium analysis. 
Animals receiving 2 J-Lg dose of isoprel1:liinc did not 
deviate sil!.nificantlv from control. 

Anim;;ls rcceivi
"
ng -l J-Lg. (hig.h dose g.roup) did not 

differ si!.!nificantlv from control at one hour. but the 
serllill p�",ssillm 

·
vailies fell draslically (P <0.0(1) aL 

two hours. the rail being slIst.lined very significantly (P 
<11.11111 ) lip to fOllr hUll <S. By t he end of I he fi ft h hOllr a 
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JlKI 

Serial AlIlIl)'sis of SerulIl ClIldulII 

IN 
Experimentall)' Indtu:cd l\'lyucardial Injury 

""�--<>---<>--� Cuntrnl 

y.U 

II 

Time In liutlrs 

GI'IA 

GPIB 

Fil,!.2. The Grlmps II <lnd II II rcpresent thc expcrimcntal Animals in 
Gruups A :lIId 0 rcspccth'cly. 

slight rise in serum potassium had occurred in this 
group. though vailies were still significantly low (I' 
<0.05). while an incn::3se in serum potassllIm was 
recorded al the end uf Ihe siXlh hour. 

There was no significant difference between control 
animals anu experimental animals infused with low 
dose isoprenaline. However a significant decrease (P 
«LOS) in serum calcium occurred at the firth hour and 
this decrease became morc significanl (I' <1 1.01) by Ihe 
end of the sixth hour of infusion (Fig. 2). 

A very highly significa11l (I' <ll.IIOl) accumulation 
or calcium was observed in the experimental animals in 

Tahlc III. Mplcardhll C(Jl1cclltratiun' uf Magnesium & C:Jlcium ill 
Allillwis Rccciving Isoprcnalinc Inrusiun CUlllpared 'I'll Salinc CUII

Irulinrusiull 

rvlagnt:siulll Me .. n 
S.D. 

Calcium Mcan 

Magnt:siurn 
Control vs 

S.D. 

Experirnental p 

Cakium 
COlltrol vs 
Exp!.:rimcmal p 

CUlltrul 

120.40 
±6.S11 
5.11' 
±1l.55 

Expcrimcntal 

A II 

IJU.IS 63.13 
±4 ... D ± to.25 

HUll 
± I. II) 

7.44 10.55 

<U.OIlI «UIUI 

Y.19 

<I).OUI 

• Milligram 11('r IOU gram fat rrt:t: dr�· wt:ight. 
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Tahle IV. Serial Estimation nfUrinary Magnesium' in Isoprenaline
Induced Myucllrial injury in the Mongrel Dugs. 

Experimental group n 

Mean Hase Line Value: 6.72 ± LI2 

I Hr 2 Hr 3 Hr 4Hr 5 Hr 6 Hr 

Mean h.94 IS.Of, 14.66 15.52 13.47 12.45 
S.D. ± 1.13 ±6.4lJ ±6.97 ±H.52 ±2.X3 ±5.16 

• Milligrams per ]()() ml. 

the high dose group (4 f.Lg of isoprenaline/kg/min) in 
comparison 10 control animals (Table III). 

Myocardial magnesium content was estimated in 
both groups of experimental animals. These animals 
showed a very highly significant (P <0.001) decrease in 
relation to control animals in their content of myocar
dial magnesium. Drastic decrease in myocardial mag
nesium content was observed in serial urinary magne
sium levels (Table IV). The rise in urinary magnesium 
started at one hour and was maintained until the end of 
the sixth hour of the infusion. with maximal excretion 
observed at four hours. This increase in urinary magne
sium. decrease in serum potassium, decrease in serum 
calciulll and accumulation of calcium in myocardiulll 
showed significant relation with changes in serum 
enzymes and ECG changes observed in the ex
perimental groups (Table V). 

DISCUSSION 

The role of magnesium in the structural integrity 
and function of heart tissue has come to attention 

within recent years. Cardiac mitochondria are very 
sensitive to loss of magnesium. According to Seeling. II 

efflux of magnesium from and influx c.� calcium into 
mitochondria are associated with impaired mitochond
rial structure and function. The results obtained in the 
present study point to such ionic translocations as a 
consequence of myocardial ischemia. Serum magne
sium was observed to be significantly increased in dogs 
infused with isoprenaline. These findings corroborate 
with Ihe findings of Clarke. el. al..'2 and Cummings.1J 
Decrease in serum magnesium levels were recorded in 
patients with myocardial infarction admitted to the 
hospital by 1-loltmeier,I.1 Hughes and Tonksl5 and 
Nath. el. al. If, However, Brown, el. al." and Byaltet 
eLa!. lH observed no such decrease in patients suffering 
from MI as compared 10 normal persons. This differ
ence in results was attributed to irregularly obtained 
samples for estimation after the onset of myocardial 
infarction. 

The hearts of patients who died of myocardial 
infarction were reported to have significanlty de
creased magnesium content (Heggtveit. eLa!. II) and 
Iseri. eLal). 211 The present study confirms the findings 
of the aforementioned workers. 

The hypermagnesemia observed in the present 
study was found to correlate with increased urinary 
excrelion of magnesium (Table IV). Kraikit, Panitch. 
et. al. (, observed marked influx of calcium into myocar
ctium in dogs injected with epinephrine. but no signifi
cant changes in serum calciulll levels were noted. 
Iseri?' Yunice. et. a!.. H and Jennings. ct. a!. 21 reported 
a decrease in magnesium and potassium concentra
tions and an increase in calcium and sodium concentra
tions in infarcted myocardium. Our results obtained in 
this study are in conformity with the above cited 
investigators. Fleckenstein2� reported increased trans-

Tablc V. Scrial Estimlltioll or Scrum l'vlagncsiulII • in Isoprcnaline-Induced M)'ocardial 
Injury in Mongrel Dogs 

Group I Hr 2 Hr 3 Hr 4 Hr 5 Hr 6 Hr 

Control (10) Mean 1.32 1.27 I.IH 1.07 1.14 1.10 
S.D. ±O.37 ±U.3� ±O.OX ±O. l l  ±1J.3-1 ±O.33 

Experirnelllal A(5) Mean 1A4 1.23 I.S-I 1.72 2.02 2.3X 
S.D. ±O.19 ±O.IS ±O.U5 ±U.II ±O.2X ±O.16 

Experimental B(20) Mean l.51 1.36 1.62 1.83 2.04 2.18 
S.D. ±1l.26 ±O.23 ±11.21 ±11.2-1 ±U.29 ±1l.J5 

GroupsCompared: 

A/
' 0.6-1 U.US I. 94 9.S5 4.71 7.77 

Control vs Experimental 
"'--I' <0.001 <O.()OI <1l.UOI 

/' 1.5X [J.77 3.77 9.20 7.30 7.69 
Conlrol vs Experimental B ............... ·r <0.001 <0.001 <().UUl <0.001 

• Milligrams per decilitrc. 
Figures within parentheses indicate tbe number of animals in that group. 
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Electrolyte Changes In Experimental Myocardial Injury 

membrane influx of calcium in r:us administered isop
renaline. Nichcrson el. al. 2 .. and Maurci elo al. 2·1 

showed that myocarciial lesions induced hy exogenOliS 
potassium dficicncy appeared analogous to th�se eli
cited by various locally-necrotizing agems, especially 
catecholamincs. Concentration of these ions around 
the anoxic cells (Harriss. et. al.,25Saimanovich.2(, and 
Printzmctal. el. al)" contributes to the temporary 
marked increase in electric potential gradient between 
the structurally deteriorating center or the infurcted 
area and the surrounding tissue. The study of serum 
magnesium. potassium. sodium and estimation of ex
cretion of urinary magnesium shall be a great 1001 for 
diagnosing i.I case of myocardial infarctiun in the ncar 
future. although this still requires elaborate study. 
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