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AHSI 'HA<~I ' .  Magnesium (Mg)  deficiency is a possible 
etiologic factor contributing to  neonatal hypocalcemia. In 
adults, parathyroid hormone (lYI'lI) secretion is negatitcly 
feedback regulated by acute changes in serum M g  concen- 
tration, but paradoxically M g  deficiency may lead to  func- 
tional hypoparathyroidism and hypocalcemia. \Ve hypoth- 
esized tha t  in neonates, M g  administration will cause 
changes in IYI'II secretion and serurn G~ concentration tha t  
will be inversely related to serum M g  status.  \l 'e also 
hypothesized that  M g  administration will result in in- 
creased calcitonin (<'I') secretion. 'l'hirty-nine newborn in- 
f a r~ t s  with birth weights > I 5 0 0  g were studied on day 3 of 
life. 'l'en received placebo, and 29 intravenous magnesium 
sulfate (MgSO.,), 6 mg elemental b lg /kg body weight, over 
I h. Serunl Mg, ('a, IYI'lI, and <'I' were measured a t  time 
0 (baseline, preinfusion) and 1, 2, 6,  12, 24, and 4 8  h 
postinfusion. In both groups combined, baseline P""l1 cor- 
related with baseline b l g  ( r  = 0.72, p < 0.005), and with 
baseline <'a ( r  = 0.68, p < 0.005). In the  control group 
there was no change in serum Mg, ('a, IYI'I1, and (-1' 
during the  s tud j  period. In magnesium sulfate-infused in- 
fants: I )  serunl k l g  concentration rose from 1.80 + 0.06 to  
2.82 + 0.07 mg/dl (mean 2 Sk:bI, p < 0.001); 2) the change 
from hascline in serum IYI'I I a t  1, 6,  and 12 h postinfusion 
correlated inverselj with baseline Wlg ( p  < 0.05); 3 )  the  
change from baseline in sertrm ('a a t  1, 2, and 23  11 
postinfusion correlated inversely with baseline k l g  ( p  < 
0.005); 4) serum <'I' remained unchanged. \ l 'e  conclude 
that  M g  pl;tys an important role in neonatal calcium me- 
tabolism. IYl ' l l  and ('a responses to magnesium sulfate 
infusion were i n ~ c r s e l j  related to neonatal serum l l g  con- 
c.entr;rtions, consistent ~ i t l l  the  I~ypothesis tested. \ l g  
infusion, Ilowever, did not affect neonat;rl serum (-1 con- 
centrations. (I '~.rliutr Krs 22: 31 9-323, 1987) 

IYI'I I, p;rrathyroid hormone 
Mg, magnesium 
('a, calcium 
MgSO,, magnesium sulf;rte 
('I'. calcitonin 
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I lypocalcemia is a fiequentl> encountered prohlerii In the 
neonatal period (1-7). Magnesium dclicrcnc! and trans~crit  11)-  
poparathqroidism are t\vo etiologic factors that ha1.c hccn rriipli- 
cated in this disorder. These t\vo etiologic t ictors ma! l ~ c  inter- 
related. In Mg-replete adults. 1"I.H sccretion is ncgati\clh I?c(l- 
back regulated by acute changes in serum Mg concentr-ation (8. 
9). Acute decreases in serum Mg conccntr-ation stimuI:rtc Iy1'1 1 
sccretion. and acute increases in serum Mg reduce I"I'1 I sccre- 
tion. Ho\vcvcr. paradosically Mg dcticicnc! in adults sul>l~rc.ses 
PTf1 sccretion by affecting the Ca-sensiti\c. M g - d ~ p c n d ~ ~ i t  adc- 
nylate c~,c lasc  systeni or- other- Ca-mediated mechanisms ol'Iyl'I 1 
secretion. In  this instance the infirsion of Mg has 1,cc.n associated 
ui th  increases in serum P'I'H concentration (10) .  

A third etiologic f~lctor that ma! contrihutc to the ~>atliogcnesis 
of' neonatal h>pocalcemia in\.ol\.cs neonatal ( ' I '  ~>roJuct ion.  
Scr-urn ('T concentrations h a w  heell fi)und to he rclutr\cl! 
elevated at  birth. ~vitli further increases in the rninicdiate poht- 
n~ltal  period ( I  I .  12). I t  has been suggested that a n  c.lc\ated 
serum ( ' I  concentration in tlic neonate Ilia! t>c ~,h!siologic,. 
111-otccting the skeleton from c\ccssi\c hone I-csor-ptrori. and  
protecting the ne\vborn fi-on1 acute h!l,crcalccmia (luring milk 
kedings.  t jo \+c\er .  ele\.ated (' I' thcc>rctic:111! ma! also cont l - i t~~r te  
to the neonatal tendency for l i \~>ocalcemia ( 1.3). I t  has Ixcn 
found that neonatrll C I sec~.ctioli increases \\lie11 ('a 1s adminis- 
tered ( I T ) .  13). The  e lkc t  01' Ms administration on ( '  I '  \c.c.~~ct~c)ri 
In the neonate has not hcen prc\iousl! in\cstigarccl. 

1.11~ present study \\,us conducted to listher- our  ~ ~ n c l ~ ~ - \ t a n c i i n g  
of the role of Mg In neonatal ('a horncostasis I,! c\:rrninrlig the% 
e lkc t s  of Mg infusion on I"I'I4 and  ('-1' secretion. and  \ c ~ - u m  ('a 
coricentr-ation. We  hypotlic\i/ed tliat in nconatcs. hlg atlminis- 
tr-ation m i l l  cause changes in I'.l't~l scc.rctron 2nd \c%I-um ('a 
concentration that \ \ . i l l  he in\crsel> related to sc~~-~rrii  \ lg  statuj .  
Infitnts \ \ i t t i  lo~ver  initial serum Mg concentrations \ \ . i l l  I-cspon(l 
\\ it11 increased PI ' t1 sccretlon and  rnc~-casccl \crlrrii ('a coricc.~i- 
11-ations. \ \hil t  those \\.it11 h ~ g h e r  rnitral scr-urn Mg colii~c-ntr:it1oris 
\ \ i l l  I-espond n i th  decl-caseti I'.1'1-1 sccrction and  (lec.r-cased S C I - L I ~  

('a conccntr31lons. We  also h ~ [ ~ o t h c s ~ / c t i  tliat the el't;.c,t 01' hlf 
o n  ("1' secretion is similar to t l ic  cll?ct o f  ( 'a .  <lrc.h ~ l i a t  \'Iy 
administr-at~on results In a n  rncr-case in ( '  l sec.rctrori. 

I.hir-1)-nine ncnhorn inl ' :~n~\ In tlic Sconatal  Intcnhi\c (':!r-c 
l!nrt at the IJni\cr-sit> of ('iricinn:rti bledical ( ' c ~ i t c r  or  at tllc' 

('liildrcn's f lospital Mctl~cal ('enter hct\\ccri IOS2 and I0S-l \ \ c r ~  
enrolleil In the \ tud\ b! the seconti da! of' lilk. Inllint< c,liohcn 
li~r- \t~rd! llad bir-th \\.eights ol' n1or.c than I500 g. :inti hacl 
in t ra \enous  acccs5 for c.linrcal indications. l3! \t~1(1\ cle\ign rlic~r-c 
~ i c r c  in l in t \  enrollcd \ \ ho  \ \ere at Ion r-i\k lilr h!l~omagncsimia. 
as \\ell ;IS irilirit\ in high risk c:ttcgorie\. sui.11 as 111fllnts ol'~liahc~tri. 
mother-s ( 17). sniall Ibr ge\tational age, i:il'ant\ ( 17). and  lir-111- 

asphhxiated int'lnts ( IS). 
1) 
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To avoid the risks of hypermagnesemia during the study we 
excluded infants born to  mothers who received MgS04 prior to 
delivery for the treatment of preeclampsia or for tocolysis (19, 
20). We also excluded infants with possible impairment in renal 
function on the day of study since Mg is primarily excreted by 
the kidney. Impaired renal function was determined by any of 
the following criteria: blood urea nitrogen concentration greater 
than 15 mg/dl, serum creatinine concentration greater than 1.2 
mg/dl, or urine output less than 1.0 ml/kg body weight/h. Infants 
with serum Mg concentration of more than 2.5 mg/dl on day 1 
or 2 of life were also excluded. By study design it was decided 
that hypocalcemia (serum total Ca concentration <7 mg/dl) 
would not be treated with Ca salts unless the infant was symp- 
tomatic, or the serum total Ca concentration was <6 mg/dl. 
None of the enrolled infants fulfilled those criteria and none 
received calcium supplementation prior to  or during the study 
period. 

The study was approved by the University of Cincinnati 
Human Research Committee and written informed parental 
consent was obtained at  the time of enrollment. 

The first 20 infants studied all received a MgS04 infusion. It 
was then decided that examination of Mg-induced changes in Ca 
metabolism by comparison to baseline measurements was insuf- 
ficient, and a control group receiving a placebo infusion was 
formed. The subsequent patients enrolled were randomized to 
either MgS04 or placebo infusion in a double-blinded manner. 
The final study and control groups consisted of 29 and I0 infants, 
respectively. Since there were no differences between the earlier 
and later MgS04-infused infant groups, these are presented as a 
single MgS04 infusion group. 

The study was performed at  72 f 12 h of age. Infants who 
were on oral feedings were given nothing by mouth for 4 h prior 
to the infusion. Intravenous fluids were administered from 2 h 
preinfusion to 2 h postinfusion with the rate and composition 
determined by the physicians caring for the infant. The fluid rate 
was based on the patient's weight and postnatal age and it ranged 
from 80 to 110 ml/kg/day. Electrolytes added to the fluids 
included NaCl, 2 to 3 mEq/kg/day, and KCI, 1 to 2 mEq/kg/ 
day. Feedings were resumed 2 h postinfusion. Infants who were 
exclusively on intravenous fluids prior to the onset of the study 
remained on those fluids during the study period. 

The infants who received the MgS04 infusion were given 6.0 
mg elemental Mg/kg body weight as 5% MgS04 7 H 2 0 ,  1.2 ml/ 
kg, added to the intravenous fluids for 1 h. This Mg dose is equal 
to  an infant's approximate daily requirement of Mg and to the 
recommended dose of Mg for the acute treatment of hypomag- 
nesemia (I 5). It is also a dose that we expected to  keep the serum 
Mg concentration within normal range. The control infants 
received a placebo infusion of an equal volume of D j W  ad&d 
to the intravenous fluids for 1 h. The 5% MgS04 7 H 2 0  and 
D,W vials were prepared, coded, and randomized by the Chil- 
dren's Hospital pharmacy. Serum Mg, Ca, PTH, and C T  con- 
centrations were measured preinfusion at  time 0 (baseline) and 
at 1, 2, 6, 12, 24, and 48 h postinfusion. The volumes of blood 
sampled were in accordance with University of Cincinnati Hu- 
man Research Committee guidelines, which stipulate that the 
total amount of blood drawn must be less than 5% of blood 
volume. When the size of an infant limited blood sampling, the 
priority specimens obtained were usually at 0, 1, and 6 h postin- 
fusion. 

During the infusion period the heart rate and respiratory rate 
were determined continuously and blood pressure was measured 
every 15 min. These precautions were taken to detect the devel- 
opment of respiratory depression or hypotension, which are 
theoretically possible complications of a Mg infusion (2 1-24). 
Side effects were not observed in any infant. 

Serum Ca and Mg concentrations were measured by atomic 
absorption spectrophotometry (25). Serum PTH concentration 
was determined as outlined by Arnaud et al. (26), with modifi- 
cations that have been previously described (6). Antiserum was 

produced in guinea pigs in response to injection with partially 
purified bovine PTH. The antibody produced detects 1-84 PTH 
(27). Plasma obtained from chronic hemodialysis patients was 
employed as the standard. '251-labeled highly-purified bovine 
PTH was used in the radioimmunoassay. The normal adult 
range is 33-1 17 fil Eq/ml, with intraassay and interassay coeffi- 
cicnts of variation of 8 and 15%, respectively. Serum CT con- 
centration was measured by a modification of the radio- 
immunoassay procedure described by Heath and Sizemore (14, 
28). Normal adult values are less than 107 pg/ml, with intraassay 
and interassay coefficients of variation of 6 and 15%. respec- 
tively. 

Statistical analysis was performed using repeated measures 
analysis, analysis of variance, and linear regression methods for 
continuous data. Discrete data were analyzed by the x 2  test. 
When the number of patients in any of the cells was less than 5, 
the Fisher-exact test was employed. The BMDP statistical pack- 
age was utilized for repeated measurement analyses (29), and the 
SAS package for analysis of variance and linear regression (30). 
Results are expressed as mean + SEM. A p value of <0.05 is 
considered significant. 

RESULTS 

The clinical characteristics of the infants studied are depicted 
in Table 1. Gestational age, as determined by history from the 
mother's last menstrual period, and birth weight were similar 
for the two groups. The number of infants who were small for 
gestational age (birth weight less than the 10th percentile for 
gestational age), large for gestational age (birth weight greater 
than the 90th percentile for gestational age), and appropriate for 
gestational age (birth weight between the 10th and 90th percentile 
for gestational age) (3 1) were also similar for the two groups. The 
rate of birth asphyxia, defined by a I-min Apgar score less than 
7, and the number of infants born to  mothers with insulin- 
dependent diabetes also did not differ between the groups. 

Serum Mg concentrations for both groups are shown in Table 
2. Baseline serum Mg was similar for the two groups. In the 
study group the serum Mg increased from 1.80 f 0.06 to 2.82 t- 
0.07 mg/dl (p  < 0.001) by the end of the MgS04 infusion, and 
it then slowly declined back to baseline by 48 h postinfusion. In 
the control group there was no change in serum Mg concentra- 
tion throughout the study period. 

Baseline serum PTH concentrations were similar for the con- 
trol and MgSO, infusion groups (Table 3). The two groups were 
therefore pooled together to  examine the relationships between 
baseline serum PTH concentrations and serum Mg and Ca 
concentrations. Baseline PTH correlated with baseline Mg ( r  = 
0.72, p < 0.005) and with baseline Ca ( r  = 0.68, p < 0.005). 
Examination of Table 3 reveals that there was no change in 
mean serum PTH concentration during the study period in either 
the control or MgS04 infusion groups. However, in the MgS04 
infusion group the absolute change from baseline in serum PTH 

Table 1. Clinical characteristics of infants studied* 

Control MgS04 infusion 
( n  = 10) ( n  = 29) 

Gestational age (wk) 
Mean k SEM 35.2 + 0.8 35.6 k 0.6 

Birth weight (kg) 
Mean ? SEM 2.43 k 0.22 2.57 + 0.24 

SGA n (%) 2 (20) 5 (17) 
AGA n (%) 7 (70) 21 (72) 
LGA n (%) 1(10)  3 (10) 
Birth asphyxia 

n (%) 5 (50) 15 (52) 
lDMs n (%) l ( l 0 )  2 (7 )  

* SGA, small for gestational age; AGA, appropriate for gestational age; 
LGA, large for gestational age; IDMs, infants of diabetic mothers. 
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Preinfusion S e r u m  Mg Concent ra t ion  (rng/dl) 

Fig. 2. Relationship between preinfusion serum Mg concentration and the change in serum calcium concentration from baseline to 2 h post- 
MgSO, infusion [A Ca (2-0 h)]. 

effects of Mg on PTH and C T  secretion in ranges of serum Mg 
concentration that were close to  probable "physiologic" concen- 
trations as opposed to "pharmacologic" ones. In the present 
study the serum Mg concentration has been treated as a contin- 
uous variable. The infants were not placed into hypomagnesemia 
versus normomagnesemia groups because serum Mg concentra- 
tion generally has been considered to be a "poor" index of tissue 
Mg status; Mg is mainly an intracellular ion (33). When serum 
Mg concentrations are reduced, tissue Mg stores indeed may 
have been depleted; but in the normal ranges of serum Mg 
concentrations it has been difficult to assess tissue Mg status. 
Apparently, reduced tissue Mg stores can be associated with 
normal serum Mg concentrations (34, 35). The relationship 
between tissue Mg status and serum Mg concentration in the 
newborn human or animal remains unclear. 

The present findings support the hypothesis that the PTH 
response to Mg administration is inversely related to  initial serum 
Mg status. The linear regression analyses of the baselinc Mg, Ca, 
and PTH data demonstrate the close relationships that exist 
among serum Mg, serum Ca, and serum PTH concentrations in 
the neonatal period. The role of Mg in neonatal parathyroid 
gland function is not evident, however, until one examines the 
influence of baseline Mg status on the parathyroid response to 
Mg infusion. The change in serum PTH concentration following 
MgSO, administration was inversely related to the baseline serum 
Mg concentration. Infants with a comparatively low initial serum 
Mg concentration responded to Mg infusion with an increase in 
serum PTH concentration, while infants with a comparatively 
high initial serum Mg concentration had a decrease in serum 
PTH concentration postinfusion. 

Two previous studies have indirectly examined the neonatal 
parathyroid response to  Mg administration. Donovan et a/. (19) 
studied the effect of maternally administered MgSO, on neonatal 
serum PTH concentrations during the first 3 days of life. The 
mean serum Mg concentration was 4.8 mg/dl in cord blood 
samples and it remained above 3.0 mg/dl for the following 3 
days. Throughout the study period the serum PTH concentration 
was decreased compared to control infants (18). In a similar 
study Cruikshank el a/. (20) also found that infants born to 
MgS0,-treated mothers had decreased serum PTH concentra- 
tions in cord blood compared to controls. In contrast to the 
present study, the neonates in both these reports were overtly 
hypermagnesemic and their baseline Mg status prior to  maternal 
MgSO, infusion was unknown. 

Rude et 01. (32) compared the PTH response to  Mg adminis- 
tration in Mg-deficient and normal adult subjects. The Mg- 
deficient adult patients responded with an increase in serum 

change in the serum PTH concentration. Thus, the response we 
found in infants with low serum Mg concentrations resembles 
that of Mg-deficient adults, and the response in neonates with 
higher serum Mg concentrations resembles that of normal adults. 

The serum Ca response to MgS0, infusion was similar to  the 
PTH response in that it also was inversely related to  the baseline 
serum Mg concentration. Infants with a comparatively low initial 
serum Mg concentration responded to the infusion with an 
increase in serum Ca concentration, while infants with a com- 
paratively high initial serum Mg concentration had a decrease in 
serum Ca concentration postinfusion. The observed changes in 
serum Ca concentration could be in part due to the effects of 
MgS0, administration on PTH secretion, since changes in serum 
PTH affect directly and positively the serum Ca concentration. 
There were infants, however, who responded to the MgS0, 
infusion with increases in serum Ca concentration who did not 
have measurable increases in serum PTH concentration. For 
example, at 2 h postinfusion sevcn of 10 infants who had 
increased serum Ca compared to baseline did not have an 
associated increase in serum PTH concentration. A possible 
explanation is that Mg administration in these infants resulted 
in increased exchange of Mg for Ca at the bone surface, shifting 
Ca from bone to the extracellular space, with a subsequent 
increase in serum Ca concentration (36). Such a mechanism may 
account for the observed increase in serum Ca concentration 
despite decreased serum PTH concentration in the previous cited 
study of neonatal hypermagnesemia by Donovan ct 01. ( 1  9). 

There was no change in serum C T  concentration in response 
to MgS0, administration. In a previous study of the effects of 
maternal MgSO, treatment on perinatal Ca metabolism, cord 
blood C T  concentrations in Mg-treated neonates did not differ 
from controls (19). In the present study, the trend of declining 
serum C T  concentrations over the study period is consistent with 
the results obtained in investigations of the C T  status of infants 
during the first 2 wk of life (14, 37). 

In summary, Mg infusion in the neonatal period resulted in 
changes in serum PTH and Ca concentrations that were inversely 
related to  the baseline serum Mg concentration, consistent with 
the hypothesis tested. Elevation of serum Ca concentration fol- 
lowing Mg administration may be due to increased PTH secre- 
tion and/or increased exchange of Mg for Ca at bone surfaces. 
CT secretion was not affected by Mg administration. Mg status 
appears to exert important effects on neonatal Ca homeostasis. 
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