sy

i e

AD 701 113
CALCIUM, MAGNESIUM AND PHOSPHORUS METABOLISM
DURING PROLONGED EXPOSURE TO CARBON DIOXIDE
S. P. Gray
Royal Naval Personnel Research Committee
London, England
February 1969
‘: Distributed ... 'to foster, serve
and promote the nation’s
1 economic development
8 and technological
? advancement.’
CLEARINCHOUSE
S FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION
* U.5. DEPARTMENT OF COMMERCE, National Bureau of Standards

This document has been approved for public release and sale.




AR

ROYAL

15
Lol

CALRITE, BATTRETI 4 TROGPIONIS MSTARCLTSY PUETNG
‘ e s SReEnaR 30 CARBON LIOCTD

N . -3305'0 Gray

W‘taﬁ'&m&m Pathnlogy, Roywl Navel Hosgital, fnalax

' -

g
-
<
ot
~
D
foad
g
£ o

e &

Somport
Yl =t ATl
Beport pru
ier the
gty Submlamsdt
of s .
o ie s : .
Neliar alda O n
" EX %
Patruary, 1007 :




Reproduced dfrom |
Best Available CopY :

| )




CONTENTS

SUMMARY

INTRODUCTION
MATERTALS AND WETHODS

RESULTS
DISCUSSION

ACKNOWLEDGEMENTS

REPERENCES
Table 1.
Figure 1.
Figure 2.

Page

L ATEERN B VYR N

N



o i

SUMMARY

The daily winary excretion of calcium, megnesi.um,
and phosphorus was determined on 12 healthy volunteers
during a period of 22 days exposure to an atmosphere
containing 1% CO,. Serum calcium fell significantly
during the perioﬁ, whilst the urinary exoretion of
culcium fell during the iirst woek, and then rose again
subsequently, The serum magnesium remeined remarkably
canstant, and the wrinary magnesium exhibited a very
similar initial pattern to calcium but did not rise
again to the same extent, The serum inarganic phosphate
did not change signif'icantly but the urinary cutput of
phosphorus fell progressively over the whole period of
exposure, These resulls are compatible with the view
that acoclimatization to CO, may result in altered cenal
handling of some of the su%s‘cances involved in calcifica=
tion of tissuess Such hypercalcification has been
recorded in animals exposed to a similar environment, and
it is suggested that the altered Ca and Mg ratio may be
a factor in this hyperculcification,, ‘
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ANTRODUGTION

The present study is part of a wider investigation into the physiological
effoots of environment on submarine patrols. It is known that experimental
animals exposed to 1.5% CO, for long periods develop oaloification of the kidney
(Sohsefer and Hiemoller, 1860) and it has been argusd that this oondition may
apply to personnel subjeoted to inoreased (0, tension for prolonged periods in
submarines, The aetiologiocal faotors invol%ed in caloification and renal stane
formation are many and divarse, such as renal tubular acidoais, hyperparathyroidism,
or anatomical abnormalities in the urinary tract. Albright et al. (1953)
suggosted that a high urinary calcium was a faotor in renal stone formation,
but Hodgkinson et ale (1958) found many symptomless hypercaleiuric jndividuels
in o normal population, Othar urdnary constituents have been implicated by
some workers, Modlin (1967) suggested that a high Na/Ca ratio protected against
calciun precipitation, but Papadimitriou et al. (1968) oxamined the urinary
electrolytes in a group of stone formers and a group of conirols, and concluded
that ther were no signifiocant difi'erences in the Na/Ca ratio, Evans et al,
(1967) found magnesium to be significantly lowered in some of their normocale
oluric stone formers.' The role of magnesium was felt by Oreopoulos et al,
(1968), to be important in the process of stone formation, particularly if the
ratio Mg/Ca was low, Isaacaon (1968) from his study omoluded that there was
no evidence for unique abnormalities in lla or Mg in nephrolithiasis and that
although hypercalociuria relatdve to Na, K, lig osmolality and ionic strength
was a {'eature of stons formers, the most consistent finding was hypercaleiuria

relative to osmolslity.

The formation of caleium salts in an insoluble state is evidently a multi-
faptorial process, and the investigation of a single aetiological factor is
unlikely to be productive, In our own series however, (unpublished), stone
formers did exhibit some very low urinary magnesium values which were well below
the commonly accepted values, In this study a group of healthy individuals
were examined to see if' any metabolic eft'ects arose from breathing 1% 002 for
a period of three weeks which might alter the renal output of Ca, Mg and P,
those being some of the factors which may be rclevant to renal stone formation,

MAT. AND METHODS

Volunteers far this study were twelve healthy members of a submarine arew,
Their sges ranged between 20 and 35 years, and none had any history of remal or
skeletal pathology. All were subjected to an atmosphere of normal air containing
1% CO,o The composition of the atmosphere was monitored 4 hourly with an
instailed infra=red atmosphere analyser, a minimum of three readings were taken
on each occasion, from difi{erent parts of the vessel, Dlet was free both before
and during the experimental period, the only difference being in the use of
distilled .ater instead of tap water, and the use of a milk substitute for
beverages, The tap wator normally taken had a Ca concentration of only 30 pepPele,
and the milk substitute dif'fered only slightly from milk, Calcium and magnesium
intake was thus similar befare and during the experiment,

The period of exposure to this environment waa twenty-two days with brief
periods of surfacing when the mean ooncentration of CO, fell 1o not less than
OcF%. Fasting blood for calcium, magnesium, phosphoris, and areatinine, were
colleoted on the second, ninth, and seventeenth days of the experiment, Aliquots
of the first morning specimen of urine were colleoted on the day beforeoand
every day of the investigation, All sera and urine were frozen at =20 C within

minutes of collection,
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Analyses f'or calclum and magnesium were made on a Pye=Unicam SP90 atomic
abaorption speotrophotometar using the mothod supplied Ly the manufacturer,
Creatinine and phosphate analyses were carried out on the Auto Analyser
(Technicon) also using standard methods, The ooncentrations of Ca, Mg, and
P were expressed as mg/100 ml of glomerular filtrate (G.F.) using the equation,
(0.80 Oaloj-um)o

Caloium exoretion, Cap = UCO. X Pk
(mg/100 ml G,F,) Ugr

Where UGa = urinary calcium in mg/100 ml,

Per = Plasma oreatinine in mg/100 ml.

(Peaco ¢k and Nordin, 1968)

Statisticel methpds used wero thosc from Dooumenta Gelgy, Scientific Tables
(6th Edit)

RESULTD

The atmospherisc CO, level throughout the period of study was 1,02 (3.D.0.19)
except for three briof poriods when tho 002 conoentration f'ell %o a lowest
mean velue of 0,53k,

Tho daily mean urinary oxoretions of' caloiun, magnesium and phosphorus
are shown plotted in Figs, 1a, b and ¢ as mg/100 ml G.F., versus the time of
axposure to CO,e  The oaloulated ratio of Ca/Mg for each day is shovm in
Fig, 1d.

The mean values of the 12 subjects for serum calclum, mognesium and
phiosphorus are shown in the folloving Table,

TABLE I

Serum Ca Mg P

day 2 10,2 1499 3eb3
day 9 9.9 2,00 30148
day 17 9.7 1499 | 346

The relationships between the serum and urine levels of calcium and
magnesium are illustrated in Flgs. 2a and b,

It can be seen from Fig. 1a, that CBE rises steeply up to the second day,
and then falls sharply to the fifth dgy, =~ The output is then cyclical in
pattern up to and above the initial lcvel, Although these fluctuations are
marked the net change in mecan values is small and negative, the cumulative sum
of the differences from the initial value before exposure, being nearly zero,
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A gimilar pattern ls shown by magnesium Fige. 1a, the correlation between

those two being significant (P<0,01), but it is evident from Fig, 1b, that
MgE tonds to fall over the pariod of exposure. FPhosphorus shows the same
initial pattern as the othor two clements, up to the eighth day, but aftor this
no rool similarity in behaviour is notdceable, No signifiocant correlation

wap demonstrable botween F, and Mgp, o Phosphate exoretion is diminished
to ¢ greater extent than tﬁe other *wo, and the cycllc pattern was unrelated

to the flugtuations in 002 concontration, as indeed were both MgE and CBE.

The ratio of Ca/Mg is seen to rise (Fig. 1d), this rise being largely
due 1o lowered MgE rather than raised Ga.E.

If the whole moan output of Caloium (Ca,) from a given individual for the
twonty=two days of test is plotted verasus t;‘E serun values from the latter part
of the investigation, then the scatter graph in fig, 2o results, A distinct
trend is seen but it is just not significant (P > 0,05). lowever, when

Cam/ N is plotted versus the serum calcium values (Fige 2b), & muck better
rolationship 1s seen which is highly significant (P < 0,01)e The mean serum
colcium is seen to fall, (table 1) and this fall is significant (P < 0,05),

The serum inorganic phosphate and magnesium do not show any change in mean
valuec,

DISCU S ION

The major environmental differcnce experienced in this stuuy was the
relotively higl: level of' carbon dioxide compared to normal aire Other factors
which may ve pertinent, arc dietary and occupational, Diet was free and did
not measurably alter ashore and afloat, so the mineral intake presumably did
not change to any significant extent, Similarly the vork level did not
unlergo any signif'icant change, the two lecvels of activity before and during
the trial being clasgsified as sedentary., A change which has been recorded
in gimilar circumstances by Schacfer ot al, (1963) is a diminution of urinary
volume, and this has been confirmed by our owm unpublished obscrvations. The
fall is of the order of some 20fv ond tliis may play a significant role in the
kinetics of minerwui handling by the kidney. '

Aoclimatization to CO, and its effeot on calcium and phoaphorus metabolism
hes becn studied by Sohaci%r et al, (1963), who showed that there were two
phases, one of uncompenscted respiratory acidosis lasting up to 23 days,
follawed by a period of' camponsated respiratory acidosis. ‘The metabolic
efifects of breathing 4,5% CO, in their study lasted for several wecks after
entoring normel air, and they concluded that their rcsults were compatible
with a storage of calcium and CO, in bone, as a release of both of these
substances were seen on de=aoclilatization, The results of that study would
imply that the changes seen were not explicable by increased faeocal excretion
or diminished absorption, Lul these factors cannot be ruled out,

The initial rise in calcium oxoretion seen within two days of entxy to
the raised €O, level wos roflected in the magnesium and phosphorus curves
(fige1)s This would scom to indicate a rapid physiologicel response to
breathing eir of this composltion, and seems to imply also that other effects
such as dlet, degree of hydration, would not operate at such an early stoge.
The next stage up to the fifth day shows a marked downward trond for calcium,
again refleoted by the other two ions, The common renal tubular handling of
calcium and magnesium is widely accepted (Hanna et al, (1961)) ond the similarity
in the two excretion patterns of calcium and magnesium is seen in Fig, 1a and 1b,
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to be a significant one, However, the similarity is not complete, and the

rise to the initial level of caleium concentration is not secn for magnesium,
which is relatively lowered compared to calcium, Conscquentily the ratio

C MgL goos up rather more duc to diminution in magnesium output, than to
ingrease in calcium exoretion, It is of interest to compare the output of
urinary calcium with the serum levels for caleium over the period of stusly

(Fig. 2a)s These blood levels were taken fasting, and it is usuel teo find that
a fasting calcium level is stable on 2 moderately stable dietery intake, so

that the fell showm is a rcal onc, ond confirms the findings of Schaefer ot al
(1963). This fall in serum calecium (Pabie 1) is still apparent at a tinme when
the wrinary calcium cxerotion is increasing, The filtered laad for calcium

is the procduct of the amount of ionised calecium in the plasma and the volume
rfiitered, If the scrum calciwm falls, the filtered load siiould decreoase unless
the volume filtered nt ihe slomerulus is increased, Undor the conditions of
ihis cxperiment a reduced ratner lhan increased wrinary volume would be cxpected.

The correlation seen in Fige 2a is not high, probably because of the
sompleaxity of calcium homeostasis, but some dependence is scen, altihoupsh it
is just not significant at the 5% levels It is possible that the first phase,
up to the sixth day, reprosents a storage of calcium which: 15 then rcleased and
then oxcreted subsequenily by the lkidney, without a rise in the plasma level,

The results for I.Q;E (f£igs 1b) seenm to represent a diminution of wrinory
output witiiout any chenge in the serum level, The homcostatic nechianicm for
magnesium involves the considerable flexibility of the nephron to cxerecte
mocnesium, and keop the serum level constant (Steele ct 21,1968), The magnecaium
in ‘17 serun of thest subjects remains remarkably constante 1llot meorely the
nean values, but the individual resuits fluctuated by a figurc well within the
exporinentnl crror of duplication. If this congstant level is associated with
a Jizinisiied output of this ion, then some storage is possible.

It is of interest to see that magnesium output is affected so readily by
the environmental stress applied in this situation, liopgnesium ac a largely
intracellular ion is not regarded as a labile physiological entity. Yhoaphorus
on the other hand (Fig. 1¢) is dependent to some exient on diet, and is a
fairly labile spocies. It is likely that the diminution in phosphate rccorded
here is a highly sipgnificant response to the requirements of the body to
noutralise the CO, breathed ine, The avility of phosphate to be excreted in
several acid formg make it a very useful anion in the repgulation of acid
elimination, ilowever, Schacfar (1963) showed that the regulatory rolc was
anomalous, and the behaviour of phosphate in this study is not exzplicable in
tho absonce of knowledge of otiler bulffer changes in the body. The plasna
inorgonie phosphate nmean volues shovm in table 1 show no significant overall
change, out the individual levels shoved conaiderable fluctuations.

rhe retio of calcium to magnesium excretion (C I.Ig-;.;) shovs a cunulative
rise over the period of axposure, largely due to I in"magnesiume,  lMagnesium
may wcll be impartant in the solubility of caleium salts, and it hos been
reporied by Ward (1964), that nephirocalcinosis oceurs in lig depletion.  Such
effocts on solubility could be a function of the formation conztants of comploxes
of calcium and magnesium with anions such as oxelate, citrate und phosphate,
The altered ratios of calcium ‘o magnesium may well predispose Lo seced formation
in the urinary iracts, Such a nucleus is difficult to redissolve, and growth
is more likely than dissolution, (Lonsdale, 1968)., The influcnce of magnesium
conoentration is illustrated in TIMig, 2b where the Cam/lig~ ratio correlates to a
much more significant extent than does alone, indicc@ing perhops that
parathyroid function is more conecrned vith the two ions together than either
alone,.
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That carbonate is an integral component of the bone crystal complex in
mon and other species, was shovm by Pellegrino and Blitz (1968). Bichanan
and Nakao (1952; showed that in rats 30% of the bone carbonate was exchanged
in 12 days, while the rest appecared to be largely noneexchangeable, The
poasibility that the storage of CO, in the skeleton does occur has been
strengthcred by the observations o% Lemarm et al, (1964), that fixed buffers,
probebly skeletal, are called into play during experimental chronic acidosis
in man. The role of bone 2s a buffer is not so impartant in the defence of
Hl, 25 the bicarbonate system in the tissues, but it seems likely that in
chronic respiratory acidosis, some of the €O, could be initially stored in
bone, to be rele:sed when the acidogis is reiieved. Ca and lig may be involved
in the storage, and the rosulis obtained hore may be compatible with this

ideas

Whether conditions of mild neotabolic stress such asz those encountered
in this investigation, have a cumulative effect on idiopathic hypercalcification
and renal stone formation is spcowlative, but certainly growth of renal stones
has becn observed to occur over as short a time as 24 hours (Gasser and
Preoisinger, 1958), so that such stress may have a contributory effect and
provide the conditions for calcium salt deposition,
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amount excreted in mg/100ml glomerular filtrate.

0.20
0.15
Ca 0.10
E
0.05

0.100

0.025}

1.00}

m Y

0.5}

FIG. 1.

100 }
L. 00B}
g
Eo.oso}
0.75
0.50}

A

fa

1b

1c

DAYS IN_1° CARBON DIOXIDE
5 10 1%0 2)6 25

Mean urinary excretion of

calcium,magnesium and

phosphorus. (Each day’s value
Is the mean of 12 subjects ).




031
r=0.527

e .
4
:-:: Cn- 3 0. @
§ [ 4
3 ®
o 0.1
E [ ]
L
o .
E 2.0
o
© 8 S 10 1
& Serum Ca. mg/100ml.
£
[ =
Py 4 .
§ I
m [
b r= 0.7
3
c
po
(]
£
o

X

Serum Ca. mg/100ml.
FI1G. 2. Subject mean values

versus serum calcium.




