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n eonsidering ealeium and phosphorus metabolisn
one is primarily engaged in a study of hone metabolism. The
dlagran below from Shohl (1) $1lnstrates why this is ses I%
shows the’relative.ammunts-sm@ cemcentrations of caleium and
phesphorus beaur?iag in the skeleton, im the muscles, and In

the rest of the body.
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The ordinstes represent concentrations ir the various
organs, and the abscissae the percent of the tots
positive or negative equivalents of the adult body.
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Bone consistz of an organic matrix and inorgani
matter. The orgsnie matrix develops, by differentiation,
from connective tissue, the cells beecoming the osteoblasts
and the intercellular substance the osteocid matrix, The
latter is sompos&d»of osseln, which resembles the collagen
of other connective tissues, ossecalbuminoid,; similar to
elastin of elastic fibers, and glycoproteins, which are
like the glycoproteins of cartilage. DBone matrix is cgleie-
fiable as it is formed and calecification begins as the
{2) (3]

3 &

matrix is developed. {Urist and MclLean Bourne

and Ascenszi {L}}‘

The inorganic matter is composed of E&++,
(P0,)" ", and some (OH) , Mg , (CO3) , ¥, Na', and 61
lons arranged in crystals belonging %o the apatite system
represented by the general formuls —e-- 3 Cag(PO; )y : CaX
=== where X may be (CO3)7 , two (OH) , F', C1 , and coubin-
ations thereof. 35ince 1862 the apative structure for beome
wineral has been suspected on the basis of its composition
{Huggine {533‘ X-ray diffraction studies have confirmed

the apatite structure for the mineral components of both

5l - éz;}
bone and teeth (Roseberry , Hastings, and Morse s laylor
and Sheard (?}j and Clark (8) Je

The apatite crystal structure of bone mineral
suggests Tormation by precipitation of ilons in a mammer
similar to the formation of other apatite minerals found in
(9,

nature {Shipley, Kramer and Howland The process of

precipitation of slightly soluble salte can be defined in
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terms of the solubility product (ﬁg*p_ﬁ for the particular

&

salt, For example, the K for Agll is 1.56 X 10-18

GePe
@ 25 €., which means that whenever the molar concentration
of silver ious {ig+} times the molar concentration of
chloride ioms (€17 ) exeeeds 1.56 X 10“10 Agll will pre-
cipitate out of solution.

The a?a%ité,cfyat&l structure permits a generous
substitution of lons, and because of the complex ionic
composition of the plasma, the atomic proportions of the

general formula 3 633(p05}2 ¢ CaX, do not occur, Such a

proportion 28 e

[Q{:&gag E@G‘gg E"ag.lg HE} (P{}L}}5‘G7 H Eal.zl&y {i}ﬂ}z]

is charseteristic of bome mineral (Hendricks and Hill ‘197,

A solubility product cannot be assigned to bone mineral of

such composition; however, it does approsch that for

A } oY

ﬂaﬂ?ﬁé. {Shear and Kramer {11} and Logan (12 i
Kg,p. CaiPO, ..... 2,01 X207 in water.
KS.@. &aﬁ?ﬁé snbhe Ax9 X 13”6 in serum.

By simultaneouns study of blood and bone composie

o 5
(13, 1k} ) have shown

tion, {Sobel, Rochenmacher and Kramer
that the composition of bone depends upon that of the liguid
phase in contact with i%, and it is sssumed that physicoe
chemical processes are a controlling facter in the phenomemon

(15, 16}

f ealeification (Kruyper }. UObservations with the

aid of radicactive phosphorus gtec,
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OCbservations with the a2id of radicactive phose
phorus support the assumption that bone minerals are in
some sort of equilibrium with the corresponding blood

minerals {Manly, Hodge and Manly (17 |
(18)

Heuman and
¥Hulryan have recently demonstrated an lonic exchange
and recrystallization of bone mineral occurring in wvitre,
and from the chemieal point of view they emphasisze that
bone is a labile and sensitive substance. In addition

the magnitude of the exchange takes place affirm the
dynamic behavior of caleified tissues (Neuman and Riley
(19) 1

Such material as these suthors present is come
plicated by the diversity of mechanisms by which ions can
be‘fixgd in the skeleton .... aceretion, ionic exchange,
and recrystallization. Considering bone to be in chemical
equilibrivm with the extracellular fluid, alterations in
this medium in turn alter the chemical equilibrium of the
bone material.

The biochemical detalls of calcification of hard
tissues are not yet fully available; however, it is pose
sible to tentatively sketch a hypothetical sequence of
changes leading to calcification. Ve are limiting our
discussion to the skeletal boné of adults and are not
considering the growing bone with endochondral calcifica-
tion. Upon examining a section of bone histolegically,
one observes surfaces where bone is being deposited, sur-

feeces where it is being resorbed, and others whare the



Fi&ﬁ 2

1, OSketch of a section cut through & newly formed
| spicule of bone in the developing skull of & pig luhfye,
Observe that some of the osteoblests have differentiated into
oetoecytes and have surrounded themselves with intercellular
substance so that they have come to reside in lacunae., Obe
serve that osteoblasts are arranged around the perdphery of
the spicule, where they are engaged in Inereasing its extent,

(A, ¥, Ham (l?)),

piﬁi 3

2. Sketeh of a section cut through a trabeculs of
bone in the marrow cavity of a long bone of a dog. The tra-
becual occuples the middle of the plcture, It is covered
with ocsteogenic cells except in four sites where osteoclaste
are present, The dark staining nuclei in the periphery of
the plcture are those of cells concerned in producing red
bloed cells in granular leukocytes, (i, W, Ham tzq})g
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status quo is being maintained, Tig. 2 and 3.

Initially it should be pointed out that bone
deposition oceurs by the addition of new bone to free bone
surfaces, not interstitial but appositional growth like thatb
of a tree. {Shipley and Macklin (23)).

One may falrly ask what facilitates bone growth
on one surface with bone resorption occurring on another,
and both processes going on presumably in the same body
fluid? The answer to this has come from the findings of
Robison (231, Robison and Soames (24} ), ana (A, B, and
B, B, Gutman (25, gé)). Noting the presence of the enzyme,
alkaline phosphatase, in tissues actively calcifying,
Robison has suggested that it hydrolyszes arganic phosphate
esters, producing s local increase in the concentration of
phosphate ians—{HZPGZ and HPQa"'l which causes the solubil=-
ity product of Qaﬁ?ﬂh to be exceeded, resulting in precipie-
tation. This initial precipitate is gradually altered into
the apatite crystal ﬁﬁracture and distinctive bone mineral
composition,

The serum alkaline phosphatase is practicaliyn

27
all preoduced by the osteoblasts {Gould and Schwachman y

28)  pe11 and Robison ‘2%, Hivems and Robison %)), and

in the absence of liver disease the amount present is cone
sidered to be a r@flecﬁiaa of the osteoblastic activity of
bone. It is always high in conditions in which matrix is

being laid down in excess ---- during growth, rickets,

oateltis fibrosa cystica, and Paget's disease.



{32}

‘and Glock have demonstrated

; . 25}
glycogen in calcifying cartilage and Gutman and Gutman (25

and Guiman, Warrick and QGutman (26) have demonstrated
phosphorylese activity, in addition to that of alkaline
phosphatase, in caleifying cartilage. Phosphorylase facil-
itates the phosphorolysis of glycogen to form glucosewls
phosphate, and thereby initiates further enzymatic reactioms
of anserobic glycolysis with the net result of preducing a
mixed substrate of erganiec phosphate esters for the action
of alkaline phosphatase. Phosphorylase is also found in
bone tissue, but not in articular cartilage.

In regard te the process of decalcification,
Fuller Albright (33437, 45} sugpests that the kidneys play
a major role., Under normal conditions the electrolyie
composition of the blood, @&icium and phosphorus in partice
uler; is maintained at such levels that the interstitial
fiuid is constantly undersaturated with respect to bone
mineral components with the result that a constant
dissolution of calcium and phosphorus from bone resorbing
surfaces takes place. iny conditien that decreases the
- concemtration of calciwm and phosphorus ions in the body
flulds will increase the rate of bone resorption. in
acldosis preoduced by feeding ammonium chloride will hasten
bone resorption. A conditieon,which occurs in hypopara-
thyreoidism, in which the calcium ion concentration is
lowered need not hasten bone mineral resorption because of

a compensating rise in phosphate ion conceantration.



7

Any slight change in the iom product of calcium
and phosphorus probably influences bhone resorption., Apatite
deposition on the other hand, is influenced by this ion
product only when a marked abnormality in the direction of
unsaturation oceurs, such as rickets with very low serum |
calcium or low serum calcium and phosphorus.

Another question is what influences catecblastic
activity? Aside from the influence of nutritional factors
such as Vitamin C and hormonal substances such as estrogens
and testerone, mechanical stress plays a significant part
(Eoeh (383}, Alterations in bome architecture are in
sccord with meehanieal principles, and bone is laid down
in accordance with the stress lnvolved. When a broken
bone is set at a new angle the new bone is laid dowm along
lines of stress, Likewise when & limb is put at rest
generalized decalcification occurs, (Howard, Parson gt gl
(39, 40, L1} = 4 Deitrick, Whedon, Schorr amd Barr (42)),

In regard to the mode of action of the para-
thyroid hormome there have been two schools of thought.

J. B. Collip #3) 4 14s assoclates believed that the
hormone acted directly on the bone tissue causing its
dissolution, and that the electrolyte changes eof the body
fluids were secondary te the bone changes. Recently Neufeld
and Collip (b} demonstrated a direct effect of parathyroid
hormone on the kidneys.

Fuller Albright (33-37, 45) believes that the



hormone acts on the electrolyte equilibria of the body
fiuids via the kidneys, and that the bone changes, when
they cccur, are sscondary to the chemical changea, Ve
are following the latter hypothesis because we believe
that it offers z better explanation for the known facts,

If one removes the parathroid glands from a
normal indlividual this sequence of events oceurs: first,
there is an immedlate decrease in the phosphorus excres
tion in the urine; secondly, the serum phosphorus rises;
almost simultaneously the serum calcium falls; and finally
with the fall in serum calcium, there is a diminished
caleium excretion in the urine.

If one admimisters parathyroid hormone to &
normal or hypoparathyroid indivifinnl, the same four metae
bolic functions sre altered in the opposite direction

but in the same sequence, Fig. 4.
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From these observations one i3 naturally led
to believe that the serum phosphorus rises az the serum
caleium falls or the serum phosphorus folls as the serum
ealelum rises in keeping with some solubility ngodwt
relation, As pointed out above, the lonic comcentrations
of celeium and phosphorus closely approach those for

Gaﬁ?ﬂh in serum (X =~ 25 K 10'63.

SaDe p :
Undar the influence of the parsthyroid hormone
the serum calcium rises becauss the serum phosphorus falls,

and serum phosphorus does not fall because the calcium
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rises, The stimulus for parathyroid activity is apparently
a dee:&&geﬁ serws ionic calcium concentration,

In summary, bone, with its organic matrix on
which apatite minersl erystals form exists in a state of
equilibrium with the body fluids. The calcium and phos-
phoras ionic concentrations of extracellular fluid are
naintained somewhat below the saturation point {the solu-
bility product for apatite}, resulting in & continucus
dissolution of bone mineral. Bone deposition occurs with
the aid of alkaline phosphatase, produced by the osteo~-
blasts, which facilitates the hydreolysis of organic phosphate
esters, producing a local inerease in the concentration phose
phate loms. The product of caléium and phosphorus ion cone
centrations than exceeds the solubility product for apatite
and precipitation, i, &, calcification occurs, Phosphoryl-
ase, by its action upon glycogen, provides substrate for
the phosphatase engyme, HNechanical stress is the signifw
icant factor in the stimulation of osteoblastic activity.
The parathyroid hormone, by increasing the urinary excru«.
tion of inorganic phesphorus, causes decalcification and
elevated serum calcium. In addition, low serum calcium is
a stimulus for enhanced perathyroid activity,

With this group of animals we measured some of
the chemieal alterations assoclated with allexan diabetes.
Initially we expected to show a mobilization of bone minerals,
both caleium and phosphorus, associated with the excretion

of ketons bodies in alloxan disbetic state. This has been
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{46)

observed in human disbetes by Martin and vestman and

Perleweig, Latham, and Keefer {&?2.

With lacreased urinary calcium and phosphorus
excretions, representing a loss of bone mineral, we would
expect a weakening of the bones, more mechanical stress,
and stimulation of ostecblastic activity, which in turm
would be reflected by an increase in serum alkaline phog~-
phatase, & sequence occuring in osteomalacla,

Cantor, Tuba, and Capsey (58}

have reported an
almost four fold inérease in the serum alkaline phbs-
phatase of alloxan diabetic rate, OSerum alkaline phos-
phatase is alse increased in liver disease; however, the

(49]

increase as measured by Urabkin and Marsh in alloxan
disbetic rats is only about forty per cent above normal.

Our measurements of gerum aikaline phosphatase were of the
same order as those of Canbtor, et al, and we believe that

the increase in the serum level above forty per cent reflects
increased osteoblastiec activity.

If the acidosis were the fundamental disturbance
in alloxan diabetes with respect teo bone metabolism, the
addition of bhase, such as HaﬁﬁﬂB, to the diet should reduce
the serum and urinary values toward normal e--- that is,
reduce the urinery loss of calcium and phosphorus, lower
the serum alkaline phosphatase, raise the serum calcium
and lower the serum phesphorus cmnﬁeﬂtratienﬁ, respectively.

This did not occur, and therefore, we conclude that the



1z
fundamental disturbance in bone metabolism in alloxan
diabetes 1z not due to the acidosis alone., There is en
alteration in the mineral metabolism of alloxan diabetic
rats which is more profound than that due to acidoisis alone,.
Treatment of the animals with protamine-sinc insulin relieved
the comditiom.



METHODS

Four groups of sdult, male rats, Sprague-Dawley
strain, whose weight ranged from 150 to L20 grams and
corresponding to ages of 13 to 25 weeks were used, Group I
contained Zi control aninais, which ﬁeighed 300 to 420 grams,
corrvesponding to 18 to 21 weeks' age. Group II contained
25 alloxan disbetic animals, which weizhed 150 to 300 grams
before the injection of alloxan, corresponding to 15 to 21
weeks' age. The duration of diabetes was 9 days fﬁr ) |
animal, 10 days for 1 animal, 16 days for 3, 17 days fer 5,
19 days for 2, 20 days for 6, 21 days for 2, 22 days for 3,
and 34 days for 2.

The animals in Group 1I whose blood sugar remained
above 300 mz. per cent were used for Group III and Group IV.
The duration of their diabetes was 30 to 60 days. Group III
contained 12 alloxan diabetic rats, which received slkaline
drinking water, 75 milli-equivalents of sodium bicarbonate
per liter of water, 1) days for i animals, 17 days for 4,
and 20 days for L. They weighed 175 to 345 grams, Group
IV contained 22 alloxan diabetiec rats, which received
subcutaneously one unit of Lilly's protamine-sine insulin
for each 100 grams of body weight for 7 days for 3 animals,
8 days for 8 animals, 9 days for i animals, 10 days for &
snimals, and 12 days for 3.

At the end of the respective perieds bleood sugar,
serum inorganic phospﬁorus, serum alkaline phosphatase, and

serum caleium determinations were made, and the animals were
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placed in metabolism cages for collection of 2L~hnur-urina
and feces samples. In the metabolism cages CGroup I and II
animals received water without food, Group III animalas
alkaline drimnking water without food and Group IV animals
water without food and insulime Titratable acidity, calcium,
phosphorus and nitrogen determinations were made {rom the
urine samples, calcium and phosphorus from the feces, and
calciwma and phosphorus from food.

Alloxan monohydrate was prepared according to the
method of Speer and Dabovich [501, and a solution containe-
ing 60 mg, of pure allexan per ml, was {reshly prepared
for subcutaneous injection. Each animal was fasted for
L8 hours before receiving alloxen, and 3 mg, of nembutal
was gilven intraperitoneally about ten minutes before the
alloxan (Abbot's Veterinarian Henbﬁtal Solution, containe
ing 60 mg. per ml.). The freshly prepared alloxan Solue
tion was then given subcutanecusly over the flanks, and
the overlying skin was gently massaged teo aid sbsorption,

100 to 150 mg. of alloxan per kilogram of body weight
resulted in a non-fasting bloed sugar of 350 mg. percent
or more 8 hours after the injection.

The h8-hour blood sugar determinations were made
with tail blood, obtained by warming the tail for one minute
in warm water (about 42°C.)}, drying it thoroughly and hastily
severing the tip. 9Six to eight drops of blood were collected
on & spot plate which had been coated with a 5 percent potas-

sium oxalate and 2.5 percent sodium fluoride solution and
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dried avermmishbat room temperature {Somogyi iﬁl;). The
blood and antiecoagulant were mixed; 0.1 ml, of bloed was
immediately transferred to a lS-mlg‘centrifuge tube containe
ing 7.5 ml, distilled water. A bloeod filtrate was made from
the laked blood solution by the Somogyi (52} procedure, using
0.5 mL, of 0.3 ¥ Be(CH), and 0,5 ml. of 5 percent Zn30; solu=
tion, Five ml. of blood filtrate were added to § ml, of

)

Somegyl (53 reagent, according to the Somogyi {5E)‘procad~

ure,
The reagent is an alkaline solution of cupric
ions with phesphate buffer, The amount of glucose, oxidized
by the cupric ions is reflected in the quantity of cuprous
ions produced, The cuprous ions are, in turn, oxidized
by free iodine, There 1s a known concentration of free
iodine, which is in excess, and the ijodine that is not re=
duced by the cuprous ions is reduced by titration with 0,005
N thiosulfate solution., DBlank determinatioms are run simul=-
taneously. The glucose content of the blood filtrate is
equivalent zavthe quantity of sodium thiosulfate obtained by
the difference of tke uloaﬁvfiltrate titration and that of
the blank,
To obtain heart blood each animal was anesthetized
by intraperitoneal injection of 3 mg. NHembutal for each
100 grams of body weight {Abbett's Veterinarian Nembutal
solution 60 mg, per ml.) and a heart puncture was made
through the chest wall, One ml., of blood was slowly withe
drasm into a tuberculin syringe and 0.2 ml, was quickly
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transferred to a spot plate coated with anti-coagulant for
blood sugar determination yide gupra. The remaining 0.8 =i,
was transferred to a clean, dry 15 ﬁl. centrifuge tube,
which was immediately stoppered and placed in a water bath
kept at 37°C. to promote clottimg., After forty to sixty
minutes, whem clotting was complete, the stoppered tubes
were centrifuged at 1500 r. p. m, for twenty minutes, Al-
most 0.4 ml, of serum was withdrawn and transferred to a
small serum tube. |

The serum inorganic phosphorus and alkaline ph@&é
phatase were determined by the micro-technique of Shinowra,
Jones, and Heinhart {5‘1, adapted to 0,05 ml, of serum. The
substrate for alkaline phosphatase was a buffered beta-glycerol
phosphate solution maintained at pH 10.&fﬁ$l in order t¢ have
a final pH of 9.3%0,1 upon the addition of serum. The pro-
teins of the serum and serum with substrate were precipi-
tated with trichloracetic acid, The proteinefree filtrate
was treated with an acid molybdate solution, which formed
phosphomolybdic acid from any phosphorus present, The
rhosphomolybdic acid was reduced by adding stannous chloride
solution, producing a blue ﬁolbr whose intenaity was pro=
porticnal to the amount of phosphate present, Transniésimna
were read at 600 gy and their values in gamma of phosphorus
were obtained from a previously standardised chart (Chart #1).
The Coleman junior spectrophotometer, model 6a, was used for

all photometric measurements.
The serum calcium was determined by the micre-metod
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of Sendroy (55}, using 0.1 wml, of serum. The calecium was
precipitated as calcium oxalate, which, in turn, was conw
verted inbo oxalic acid by the addition of sulfuric acid,
A known concemtration of cerric sulfate solutlion was added
to the oxalic acid, and the cerric sulfate was in excess of
that required to oxidize the acid. After the oxidation of
the oxalie acid was cnnpleta, potassium lodide was added,
and a part of the iodide was oxidized to iodine by the
remaining cerric sulfate. Transmissions were read at J00 mu,
and the concentrations of free iodine were measured from a
previously standardized chart {Chart §#2). A standard sedium
oxalate solution and a blank were determined simultaneously

with the serum samples,
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Because the relatiounship of lodine concentration
t¢ the intensity of transmitted light is not a linear one,
the formuls used for calculating the oxalate concentration
s deéalaped as follows:
2 Coll0y)y + HZLRQ; weshn- Cap{8Gylz + 2 COp ¢ 2 Hp30, (1)
2Co(80,), # 2 KI  wwep Cog(50,)5 4 I, 4 K580, (2)

Sl - Standard Sodium Qxalate
*34',;3 - Standard Blank

%3 e Unknows: Sample

o
s

{Ce‘*""*‘"‘_i | onalons 5w MRS o
i_ | ul L :zw ‘J,}, (3)
“
i -y - ey
fcat+ | - [oxaletels = [L] g (1)
5 5 el - ‘ :
53@*‘ - Zexalata g = iy (5)
Ct**%j ?uxnlat; g, = WI"}M 5 (3)
i i ! Pl B
- Cetttt } w Lw:alnta y = jlzly (5)
i) - ) -~ sy lay e BT |
{ "jL r‘«ﬂ - [1,.le | £‘i‘z¢]§d (6)
gﬂew ME - [oxale ‘t.aj - [L-jw (4)
= - = =
lox], = [oxl. § N T R )
MIJ' L th)f: = EM :;j s.}d‘ L 2w (7
2f0sly = [oxls. - [os] o R
1 & " I -
Ox |, Ux! o i e )
. ;- x:i ‘* iﬁv ‘_gué * i- ‘1«-5-’1 1. o lijb.g: . -
be[i’ Az ‘“{I,-._-b (9)



CALIBRATION CURVE FOR TOTAL SERUM CALCIUM DETERMINATIONS

CURVE ®E® @ LOO mu.

ml, Standard Todine Solution / 100 ml.
(3,198 m.eq, I, / 1000ml.)
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The gquantity of oxalate, which is inversely proportional
to the concentration of iodine, iz equavalent to the csleiuwm,
which is initially precipitated as calcium oxalate,

In addition each group of serum determinations
was checked with C.1 ml, of a standard calclium solution
containing 10,1 mg. percent of calcium., The stock calcium
solution was prepared with 0,50L5 grams of caleite dissolved
in 25 ml, of 0,1 HECl and diluted with distillied water to
100 ml, 5 ml, of the stock solutiom was then diluted to

100 =1, with distilled water for the standard calcium solu=

after recovery from the anesthetic, given te obtain
heart blood, the animals were put in metabolism cages for
collection of 24~hour urine and fece samples, The urin
was funnelled into a 125 ml. Brlemmeyer flask combaining 5 ml,
of toluene, and the feces were collected on a small copper-
wire screen seated in the funnel,

The volume of each 24-hour urine specimen Was
measured, and the urine filtered. The titratable acidity

(56, 57) ot

method, using 5 ml, of

was determined by the Folin
the filtered urine with 0.1 N NaOH solution in the presence
ef 2 ml, of 30 percent neutral potassium oxalate solution.

The urinary calcium was determined by the method
of HeCrudden {58, 59] as given by Hawk, Oser and Summerson (6
with the following exceptioms: (1)} 2 ml. of filtered urine
were transferred to a 15 ml, centrifuge tube, {2} the calcium

oxalate precipitate was obtained by centrifuging at 2600 r.p.m.
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for 5 minutes; (3) the supernatant was withdrawn by suction
applied %o a small pipette made from a glazs tube drawn out
to a fine point and curved at the bottom; (4) the sides of
the tube were washed with 3 ml. of 2 percent HHgQH solution,
the tubes centrifuged and the supernatant again withdrawn.
(5) The precipitate was forcefully washed with s fine stream
of a mixture contalning equal parts of ethyl alecohol, ethyl
- ether, and diétiliﬁd water {about 1 ml&),.The sides of the
tube were rinsed with 3 ml, of the solution and the tubes were
centrifuged for 5 minutes at 2600 r.p.m, and the supernatant
again withdrawn, (6} The washing was repeated and sfter cen-
trifuging again the supernatant withdrawm. (7) Two ml. of
1.0 K Hp80;, were added and the tubes heated in a beiling
water bath for s few minutes and titrated while hot with 0,14
E potassium permanganate solution,

Five ml, of filtered urine were diluted to 100 =ml.
with distilled water for tetal nitregen snd inorgenic phos-

horus. Total nitrogen was determined by a micro-Kjeldahl

i

method, digesting 5 ml. of the diluted urine with 3 =al., of
selenium digestion mixture.* The nitrogen was converted inte
ammonia in the presence of solid NaCl pellets and distilled
over intb /70 HESOé. The excess acid was titrated with k/70

EaOl. A blank determination with digestion mixture and 5 ml.

of distilled water was run simultaneously.

~ *Selenium dicestion ﬂlﬁ&ﬂ&&i 1 liter of conceatrated
sulfurle acid, 1 liter of distilled water, 150 grams of
potassium sulfate, and 5 wl. of selenium oxyehloride,
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The urinary inorganic phosphorus was determined
by the method of Fiske and Sﬁﬁbaﬂﬂw‘{él} as given by Hawk,
Oser, and Summerson (62) ; adapted te 10 ml, of the diluted
urine, An acild molybdate solution added to the dilute
urine formed phosphomolybdic acid from any phosphorus present,
The phosphemelybdlic acid was reduced by adding 1,2,4-amino-
naphtholsulfonic acld reagent, producing a blue color the in-
tensity of which was proportional to the amount of phosphate
present. Transmissions were read at 690 my and their values
in ag. phosphorus were read from 2 previously standardized
chart {Chart #3). The Coleman Jr. Spectrophotometer, Hodel
ba, was used for photometric measurements,

Feces samples were dried in the oven at 110 de-
grees C. for one week and msasured for dry weight. Those
samples of more than 0.5 grams dry welght were powdered in
a mortar and a sample approximately 0.5 grams was ashed 1n a
muffle furnace for four hours at 600 degrees C, For a feces
sample below 0.5 grams, the entire sample was ashed, After
cooling 10 ml. of equal parts concentrated HCl and water were
added %o each sample. The acid solution with some undis-
solved ash was transferred te a 100 mli., Kjeldahl flask and
digested with 3 ml, of the selenium digestion mixture. A
blank determination with digestion mixture and water was run
simultaneously, The digested sample was transferred to a
100 ml, volumetric flask and made up to volume with distilled
water.

Fecal caleium was determined on a 2 mi. aliquot of
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the diluted solution, which was transferred to a 15 ml.
centrifuge tube and neutralized with a few drops of concen-
trated EHA&”. Thereafter the procedure was identical to
{58, 59}

the McCrudden procedure outlined above for urinary
caleium,

Fecal phosphorus was determined on a § mil.,
sliquot of the diluted solution by the Fiske and SubbaRow
(60) method as pgiven by Hawk, Oser, and Summerson ‘62).

A triplicste analysis of Puring Chow Checkers for
calcium and phosphorus was made. Parts of several checkers
were ground together in a mortar and about 0,5 grams of the
powder was digested in a Kjeldahl flask with 6 ml. of the
selenium digestion mixture., From this point, the procedure
for calecium and phosphorus determinations followed that

outlined abowve for fecal calcium and phosphorus respectively,



RESULTS AND DISCUSSION

The analyses for the animals in Greups I, II,

III, and IV are listed in Tebles I to IV respectively, and
the average values for the determinations made from each
group are given in Table V, The blood sugar and the serum
inorganic phesphorus, alkaline phosphatase, and total cal-
cium determinatiomns are non-fasting results, The urine,
feces, and foed figures represent values per twenty-four
hours per hundred grams of body weight,

The twenty-four normal control animals of Group 1
had an average blood sugar of 117,06 mg. percemt and an aver-
age serum inorganic phosphorus eof 7.6 mg. percent, an alka-
line phosphatase of 46.1 Bodansky units, and a total calecium
of 10.0 mg, percent., The urine determinations averaged L.00
mg. of phosphorus, 1.2, mg, of calcium, 62.0 mg, of nitrogen
and 3,78 ml, of 0.1 § NaUH for the titratable acidity. The
fecal phosphorus averaged 8.2 mg. and fecal calecium 15.3 mg.
During thé 24-~hour period the animals consumed an sverage of
5.0 grams of food comtaining L0.6 mg. of phosphorus and 65 mg.
of calcium,

The twenty-five diabetic animals of Croup II showed
an average bloved sugar of 436 mg. percent and a serum inorgan-
ic phosphorus of 8.0 mg. percent, an alkaline phosphatase of
16}, Bodansky units, and a total calcium of 9.56 mg. percent.
The urinalyses averaged 7.7 mg. of phosphorus, 3.0 mg. of
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calcium, 105.5 mg. of nitrogen, and 4,06 ml. of 0,1 N NaCH
for the titratable acidity. The fecal phosphorus was 15.7
ng. and the ealeiuvm 34.3 mg. For the 24~hour periods food
consumption averaged 11.0 grams whieh contained 81 mg. of
phosphorus and 125 mg. of calcium,

The alloxan diabetic animals of Group II showed
an inerease in urinary phosphorus and calcium about twice
the normal excretion and urinary mitrogen was seventy per-
cent above the normal amount, The serum alkaline phesphatase
was elevated to almost four timas the normal level, the same
quantitative increase as that found by Centor et gl ‘481,

It was initially believed that the alterations in
mineral metabolism associated with alloxan diabetes might be
due to the prolonged state of acldesis. In an effert to
neutralize the acidosis sodium bicarbonate was added to the
drinking water with the surmise that by relieving the state
of acldosis the disturbances in mineral metabolism might be
corrected, 4 concentration of 75 milli-equivalents ﬁaHGDE
per liter of water was found sufiicient to reduce the titra-
table acldity of the urine to the normal range. In addition,
it seemed adequate since this amount represents a concentra-
tion of the sediuwm iom, Hat, about one-half that of the nor-
mal extracellular fluid and a comncentration of the bicarbone
ate iom, (3303}*, about three times the normal extracellular
{iuid concentration, The Group III animals, 12 alloxan-
disbetic rats, were given the alkaline drinking water for 1li

te 20 days; and, at the end of that time their average
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urinary acidity was somewhat below the normal sverage ~-
2462 nmle ap compered to the notwmel of 3,78 ml. of U.1 B Nall,

The twalve diabetie animals malntained on sodiunm
bicarbonate solution in Group IIX had an average blood sugar
of 470 mge percent and & serun inerganic phosphorus of 7.067
ng. percent, an allmline phosphatese of 220 Bodansky units
and a totel caleium of 10,1 mg. percent. The wrine deter-
ainstions averaged &.5 mg. of phosphorus, 3.2/ nge of calalum,
112,0 mg of nitrogen, and 2.6 ml. of 0,1 H NaGH for the titrae
table acidity. The fecal phosphorus was 9,3 mg. and the cale
#Ammwﬂm MWWMM‘_91-5
gromg, contedning 7 mg. of phosphotrus end 117.6 mge of

Though the alkaline therapy reduced the wrinsry
aneidity, it had no influence on the wrinary loss of phosphorus,
calcium, and nitrogen, and there was no significant cheange in
the respective blood snd serum velues coupared to those of the
diabetic animals in OGroup II, %ith the discovery that alke-
line therepy did not correct the disorder in mineral metabol-
Lo agacclated with alloxan dlabetes, a more profowx! deow
rangement than urinary acidosis sppeared to be involved,

Decause there was no fundmmentsl change in the me-
tabollsn of the disbetic rets mainteined on alkeline drinke-
ing water, a program of insulin therapy was instituted, It
was found that ome unit of Lilly protanine-szine insulin per
hundred gramg of body wedght given subcutaneously eech day
reduced the average blood sugar level from 436 ng. percent Lo



26
190 mg. percent., The serum and urine determimations made
at the end of the respective periocds of insulin therapy
{7 to 12 days) showed 2 significant return toward normal
values,

The twenty~two diabetic animals maintained on in-
sulin, Group IV, showed an average blood sugar of 190 wg.
percent and a serum inorganic phospherus of 7.77 mg. percent,
an alkaline phosphatase of 76.0 Bodansky units and a total
calcium of 9,96 mg. percent, The urinalyses averaged 7.3 mg.
of phosphorus, 1,76 mg. of calcium, ?A.& ng. of nitrogen, and
2ol ml, of 0,1 K HaOH for the titratable acidity. The fecal
phosphorus was 112,2 mg. and the calcium 27.8 mg. The food
consumed in 2, hours averaged 9.3 grams, contaiaing 05 mg. of
phbspharus and 1045 mg. of caleium,

The alloxan diabetic animals of Groups II and III
showed an increase iun urinary and phosphorus and calecium
about twice the normal excretion, which could be attributed
te the increase in food consumption, which was about double
the normal,; and teo skeletsl decalcification. The diabetic
animals malntained with insulin consumed approximately the
game quantitj of food with only & slight increase in urinary
phosphorus and calcium; so, skeletal decalcification was
thought to be the principal source for the additional phos~
- phorus and calciuvm excreted in the urine by alloxan disbetic
rats.

The seventy percent incresse in urinary nitrogen

occurring in the diabetic animals was not reduced by alkali
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therapy and was reduced by insulin, matching the urinary
excretion of phosphorus and calcium, Recently Mackler and
Guest (63 s by analysis of amine aeid excretion in poorly
controlied alloxan digbetic rats, showed thet this increased
catabolism is sluwply a quantitative increase of normal pro-
teln breakdown, |

Analyses of freshly drled, fat~free bone shows a
protein content of approximately thirty percent {Bsker, But-
terworth and Langley ‘®4) 404 Strobine and Farr (651}, ang
one group of collagen-nitrogen determinations on guinea pig
bone shows 15 te 18 percent caleculated as protein (Iightfoot
and Coolidge €6é3}, which indiecates a significant protein
content of bone matrix,

The facts that alkaline therapy of diabetic rats
failed to decrease the urinary caleium and phosphorus while
insulin therapy was effective in decreasing the excretion
of these substances under the same food intakes suggest that
mach of the calcium and phosphorus loss was due to skeletal
decalcification primarily associated with catabolism of the

protein of the bone matrix,
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AVERAGE BLOOD, SERUM AND URINE VALUES FOR GROUPS I, II, 11I AND IV

Blood Sugar
(mg. glucose per 100 ml.)

Serum Alkaline Phosphatase
{Bodansky Units per 100 ml.)

Serum Inorganic Phosphorus
(mg- per 100 ml.)

Total Serum Calcium
(mg. per 100 ml.)

(7

/]

N

Total Urinary Nitrogen
(mg. per 100 gm. body weight.)

Titrateble Acidity of Urine
(ml. of 0.1 N NaOH per 100 gm.
body weight. )
Urinary Phosphorus
(mg. per 100 gm. body weight.)

Urinary Calcium
(mg. per 100 gm. body weight.)

I II 11T v
NORMAL ALLOXAN DIABETIC DIABETIC WITH NeHCOg DIABETIC WITH INSULIN
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SUMBARY

1. & study of calcium and phesphorus getabﬂlism
is primarily a study of bone metabolism,

2., DBone with its orgenic matrix on whieh erystals
of apatite mineral form exists in & state of equilibrium with
the body fluids,

3. A hypoﬁﬁetical sequence of events leading to
calcification has been cutlined.

ke Alloxan diabetic rats showed an elevated serum
alkaline phosphatase concentration and an increased excretion
of calcium, phosphorus, nitrogen and titratable acidity of
the urine. _

5. Alkaline drinking water (75 milliequivalents
of sodium bicarbonate per iitﬂr} which neutralised the urin-
ary acidosis was fed to diabetic rats for 1L to 20 days with
no significant alterations in urinary loss of ecalcium, phose
phorus and nitrogen, nor in the blood sugsr, serum calcium,
phosphorus and alkaline phosphatase concentrations.

6. The bloed, serum, and urinary values returned
toward normal in diabetic rats treated with protamine sinc
insulin, |

7« The alloxan digbetic animals, the diabetic
animals fed alkaline drinking water, and the diabetic animals
given insulin consumed approximately squal quantities of food.

8. The ealcium and phosphorus content of the feces

was roughly proportional to the food intake.
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9. Bone matrix contains 15 to 30 percent protein,
and cetabolism of tissue proteins occurs in alloxan diabetic
animals,

10, The facts that alkaline therapy of disbetic rats
failéd to decrease the urinary phosphorus and calcium while
insulin therapy was effective in decreasing the excretion of
these substances undar‘tha same food intake suggest that
wach of the calcium and phesphorus loss was due to skeletal
decalecification primarily associated with catabolism of the
protein of Bnna mabrix,
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