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If we are to add. to human knowledae, we 

must know exact1 how far that know1ede has bone, 

at least to the point where we are to do the add- 

ins; we must find the end of a rope before we can 

splice a piece onto it. 
E. E. Reid. 
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C1AN&ES Iì THE DISTRIBUTION OF TOTAL, DIFFUSIBLE, 
AND NON-DIFFUSIBLE CALOIUN IN THE PLASMA OF 

UINEA PIG-S RAISED ON A DIET D'IC lENT 
I1T THE ANTI-STIFFNESS FACTOR 

mt roduct ion 

The function of the blood is to maintain an equili- 

brium in the temperature, chemical composition, arid osmotic 

pressure between all parts of the boöy. It is evident, 

therefore, that changes in its regulatory mechanisms 

through malnutrition, or pathological changes are of the 

greatest importance clinically. The importance of chemical 

blood analyses as an aid to clinical diagnoses has long 

been accepted. For example, a study of the anemias is con- 

nected with the hemoglobin content of the blood, kidney 

dysfunction with nonprotein nitrogen content, and diabetes 

with glucose content. 

Unless the corpuscles are needed, as in studies in- 

volving anemia or infectious diseases, these are usually re- 

moved by centrifuging, and the required analyses are 

performed on the plasma, or liquid portion of the blood. 

By removing the corpuscles, which account for 40-45 peroent 

of the volume of whole blood, hemoglobin is also removed. 

The volume is decreased, but practically all of the physio- 

logically important constituents of whole blood still re- 

main in th plasma. 



Ninety to ninety-two per cent of the plasma weight is 

due to water; 8-9 percent is due to solids of which the 

proteins comprise 7-7.1 percent, lipoide 0.7 percent, in- 

organic constituents 0.75 percent, and miscellaneous organ- 

ic constituents 0.15 percent. (15) 

Review of the Literature 

Former work on a deficiency of the anti-stiffness 

factor in guinea pigs indicated a derangement of one of 

the inorganic constituents. The following investigations 

were carried out to substantiate this derangement and to 

determine the distribution of diffusible and non-diffus- 

ible calcium in the plasma of guinea pigs raised on a diet 

deficient in this factor. 

Starling (26) was the first to recognize that one of 

the important functions of the plasma proteins is to main- 

tain the normal osmotic relations between the plasma are. 

tissues. The osmotic pressure of plasma is about 6.5 at- 

mospheres. This pressure corresponds to the difference in 

concentration of protein in the plasma and tissue fluids, 

a difference that is maintained because of the relative 

impermeability of the capillary endothelium to protein. 

If the hydrostatic pressure of the capillaries exceeds the 

colloìd osmotic pressure, a condition is present which fa- 

vors filtration or transudation of water and salts outward 
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through the capillary wall. However, 1f the condition is 

reversed, i.e. the osmotic pressure is the greater, then 

absorption of fluid into the blood vessels by filtration 

occurs. Increased hydrostatic pressure in the capillar- 

ies may be accompanied by a loss of fluid to the tissues 

and, up to a certain point, by an increased concentration 

of protein in the plasma because of a smaller loss of this 

constituent. The greater concentration of protein tends 

to balance the effect of heightened hydrostatic pressure 

so that a new balance is soon attained. (5) 

In the animal organism, calcium plays an important 

and varied role. The status of calcium as an essential 

element in bone formation, membrane permeability, nerve 

and muscle excitability, and coagulation of blood bears 

this out. 

Under normal conditions the calcium concentration of 

plasma is almost constant, varying in humans only between 

9 and 11.5 mgm. per 100 cc. It is difficult to raise t1 

calcium concentration ïn the plasma even by injection or 

ingestion of large amounts of calcium salts. Intravenous 

or subcutaneous injection causes only a transitory rise, 

although, if the intravenous injection is continuous, a 

high level of calcium is maintained in the blood. (8) In- 

jection of sufficient amounts of parathyroid hormone, on 

the other hand, produces hypercalciinia (9) without extra 
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intake or even without any intake whatsoever (16), in 

spite of the increased excretion concomitant with para- 

thyroid injection (14). 

Parathyroidectorny may produce a fall in plasma cal- 

cium to a value of less than half the normal (23). Al- 

though injection of large amounts of calcium salts tends 

to restore plasma calcium to normal levels, the treatment 

must be constantly repeated if normal values are to be 

maintained. Greenwald (13) has sußgested that parathy- 

roid hormone is necessary for the preparation of an or- 

ganic compound of calcium which seems to resemble calcium 

citrate and which is imporbant in keeping tissue fluids 

at their normal calcium levels. Klinke (18) has shown 

the existence of an unknown calcium compound in blood, 

upon demonstrating that in an ultrafiltrate of plasma ex- 

posed to an electrical field, calcium wanders to both 

anode and cathode. 

From the foregoing statements, there can be little 

doubt that parathormone increases the amount of calcium 

salts which can be held in solution by tissue fluids. The 

extremely low concentration of plasma calcium in parathy- 

roidectornized animals indicate that possibly 40-50 per- 

cent of the normal calcium content of plasma is kept in 

solution by parathorinone. 
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In serum there are at least two types of calcium can- 

ponents, commonly termed diffusible and non-diffusible 

calcium, which are distinguished by the ready ability of 

the diffusible components to pass throu.h membranes imper- 

meable to colloids, while the non-diffusible fractions are 

held back by such membranes. To determine the amounts of 

the two forms of calcium quantitatively two kinds of proce- 

dure are used, namely compensation dialysis and ultrafil- 

trat ion. 

In compensation dialysis, the plasma or serum is dia- 

lyzed against a saline solution equivalent in kind and in 

amount to the salts of the blood, excepting the specific 

ion under investigation, his ion is varied so as to ob- 

tain the level at whicii there is no further alteration pro- 

duced by the exchange between serum and salt solution. 

Since the non-diffusible calcium does not exist as a firm- 

ly bound compound, but is present in an easily dissociable 

form, which is capable of comma into ready equilibrium 

with tle diffusible calcium, the method employed in deter- 

mining the amounts of diffusible and non-diffusible cal- 

cium in the plasma must not alter the balance. 

In the alternative method of differentiating the 

calcium components, that of ultrafiltration, the serum is 

filtered through a collodion membrane by applyin suffi- 

cient pressure, and the colloid-free fluid is then ana1yz. 



Cbanes in pressure do not affect the equilibrium since 

icholas (22), usin cellophane and pressures of 50-200 

pounds, found calcium quite constant in the ultrafiltrate. 

large part of the calcium of plasma and other body 

fluids is a form of non-diffusible calcium which appears 

to be unaffected by parathormonc(2), but depends on the 

protein content. Thus, spinal fluid and protein-free 

edema fluid have only about 5 mcm. of calcium per 100 cc, 

while jount fluid, containing as much protein as plasma, 

were shown to have as much as 10.7 mgm. calcium per 100 cc. 

Loeb and hichols (19) found that in solution of eulobulin 

and pseudolobulin the diffusibility of calcium diminished 

as protein content increased. 

The combination of calcium with the proteins in the 

non-diffusIble fraction Is, to a reat extent, not the us- 

ual ionized form found with the alkali proteinates. The 

calcium in the non-diffusible fraction is combined with 

proteins as a negatively-charged complex ion. One of the 

reasons for this conclusion is that in plasma the calci 

level in dialysis experiments is too great to be accounted 

for merely by a Donnan distribution. ¿nother is that in 

electrical migration experiments with solutions of plasma 

proteins there has been migration of some of the calcium 

t oward the anode. 



7 

The possibility of protein combination with calcium 

in the tissues was studied by Freudenher ana. O-yory. 

From their experiments the conclusion that calcium phos- 

phate was combined in a complex molecule with protein was 

drawn. They showed that although cartilage could bind 

more calcium than other tissues, similar combinations 

might be formed with other proteins, such as casein, gela- 

tin, and albumin. Experiments showed that a great number 

of metabolic products, including amino acids, creatin, 

urea, and even sugar could hinder or prevent the combina- 

tion of calcium with protein. (3) 

Evidence points to the fact that serum albumin ratter 

than serum globulin contributes most largely to the bind- 

ing of calcium. In nephrosis the calcium falls as the al- 

bumin is reduced even though globulin may be considerably 

increased. The same is true in jaundice and neoplastic 

disease. Csapo and Faubl (io) upon fractionating the ser- 

um proteins, found that more calcium is carried down with 

the albumin fraction than with the globulin. Berdien and 

Snapper (4) came to the conclusion that the non-diffusible 

calcium is completely united to the albumin. In their ex- 

periments they used an ultrafiltration procedure with 

graded membranes which permitted the filtration of albumin 

but only small amounts of globulin. 



Under certain conditions, a form of non-diffusible cal- 

cium which is not directly connected with plasma proteirß 

may exist in the blood. This is apparently a colloidal 

form of calcium phosphate. The colloidal tri-calcium phos- 

phate is formed both "in vivo" and "in vitro" when blood is 

considerably augmented with either calcium or phosphate 

ions. Followin3 the intravenous injection of a soluble 

calcium salt, the change in non-diffusible phosphate, which 

initially is usually zero, is found to parallel both the 

height of plasma calcium and the increase in non-diffus- 

ible calcium. 

In the living animal, the formation of this colloid. is 

induced when the calcium is largely augmented by injection 

of a soluble calcium salt, by parathyroid extract, by over- 

dosage with irradiated ergosterol, or by highly increased 

phosphate levels. However certain levels of calcium and 

phosphate in the blood have to be exceeded before colloidal 

tri-calcium phosphate is formed. It is quite likely that 

this colloid is formed as a stage prior to the precipita- 

tien of a calcium and phosphate containing salt, and is 

kept dispersed through the stabilizing and protective ac- 

tion of the plasma proteins. HowQver, this colloid is es- 

sentially unstable. If the augmented calcium phosphate 

level persists for a long time, a slow macroscopic precipi- 

tation may take place. 



some of the factors influencing the equilibrium and 

the deposition of calcium salts are: hypercalcemla and by- 

pocalcemia, serum phosphate, degree of alkalinity, forma- 

tion of phosphoric acid in tissues, and protein cornbinatis 

with calcium. The solubility of calcium salts is dimin- 

ished and the likelihood of calcium deposit is increased by 

increasing alkalinity. Hypercalcemia in itself is not sul- 

ficient to account for abnormal calcium deposits, but thi.s 

is not surprising when the reciprocal relationship of cal- 

cium and phosphate ions under normal conditions is corisid- 

ered (3). Normally any increase of either calcium or phos-. 

phate leads to the removal of the other through channels 

of excretion or by precipitation in bone. Any consideratùe 

increase in the concentration of' phosphate may disturb the 

equilibrium sufficiently to cause the precipitation of 

calcium salts in places other than bone. The enzyme ph- 

phatase is able to split acid soluble organic phosphorus 

compounds and release free phosphoric acid, and thus there 

may be a sufficient local increase of phosphate concentra- 

tion to exceed the solubility product and precipitate tri- 

calcium phosphate. 

In their investigations of the nutritional value of 

mammalian tissues for planarian worms, Wuizen and Bahrs 

(30,31) produced a deficiency disease in Buinea pies, even 

though their diet was adequate in the recognized vitamins. 
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An early sign was the lowering of muscle tone so that tke 

5uinea pigs remained flaccid when handled. Gradually the 

animals stiffened. Later a syndrome of muscular deenera- 
tion, degenerative chances in liver, heart, and kidneys, 

resorption of bone and softening of the eyeballs were de- 

veloped. The diet consisted of baked milk powder, rounö. 

barley and/or oats, bran, yeast, baked alfalfa meal, cod- 

liver oil, iodized salt, calcium carbonate, ferric ammonium 

citrate, together with supplements of viosterol, tomato 

juice, orange juice, and fresh alfalfa or kale. Kale and, 

to a lesser degree, fresh alfalfa were found to alleviate 
the syndrome of the deficiency disease. 

A diet consisting of 10 percent skimmed milk powder 

added to raw or pasterized skimmed milk, together with 

carotene, orange juice, straw and salts also produced the 
typical syndrome of wrist stiffness. In most cases the 

muscles were found to be streaked with calcium deposits 

parallel to the fibers and deposits of calcium phosphate 

were also round under the skin, around the joints and ribs 
and in many organs, including heart and aorta (29). 

According to Madsen and his coworkers, both cod-liver 
oil and some other element in their synthetic diet produc 

muscular lesions (20). It was found by van iagtendonk and 

Wulzen (29) that cod-liver oil accelerated the onset of the 

deficiency disease produced by them and aggravated the 
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symptoms. Vitamin E in the form of wheat germ oil or as 

the synthetic alpha tocopherol did not cure or prevent the 

disease. They also isolated and obtained a concentrate of 

the factor from raw cream, which was able to cure the 

wrist stiffness in a daily dosage of 1 gamma (9). Their 

guinea pig unit was defined as that amount of active frac- 

tion in Wesson oil which, given to stiff animals in one 

cubic centimeter dose per day for five consecutive days 

cured the stiffness. 

The syndrome associated with the deficiency disease 

of guinea pigs lacking the anti-stiffness factor, appeared 

to be due, in part at least, to a derangement in the cal- 

cium or phosphorus distribution. The normal distribution 

of the acid soluble phosphorus in the lIver and kidneys 

was found to be disturbed in the deficiency disease, with 

a higher concentratIon of inorganic phosphorus (27). 

An investigation of the changes in the plasma proteins 

of guinea pigs on a deficient diet was carried out by 

zill (32). He found that there was an increase in the to- 

tal plasma nitrogen during deficiency which was due to the 

increase in the non-protein and globulin nitrogen. The 

plasma albumin was found to decrease. 

Since calcium and phosphorus, and calcium and plasma 

proteins are very closely related, it was thought necessary 

to determine total, diffusible, and non-diffusible calcium 
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in the plasma of normal, deficient, and ttcurII guinea 

pigs, together with the amounts of calcium in the muscles, 

in oider to obtain a more complete picture of the syndrome 

developed by a deficiency in the anti-stiffness factor. 

Experimental Methods 

Guinea pigs were housed in large wire cages and seg- 

regated according to age and sex. The first group were 

normal animals receiving a stock diet of rolled barley, 

straw and greens, and were maintained on this diet for nor- 

mal controls. Comprising the second group of anLaals w'e 

those guinea pigs maintained on the deficient skimmed milk 

diet, consisting of: 

Skimmed milk powder 2000 gins. 
Ferric chloride 0.1 ° 

Copper sulfate 0.1 
Water 10 liters 

The animals were fed in the morning and the evening. 

The water-oluble vitamins were added to the morning feed- 

ing in the f011owing proportions per animal: 

Thiamin hydrochloride 0.2 mg. 
Riboflavin 0.5 ing. 

Pyridoxin hydrochloride 0.1 mg. 
ì'icotinic acid 1.0 ing. 

Calcium pantothenate 0.1 mg. 
Inositol 10.0 mg. 
p-aminobenzoic acid 2.0 rag. 

Choline 50.0 rag. 

Biotin concentrate 50.0 mg. 
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The fat-soluble vitamins in cottonseed oil were added 

to the evening feeding in the following proportions per 

animal: 

Beta carotene 20 mg. 
(75000 Iu/g) 

Viosterol lo mg. 
aipha-tocopherol 0.1 mg. 
2-methyl-1,4 naphthaquinone 0.1 mg. 

Vitamin C in the form of. crystalline 1-ascorbic acid was 

given orally by pipette feeding once a week in a dosage 

of 35 mg. per animal. 

The third group of animals were those to which the 

anti-stiffness factor was given in adaition to the deft- 

dent diet in dosages shown in the results. 

To all groups water and iodized salt were provided. 

All the animals, both normal and deficient, gained 

equally in weight, the deficient animals being differen- 

tiated from the normals by the typical syndrome of the 

deficiency disease, i.e. wrist stiffness. 

The data were analyzed statistically according to the 

methods of Fisher (33). 

Blood samples were obtained by cardiac puncture of 

animals anesthetized by interperitoneal injection of about 

1-1.5 cc. of nembutal (sodium pentobarbital). The anti- 

coagulant used was 1 mg. Heparin (Haynson Westcott and Dun- 

ning Inc.) to 7.5 cc.of blood. The blood was centrifuged. 
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for 10 minutes at 4000 rpm and the plasma thus obtained 

was used for both the total and diffusible calcium deterL 

minations. 

Calcium was determined by the direct acidimetric mi- 

crotitration method of Sobel and Skiereky (25). The 

principle is presented below: 

Ca1 + CO4 I CaC2O4 

Ca0204 55O 
) CaCO3 

CaCO3 4- H3B03 (hot 10% so1n.)-Ca3(BO3)2 

Ca3(BO3)2 6 HC1 3CaC12 + 2H3BO3 

Table I shows the comparison between the method used and 

that usina KLnO4, the average difference between the two 

methods beine 0.25 m. Ca/lOO cc. of plasma. 

The rectus femoris muscle was removed and dried at 

1100, weighed and ashed at 600° in a muffle furnace. The 

ash was then taken up in hydrochloric acid, trnsf erred to 

a centrifuge tube, neutralized by ammonium hydroxide to a 

light pink color with methyl red and the calcium was deter- 

mined by the nthod described above. 

The diffusible calcium was determined on 2 cc. of 

plasma by the ultrafiltration method of Greenberg and 

Gunther Q2). In Plate I is shown a diagram of the appara- 

tus and in plate 2 an actual photograph. Cellophane 

sausage casings which had been tested for permeability 

with aqueous Congo red were substituted for the collodion 
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membranes. Pressures of 25 pounds were used in a run of 

about 12 hours. In this method i cc. of saturated ammoni- 

um oxalate is added to 2.0 cc. of plasma in a 10-15 cc. 

pyrex centrifuge tube and allowed to stand for 4 hours. 

The tube and contents are centrifuged at about 2000 rpm 

for 10 m±nutes. The supernatant liquid is decanted, and 

the precipitate is suspended in 3 cc. of 0.5 ammonium 

oxalate. Again the tube is centrifuged for 5-10 minutes 

and the liquid decanted. The washed precipitate in the 

tube is dried at 100110° and then heated to 475-525° for 

20-30 minutes in a muffle furnace or sand bath. The tube 

is cooled sufficiently and placed in boiling water. One- 

half cc. of hot l0Ç boric acid solution is added; the pre- 

cipitate dissolves completely in about l-2 minutes. The 

solution is then diluted with 3 cc. of distilled water and 

1-2 drops of Patterson's reagent ( ) are added. Patter- 

son's reagent is prepared, as follows: 100 cc. of 0.02, 

methyl red and 30 cc. of 0.1 ;? rnethylene blue, made up to 

500 cc. This solution is then titrated with 0.01 N acid to 

the pH of a pure boric acid solution. 

1.0 cc. 0.01 N acid used 0.2 mg. Ca 

mg. per 100 cc. cc. acid used x eq. wt. x 100 
cc. sample 
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Table I 

Direct acidimetric rnetho. KMnOi Method 

:o.of cc.ofHCl m/1OCcc. Aver. cc.of 
animal (acI25) . KLnO4 m,'1OOcc. ver. .)if f. 

336 
1.100 10.175 

10.268 10.222 1.038 
1.056 

10.33 
10.56 10.47 0.248 

1.108 10.249 1.026 10.26 
339 1.153 10.712 10.481 1.034 10.34 10.30 0.181 

340 
1.120 
1.144 

10.360 
10.582 10.471 1.060 

1.050 
10.60 
10.50 10.55 0.079 

3o1 
0.976 
0.964 

9.028 
9.102 9.065 0.904 

0.952 
9.04 
9.52 9.28 0.215 

382 1.062 9.824 9.824 1.014 10.14 10.13 0.306 1.062 9.824 1.012 10.12 

421 1.142 10.564 10.277 1.044 10.44 10.50 0.223 1.080 9.990 1.056 10.56 

424 10.619 10.684 1.034 10.34 10.34 0.344 1.162 10.749 1.034 10.34 

432 1.200 
1.240 

11.100 
11.470 11.285 1.106 

1.092 
11.06 
10.92 10.99 0.295 

74q 1.090 10.083 10.157 0.994 9.95 0.207 
- 1.106 10.231 0.996 9.96 

752 1.100 10.175 1.010 10.730 10.10 10.100 0.630 1.22 11.285 1.010 10.10 

754 1.060 9.805 0.984 9.34 9.90 0.026 1.086 10.046 0.996 9.96 

Aver. Siff. 0.25 m./100 cc. 
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Experimental Pesu1ts 

The distribution of total calcium in the blood and 

muscles of normal guinea pias is given in Table 2. These 

animals received the stock diet of rolled barley, greens, 

water arx3. iodized salt ad libitum; their a'es represent a 

life span of from 10-78 weeks. 

Table 3 shows the total calcium in blood and muscles 

of Suinea pies on the deficient diet. Their ases vary from 

11-78 weeks and the time on the diet from l-52 weeks 

comparison with Table 2 will show a slight, but significant 

rise in total calcium in the blood with a slihtly higher 

rise in the muscles. 

Table 4 represents the values for total calcium in the 

blood and muscles of guinea pies raised on a deficient 

diet, but ßiven the anti-stiffness factor in varying dos- 

ases. Administration of the anti-stiffness factor durinß 

a short time results in a return to normal of the hih 

valueof blood calcium. The muscle calcium, however, is 

not lowered equally. Longer periods of dosage, or hiaher 

levels of the factor are necessary to return the hih val- 

ues of calcium in the muscle to normal. 

From the results of these first experiments, it was 

found that in the deficiency disease, the level of cal- 

cium is raised both in the blood and in the muscles. How- 

ever, for a clearer picture of the physiological changes 
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in the deficiency disease, resulting in calcification and. 

stiffness, it was deemed necessary to determine the par- 

tition of the increased calcium in the plasma into the 

diffusible and non-diffusible fractions. 

Table 5 represents the partition of the total calcium 

into the diffusible and non-diffusible fractions of normal 

guinea pigs, given the stock diet of rolled barley, greens, 

water, and iodized salt ad libitum. The results in this 

experiment are in close agreement with the results of Brown 

and Camsdell (6). 

$ubstance £° Of 
Observations iange Mean 

Total serum calcium 9 8.4 - 10.4 9.4 

Diffusible calcium 9 4.6 - 6.6 5.3 

Diffusible calcium, 
percent of total 
calcium 9 52 - 60 55 

Table 6 shows the diffusile and non-diffusible frac- 

tiobs of the total calcium in guinea pies given the def i- 

dent diet. From a comparison with Table 5, it can be 

seen that, in the deficiency disease, there is a marked 

decrease in diffusible calcium and a sharp increase in the 

non-diffusible fraction, a fact which accounts for the 

rise in the total plasma calcium. 
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Table 7 is a representation of the values for the dif- 

fusible and non-diffusible fractions of plasma calcium in 

guinea pigs raised on the deficient diet, but given the 

anti-stiffness factor. It can be concluded that the drop 

to normal of the high calcium level in the plasma is due 

to the decrease in the non-diffusible fraction. In the 

diffusible fraction there is but slight change from the 

lowered level found in the deficiency. 
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Table 2 

TOTAL CALCIUM Ii PLASMA AND JSCLES 

OF 0-UINEA PIGS ON A STOCK DIET 

Aße in Diet Ko.of Total Calcium No. of Total muscle 
weeks Detms lean S.E. Detms. Mean ± S.. 

per loeqc. m .p er 100 . 

10 Stock 9 9.456 t o.2a 

12 3 9.937 ± 0.56 

13 27 10.802 t 0.32 4 9.690 ± 1.6 

56-78f 11 9.031 t 0.14 11 12.631 1.72 

Aver. 9.807 Aver. 11.161 
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Table 3 

TOTAL CALCIUN IN BLOOD AND MUSCLES 

OF DEFICIENT &UIiEA PIGS 

Age !íks. Total calcium o.of Tot. muc1e ca 
in on o.of 1ean± S.E. MeanS.E. 

wks. Diet diet Detm. m&perlOOcc. Detms. m.per loo cc. 

11 Sk.M 1 3 11.582 0.48 5 25.92 3 

12 Sk.M 2 4 13.217 1.9 6 28.10 3.44 

13 Sk.M 3 10 10.036 0.23 4 l9.9382.9l 

16 Sk.ì.: 3 6 15.769 t 1.523 4 2l.429 2.67 

20 Sk.N 7 2 10.08 t 0.44 5 15.48 t. 37 

23 Sk..1 10 6 19.42 t 2.1 1 29.963 

29 Sk.L: 19 5 12.07 t 1.3 5 19.37 2.7 

41 Sk.N 28 10 9.307 t. 0.31 9 16.6663.2 

78 52 5 11.843 t 1.2 

78k- SkIM 52t 11 11.39 0.7 10 17.92 t 1.5 

Aver. 12.471 Aver. 21.754 

Sk.M. Skimmed Milk 
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Table 4 

TOTAL CALCIUM IN BLOOD AND IaUSCLE 

OF DEF IC lENT U INEA P IGS 

OEIVEN THE ANTI-STIFFNESS FACTOR 

Ae Diet Wks. No.of Tot.plamaca No.of Tot.muscleca 
in on Detms. MeantS.E. Detins. Mean t.E. 

wks. diet in.per1OOcc. mg.perlQJcc. 

13 2nd wk lx; 4 
3rd wk 2/wk 
4th wk al- 
terrnate days 

23 1000 every 10 
other day 

29 0.car/day 19 
for 5 days 

29 10 /day for 19 
5 days 

12 9.81 0.41 4 11.58± 2.87 

9 9.277t 0.35 11 

5 12.23 t 0.62 4 17.3O 1.49 

9 11.70 t 0.57 7 l8.82tl.l6 

Aver. 10.754 Aver. 17.35 
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Table 5 

TOTAL, DIFFUSIBLE, A NON-DIFFUSIBLE CALCIUM 

IN THE PLASMA OF NORMAL GUINEA P lOES 

Ae Ko.of Tot.plasmaCa No.of DiÍf. Ca on- %D1f1'. 
in Diet Detms. MeanS.E. Detms. .LeanS.E. dfff.Ca 

wks. rn.perlOOcc. ing.perlOQcc. rn.per 
100 cc. 

lo Stock 3 ll.285t 1.4 2 7»-93l.94 3.792 66.4 

10 Stock 2 10.175 3 6.228t0.25 3.947 j .2 

10 Stock 2 9.898 0.09 4 4.243t0.27 5.650 1-2.9 

10 Stock 3 8.596±0.86 4 4.076t0.27 4.520 47.4 

Aver. 9.989 Aver. 5.511 

.ver. Aver. 

4.477 54.5 
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Table 6 

TOTAL, DIFFUSIBLE, AND NON-DIFFUSIBLE CALCIUM 

IN ThE PLASMA OF D'ICIENT GUINEA PIGS 

A5e Diet Wks. No.of Total Ca No.of Diff. Ca Non- % 
in on Detn i.IeantS.E. Detms. MeantS.E. duff. Diff. 

wks. diet rn.per)UO. m.per Ca. 
' loo cc. m.per 

. 

loo cc. 

17 4 5 10.813±0.33 9 3.683t0.25 7.130 34.1 

19 5k.i 6 11 11.890±0.84 14 4.o2lto.25 79 33.8 

25 Sk.M 12 3 lo.5l4O.29 3 3.379±0.27 7.l 

52 Sk.. 39 6 11.l77O.54 8 2.722tO.ó8 8.455 24.4 

52f 52 5 10.814±0.51 7 3.353±0.10 7.461 31 .0 

Aver. 11.042 Aver 3.432 
31 .1 

Aver. 
7.610 

Sk.M kimrned Lilk 



Tble 7 

TOTAL, I AND NON-DIFFUSIBLE CALCIUM 

IN THE PLASMA OF "CURED" G'JINEA PIGS 

Ae iet INks. No.of Totpl c1cium No.of Diffusible C Non-cliff. 
in on Detrns. MeRntS.E. Detme. MepntS.E. cliff 

wks. cliet mg.oer 100cc, mg. per 100cc. mg.oer 
100cc. 

52 Deficient0.Q5 39 4 11.4290.26 7 3.94?tO.38 7.482 34.5 
n t i-s t i f f n es s 
f.ctor .* 

52 Deficient0.5 39 2 9.546t0.63 2 3.071±0.67 6.475 32.2 
anti-stiffness 
fctor** 

52 DeficientO,5 39 2 9.916t0.63 .3 3.S76tO.S7 6.340 36.1 
n t i-s t i f f n es s 

f cta r** 
Aver, 10,297 Aver. 3.531 Aver. Aver. 

6.766 34.3 

* Aclrninistered in five dsily closges of 0.01 gmm. ** Administered in five daily dosges of 0.1 

Cn 
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Discussion 

abnormal values for calcium in the blood and muscles 

of Buinea pies on a diet deficient in the anti-stiffness 

factor were observed. The fact that the decrease in the 

diffusible fraction was more than offset by the increase 

in the non-diffusible fraction accounts for the s1iht b.it 

sicniicant rise in total plasma calcium. 

This increase in the non-diffusible fraction must be 

caused by either an increase in the calcium proteinate or 

an increase in colloidal tri-calcium phosphate. since al- 

bumin contributes most largely to the binding of calcium, 

and since it has been established by Zill (32) that in the 

deficiency disease albumin decreases, the increase in the 

non-diffusible fraction is not due to a heightened level 

of calcium albuminate. 

The increase of the non-diffusible fraction is there- 

fore due to an increased level of colloidal calcium phos- 

phate. The simultaneous rise in the concentration of 

calcium and phosphate ions is favorable for the formation 

of colloidal tri-calcium phosphate. iacLean and Hinricks 

(21) have stated that colloidal calcium phosphate is 

formed when the product (Ca)(P) becomes greater than 3. 

van Wagtendonk et all (28) has shown that this product ex- 

ceeds the value of 3 a week after animals were started on 

the deficient diet. Since this colloi1 is essentially 
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unstable and rapidly removed from the blood, a slow meta- 

static calcification may take place. 

Metastatic calcification occurs typically as a corn- 

plication of hypercalcemia. The orean incidence of these 

calcific deposits in the deficiency disease is interesting 

in that it throws some liSht upon their pathoenesis. The 

lunBs and the kidneys are two of the organs involved in 

calcification. It will be noted that these organs excrete 

acid substances, a process which renders the secretin 

cells correspondingly alkaline. 

Since increased acidity and high carbon dioxide ten- 

sion favor the maintenance of calcium in solution, if the 

level of blood calcium is raised, precipitation occurs in 

those tissues where alkalinity is hihest or carbon dioxide 

concentration lowest. 

Similar calcific deposits are observed in the large 

arteries, pulmonary veins and in the heart, owing presum- 

ably to the low carbon dioxide content of the blood. (7) 

$harp increases of calcium in the muscles of guinea pigs 

on the deficient diet was also observed, du Bois-Reymond 

was the first to call attention to the fact that the re- 

action of tetanized muscle is distinctly acid, while that 

of the resting uscle is neutral or slightly alkaline (17). 

Due to the syndrome of stiffness in the deficiency disease 



the muscles may be in disuse and therefore have an alka- 

line reaction. This fact may account for the calcifica- 

tion or high calcium content in them. 

Summary 

Experimental evidence has been presented showing that 

the total calcium in the plasma of guinea pies increases 

during deficiency. This is due to the fact that the in- 

crease in the fraction of non-diffusible calcium exceeds 

the decrease in the diffusible fraction. ?ith supplements 

of the anti-stiffness factor the total calcium of the 

blood returns to normal, the drop occurring in the non- 

diffusible fraction. however, in ticuredil animals the dif- 

fusible calcium still remains below normal. Tbe calcium 

of the rectus fernoris muscle of deficient guinea pias is 

far above normal. The calcium in the muscles does not re- 

spond to the anti-stiffness factor as quickly as plasma 

calcium, requiring longer intervals or higher dosages to 

return to normal. These changes are discussed. 
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