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Effects of Mineral Deficiencies on Amino Acid Utilization. Critical Role 
of Potassium and Phosphorus. (20278) 

DOUGLAS V. FROST AND HARRY R. SANDY. 
From Abbott Laboratories, North Chicago, Il l .  

The acute metabolic disturbance which at- 
tends the simultaneous deficiencies of protein 
and potassium has been strikingly demon- 
strated by Cannon, Frazier and Hughes( 1,2). 
Their studies show that potassium deficiency 
limits protein regeneration and that the rate 
of amino acid utilization under certain dietary 
circumstances may be proportional to the die- 
tary adequacy of potassium. Part of the Cni- 
versity of Chicago study was carried out with 
Aminosol," a commercial fibrin hydrolysate, 
known to be almost devoid of potassium. Fib- 
rin itself is low in all inorganic elements and 
has been used to advantage in designing a low 
phosphorus diet (3 ) . In  preparation of Amino- 
sol,. the fibrin is well washed prior to hydroly- 
sis. Particular attention is paid to avoidance 
of sodium throughout manufacture. The nu- 
tritive balance of essential amino acids in 
this tryptophan fortified hydrolysate of fibrin 
is favorable, as demonstrated by the low nitro- 
gen input required to bring about rapid pro- 
tein regeneration in dogs (4 ) ,  and rats ( 5,6) .  
Daily requirements of the rat for some of the 
important mineral elements have been re- 
ported by Farris and Griffith(7) as follows: 
potassium 8-15 mg, calcium 40-50 mg, phos- 
phorus 35-45 mg, and magnesium 1 mg. 
Twenty ml of the 5% fibrin hydrolysate, an 
amount which supplies amino acids for rapid 
recovery in protein-depleted rats, provided 
only about 0.1 mg of potassium, and not more 
than 0.02 mg of calcium, phosphorus or mag- 
nesium per rat day. 

The present studies were designed to de- 
termine the influence of deficiencies of the 
above four mineral elements and of sodium on 
the response of protein-depleted rats to the 
fibrin hydrolysate. 

Experimental. The non-protein diet, NP 
11. used in these studies was essentially as 
before(j) ,  except that it contained a higher 
proportion of fat. Also a change was made to 

* Trade mark, Abbott Laboratories, North Chi- 
cago. Ill. 

TABLE I. Complete Salt Mixture and Mixtures 
Minus K, P, Ca, and Mg. 

S'alt MgSO,, Ca@O,, 
mixture * ICHzPO,, % % % 
Complete 38.9 5.7 38.1 
Minus Cta 38.9 5.7 

" Mg 38.9 - 38.1 
" K (NaH,PO,H,O-38.9) 5.7 38.1 
" P ( KC1--3 1.2) 5.7 38.1 

- 

*Each  salt niixturo also contained NaCl 13.9, 
FeSO, 7Hz0 2.7, MIISIO, 2iH,O 0.45, EI 0.071 Zn- 
SO, 0.055, C8uS0,.5H,0 0.048, and OoCI, 6H20 
0.002%. Sucrose replaced the Ca@O, and MgSO, 
when these were omitted. 

Jones and Foster(3) salt mixture, which is 
well adapted to this type study. The com- 
position is: sucrose 40, dextrin 30, lard 18, 
corn oil 3, agar 2.5, haliver oil 0.5, wheat germ 
oil 0.25, choline chloride 0.3 and salt mixture 
4.0 g ;  thiamin HCL 0.6, riboflavin 1.2, pyri- 
doxine - HCl 0.6, calcium pantothenate 5.0, 
nicotinic acid 3.7, mixed tocopherols 2.5, f olic 
acid 0.1 and inositol 5 mg per 100 g of diet. 

1) Deficiencies of K ,  P,  Ca and Mg. Male 
rats, 170-190 g, raised on the colony stock 
diet were depleted on non-protein diet in the 
usual way(5). Following drink trial and 
redepletion, five uniform groups of 6 rats each 
were formed. All rats were allotted 18.5 ml 
of 5% fibrin hydrolysate daily to supply 120 
mg N. As a positive control, one group was 
continued on the non-protein diet adequate in 
all nutrients except protein. The test groups 
were fed non-protein diet in which the salt 
mixture was altered to impose a different 
mineral deficiency on each of the 4 groups. 
Table I shows the composition of the salt 
mixture(3) used in the non-protein diet, to- 
gether with the changes devised to eliminate 
potassium, phosphorus, calcium or magnesium 
individually. The salt mixtures were all used 
a t  4% of the non-protein diet. The 5 groups 
were fed the 5 different diets ad libitum for 11 
weeks. The results are summarized in Fig. 1. 

Deficiency of calcium or magnesium is sur- 
prisingly well tolerated in the protein-depleted 
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FIG. 1. Response of protein depleted rats la an 
intravenous fibrin hydrolysate ( Aminosol) when 
fed ad Zibitum a non-probin diet complete in all 
mineral requirements, or deficient in the single ele- 
ments poltwsium, phosphorus, magnesium or cal- 

cium. 

rat, whereas lack of potassium becomes mani- 
fest very soon. Total deficiency of phosphorus 
places a less critical immediate stress on the 
organism than deficiency of potassium, but 
rievertheless manifests itself promptly in the 
decreased ability to build new tissue. A 
prompt weight response was observed when 
deficiencies of either potassium or phosphorus 
were corrected in individual rats. All of the 
potassium deficient rats became moribund 
and showed signs of hemorrhage. 

2) Quantitative requirement for K .  Ac- 
cording to Cannon, et aZ.( 2), 20 mg of KC1 
(10.5 mg K)  per rat day is about the critical 
level of potassium needed to support full pro- 
tein repletion. The Chicago studies were 
made using a solution of synthetic and puri- 
fied amino acids practically devoid of potas- 
sium. We were interested to obtain the criti- 
cal requirement for potassium in the 5% hy- 
drolysate of fibrin which contained naturally 
only 2-3 pg K per cc. Five groups of 6 male 
rats each, which had been used twice previ- 
ously for routine repletion assays, were fed 
stock colony diet for one week for equilibra- 
tion and then depleted 17 days on non-protein 
diet. The weight loss during the depletion 
period was 20-25%. At the start of assay, 
the rats were transferred to the non-protein 
diet containing salt mixture minus potassium 
phosphate (Table I). One group was offered 

36.5 ml of the fibrin hydrolysate equal to 0.24 
g N per day with no added potassium. Other 
groups were offered the same volume of 
hydrolysate with graded amounts of KH2P04 
added to supply 1.5, 3.7, 7.5 and 15 mg potas- 
sium and 1.1, 2.7, 5.5 and 11 mg phosphorus 
respectively per day. The assay was carried 
for 12 days. Table I1 shows the average 
weight gain and per cent intake of allotment 
for each group. 

The data, as regards potassium require- 
ment, are in accord with those of Cannon, 
et aL(2) indicating that a full repletion re- 
sponse is not obtained with 7-8 mg K per rat 
day. The Chicago data suggest that 10.5 mg 
K per day as KC1 is adequate. The 45.6 g 
response of our rats which received 14 mg K 
per rat day is considered about maximal at the 
0.24 g N feeding level( 5). The separate re- 
quirement for P will be considered in another 
report. Ten milliequivalents per liter of 
KH2P04 in Aminosol appears to supply both 
K and P in adequate amount. Apparently 11 
mg P per rat day is above the critical require- 
ment level. 

3 )  EBect of sodium deficiency. Comparison 
was made of the effects of sodium versus po- 
tassium deprivation. Non-protein diet was 
made up as free as possible of sodium. 
MgCI2*6H20 was used in the salt mixture 
in place of MgS04 and NaC1. The amount 
used provided twice as much Mg and 85% 
as much C1 as the regular salt mixture (Table 
I). KI was used to replace NaI. Potassium 
free salt mixture was prepared for this ex- 
periment by substituting calcium glycerophos- 
phate for KH2P04. This avoided the excess 
of sodium which had prevailed in the K-free 
diet in the first experiment (Table I). The 
amount of calcium glycerophosphate used pro- 
vided 65% as much P and 150% as much Ca 
as the normal salt mixture. These changes 
did not significantly alter the concentrations 
of other ions in the diet. Three groups of 5 
standard protein-depleted male rats were 
formed. Aminosol 5% with dextrose 5 7 6 ,  
U.S.P. (Lot 617-5907R) was fed at  a level 
of 18 ml to provide 120 mg N per rat day. 
This supplied only 3.2 mg of sodium per rat 
day, whereas Farris and Griffith(7) cited 40 
mg Na per day as optimal, Intake of the 
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TABLE 11. Effect of Adequacy of Potassium and 
Phosphorus, as RH,PO,, on Amino Acid Utilization 

b? Protein-Depleted Rats. 

KHZPO,, Arg 1 2  day 
mQT-7- Intake of wt gain and 

addecl/hter I< supplied/ allotment, stand. error, 
~ ~ i i i i i ~ o s o l ~  xat day, nig % g 

11 .(IT 81 4.3 2 3.3 
1 1.4 90 3.6 2 2.7 

3.5 93 16  2 2.7 
I 100 27.6 2 4.4 

2.5 
-5.0 

111.0 1 4  100  4.5.6 2 3.0 
~~~~ ~ 

+ 36.5 nil of hniinosol, 5qC,  with dextrose, 570, 
(serial 615-5914) fecl/rat day with KH,PO, addi- 
tions as shown. Six iiinle rats/group. 

TABLE 111. Comparison of Sodium and Potas- 
sium Deprivation on Ability of Protein-Depleted 

Rats to Vse Bniino Acids. 

Deficiency in 
non-protein diet 

Avg 12 day mt gain 
and stand. ersor, g 

~~ 

Coil t r 01 - c om 11 le t e 19.4 k 1.5 
S a  24.2 2 3.1 
I< 4.0 f 2.6 

18.3 nil LZniiiiosol, 5yc in destrose, 5% supplied 
3.2 iiig socliuiii and .@4 mg potassium/rat day t o  
all groups. The full supl~lenient was consumed by 
all rats throughout. 

daily allotment was complete for all rats 
throughout the 12-day assay. Results of the 
test shown in Table I11 indicated that sodium 
withdrawal does not immediately alter utiliza- 
tion of amino acids. 

Discussion. A histological study of the 
heart lesions in protein depleted potassium 
deficient rats was made by French(8) as a 
corollary to the nutritional studies of Cannon, 
e t  al. ( 2  ) . Myocardial lesions appeared in less 
than 12 days in the protein depleted animal 
when a diet deficient only in potassium was 
supplied. Potassium, supplied following ini- 
tial deprivation, induced a rapid arrest of the 
progress of the heart lesions. The least se- 
verely damaged muscle fibers appeared to re- 
cover in part with compensatory hypertrophy 
and condensation of the surviving tissue. 

The clinical syndrome characterized by po- 
tassium deficit and the strategic use of potas- 
sium salts to correct potassium imbalance has 
attracted much recent attention. Eliel, Pear- 
son and White (9) have recently described the 
use of potassium phosphate supplementation 
in conjunction with complete parenteral feed- 
ing in postoperative patients. Such therapy 

receives strong theoretical support in our 
studies. Indeed, judging from the results of 
our studies, one would need to supply among 
the major mineral elements only potassium 
and phosphorus to meet short-term metabolic 
needs of the surgical patient. Phosphorus 
plays a less critical role, but its practical and 
theoretical significance is clearly apparent. 
Requirement for sodium, magnesium and cal- 
cium were apparently met by body stores of 
the rat for as long as 1 2  days under the con- 
ditions of our experiments. 

The recent report of Menaker and Kleiner 
( lo) ,  which appeared after the completion of 
our studies, attaches more significance to mag- 
nesium deprivation than was apparent in our 
results. These authors indicated that mag- 
nesium deficiency did not result in any an- 
atomical or physiological signs of deficiency, 
other than decrease in appetite and weight 
gain. Nevertheless they concluded “the un- 
favorable effect of magnesium deficiency on 
the synthesis of protein appears to be approxi- 
mately as great as that reported for potassium 
deficiency.” Although it  is not our intention 
to minimize the relative importance of mag- 
nesium, it would seem from both our results 
and those of Cannon, et aL(2) that potassium 
is more critical. The point is an important 
one requiring considerable study. It would 
be impractical to incorporate many mineral 
elements into amino acid mixtures for intra- 
venous use. Incorporation of potassium in 
commercial protein hydrolysates is quite 
practical and is, we believe, well founded nu- 
tritionally. 

Various considerations suggested that a 
level of 110 mQv of potassium per liter of 5% 
protein hydrolysate would supply just enough 
of this element to support full utilization of 
amino acids. On the other hand, this level of 
potassium would offer no danger of inducing 
hyperkalemia. During fasting N and K are 
excreted in the ratio 10 to 1, the approximate 
ratio of these elements in muscle. The ad- 
dition of 10 mQv K per liter provides a ratio 
of N to K in Aminosol of approximately 17 to 
1, clearly a safe ratio. This allows for sepa- 
rate therapy with balanced electrolyte solu- 
tions, including additional K if desired. 

Much more work is needed to establish how 
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best to supply total nutriment parenterally. 
Part of the problem involves how best to com- 
bine amino acids, minerals and calories in 
the relatively small volumes of liquid which 
can be given parenterally. At the present 
stage of development it is generally possible 
to provide only those nutrients for recupera- 
tion to the point where full oral intake is re- 
sumed. Potassium appears to fit into this 
special group of nutrients. 

1. Results of this study point 
to the critical role of potassium in amino acid 
utilization following protein depletion. Rats 
depleted only of protein failed completely, 
even when offered a complete source of amino 
acids, if at  the same time potassium was with- 
held. If phosphorus was withheld during the 
repletion period, the rate of recovery was les- 
sened, but complete failure and deaths did 
not result as with potassium deprivation. De- 
privation of sodium, calcium or magnesium did 
not appear to have immediate limiting effects 
on the appetite of protein depleted rats for a 
complete amino acid source, or on their 
ability to recover lost weight. 2. Fourteen mg 
of potassium per rat day appeared to meet the 

Summary. 

requirement for this element. Addition of 
10 mQv of potassium per liter to an intra- 
venous protein hydrolysate appears to supply 
an effective, safe ratio of potassium to amino 
acid nitrogen. 
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Isolation and Purification of Plasma Thromboplastin : Its Physico-Chemical 
and Biologic Properties.” (20279) 

EDMUND W. CAMPBELL AND MARIO STEFANINI. 
From the Blood Research Laboratory, New England Center Hospital, and the Department of  

Medicine, Tufts  College Medical School 

In the course of studies on the isolation of 
various platelet and plasma factors active in 
the process of blood coagulation the observa- 
tion was made that prothrombin and stable 
factor cannot be adsorbed on Bas& from 
citrated plasma( 1,2). A saline eluate from 
the adsorbent, however, contained a factor 
able to shorten considerably the clotting time 
of recalcified human plasma and increase 
markedly the prothrombin utilization of native 

*This work was supported by grants-in-aid f’rom 
the American Heart Association ; National Institute 
of Health, USPHS; and Contract with Atomic 
Energy Commission 1276. 

platelet-poor human plasma. This article 
describes some of the properties and the bio- 
logic activity of this factor which is tenta- 
tively identified as ‘Lplasma thromboplastin” 
(PT) 

(a) Separation of 
PT from other coagdation factors. Blood 
was collected from healthy individuals in 
Silicone+ coated syringes and through Arquad 
24CS coated 19-gauge needles using one-tenth 
volume sodium citrate 0.2 M as the anti- 
coagulant. Platelet-rich plasma was separated 

t General Electric Dn-Film 9987. 
$Available from Armour Co., North Chicago, Ill. 

Materials and methods. 


