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SODIUM AND POTASSIUM BALANCES, WHEN USED AS CITRATES IN 
ACIDOTIC AND RACHITIC CONDITIONS IN RATS. * 

BY JOHN H. SPEER, VERSA V. COLE AND FREDERICK W. HEYL. 

In the two preceding papers (l), (2) from this laboratory, we reported on the 
utilization of calcium lactate in diets which were alkalized with sodium citrate and 
with sodium and potassium citrates, using both mature rats in a state of mineral 
drain, and young rats recovering from experimental rickets. In both cases it was 
clearly shown that alkalization with citrates had a favorable influence on the alka- 
line reserve, with respect to calcium, phosphorus and magnesium. 

Incidentally we have determined the sodium and potassium balances on those 
experiments and these are here reported. For the sake of reference and clarity the 
other base balances are included in the tables. Of course these experiments were 
not especially designed to establish any particular points in connection with sodium 
and potassium metabolism, but they have, nevertheless, a certain interest because 
i t  is important to know what advantages or disadvantages might result from the 
use of alkaline citrates in such moderate quantities, and in such proportions as they 
are frequently employed therapeutically. In almost all nutrition experiments 
relating to the Na: K ratio as, for example, Richards, Godden and Husband (3), 
there is the tendency to use very large quantities of potassium as citrate, or chloride, 
so that the quantities are entirely out of line with therapeutic dosage. Neverthe- 
less one draws the conclusion that potassium in excess has a somewhat detrimental 
effect on the easy adjustment of the tissues to an increased alkalinity, especially of 
calcium. Also phosphorus balance is not favorably influenced by excessive potas- 
sium. 

As stated above, these experiments were not arranged for definite conclusions 
with respect to sodium and potassium yet they permit a few general observations 
which will probably be found correct in more elaborate tests. The summative 
effects of balanced alkaline solutions in metabolic experiments are, of course, the 
combined result of a very large number of variables, so many in fact that the prac- 
tical conclusion as to the best ratios to use in practice will be decided by teleological 
rather than laboratory methods. Yet laboratory results have a certain conflnna- 
tory value on conclusions thus obtained. In the work of Ringer, Macallum, Clarke 
and others on the effects of electrolytes on tissues, laboratory results are largely con- 
firmatory of such practical conclusions. 

EXPERIMENTAL. 

( I )  Comparison of the retentions obtained using ( a )  sodium citrate plus calcium 
lactate, and (b) sodium and potassium citrate and calcium lactate on highly acidotic 
(potassium depleted) mature rats. 

Since the work on mature rats reported in the first paper had been completed 
before we decided to determine the sodium and potassium balances, i t  was in part 
repeated in order that this added data might be secured. The rats were treated in 
all respects as previously described, save that sodium was substituted for potas- 
sium (3), mol for mol, in the salt mixture in the basal diet, and lactose added to 
compensate for the resulting decrease in weight. 

* Scientific Section, A. PH. A,, Portland meeting, 1928. 
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In the experimental period, sodium citrate was added to the diet of half the 
rats a t  a level of 5 Gm. Na3CaHb0,.2H20 per 100 Gm. food, while the other half 
received 1.04 Gm. NasCsH6072 H20 + 4.36 Gm. &C~H~O.I.H~O making the total 
alkalinity the same in each case. Four mg. calcium lactate per day was added in 
the usual manner. The Na and K analysis of the diets are: 

Na 
K 

Bnsnl diet. N a  dtrnte. Nn and K citrate. 

0.271% 1.37% 0.58% 
0.051 0.041 1.33 
Results are shown in Table I. 

CONCLUSIONS. 

(1) 

(2) 
(3) 

Addition of sodium and calcium does not conserve potassium, the balance 

Addition of sodium and calcium favors calcium retention. 
Addition of sodium, potassium and calcium favored potassium retention, 

lowering to some extent sodium retention; perhaps by eliminating the necessity of 
sodium functioning for potassium as base. 

Addition of sodium, potassium and calcium favored calcium retention but 
too much potassium on low sodium is less favorable. 

We could not distinguish any difference between addition of Ca, K and Na 
and of Ca and Na alone on P retention. P retention has been shown to be in- 
creased if Ca level is raised (4). 

(2)  Alkal i  retentions of young rachitic rats when alkalized .with varying amounts 
of sodium cilrate. 

The balances reported in this and the succeeding section were done on the same 
rats reported in the second paper of this series (2) ; consequently the methods and 
technique described there apply here also. 

The control rats on the basal diet plus Ca lactate, but without any added alkali, 
were negative in Na, but gaining in K, Ca and P. When completely alkalized with 
sodium citrate, so that the ratio of total Na to K ingested was 5.9:1, Na and Ca 
balances were favored, while K and P were not affected. When only partially al- 
kalized, so that the ratio of Na: K ingested was 1.3 : l, the Na, K, Ca and P balances 
were all less favorable than with the Na citrate alone. It would appear that the 
increased alkalinity and the higher Na/K ration has a favorable tendency in salt 
balances. 

(3)  Comparison of retentions obtained as in (2) but using a different basal diet. 
The rats here reported are those shown in Table 111 in the preceding paper (2). 

This diet contained more calcium than given in Experiment 2, and its utilization is 
quite obviously favored where alkali was used. The increased retention of calcium 
in turn improves the phosphorus balances. But where the increased use of potas- 
sium has led to  a greater potassium retention to meet the needs of the growing 
animal, the phosphorus balance continued improved while the calcium retention is 
materially lowered. With the exception of finding an increased retention of po- 
tassium, this experiment bears out the results of the others, in that a higher ratio 
of Na:K, within reason, appears to be more desirable. 

of which is the same in both the fore and experimental periods. 

(4) 

(5) 

Data are given in Table 11. 
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SUMMARY. 

1. Acidotic, depleted, mature and young rachitic rats have been treated with 
alkaline saline mixtures of sodium, potassium and calcium to study the more bene- 
ficial mixtures for retention of all bases. 

Most favorable results require all the bases, but the ratios are not without 
an important bearing. 

Assuming that the K, Ca, P and Mg requirements are met, the alkaliza- 
tion requires a considerable preponderance of sodium, our best results in this sur- 
vey resulting from a mixture in which Na:K = 5.0:l. This is simply asuggestive 
value, indicating the nature of the proper balance. A ratio of Na to K of 33 t o  
1, as in Experiment 1, showed some tendencies to imbalance. 

2. 

3. 
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PHYTOCHEMICAC NO’l‘ES.*,t 

N O .  101. THB SESDS OF MONARDA PUNCTATA. 

BY A. A. HARWOOD. 

About two and three-quarter pounds of seeds were gathered a t  Lake Wisconsin 
and in the Pharmaceutical Garden. The heads were thrashed and the chaff re- 
moved with a fanning mill. 

The moisture content, as determined by the xylene method’ was found to be 
3.6 p. c. (two determinations). 

Ash content 2.6412 Gm. and 2.7580 Gm., respectively, when incinerated as di- 
rected2 yielded the following amounts of 

I. 11. 
Water soluble ash 0.0169 Gm. = 0.61 p. c.  
Acid soluble ash 0.1816Gm. = 6 . 8 7 ~ .  c. 0.1836Gm. = 6 . 6 6 p . c .  
Acid insoluble ash 0.0081 Gm. = 0 . 3  p. c.  0.0076Gm. = 0 . 2  p. c. 

0.0101 Gm. = 0.38 p. c.  

0,1998 Gm. 7.55 p. c. 0.2081 Gm. 7.47 p. c.  

Extraction with Selective Solvents.-One hundred Gm. of seeds were finely 
pulverized and placed in a continuous extractor for extraction with petroleum 
ether, ether and alcohol. The extraction with hot alcohol, acetone and methyl 
alcohol was accomplished in a flask connected with a rcflux condenser. The 

* Scientific Section, A.  PH. A., Portland meeting, 1928. 
t From the laboratory of Edward Kremers. 

* Nellie Wakeman, “Plant Chem. for Pharm. Students,” page 15. 
U.  S .  Dept. Agr., Circ. 134. 


