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Effect of pH on Muscle Calciuiii and Magnesiuni." (26399) 

It has been pointed out that in mainte- 
nance of plasma pH, the role of the ion move- 
ment across cell membranes is not to be ig- 
nored ( 1 ) . The relationship of permeating 
ion concentration to the membrane potential 
can be expressed by the following equation 

( 2 ) :  - = r'y. In  this equation. subscripts 

1 and 2 refer respectively. to intracellular 
and extracellular compartments: (. is concen- 
tration of the ion: z = valence of the ion: 

r -= antiln E,,, ( F  is the Faraday con- 

stant: R is the gas constant, and E,,, is the 
membrane potential or difference in electri- 
cal potential of the extracellular compart- 
ment minus the intracellular compartment) : 

and q = antiln -- (IY,, is the active ion trans- 

port potential difference. i .c. ,  extracellular 
minus intracellular) . Addition of acid causes 
the net valence of the intracellular non-per- 
meating ions to increase by accepting the hy- 
drogen ions, and this in turn causes the value 
of r to decrease(3). If extracellular ion con- 
centration, C2. and the ion work factor. y.  
are both constant, then intracellullar concen- 
tration, C1? should be proportional to rL. 
Thus, it is to be expected that acid addition 
to muscle cells should cause a decrease In in- 
tracellular concentration of the ion i f  the ion 
is a cation ( i .e . ,  I, is positive) and similarly 
alkali addition should cause an increase i n  
intracellular concentration of the cation. I f  
water shifts are ignored, then an increase in 
intracellular concentration indicates a cation 
shift into the intracellular water phase, and 
likewise a decrease in intracellular cop.cen - 
tration indicates a cation shift out of the in- 
tracellular water phase. Thus, the cation 
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would buffer the extracellular phase by ex- 
changing with the hydrogen ion across the 
cell membrane. The purpose of this study 
was to determine if changes in extracellular 
pH would cause the expected shifts of muscle 
calcium and magnesium. 

Mcthods.  Frog muscles were dissected 
out and were maintained overnight in the 
control solution at  5°C. Generally, a muscle 
set consisted of the tibialis anticus longus, 
ileotibularis. sernitendinosus, and the sartor- 
ius (occasionally the peroneus). Then one 
muscle set and its contralateral set were 
transferred respectively to the experimental 
and the control flasks, each of which con- 
tained 50 ml of solution. Tris (hydroxyme- 
thyl) -aminomethane was used as a buffer( 4). 
.ill solutions contained 2 mnil of CaC12, 2 
nil1 of 3\lgCI2, 65 m&l of NaCl, 2.7 mM of 
KCl, and 50 mM of tris (hydroxyinethyl) 
aminomet hane (Sigma 7-9 buffer, obtained 
from Sigma Chemical Co., St. Louis, Mo.). 
The pH was regulated by additions of vari- 
ous amounts of HCl. Five solutions were 
prepared which contained 60, SO, 40, 30, or 
0 millimoles HCl per liter. The resulting pH 
of these solutions was 2.2 ,  6.8, 7.4 (control 
solution), 8.0, and 10.0, respectively. After 5 
hours with gentle agitation at  a temperature 
of about 23-26"C, the individual muscle sets 
were blotted on filter paper moistened with 
the control solution and weighed on a torsion 
halance. Each muscle set was placed in a 
platinum crucible, dried at  about 100°C for 
approximately 1 hour, ashed overnight a t  
500°C, and dissolved in HCl. In one set of 
experiments, after precipitating with ainmo- 
nium oxalate, calcium content was deter- 
mined by an ethylenediamine tetraacetic acid 
( EDTA) titration using a calcium indicator 
( 5 ) . In another set of experiments, after pre- 
cipitating with oxine, magnesium content and 
an approximate calcium (referred to as 
metal) content were determined by an 
KDTA titration using both a calcium and 
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TABLE I. Effect of pH OM Calcium aiid Magiieviuiii iir Musclc. 

7 Milliinoles/kg wt - 
Muscle analysis Exp. pH* Control Experimental Esy./Control, YO ‘ ‘ P value, v’i 

Calcium 2.2 
6.8 
8.0 

10.0 

6.8 
8.0 

10.0 

Metal  2.2 
6.8 
8.0 

10.0 

Miigiiesiuni 2.2 

2.42 & -04 1.55 & A2 
2.30 _+ .03 2.18 2 .02 
2.28 +- .05 3.35 .05 
2.38 & .05 5.87 & .08 

6.52 & .05 1.67 & .04 
6.08 & .04 5.10 & .M 
6.15 k .06 6.64 & .06 
6.34 -c .04 7.76 & .07 
2.25 _+ .07 1.42 .0(i 
2.28 2 .09 2.35 2 .I1 
2.35 2 .09 2.29 & .ll 
2.17 2 .08 5.96 & .Xi 

63.9 & 1.46 
94.9 & 1.54 

103.1 2 .95 
247.5 & 2.96 

25.7 & .67 
83.9 & .72 

108.4 2 .93 
123.3 -e .60 
63.7 & 3.24 

103.3 & 3.77 
98.1 & 4.53 

280.6 1.98 

.o 
-7  
.8 
. 0 

.o 

.0 
.o 
.o 
.o 

39.8 
68.3 . 0 

* No. of esperii~ients for cach pH was equal to 12. 

magnesium indicator ( 5 , 6 ) .  “P” values were 
obtained by comparing the per cent experi- 
mental/control values with 100%: and using 
a previously described “t” table( 7 ) .  

Results. Results are given in Table I. 
The low pH of 2.2 caused a decrease of 4.85 
millimoles magnesium/kg muscle and a de- 
crease of only 0.87 millimoles calcium/kg 
muscle. On the other hand, the high pH of 
10.0 caused an increase of 3.49 millimoles 
calcium/kg muscle and an increase of only 
1.42 millimoles magnesiumfig muscle. Al- 
though the differences were not as pro- 
nounced for the 6.8 and 8.0 pH experiments, 
the results show that in experiments with a 
pH below 7.4 there was a decreased calcium 
and magnesium in the muscle, and in experi- 
ments with a pH above 7.4, there was an in- 
creased calcium and magnesium in the mus- 
cle. The metal determinations are used as 
confirmatory evidence for the calcium values. 

Discussion. These experiments point out 
that both calcium and magnesium ions in 
muscle can contribute to the pH buffering of 
the extracellular phase by moving out of the 
muscle when the extracellular phase is acid 
and by moving into the muscle when the ex- 
tracellular phase is alkaline. In solutions of 
moderate pH changes, calcium and magne- 
sium shifts are not too pronounced, and prob- 
ably other ions are quantitatively more im- 
portant in tissue buffering. There appears 
to be more than one state of calcium(2,8) 
and magnesium(6) in muscle tissue and the 
main ion exchanges may not involve the in- 
tracellular water phase. In the case of cal- 

cium, Swan recently observed that acid solu- 
tions caused an efflux of Ca”? from muscle, 
which he interpreted to be due to an exchange 
taking place on the surface of the muscle(9). 
In reference to magnesium, previous studies 
have shown that only about one-fourth of the 
intracellular magnesium is exchangeable with 
Mg28, a fraction which includes the free mag- 
nesium ion in the intracellular water (6) .  
Since a lowering of pH to 2.2 has been found 
to release some 7576 of the intracellular mag- 
nesium, we have clear support for the infer- 
ence that extracellular acidity is capable of 
freeing magnesium from its non-exchangeable 
phase. On the other hand, it appears that 
the high pH of 10 was acting significantly to 
increase the binding of calcium. The fail- 
ure of these 2 divalent ions to exhibit quanti- 
tatively equivalent shifts with changes in pH 
possibly relates in part to the different bind- 
ing properties of the in vivo binding sites for 
these ions. Microincineration studies have 
been interpreted to indicate that calcium and 
magnesium are intimately associated with the 
contractile machinery of the myofibril( 10). 
Perhaps this location represents a part of the 
non-exchangeable phase of these ions. 

It should also be recognized that there ap- 
pear to be active transport mechanisms for 
both calcium ( 2 , l  i ) and magnesium (6)  and 
it is possible that changes in pH might in- 
fluence this transport mechanism. However, 
measurements of membrane potential, ion 
flux, and ionic concentration of the various 
phases would be required to dissociate quan- 
titatively this possibility from th i  conse- 
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yuences of ionic binding in the various mus- 
cle phases. 

Summary. These in vitro experiments 
show that both magnesium and calcium in 
muscle can contribute to the buffering of pH. 
In low pH solutions there is a decrease in 
both calcium and magnesium, and in high pH 
solutions there is an increase in both calcium 
and magnesium in muscle. 
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Measureiiient of the Vascular Factor Attending Drug-Altered Sensitivity 
to Peptic Digestion." (26400) 
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The susceptibility of esophageal, gastric, 
and duodenal mucosa to acid peptic diges- 
tion depends upon pH and pepsin concentra- 
tion of the gastric juice, the mucous barrier. 
tissue vascularity, and inherent cellular re- 
sistance. Clinical and experimental evidence 
has shown abetment of the acid peptic ulcer 
diathesis by various drugs including reser- 
pine ( 1),  serotonin, cortisone ( 2  ) . pitressin 
(3) and nitroglycerin(4). I t  has been 
shown recently that reserpine increases sus- 
ceptibility of the esophageal mucosa to acid 
peptic digestion ( 5 ) .  

The first segment of the experiment con- 
cerned assessment of the role of serotonin, 
ACTH ( 6 )  and hydrocortisone( 7,8) which 
are released by reserpine. in the augmented 
sensitivity of the esophagus to injury by acid 
peptic juice. Pitressin, nitroglycerin, and 
chlorpromazine also were evaluated in this 
respect. 

In the second segment of the experiment. 
- _ _  . . _. . 
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the effect of reserpine, chlorpromazine, pit- 
ressin, and nitroglycerin on local esophageal 
blood flow was measured in an attempt to 
evaluate the importance of the vascular fac- 
tor in potentiation of acid peptic digestion. 
A modification of Saperstein's technic was 
utilized (9). 

Met hod. Adul t cats under pentobarbital 
anesthesia (30 mg/kg) were used. Respira- 
tion was maintained by means of an auto- 
niatic respirator through a cervical tracheos- 
tomy. In the first portion of the study, the 
animals were divided into 7 groups. The 
technic of periusion, with different segments 
of the same cat's esophagus as the control 
and test preparation was used ( 5 ) .  In Group 
5'4. however, separate cats were used for 
control and test preparation. In the latter 
croup, the perfusions using the same patient's 
gastric juice were started immediately after 
injecting pitressin intravenously into the test 
animal. At the end of the procedure, the 
inucosal surface of the esophagus was in- 
spected. On removal of the esophagus, de- 
gree of injury to both segments was graded 


