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CO, Buffering and Hydrogen Ion Conccntration Giadient across Cell
Membrane in Acute Acid-Base Disturbances in Dogs

Sang Ik Hwang, M.D., Young Bae Park, M.D,,
Byoung Ku Min, PHD., Woo Gyeum Kim, M.D.

Department of Physiology, College of Medicine, Seoul National University

The in vivo and in vitro buffer capacities of true plasma and tissue buffer capaciies were
compared on dogs. Intracellular pH was determined on skeletal muscle by a modification of
the method of Schloerb and Grantham using C'* DMO.

The in vivo curve for plasma or extracellular fluid has a much lower slope than the in
vitro curve. The in vivo slope of skeletal muscle in the dog is approximately 20 sl. The slope
for skeletal muscle in vivo falls between the in vitro and in vivo slopes of true plasma.

It appears that intracellular hydrogen ion varies linearly with extracellular bydrogen ion
when CO, tension is changed. Both hydrogen ion gradient and H;/H. ratio vary in skeletal
muscle, with an increase in CO, tension.

Infusion of 0.3N HCl gave two distinct patterns, the H;-H. gradient decreased; and it wo-
uld appear that very little hydrogen ion as such penetrated to the inside of the cells during
the time of observation.

Although lactic acid presumably enters the cell and the same of larger load was given as
was used for hydrochloric acid, only very mild intracellular acidosis resulted, ostensibly due
to metabolism of this substrate. Gluconic acid produced a more severe acidosis, both in-
tracellularly and extracellularly, but with both of these acids the hydrogen ion gradient dec-
reased and the H;/H. ratio also decreased.

The experiments on the dogs with hemorrhagic shock the hydrogen ion increase producing
the acidosis originates inside the cells. Even so, the hydrogen ion gradient increased only
very slightly in the acute experiments. This may suggest that even over short intervals of
time skeletal muscle cells have a capacity to pump out hydrogen ions at a rate which main-
tains approximately the normal Hi/H. gradient when the source of the hydrogen ion is in
the interior of the cell.
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Table 1. Acid-Base values in skeletal muscle cells and ECF in hypocapnea and/or hypercapnea in dogs

(13, (H; (H;-CH). (H3i/[H2e Pc ,
nM/L nM/L nM/L mmHg
Control 51 100 49 1.96 52 a
Hyperventilation 37 74 37 2.00 33
Control 46 105 59 2.32 42
C0,-30% 180 283 103 1.59 207
C0,-15% 105 175 70 1.67 110

Table 2. Acid-Base values in skeletal muscle cells and ECF after the infusion of

acid or .6M sodium bicarbonate in dogs

.3N hydrochloric
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65 68 79 7.2 74
H
TFig. 1. Comparison of buffer capacities of true
plasma in vitro, ECF in vivo and skel-
etal muscle in vivo.
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[(H)e (Hl; [H):-C(H]e Hli/(H)e Pces
M/ nM/L aM/L [/ mmHg
Control 45 108 63 2.44 44
HCl 100 133 33 1.33 57
Control 50 118 68 2.35 52
NaHCO, 25 132 117 5.52 63
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Fig. 2. Relationship between Pco; and hydrogen
ion concentration in ECF and skeletal
muscle cells in dogs.
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Table 3, Acid-Base values in skeletal muscle cells and ECF after the infusion of

" gluconic acid in dogs

A17d A 25 1683—

.3M lactic acid or

[H3. (HJ; (Hli-(HIe [H)i/(H]e Pco:
nM/L nM/L nM/L mmHg
Control 43 117 74 2.72 43
Lactic Acid 86 132 56 1.54 51
Control : 44 106 62 2.41° 46
Gluconic Acid 119 147 28 1.23 43

Table 4. Acid-Base values in skeletal muscle cells and ECF after the induction of hemorrhagic shock

in dogs
(H). (H): (H)i~(H)e (H)i/(H). Pco,
nM/L nM/L nM/L mmHg
Control 46 126 80 2.74 4¢
Shock . 87 177 90 2.03 59
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