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Intracellular pH influences the resting membrane potential
of isolated rat hepatocytes
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This study in isolated rat hepatocytes sought to determine if the changes in membrane potential associated
with intracellular alkalinization or acidification could be attributed to changes in K* conductance. Intracellu-
far pH; was manipulated using the ‘NH J -pulse’ method: inducing intracellular alkalinization with NH Cl
(10 mM), and producing acidification by diluting the NH J -loaded cells with ammonium ion-free buffer or
by adding sodium proprionate. Membrane potential and resistance were measured in freshly isolated rat liver
cells using intracellular microelectrodes. The results indicated that intracellular alkalinization was associated
with hyperpolarization and decreased membrane resistance, whereas intracellular acidification caused
depolarization with increased membrane resistance. As pH,-mediated electrogenic responses have been
related to changes in K* conductance in other epithelial tissues, the influence of K * transport inhibitors on
NH, -evoked electrical effects was examined. NH Cl-cvoked membrane potential changes were inhibited by
the K* channel blockers, quinine and barium and in potassium depolarized cells (cells bathed in a high K*
medium where (K*|,= [K |, = 140 mM). Furthermore, Rubidium-86 (*Rb*) efflux from preloaded
hepatocytes, a measure of K* permeability, was enhanced following intracellular alkalinization but inhibited
by intracellular acidification. Thus, these results indicate that pH -evoked electrogenic effects in hepatocytes
are mediated through changes in K* conductance. '

Introduction

Intracellular pH (pH;) is involved in the con-
trol of many cellular processes including cell
volume regulation in lymphocytes [1] and mito-
genesis in muscle cells [2]. A role for pH; in the
regulation of hepatocellular ion transport has been
proposed on the basis of microelectrode studies
reported by Henderson et al. [3] in which changes
in pH; were shown to evoke changes in membrane
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potential. As modifications in pH; have been
shown to alter K* permeability in a number of
cell types such as proximal tubule cells [4], gall-
bladder epithelial cells [5) and pancreatic B cells
[6,7), we sought to determine if pH,mediated
changes in membrane potential in hepatocytes
were related to changes in K* conductance.

In the present investigation, intracellular pH
was manipulated in isolated rat hepatocytes using
the ‘ammonium (NH)-pulse’ method, first de-
scribed by Boron [8] and the effects of changes in
pH; on membrane potential were measured using
intracellular microelectrodes. The K* channel
blockers, quinine and barium, were used in order
10 assess the role of K* conductance in pH,-re-
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lated electrogenic responses. Furthermore, **Kb*
efflux from preloaded hepatocytes, an index of
K™ permeability, was measured following the pro-
duction of intracellular alkalinization and acidifi-
cation. The results of these studies indicate that
pH; does influence K* permeahility in the liver
cell: intracellular alkalinization enhances whergas
acidification inhibits K™ conductance.

Methods and Materials

Isolated hepatocyte suspensions were prepared
from the livers of male Wistar rats (150-200 gj
using the collagenase perfusion method [9]. Rats
were anaesthetized by intraperitoneal injection of
sodium pentobarbiiong (30 mg/kg) and the liver
perfused with a physiological electrolyte solution
at 37° C containing 150 units/m] collagenase (type
IV). The liver was then finely minced in the same
collagenase solution of 5 minutes, At ihe end of
the digestion period, single hepatocytes or
hepatocyte couplets were harvested for experimen-
tation, Small aliquots of cells were transferred to a
3 mi chamber on the stage of a Zeiss inverted
microscope and viewed at 400 X magnification.
Cells, healthy in appearance without apparent
blebs or vacuoles, were selected for impalement.
The experiments were conducted at 37°C. The
physiological electrolyte solution contained (mM):
140 NaCl, 47 KCl, 1.13 MgCl,, 10 glucose, 2.5
CaCl,, and 10 Hepes. The pH of the solution was
adjusted using 1 M NaOH to 7.2 except when the
effect of different external values were assessed.
Membrane potentials of isolated cells were mea-
sured using conventional microelectrodes. Micro-
electrodes were made by pulling borosilicate glass
capillary tubes (1.2 mm o.d.; WPIL, New Haven,
US.A) using a Haer ulwraime microeiectiode
puller. The microelectrodes were filled with 1 M
KCl and had tip resistances of approximately 50
M. The electrodes were inserted into appropriate
Ag-AgCl-pellet microclectrode holders (WPI) and
mounted on a Narishige hydrostatic micromanipu-
lator. The potentials were measured using a Dagan
amplifier (Model 8700) and recorded on a Gould
chart recorder. A grounded, c'loride-coated silver
wire was used as a reference electrode. Input
resistance was continuously monitored by inject-
ing current pulses (0.2 nA) applied through the

recording electrode using a Grass stimulator
(Model S48), Ammonium chloride (NH,CI),
sodium proprionate and quinine-containing solu-
tions were prepared using ihie physiological elec-
trolyte solution previously described, These solu-
tions were administered by continuous superfu-
sion of the celi from one of a series of line tubes
permitting flow at a rate of approximately 100
pl/min. The mouth of a tube containing a particu-
lar solution was manipulated to close proximity of
the impaled cell.

A florometric assay was used for the de-
termination of intraccllular pH (pH,). This tech-
nique has been used in the study of pH; in several
cell types including lymphocytes and neutrophils
{10,11]. Isolated hepatocytes were counted using a
Coulter counter and channelyzor and resuspended
in the concentration, 10’ /ml. The cells were then
loaded wiih the probe BCECF by incubation with
the acetoxymethyi ester form (3 g/mi) for 30 min
at 37°C. After two washes, 0.5 to 1.0- 10° cells
were used for fluorescence measurement with exci-
tation at 485 nm and emission at 540 nm using 5
and 10 nm slits, respectively. The nigericin/
potassium method of Thomas et al. [12] was used
to calibrate pH,.

To study K* efflux, hepatocytes were pre-
loaded with ¥Rb* by incubating 5 - 10° cells/ml
in the physiological electrolyte sclution which con-
tained the isotope (15 pCi/ml of suspension) for
60 min at 37°C. In other experiments, hepato-
cytes were preincubated with the radioisotope in
an electrolyte solution containing NH,CI (10 mM).
After preloading, the cells were separated from the
incubation medium by centrifugation at 200 X g.
The ®Rb* efflux study was then initiated by
diluting the cells in 10 ml of isotope-free buffer,
wii or without NH,Cl (10 mM). At 0, 30, 45, 60
and 75 s after efflux had been initiated, 1 ml
samples were collected and immediately centri-
fuged at 200 X g for 60 s. The radioactivity con-
tained in the cell supernatants was determined in
a Beckman Liquid Scintillation Counter.

Materials

Collagenase (type IV) and quinine sulfate were
purchased from Sigma, St. Louis, MO. Rubidium-
86 was obtained from Amersham Can. Ltd., Oak-
ville, Ontario. Nigericin was from Calbiochem-



Behring, San Diego, CA. 2,7-Biscarboxyethyl-
5(6)-carboxyfluorescein (BCECF) acetoxymethyl
ester was obtained from the HSC Research Devel-
opment, Toronto, Canada.

Statistical methods

The results were expressed as mean + S.E. Data
were analyzed using paired or unpaired ‘t’-test
when appropriate. Differences were considered
significant at ‘P" values less than 0.05.

Results

The effect of extracellular pH on membrane poten-
tial

In 35 separate cell impalements the mean mem-
brane potential and resistance measured were 25.9
4 0.1 mV and 83.6 + 4.5 MR, respectively. These
values are comparable to those previously re-
ported for isolated hepatocytes [13-15]. In all of
these recordings, stable membrane potentials oc-
curred within 30 s after impalement and were
maintained for more than 4 min. As shown in Fig.
1, changes in external pH from 7.2 to 7.6 and to

7.6 8.5
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Fig. 1. Changges in external pH (pH,,) have no immediate effect
on membrane potential. Potential measurements prior t¢ and
foliowing cell impalement are shown. Hyperpolarizing current
pulses (0.2 nA) applied continuously through the recording
electrode assessed membrane resistance. Following cell punc-
ture, marked by the downward arrow (1), a sudden negative
deflection in potential of 22 mV occurred, indicative of the
resting membrane potential. Prior to and after impalement, the
normal salt sclution superfusing the cell was buffared at pH
7.2. Where the superfusion solution was changed to one
buffered at pH 7.6, no change occusred. Similarly, there was no
effect on membrane potential observed when the superfusion
fluid was then changed to pH 6.5. The electrode was withdrawn
from the cell at point marked with the upward arrow (1).
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Fig. 2. Prolonged exposure to external solutions with low pH
(pH, = 6.5) causes reduction in membrane potential. The mean
membrane potential ( E,) measured in cells has been plotied
as a function of the pH of the extracellular solution, In these
experiments, cells had been incubated at a parucular pH; 6.5,
70, 7.2 and 7.6 for approx. 30 min. Five experiments were
performed at pH 6.5, 8 experiments at pH 7.0, 35 and 7.2 and
22 experiments at pH = 7.6.

6.5 evoked no change in membrane potential
within a two minute time period (n = 5). Hepato-
cytes were also incubated in media at pH 6.5
(n=35), 1.0 (n=8), 7.2 (n=135) or 7.6 {n=22),
each for 30 min in separate experiments to de-
termine the effect of prolonged exposure to acidic
or alkaline solutions on membrane potential. Fig,
2 shows the mean membrane potential measured
following exposure to media at each of the above
pH values. The membrane potential measured in
cells exposed to medium at pH 6.5 was signifi-
cantly less (P < 0.01) than that measured in cells
bathed in medium at pH 7.2,

The effect of intracellular pH on membrane polen-
tial

The ‘NH,CI pulse’ method, of Boron et al. [8]
has been used to manipulate the intracellular pH
of many cell types [16,17] and has recently been
applied (o the study of pH regulation in isclated
rat hepatocytes [2). Henderson [3] has shown that
exposure of hepatocytes to NH,Cl (10 mM) caused
cellular alkalinization usire pH-sensitive micro-
electrodes. Subsequent exposure of NH-loaded
cells to a NH,Cl-free solution caused intracellular
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acidification as predicted by Boron {8]. We first
confirmed that addition of NH,CI (10 mM) caused
cellular alkalinization using the BCECF fluorim-
etric assay. The intracellular pH of hepatocytes in
the control medium was 6931005 (n=35), a
value comparable to that reported by Henderson
[3] in microelectrode studies. The addition of
NH,C! (10 mM) caused a transient increase in
pH; to 7114003 (n=>5), a2 change which is
statistically significant (P <0.05). Furthermore,
the addition of proprionate (20 mM) which is
known to cause intracellular acidification in several
cell types [1,16,17] evoked a decrease in pH; to
6.74 £ 0.05 (n=5), (P <0.05). Fig. 3 shows the
effect of NH,Cl and sodium proprionate addition
on intraceflular pH.

The addidgon of NH,Cl caused changes in
membrane potential and resistance (Fig. 4a). Ex-
posure to NH,CI (10 mM) resulted in cellular
hyperpolarizaiion: 5.1 +1.1 mV, with a concom-
itant Gecrease in membrane resistance of 10.8 + 4.9
M@ in seven experiments. The changes in poten-
tial and resistance were significantly different from
resting values with P values less than 0.0025 and
0.05, respectively. The subsequent superfusion of
these NH -loaded cells with a NH,Cl-free solu-
tion a maneuver which causes intracellular acidifi-
cation, resulted in depolarization of 9.2+ 1.7 mV
with an increase in membrane resistance of 11.8 +
3.8 MQ, significantly different from values mea-
sured when the cells were exposed to the NH,CI-
containing solution ( P < 0.0025 and 0.05, respec-
tively). Furthermore, the addition of proprionate
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v
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Fig. 3. Measurement of intracelluiar pH. The additon of
NH,Cl (10 mM) caused intracellular alkalinization while
sodium proprionate (Pro) (20 mM) caused intracellular acidifi-
cation.

2 min

Fig. 4. (a) The “NH,4Cl pulse’ method for causing changes in
pil; evokes changes in E,,. This intracellular recording, show-
ing a resting membrane potential of — 30 mV, was obtained in
a cell exposed to continuous superfusion with a normal salt
solution. Changing this solution to one containing NH,Cl
(noted by solid line), a maneuver which should increase pH;,
resulted in modest hyperpolarization. Switching the superfu-
sion solution back to the normal one without NH,Cl (at the
very end of the solid line), which should cause intracellvlar
acidification, resulted in marked depolarization to a value less
than the resting membrane potential. The difference between
depolarized and resting values was significant in seven com-
parable experiments (P < 0.02). (b) Intracellular acidification
caused by proprionate results in membrane depolarization. The
resting membrane potential measured in this cell was —30 mV.
The introduction of sodium proprionate (Pro) into the superiu-
sion solution caused cellular depolarization, an effect which
was reversed following reintroduction of the controt solution.

(20 mM), which we confirmed will induce in-
tracellular acidification, caused cellular depolari-
zation of 20.7 + 4.6 mV with an increase in mem-
brane resistance, 17.2 + 1.5 M@ (n = 6) (Fig. 4b).
These proprionate induced changes were signifi-
cantly different from resting values (P <0.005
and 00005, respectively). Proprionate evoked
potential and resistance changes were reversed by
exposure of cells to proprionate-free solutions.
These results suggest that cellular alkalinization
causes the increased ionic conductance leading to
hyperpolarization, whereas acidification decreases
ionic conductance causing depolarization,

The effect of quinine, barium and high extracellular
KCl concentrations on NH,Cl and proprionate-in-
duced electrical effects

In order tc assess the role of K* conductance



in pHrelated electrical changes we studied the
effect of quinine and barium, both K* channel
blockers in many tissues [18-20], on pH;-evoked
potential changes. In these experiments, the ability
of the impaled cell to respond electrically to
manipulations of pH; was first assessed using the
‘NH,Cl-pulse’ method (Fig. 5a) or by superfusion
of proprionate (Fig. 5b). Addition of quinine (200
M) caused a marked depolarization of 17.4 + 4.0
mV (P <0.0005) with an increase in membrane
resistance; 220+ 54 MR (n=11) (P <0.001).
These electrogenic effects indicate that that quinine
causes the blockade of K* channels. The con-
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Fig. 5. (a) Quinine blocks the effect of NH,Cl on E. The
membrane potential measured in this particular hepatocyte is
—25 mV in the presence of the confinuous superfusion of
normal salt solution. Superfusion with NH,Cl caused hyper-
polarization while the subszquent replacement of a NH,4Cl-free
solution produced depolarization. Superfusion by quinine (200
#M) (upper solid line) caused marked depolarization. The
subsequent addition of NH,C] feiled to evoke any change in
Eg,. (b) Quinine blocks the effect of sodium proprionate on
E,. A membrane potential of —30 mV was measured in this
cell. Exposure (o proprionate (Pro) caused cellular depolari-
zatior as before. Quinine when subsequently added de-
polarized the cell by almost 20 mv. Proprionate when reap-
plied did not elicit any change in E,, during the continued
superfusion of quinine. The quinine evoked depolarization
could not be permanently reversed by the return to quinine-free
contro! solution for up to S min. The electrode was pulled out
of the cell where marked (1). (¢) Barium inhibits the effect of
NH,Clon Ey, (upper tight comer). Addition of barium (Ba?*)
(npper snlid line) caused cellular depolarization accompanied
by increased membrane resistance. The continued superfusion
of the Ba®*-containing solution inhibited NH,Cl electrogenic
effects.
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Fig. 6. High extracellular K* (140 mM) prevents NH,Cl-in-
duced changes in E,. Cell puncture occurred where marked as
beforc and a stable membrane potentiai of -30 mV was
observed at 30 s. A change in the superfusion solution from
that normally used, (K* }) = 3.4 mM to one with [K*]=140
mM evoked a depolarization of 25 mV. The membranc potei-
tial then stabilized at =10 mV after 1.0 min. Subsequent
addition and withdrawal of NH,Cl failed to evoke changes in
membrane potential in the presence of the high {K* ] solution.

tinued superfusion of quinine prevented further
NH,Cl and proprionate-evoked changes in poten-
tial (Figs. 5a and 5b, respectively).

As seen in Fig, Sc, the superfusion of hepato-
cytes with barium (Ba2*)-containing solution (2
mM) caused changes in membrane potential and
resistance similar to those evoked by quinine.
Within one minute, barium addition induced de-
polarization with a magnitude of 15.5 +2.9 mV
(P <0.05) and membrane resistance increased by
175+ 09 M@ (P<0005) (n=4). As with
quinine, the presence of barium inhibited NH,Cl-
evoked changes in potential and membrane resis-
tance.

Exposure of isolated hepatocytes to an ex-
tracellular solution containing 140 mM KCl re-
sulted in depolarization of 319465 mV (<
0.0005) with a decrease in membrane resistance of
21.0 + 4.4 MQ (P <0.0025) (n="7), Fig, 6. Potas-
sium-depoiarized ceiis failed w respond electri=
cally to NH,Cl-induced pH; changes. These ex-
periments implicate a role for K* conductance in
the pH -related electrical events.

Rubidium-86 efflux studies

in order o directly assess thic effcet of intracelle
ular alkalinization on potassium permeability, we
studied ®*Rb* efflux from preloaded hepatocytes,
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Fig. 7. Rubidium-86 (*°Rb*) efflux, ®Rb™* efflux from pre-
loaded cells into isotope-free buffer was measured as the
radioactivity in the cell supernatant of samples taken at 30, 45,
60 and 75 s after the stimulation of ®Rb* efflux. The radioac-
tivity measured has been expressed as a percentage of the
initial measurement taken immediately (0 s) after efflux ini-
tiation. *Rb* efflux was determined in three separate experi
mental conditions: control (0), those causing cellular alkalini-
zation (@) or intracellular acidification (a), using five different
cell preparations.

following exposure to isotope-free buffer contain-
ing NH,Cl (10 mM). To determine the effect of
cellular acidification, cells were preloaded with
8%Rb* and exposed to NH,Cl prior to initiation of
8Rb* efflux into NH,Cl-free buffer. As a control,
%Rb* efflux was measured in cells that had not
been exposed to NH,Cl in either the preincuba-
tion or incubation period. All three protocols were
performed simultaneously using hepatocyies from
a single cell suspension. As shown in Fig. 7, the
radicactivity n ¢eil sapernatamis oMained at 60
and 75 s after stimulation of *Rb* efflux was
significantly greater in hepatocytes whose in-
tracelluiar pH is alkaline compared to control
cells, (P <0.05). In contrast, ¥Rb* efflux is sig-
nificantly less in hepatocytes following intracellu-
lar acidification at 60 and at 75 s (P < 0.01). This
time interval was chosen as %*Rb* efflux from
preloaded cells has been shown to be linear for
approx. 75 s (Bear, C., unpublished data). Calcula-

tion of the lineas regression coefficient for each set
of experimental data was performed. In control
cells, the efflux curve had a linear correlation
coefficient (7) of 0.86 (P <0.01) with a slope of
2.19. The efflux curve for alkalinized cells had a
(r) value of 0.97 (P <0.01) with a slope of 2.97.
In acidified cells the (r) value of the curve was
0.86 (P <0.01) with .he slope 1.73. The slope for
8Rb* efflux from the alkalinized cells was signifi-
cantly lower (P <0.05) whereas that from the
aciditied cells were greater (P <0.02) than the
controls. These values confirm that the efflux
curves are linear. The changes in slope with
changes in intracellular pH are consistent with the
suggestion that cellular alkalinization stimulates
K* conductance, or the rate of efflux, whereas
acidification inhibits K* conductance,

Discussion

This study reveals that iniiccellular pH in-
fluences the membrane potential of isolated rat
hepatocytes. Cellular alkalinization causes mem-
brane hyperpolarization whereas acidification pro-
duces depolarization. Evidence is presented to
suggest that pH; exerts its effect on membrane
potential by directly or indirectly modifying K*
conductance. The membrane resistance measure-
ments attained are consistent with the fiypothesis
that intracellular alkalinization enhances K* con-
ductance while acidification blocks K* conduc-
tance, Furthermore, exposure of hepatocytes to a
high extracellular concentration of KCI (140 mM),
which dissipates the transmembrane K* gradient,
inhibited pH;induced potential changes. Simi-
larly, the K* channel blockers, quinine and barium
abolished the effect of intracellular acidification
on membrane poiential,

Changes in the pil of the extracellular, bathing
medium from 7.6 to 6.5 did not result in any
immediate change in membrane potential. This
observation is suggestive of a low membrane per-
meability to hydrogen (H* or OH™). Therefore
the immediate electrogenic effects induced by in-
tracellular alkalinization or acidification do not
reflect changes in extracellular pH induced experi-
mentally. Prolonged exposure, however, had a dif-
ferent effect: acidic solutions (pH 6.5) caused



depolarization of hepatocytes compared to cells
incubated in media at pH 7.2 or 7.6. Conceivably
the cell becomes less capable of pH, regulation
with prolonged exposure to acidic media and the
membrane depolarized because of eventual in-
tracellular acidification. Ekhardt et al. [21] have
reported similar results for the effect of extracellu-
lar pH on membrane potential in isolated
hepatocytes.

Ammonium chloride has been used extensively
in studies of intracellular pH regulation [3,8,16,17].
Exposure of cells to ammonium chloride led to
intracellular alkalinization associated with cell hy-
perpolarization and increased membrane conduc-
tance. We have interpreted these findings as indi-
cating that alkalinization may enhance K* con-
ductance. Alternatively NH; has been found to
substitute for K* in the Na*/K*-ATPase trans-
porter so that intracellular accumulation of NH;
may activate the pump transporting NH; out of
the cell [16]. Such pump activation would lead to
cellular hyperpolarization, as was observed in our
studies but this could not account for the observed
decrease in membrane conductance. Therefore,
enhanced K* conductance rather than pump
activation is the most likely explanation for the
electrical effects observed with NH,Cl addition.

Intracelular acidification was achieved through
two methods: (1) NH; -preloaded cells washed
with the ‘control’, NH,Cl-free superfusion solu-
tion and (2) cells exposed to the weak acid; pro-
prionate. Both of these manipulations resulted in a
marked depolarization with increased membrane
resistance. In contrast to the effect of intracellular
alkalinization, we propose that acidification in-
hibits K* conductance. Perhaps, the transport
mechanism affected by changes in pH; is sensitive
to the intracellular accumulation of H*. Binding
of H* to a modifier site on the Na*/H* antiport
{22], regulates the activity of this membrane pro-
tein o it is conceivable that such a mechanism
also exists for the regulation of the K* channel
protein. Concerning the proprionate results, this
weak acid has not only been shown to cause
intracellular acidification but is also known to
block Cl~ channels in some tissues. It is uniikely
that proprionate caused the observed potential
and resistance changes through an effect on Cl-
conductance as chloride channe! blockade in may
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cell types evokes membrane hyperpolatization, not
depolarization [23].

Quinine and barium abolishes pH;-evoked
changes in membrane potential, implicating a role
for K* conductance in these events, The addition
of either of these K* channel blockers decreases
the membrane potential of impaled cells to ap-
prox. —10 mV, a valuc close to equilibrium poten-
tial for chloride ion, These findings indicate that
most of the K* channels participating in the elec-
trodiffusional control of the resting membrane
potential can be inhibited by quinine (200 M) or
by barium (2 mM). Similarly, superfusion of cells
with the high K* solution led to dissipation of the
transmembrane K* gradient resulting in cell de-
polarization. No change in potential was evoked
by intracellular alkalinization or acidification in
K* depolarized cells, providing additional support
for the proposed role of K* conductance. Further-
more, “Rb* efflux from preloaded hepatocytes
into isotope-free media was enhanced in cells with
intracellular alkalinization but inhibited in cells
with intracellular acidification. The rubidium ef-
flux studies provide more direct evidence for in-
volvement of pH; in the regulation of K* conduc-
tance.

Recent experiments using patch-clamp electro-
physiology have revealed the presence of a K*-
selective channel in the membrane of isolated rat
hepatocytes which is activated by increases in
ionized Ca’* from 10™° M t0 107 M at the
cytoplasmic face of the membrane [24). Using
patch-clamp techniques, Cook et al. [7] de-
termined that Ca®*-dependent K* channe} aciiv-
ity in pancreatic B cells was enhanced when the
pH of the solution bathing the cytoplasmic mem-
brane surface was increased from 7.2 to 7.6 but
inhibited when the pH was decreased from 7.2 o
6.5. Cook suggested that the intraceliular accumu-
lation of protons may block K* channel activity
by competing with Ca2* for regulatory sites on the
channel itself. Perhaps a similar mechanism
accounts for the effects of pH; manipulation on
K™ conductance in hepatocytes in the present
work.

A physiological role for pH;-induced changes in
K™ conductance in the liver cell is unknown at
present. Several hormones and neurotransmitters
act to enhance K* conductance in hepatocytes
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[25). On the basis of the results in the preseat
study, the tesponsiveness of liver cells to nero-
humoral stimulation may depénd in part upon the
iniracellular pH which can vary 25 a function of
the vells’ metabolic status.
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