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Intracellular pH (pHi) plays an important role in the regulation of cellular processes by
influencing the acitivity of various enzymes in cells. Therefore, almost every type of mam-
malian cell possesses‘ an ability to regulate its pHi. One of the most prominent mechanisms
in the regulation of pHi is Na*/H" exchanger, This exchanger has been known to be ac-
tivated when cells are stimulated by the binding of agonist to the muscarinic receptors,
Therefore, the aims of this study were to compare the rates of H* extrusion through Na'/H*
exchanger before and during muscarinic stimulation and to investigate the possible existence
of HCO; transporter which is responsible for the continuous supply of HCO; ion to saliva.

Acinar cells were isolated from the rat mandibular salivary glands and loaded with pH-
sensitive fluoroprobe, 2,7  -bis{2-carboxyethyl)-5(6) -carboxyfluorescein(BCECF), for 30min
at room temperature,

Cells were attached onto the coverglass in the perfusion chamber and the changes in pHi
were measured on the iverted microscope using spectrofluorometer.

1. By switching the perfusate from HCOs-free to HCOs-buffered solution, pHi decreased by
0.39+0.02 pH units followed by a slow increase at an initial rate of 0.04+0.007 pH
units/min. The rate of pHi increase was reduced to 0.01+0.002 pH units/min by the si-
multaneous addition of 1 mM amiloride and 100#M DIDS.

2. An addition and removal of NHi caused a decrease in pHi which was followed by an
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increase in pHi. The increase of pHi was almost completely blocked by 1mM amiloride
in HCOs-free perfusate which implied that the pHi increase was entired dependent on the
activation of Na'/H" exchanger in HCO;-free condition,

. An addition of 10#M carbachol increased the initial rate of pHi recovery from 016 =+ 0.01
pH units/min to 0.28+0.03pH units/min.

. The initial rate of pHi decrease induced by 1mM amiloride was also increased by the ex-
posure of the acinar cells to 10#M carbachol (0.06+0.008pH unit/min) compared with that
obtained before carbachol stimulation (0.03+£0.004pH unit/min).

. The intracellular buffering capacity B1 was 14.31+£1.82 at pHi 7.2-7.4 and Pl increased
as pHi decreased.

. The rate of H" extrusion through Na*/H' exchanger was greatly enhanced by the stim-
ulation of the cells with 10#M carbachol and there was an alkaline shift in the activi-
ty of the exchanger.

. An intrusion mechanism of HCO; was identified in rat mandibular salivary acinar cells,
Taken all together, I observed 3-fold increase in Na'/H" exchanger by the stimulation
of the acinar cells with 10#M carbachol at pH 7.25. In addition, I have found an addi-
tional mechanism for the regulation of pHi which transported HCO: into the cells.

Key words : amiloride, cotransporter, DIDS, intracellular pH, HCO; BCECF, Na‘*/H* ex-

changer, spectrofluorometer
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Fig. 1. Schematic model accounting for the Drocess
of electrolyte transport during secretion in
salivary acinar cells, Na*, K*-ATPase
maintains the inwardly directed driving
force for Na'/H" and CI/HCO; exchangers
and Na*-K"-2CI' cotransporter. Activation of
these transporters causes CI' accumulation in
the cells against its electrochemical gradient,
HCOsis produced by the action of carbon-
ic anhydrase, CI' and HCO: efflux into the
lumen in response to muscarnic stimulation
drives Na* from the extracellular space in-
to this compartment and water follows
these electrolytes,
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F7 AFHE A3tk Bovine serum albumin
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5(6) -carboxyfluorescein(BCECF) 2] acetoxymethyl
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B a3ith

A3 oA acniE EE3t=d AH-dE
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mM, KCl 45mM, NaH:PO: 10mM, MgSO4 1.0
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Zos A9S AFsIY AY £ #F 29 Y
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Fig. 2. A photograph of acini isolated from rat s dAM %:X] 3t7] st 7 (perfusion
mandibular sa]ivary gland hne) '71'\"?‘] = 37C9’] %0} Q Water jaket
S AXE FA AFHS BCECF B £ 3}
£ BCECF/AME :%7F 1mMeo] HE & 44 (hydrophobic) ¢l 9F&o] A= AL %Xl
DMSO9) =¢ stock solutiong THE 3 3mle] A 3}7] 9)&ted TEFE < AML3igo)
EE UL Y= Sd9 HF FT7} IMo] 5 Spectrofluorometerg ©]4-3led A& W pHE &
55 BCECFE 91 A4 308 E9 AAE e W) (Fig. 3) Xenon lampolA] L}9= W] ex-
AFHAAM 71 th BCECFY M E U 27 o0) citation wavelengthe ZFEE ©]L3}l9 490 nm
SUH 100% 022 £3HA137) BSAQ} HCO:E X 9} 440 nm7} YHEEEE §3F Y emission wave-
FolA] o BELAOR F ¥l 94 Balsa A length+= 526 nm7} S =& 34t AlE W pH=
ZE M dojd AEES 31'1’11"] Godo] Hol & o] T+ 1A9] H]-&(Fuo/Fu) BEE] F3}gth
DUAL
» WAVELENGTH
FILTER
ILLUMINATOR
lCOMPUTER fL- * ’
INTERFACE Lg

INVERTED
PHOTOMULTIPLIER eSS ehPE

Fig. 3. Schematic diagram of the system for the measurement of pHi in the isdated acini, BCECF fluorescence
from the acini was measured at 526 nm while the excitation wavelength was altemated between 490
and 440 nm. Systern management and data acquisition were controlled by a personal computer,
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2}, pH calibration

A X W AA pH 32 high-K'/nigericin 78-S
ARg-3ted 490nmet 40nme] Bl & ZRE TEHHG
(Thomas $%, 1979). High-K*/nigericin -£9-& 10
#M] nigericin® KCl 136mM, KH:PO: 1mM,
MgSO:« 1mM, CaCl: 05mM, HEPES 10mM, Na-
HEPES 10mM, D-glucose 5SmM<S Z33ich ¢ &
4 1M HCI# IM KOHE A3l pH 66-7.8
B Well A 34714 £4E THE F dAFC R
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2] pHe} ZHOAEE FE39 o) Nigericind &
Tl ZstAl Adstd 2 A71A &) wjEel 4
¥ F HAF fKE=HA MEZY K'/H' ex-
changerg A3t A5E 44E Y & 3l
71 fEol| calibrationg 1% FFAS & J4¥S
A% AFBH EHA AH-ETH (Richmond b
Vaughan-Jones®, 1993).

Fig. 4% High-K'/nigericin 7| & ©]43l
Fuo/Fu Zk3h A3 pH 3 Alole] #A 4L 723
AHEA FFH] pHE GAZHOZ W3 A &

0.0 4 high K*/nigericie
9.0 4 735
5 a0 4 12 12
7

‘x‘* 70 4 %

-
™y

6.0 -
5.0 §8
A0 T Y r L]
[ s 10 15 20
Time {min)

W Fe/Fu 3to] maha B27) Wsss 22 &
% 9lon] ojy) e Fa/Fw 33 BRA pH A}
ool 17 WAHE FEse] AL pH S 7
B,

3. AlEXIRe 24

49 4% 9L AW pH @2 FFLEZL
A2 EAHULH 7} 3k Aleld) Aol Student
s ttest® A3}l p gto] 005 o135 WE 5
Hoz 98 Aolz WL

m A8 2

1. HCO:/CO?* SR0{0l| 2|8k MIZELY pH H3}

HCOF E3HE]o] QA ¥ S0 AEE #
F3lth7t 25mM HCO:E X3t 9% 0:/5%
CO7F A&HLE FFHT SY2E viyo] &
F3hH Fig. 5A9A B nielze] AlXW pH7t
Z7}4 0 2 0394002 pH unit 744 FTh o]& Al
EE 2ARFA F343ke CO7F AZWHE S0
7t A Eure] ZR) 3= carbonic anhydrasedl]
o3 CO+HO-YH:CO-)HCO:+H' 2 W3 A
H' o] 2& AA7] s Folt). ¢} Zo] AIE

Intraceliular pH

‘5 L] L v
4 5 ] 7 3 9

Faso/Faso

o

Fig. 4. Calibration of BCECF fluorescence as a function of intracellular pH (pHi). Acini were perfused with
a high-K" solution containing 10 #M nigericin, Perfusate pH was stepped between the values shown
(upper panel) and the intracellular pH plotted against the fluorescence ratio (lower panel).
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pH7}F 24318 pHe oA AH3) Z7lsl=d
F otslAlel ALl HCOvt A8k B39
A A EY pH7} HCOZF 235 9] ge o
FAANA ) M EY pHET A 81A Rol Axy
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o] FRht AASH AZW pH7t ZAsA T A
EW pHE Z A 2718k ol pH 2714
T 016001pH unit/min® 24 HCO:/CO: 5o w}
Bl Wa| F7bE=t Zioh M EW pHIE A
HE ok ¥ oA NHIE @79 A7kt
7t A AS=H o)W Na'/H* exchanger®] £
! ImM amilorideE FoJ31H AW pH Z7}7}

A ;5
HCOy™ free
8D - / 25 mM HCO.™ HCO,™ troe
= .
678
[
=
2
72
-
=
=
6.8
&4 T Y 5]
[} 10 20 30
Time {min}

Aok Y 2

001+0001pH unit/min®.2 A 7Haste FEA

o HCOVF Q& ArejolA= A Zu pH ZAd)
Na'/H* exchanger’} Hj&el J32 g2 4 4

Ak

S, foF 22 A¥SE 25mM HCO7}b &5
o] A& S99 &vs}“ﬂﬁ 35 73-¢(Fig. 6B) 1
mM amiloride® F93 ¥ AN EW pH =71&E%7}
0.04+0,006pH unit/min®. 2 HCO:7} T3S A &
< AL vs wWEA £7}48d Na'/H' ex-
changer 9JdE HCO:Z MEWE F9AI =
71730 A& AL E Azt

3. EIHEH|E O |ok= carbacholO| Na*/H* ex-
changere| &d2t0l| O|Xl= E&

MEE HCOVF ZHH] QA &2 &do #
T3 NHiZ ¥3lth7h AlAske] M3t pH @
3hE BES F A2 pHV} NHIE ¥7] A 4
HE Sokts o FA71A 34 A5 %$E
carbachol(CCh) 10uM< %8t th(Fig. 7). CCh
T2 AUl pHZt o7F Zasigert 2 F71
3t} CCh £ A pH FET} 009£001pH unit &
7het gh& frAISHIT CChE Folsta 5% Fof
NH'E Folstd Al pH7b S718kdoh7h 24

&= olm pH ZALLE7F CChe £43HR
8 HCO,™ fres
25 mM HCOy™ -
0 Oy HCOy” fres
amiloride/DIDS
E P
s 4
2
124
d
£
88
64 . . . .
[+] i 20 20
Time {min)

Fig. 5. Changes in pHi by switching the perfusate from HCO:-free to 25 mM HCO:-buffered solution with-
out (A) and with (B) the application of 1 mM amiloride and 100#M DIDS, The period of perfu-
sion with 25 mM HCOs/CO: solution is indicated by the solid bar at the top of each panel. Each pan-
el is a single experiment and is representative of 4 experiments,
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A
m‘t m.
8.0 § s ———s
amiloride
]
xr
o784
s
=
3 T2
s
E
&8
HCOy —free
GJ ¥ i ¥ T R !
-] 10 20 30 40
Time {min}

‘ .o ] ﬁ. ﬁ“
amiforide
I L
G 78 4
=
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Rates of recovery of pHi were calculated at
intervals of 005 pH units from the indi-
vidual experiments shown in Fig. 7. The
rates of H* loading calculated from the ex-
periments shown in Fig. 8 were added to
the rate of recovery of pHi to produce the
rates of activation of Na*/H* exchanger.
The rates of activation of Na'/H' ex-
changer were multiplied by the corre-
sponding values of the intracellular buffer-

ing capacity.
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