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of pH Change on Vascular Smooth Muscle Con
Rat Superior Mesenteric Artery and Its Branch

Soo Seung Chol, M,D.*

Background: Extracellular and intracellular pH (pH, and pHy), which can be changed in various pathological con-
diions such as hypoxia, affects vascular contractiity. To elucidate the mechamsm to alter vascular confractility by
_ pH, the effects of pH on reactivity to vasocontracting agents, intracellular Ca’' tnﬂux and Ca*’ sensitivity in vas-
.~ cular smooth muscle were examined. Matenai and Method: Isometric contractions in rat supenar mesenteric arteries
(SMA) were observed Intraceliular Ca®' conc was recorded by microfluorometer using Fura-2/ace-

xylmethyl ester in muscle cells. : . or decreased to 6.9 or 64. pH, was de-
‘reased by applymg NHs* or pfOpl ‘ Ho after mcreasmg membrane . permeabmty‘
: usmg B: -€sCin. Result Decreases in pHO if or 64 shifted _concentration-response curve by nor-
_ epinephrine (NE) or: serotonin - SE} ) the rght and s:gmﬁcantiy increased half maximal 'éﬁégtive concentration
. (EC50) to NE or SE. Increase m PHs from 74 to 7'8 shifted concentratzon-respanse curve by norepinephrine (NE)
: :vor serotonin (SE) o the left and s;gmfcanﬂy reduced ECﬁO o NE or SE. NE increased [Ca2+ in- cultured smooth
-~ muscle cells fm JA and the increased: ECa ‘“_};: was reduced by decreases in pHo. NE-induced contraction was
 inhibited by NHs vhereas the resting tension was increased by NH," or propionic When the cell mem-
_brane of SMA ermeabilized using G-escin, SMA was contracted by i ‘n‘creasinf cellular Ca®’ concen-
: trat;on from E) M and ;thé:-rnagntude f cantractmn was decreased by a decr, pH, and vice versa.
- resilts, it can be concluded that a decrease in' pH, mtght i cuiar contraction by

of yaspulép smooth.muscie 10 'vaseastwe agents Cazf’” mﬂux ensitivity of vascular

{(Korean J Thorac .Cérd
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B AYE vy I E 719U (The National Institutes of
Healthyoll 4 33 Ae%-EA % (Guide for the Care and
Use of Laboratory Animals, NIH Publication No. 85-23,
Revised 1996)l w2} Alstglon, & o] HY5E
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(arterial ring)& UHE thF, o] A& 95% 045% COE *
3}#l Krebs-Ringer §-8(NaCl 118.3, KCI 4.78, CaCL.2HO
2.5, MgS0+.6H,0 1.2, KH,PO, 122, NaHCO; 25.0, glucose
10 mM)©] 3 mL/min®} £E22 323 9+ AH L7 &
A ZEngle 2EEUAIE Adsta AN )
%71 (physiographyell 4 44 F&-& 7] 53l ckFig. 1).

QUL RS trunk, 222 2 EAEFig Dol
A 1vleld 2zt 104 Aol Agellen] pH 7400
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tylcholine (3 «M)oll &lgl W HE 24 o]2k vhg Hhalo]

F2 At BE A 37°CllA AJsdslgict.

3) EREET ME HiY

A 3L Robertson 50 713 wholl whel Hg
slo] uiekslolvhi13]. Mg # PIES phosphate-buf-
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‘Stainless wire, ¢ 100um
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Z18]3L 1 mL minimal essential amino acids& % 7}slo] wub
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A-gstdrt. AE ¥ H4L
IRB, Leica, Germany)¥ microscope photometer (D-104, Pho-

inverted microscope (DM

Fig. 1. Home-made myograph and
rat superior mesenteric  arteries
(SMA) used in this experiment.
Among SMA branches, the first,
second and third branches were
used. The mounted artery was the
second branch and stretched. Di-
ameters of the arteries might be
estimated comparing stainless wire.

ton Technology International Inc, U.S.A.) 2.2 4% v]4]
& 542224 7] (miicrofluorometer system)E  AF-§-8}93 v} Fura-2/
AMo] Rslgl A ZEel] 340 nm&} 380 nm2 F IpAE ¥
o} &AH10 Hz)slx H+Z(emission)=]o] }2¥E 510 nm2)
#53-g photomultiplier FH2E5 o] gsle] ZAslxm L v
(F340/380)% AZE W Ca’ s %& ALl ch(Felix, version
1.4, PTL, US.A). o] Add] A5 £92 150 mM NaCl,
6 mM KCl, 10 mM 4-(2-hydroxyethyl)-1-piperazine-ethane-
sulphonic acid (HEPES), 10 mM glucose, 1.5 mM CaCl,, 1
mM MgCh& H7bslo] ghEolom pHE 7400 29l
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o] Ca®" 10 uMol| 93 28 7| Felglon Fo] =27
7} kAol sl AlES] pHE #H3IA 7 2 ok
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Fig. 2. Extracellular pH (pH,)-dependent change of vascular confractiiity in rat superior mesenteric artery (SMA). (A, B) Serotonin (SE) or
Norepinephrine (NE) produced concentration-dependent contractions in SMA frunk. Note that the concentration-response curve was shifted by
changing pH, (n=8). (C) Maximal contractions by SE or NE in SMA trunk (n=8). The contractions at each pH, were normalized versus
NE-induced contractions at pH 7.4. *p<0.05 and “Lp<0.01.

AAARA BEA B eFAAY QARG S5
& ol vldlsle] FrlslelvkFig. 24). kol wE
RE BAAEE e £5E0E 288 o4 A Fae  AV|(FEHRE 4, concentration-response
= paired T-test® 3}o] 9] FF p<005E AF3l3irt curve)E Hill4ol] 2Jste] AlEdlo] g sl3ivt. HE-HHE
4L pH F7tell eJstod 25 o]Fslgl on pH Zhdzell
SJsto] 95 ol Beick Al 4592 505 3L 5

kel 559 ECs (half maximal effective concentration)t
D MES pH WS} MEEUD mojmuymeigy - oL EO  cffective c :
pH 7.40l14 257 aMollow pHE 782 Z7HA74 132

St SHEET $A0 NIXNE A% nME ZHastgl e, pH 6.99 6404+ ZH2F 1.023 3.54

F AR HE Adsle] AREY 52 koI e ME F7Fslgich rolgfvlZ e o3t Fx-vhg 4
Zglol] o8t 3ol uX A|ES] pH W3 adE #% 5 AReda FUg 8-S ¥l=dl ECso pH 7.4
stk AlZEYE 10 nMollA] 10 n M7HA] BRA 0 R & A 237 uMolQEHl, pH 7.80N4E 128 uME ZH4sts]

- 348 —



A Second branch of SMA
swomens. 5H 7.8 90 w—H 6,0 e 0 6.4
E X e b 74 e pH 7.4
PH 74 P 90 P 90
o
S 33 15 33 48&
<O
15 19,5 27 15 195 2
AR \ v\ [
4 \ AU 48 5 min % Vo \60 VLA A 60 9
151 1g}5 ‘27 ‘33 195" \27\33\ 48 195\ 12733 148
B c Maximal contraction
100 -

80

60

40

Relative contraction (%)

20 1

K’ concentration

Relative contraction

pH 6.4

pH 6.9 pH 7.4 pH 7.8

Fig. 3. Extracellular pH (pHo)-dependent change of vascular contractility in SMA second branch. SMA second branch was contracted by in-
creasing extracellular K concentration (K *-induced contraction). A representative recordings (A) and concentration- dependent contractions
(B) in SMA second branch. The shift in concentration-response curve by changing pHo was not pronounced in K -induced contraction (n=7).
(C) Maximal contractions by extracellular K* in SMA second branch (n=7). The contractions at each pH, were normalized versus K -induced

contractions at pH 7.4. *p<C0.01. SMA=Superior mesenteric arteries.
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Without fluorescence Control

Fig. 4. Characterization of smooth muscle cells isolated from branches of superior mesenteric arteries. Immunohistochemistry of the cultured
cells and the representative staining of a-actin, Almost all of isolated cells were well stained by anti- @-actin antibody.

7.8
7.4 7.4 pH
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Fig. 5. Effects of pH, on NE-induced [Ca*"} increase. (A) Modulation of [Ca™}i by changing pH, in a cultured smooth muscle cell. (B)
Summary of the effect of pH, on NE-induced [Ca®'}; increase (n=7). *p <0.001.
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Fig. 6. Effects of NHs™ or propionic acid on NE-induced contraction or resting tension of SMA third branches. NE-induced contraction was
relaxed by NH,™ (A) and the resting tension was increased by NH,™ (B) or propionic acid (C). SMA=Superior mesenteric arteries.
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