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“The presenl Hudy dtmmumml that L eluniel uurrenu were dcemmcd in amesth mumw vells, aind inereased in wmricnlar myacytei by bulh

bovine purathyroid hormene, (OPTH.L-34)), and ditinyryl eyelic AMP b AMDY, using ihe witole cell version of the pateh elamp lechnigue

with Bal® as the vhuege cavrier. The effects of BPTHAU-24) and dbcAMD on L ebannel eurrents weve additive but not xynergistic. Furthennore,

e effiorn of bETEL(I-34% o L channel currents In these 2 cell preparations were abolished In the presence oF 4 cAMD antaganist. These resulis

suggm lh.n the echt;lu of BREH-(I1- 14) an L channel eutrents in vaseular smooth musele ealls and vcntricul.tr myccytes are mmmed by ] cAME’- ‘
. ‘ ‘ dep«eadcnl meu.h.minm ‘ ‘

(?:\lcmm chunne! l"ur.uhyrmd hormone: C,yc:hu AMP V«mular smumh musclv. uﬂl (rm) Vemriuular my@cylu (r*u)

l. INTRODUCTION .~ .

* Parathyroid hormone (PTH) has ~vasodilatory and
carcliotonic effects. Recently, it has been shown that
these effects of PTH can be related to the modulation

of L-type calcium channel currents by this hormone.

‘The bovine PTH fragment composed of N-terminal

‘amino acids from 1 to 34, bPTH-(1-34), inhibits L . -

channel currents in vascular smooth muscle cells [11

while it increases L. channel currents in ventricular

myocytes [2]. -The underlying mechanism concerning

_these tissue selective effects of PTH on L channel cur~

rents-is riot clear.

In both vascular smooth musclc {3,4] and cardlac“ :
muscle [5], PTH increases ¢yclic AMP (cAMP) content.

It is well documented that the increase in cAMP content

plays an important role in the vascular effect of PTH
. [6]. In isolated vascular smooth muscle cells, the in-
‘¢crease in cAMP content oecurred within 1 min and was.

maximal within 5-10 min after treatment with bPTH-

(1-34) [7}. The relaxation of vessel strips induced by
~ bPTH-(1-34) in the above study was immediate but the
maximum effect of PTH did not develop until 6 min
period of 5 min was also’

7). In agreement with this, a ‘
needed to establish the -inhibitory effect of bPTH-
(1-34) on L channel currents from rat tail artery smooth

muscle cells in our previous investigation (unpublished -
. observation). In cardiac tissue, PTIH also enhanced:
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cAMP content prior (6 its chronotropic action [5]. The

similarity in the temporal sequence of PTH effects on
cAMP content, calcium channel currents and car-
diovascular rcsponses suggests the hypothesis that the.
PTH effect on L channel currents may be mediated, at* -
least in part, by a-cAMP-dependeni mechanism. Direct

“electrophysiological evidence derived from the present
‘ study indicates that ¢AMP is involved in the modula-

tion of L channel currents by PTH in both va'scular
smoo:h muscle cells and ventricular myocytcs

2. MATERIALS AND METHODS, =

© Single vascular smooth muscle cells were isolated from the tajl
:1rtéry;nf male Spraguc-Dawley rats (100-200 g body wt) [8]. Theeells |
were cultured in a CO; incubator at 37°C and were used within 8-36
h after they were plated, Yentricular'myocytes from neonatal rat (3

days old) were dispersed accarding to o modification of the method .

of Yatani and Brown [9). The harvested myocytes grew into a con-
fluent’ beating monolayer afier a 24 h incubation (37°C, 3% CO,,
959 humidified air), The voltagc clamp studles were carried out
before the cell monolayer was formed. .

The wlicle-cell version of the patch clamp iechmque was used to,
measure lhe inward curréits {10].. The bath solution contained (mM):
Tris, 110; CsClL,5; HEPES,20; glucose, 30; BaCl2,20; KC),5; and
TTX,0.5 M. The,pipetie solution coptained (mM): Cs;_ -aspartate,75;
EGTA,10:- ATP,2; MgCls,5; K-pyruvate,5;  K-succinate,S:

: glucbsé,ZS: HEFES,IS; creatinphosplmle—Naz.S and créatin-kinase,‘
.50 units/m] (Boehringer Manuheim Gmbh Co., FRG), The pH and

osmolality of both bath and pipette solutions were adjusted to 7.4 dand-
320 mOsm, respectively. Linear leakage and capacitive currents were . -
subtracted on-line with 1he use of sof;ware {pClamp).. Serigs
resistance was compensated electronically using the Axopaich-1B
(Axon Instruments, Inc., USA), Cirrents were filtered with'a 4=pele -
.Bessel filterata cutoff frequency of 5§ kHz. The experiments were car- .
ried out at room temperature (20-22°C), :
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Wrﬂ-u 4] wak pwn.hwd from ﬂaelwm ne. MSA: 1 wes
tisselyved in eiiuillcd water angk 15 pl fractions of thesiek salution of -
M. were storsd a1 BOC. Dibuyryl adenesiue

24 & 1o}
18 «cyelie monophusphate (db-cAMP) and imidazole were purehas:
¢ frome Sigma (USA) . Rp-adenesing X153 epelic manophaspho-

thisale, Rp-vAMPs, was fram Blolog Life Sci. Ins. (FRG). The final.

concentriatlan of bPTH(1=34) inthe bath was achivved by wxingle ad-
dition In order 1o avald poysible ckwmlmian af the eeli o the pep
tide.

© The paired Suident's -1est of group i«test was used for comparizon.

Berween mean values of the control amd those abtained after drvg ad-
mintstration, In the case of ‘muliple comparisons, analysis of

varianes in conjunction with 1he Newman=Keul's multiple range test

was applied. Values of PO, ns were conditkered smlisucally signifis
canl. : .

3 RESULTS . - o
1. f:ffecrs of db- c'A MP on L cimnnel currenrs

db-cAMP was added to the bath solution to achieve ‘

a final concentration of 1 mM. At this concentration,
db cAMP dccrcased L channel currents in vascular
smooth muscle ¢clls The kinetics and I-V relationship
A,
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Fig. 1. The effect of db-cAMP on L channel currents in one vascular
‘smooth muscle cell {A) and one ventricular niyocyte (B). L channel
currents were elicited from a holding potential of -40 mV to various
test pulses; Original eurrent iraces, sirown in A-a and B-a, in the -
absence (open circles) and then presence (filled circles) of db-cAMP
{} mM) were obtained al various test pulses indicated beside each
record (mV). The 1-V relationships of L channels, shown in A- b and
B-b, ware obtained before and after the application of db-cAMP.
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of L channel currems Were nc‘: ehﬁnaed in [hﬁ prﬁsmw
of dbcAMP (Fig. 1A).In 9 cells, db-cAMP at a con-

- centration of 1M induced a 26% decrease in L. ehan-

nel current amplitude (P<0.03). Furthermore, the

- smooth muscle cells were incubated for more than 20

min in the presence of 1 'mM imidazole, a
phosphodiesterase stimulator {3], und then exposed 10
bPTH-(1-34). The amplitude of L. channel currents
were =79+ 8 pA after pretreatment with imidazole and
=73 % 6 pA after the sequential apphcamn of 1 uM

LPTH-(1-34) (n= 9, P>0.05).

- In ventricular myoeytes, | mM db-cAMP incrensed L

* channel currents, The peak amplitudes of L channel

currents were =365 = 87 and -428 x 92 pA before and
after the application of db-¢cAMP (n=7, P<0.05).
Furthermore, the peak of the [=V relationship of L~
channel ‘currents was shifted toward the direction of

- - hyperpolarization by 10 mV, which way confirmed in
-anather 4 cells. bPTH-(1-34) also induced a negative

shift of the 1-V relationship of L channel curtcnts {data
not shown)

1.2, The additive effec'!s of db-cAMP and bpm-n -34)'

- on L channel currents
As shown in Fig. 2, the sequential apphcanon of db-‘
¢AMP and bPTH-(1-34) produccd an adtditive effect on
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Fig. 2. The effect of sequentially applicd db-cAMP and bPTH-(1-34)
on L charmel currents in vascular smooth cells (A) and venmcular
: : myocytes (B)
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L -ehannel eurrents. In vmculur smooth musele cells
(Fig. 2AY, after 24.6% inhilition by T mM db-cAMP, |
‘yM BPTH-(1~34) induced an additlonal 12% inhibition
“in L ¢hanne! currents. The total inhibition of L channel
curtents induced by db-cAMP and bPTH-(1-34) was
36.8% (n = 5} which was approximately the same as the
vitlue in the presence of 1 pM bPTH-(1-34) alone [1,2].
Since the effeet of bPTH.(1-34) on L channel eurrents

wﬁs almosi satarated at a concentration of | aM {data -
not shown), this result suggested that the effects of db-

¢AMP and LPTH-(1-34) were additive but  not

synergistic. The increase in L channel currents in the

presence of 1 mM db-cAMP was further enhanced by
the application of 1 uM bPTH-(1-34).

In ventricular myocytes (Fig. 2B), | mM db- eAMP
increased L channel currents by 17 & 4%. Subsequent.

application of BPTH-(1-34) at the maximal effective
congentration of 1 M only inereased L ¢hannel cur-
renis by an additional 31% (n =3, P=<0.05) {Fig. 2B).

“As reported previously, 1 uM bPTH-(1-34) ad-~
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Fig. 3. Modlfication of bPTH-(1~34) effects by the intracellular infu-

_sion of Rp-cAMPs in vascular: smooth cells. A. The original current

traces in-the absence (open circles) and then presence (filted circles) of |

I uM BFTH-(1-34). The records shown in A-a were takien from a cell

without Rp-cAMPs in the pipette solution, The récords shown in A-b -
were taken from another cell with Rp-cAMPs in the pipette solution.-
B. With 100 uM Rp-cAMPs in the pipette solution, the effect of -

bPTH-(1-34) on L channel currents was abolished (4 =5, P<0.05).

| FEBS LE TTER&

" ministered nlcme mmma!ly mnreﬂsed L. chnnna[ cur-"‘ _
rents by 68% (uwm P<00!){2]

33, Tiw anmgwnhaﬁmr af bP?”H (l-—f«f) a:ffeus by Rp- 3

eAMPs _
When 100 xM Rp-cAMPs; which is a LAMP an-

' tagonist, was included in the pipette solution, the in-

hibitory and excitatory effects of bPTH-(1-34) on L. -
channel carrents in vascular smooth muscle cells (an

" 3j:and ventricular myoeytes (Fig. 4), respectively, were

abolished. It is interesting that.afcer the intraceliular in-
fusion of Rp-cAMPs, the amplinide of L ¢hannel cur-

- rents increased by a small.amount in response to bPTH-
(1-34) (n= 3, P<0.05) in vascular smooth muscle cells:

(Fig. 3B). In ventricular myocytes, the amplitude of L
c¢hannel currents decreased hy 14% in the presence of 1
aM bPTH-(1-34) with -Rp-cAMPs infusion (n=7,

- P<0.08) (Fig. 4B). In addition, the kinetics of inactiva. '
-tion of L channel currents were ¢changéd by bPTH-

(1-34) with Rp-cAMPs infusion (Fig. 4A-a). This could

wod
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L Chennel Current (%)~

B v om0

" Fig: 4. Modification of bPTH-(1-34) effects by the intraceilular infu-

sion of Rp-tAMPs in ventricular myocytes. (A) The original eurrent
traces in the absence (open circles) and then presence (filled circles) of

I 4 BPTH-(1-34). The records shown i A-a were iaken from a cell. -
““without Rp-cAMPs in the pipette solution, The records shown in A-b

were taken from another cell with Rpsc AMPs in the pipette solution. ‘
(B) With 100 M Rp-cAMPs iri the pipette solution, the effect of .
bPTH:(1-34) on L channel cutrents was abolished (n=7, P<0.03);
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ncs: b observcd without Rp-eAM Ps in the pmeue (hs
AA-b) ' \

4. DISC‘USS!ON

When db-cAMP was apphed 10 lhe barh solution.. '

this non- -hydralysable but permeable ¢cAMP analog
mimicked every aspeet of the effects of bBPTH-(1-34) an

L channel currents in both vascular and ventricular

‘musele cells. A non-synergistic effect of db-cAMP and

bPTH-(1-34) further suggested that these 2 agents used

the same subsequent pathway. As an analogy, the et
fects of lisoproterenol and cAMP were alse not
synergistic [11). Finally, an antagonist of ¢cAME, Rp- -

cAMPs, completely abolished the effect of bPTH-

(1-34) on L channels [12). Taking -all this evidenie

together, it is apparent that bPTH-(1-34) effects on L
channel ¢urrents are mcdaatcd by a ¢AMP- dependent
mechanism.

It has been suggested that an mcrcase in cAMP con-:
tent in vascular smooth muscle cells may decrease in- .

traccllular Ca®* by activation of cyclic GMP (¢GMP)-
dependent protein kinase. On the other hand, activa-

tion of cAMP-dependcnt protein ‘kinase by cAMP:

would result in increased .entry of extracellular Ca*
'[13]. The presence of both ¢AMP- and  ¢cGMP-
dependent protein kinases in primary cultured vascular
smooth .muscle cells has been demonstrated [13).

Hence, the effect of bPTH-(1-34) on L channel cur--
rents in vascular smooth muscle cells could be the result
-of the predominant activation of cGMP -depéndent pro-

“tein kmase ‘which was secondary to the increase in the
cAMP content -stimulated by bPTH-(1-34). If Rp-

cAMPs could bind competiti\-rely to ¢GMP-dependent

-protein kinase, the Rp-cAMPs induced inhibition of the
effect-of bPTH-(1-34) on L channel currents would be
explained. Such binding has not been reported.

* In cardiac and many other tissues, cGMP-dependent

protein kinase was absent or the concentration was too

low to be routinely detectable [14-16]. Furthermore,
<GMP had no effect on calcium channel currents in

single ventricular cells [17]. Although a more potent -

analogue of cGMP, 8-bromo-¢cGMP, has been reported

to inhibit the calcium channel currents in embryonic
chick ventucular rmyocytes [18], this’ inhibitory effect
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: cuuld be imermeted as dn Incmaml ¢AMP hydrolysis

vin & cGMPustimulated cyelie nucleatide phaspho-

" diesterase [19-21}. In this regurd, the influence of

cAMP on ¢GMP-dependent protein kinase in ¢ardiac

“tivsue would be negligible, In the present study, when

¢AMP concentration was increased by bPTH-(1-34), it

- probably only activated & cAMP.dependent protein:
- kinase in eardiac tlssues, and, hence, an inerease in L
ehannel eurrentd in ventricular myoeytes octurred. Thig

hypothesis needs more experimental ewdence nnd at

.. this pomt is only speeulmmn.
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