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Inhibition of protein kinases A and G by hydralazine

but not KRN2391 in vitro.

SUN Gang', Phillip ] ROBINSON

(Endocrine Unit, John Hunter Hospital, Newcastle, NSW 2310, Australia)

AIM: To examine possible direct effects of
the vasodilators hydralazine and KRN2391 on
the activities of protein kinase A (PKA), pro-
tein kinase G (PKG), and protein kinase C
(PKC). METHODS: PKA, PKG and PKC
were extracted from bovine lung, heart and
rat brain and purified to homogeneity by chro-
matography. The effects of different reagents
on these protein kinase activities were deter-
mined in wvitroo. RESULTS: Hydralazine
(0. 03—10 mmol +L™*) inhibited the activities
‘of both PKA and PKG with ICs of 1. 2 and
2.5 mmol+L ™", respectively, but had little ef-
fect on PKC. KRN2391 (1—1000 pmol L")
had no effects on PKA, PKG, or PKC. Using
H-89 and GF109203X, inhibitors relatively se-
lective to PKA and PKC respectively, as con-
trols, we obtained inhibitions on PKG, PKA,
and PKC similar to literature. However, a
novel PKG inhibitor KT5823 failed to inhibit
PKG or PKA. CONCLUSION: Hydralazine
alters the activity of PKG and PKA, which
may have implications for the vasodilator

activity.
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Hydralazine is an arterial dilator used for
many years to treat congestive heart failure.
KRN2391, N-cyano-N'-{2-nitroxyethyl)-3-
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pyridinecarboximidamide
sulphonate, is a novel vasodilator possessing

dual mechanism of action as a nitrate and sl

MW which increases oot

(03] Il

K™ channel opener
nary, renal, and mesenteric blood flow
remains unknown how these compout
induce relaxation. Protein kinases enzym
play a pivotol regulatory role in the meh
nisms underlying vasoconstriction or vasodl
tion. In particular, activation of cAMP-:
c¢GMP-dependent protein kinases (PKA af
PKG) in smooth muscle cells induces reli
ation. There are also a wide variety of aci
compounds towards protein kinase enzymes’
Therefore it may be possible that pharms
logical modulation of the activities of these
zymes could modulate vasodilation. In
study, the direct effects of hydralazine
KRN2391 on ‘the in wvitro activities of PKA
PKG, and PKC were explored to examinef
possible mechanisms underlying their biolog
cal effects. A widely used PKA inhibitor H
( N- [ 2-((3-( 4-Bromopheny!-2-propenyl
amino ) ethyl ]-5-isoquinoline sulfonamid)
and a PKC inhibitor GF 109203X (3-[I{
dimethylaminopropyl ) indol-3-yl ]-3-(inda}:
yl )-maleimide ) as well as a novel PKGi
hibitor KT5823, an indole carbozole, wer

so used in this study as controls®?,

MATERIALS AND METHODS

Protein kinase G was extracted from bovinel
and purified to homogeneity using DEAE cellulose
cAMP-affinity columns® with an additional st

4

Mono-Q chromatography™ and was stored at 10

in 10 % glycerol with 0. 05 % Tween 80 until )
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The catalytic subunit of bovine heart PKA was puri-
fied™ except that the hydroxylapatite column was re-
placed with S-Sepharose chromatography™’. Rat brain
PKC was purified from snap frozen tissue™’. Briefly,
PKC was translocated to the membrane by homoge-
mtion with calcium and was then extracted with
egtazic acid 5 mmol « L™ and edetic acid 2 mmol
L. The extracted PKC was then ap;;lied to a high
- prformance Q-Sepharose ion-exchange column and
thromatographed with a linear gradient of NaCl
- 0-0.3 mol * L 'in buffer A (Tris/HCl 20 mmol
17!, edetic acid 1 mmol+-L~", dithiothreito] 1 mmol -
Ly pH 7. 4). PKC peak activity was pooled, diluted
with buffer A, reapplied to the same column and elut-
«f under the same conditions except in the presence of
ATP 3 mmol + L~ plus Mg®* 3 mmol+L™', which al-
tred PKC such that it eluted earlier. Finally, the
smple was brought to 1 mol +L ™" with NaCl and ap-
tlied to a phenyl-Sepherose column which was washed
with NaCl 0. 5 mol - L™ and batch eluted in 2-mL
diquots of buffer A without salt. The homogeneous
PKC was pooled and adjusted to 10 % glycerol and
0,05 % Triton X-100 and stored at —80 C.

The assay for protein kinase activity was carried
at in Tris/Mg/egtazic acid/Tween 80 buffer (Tris 30
mmol+L™' pH 7. 4, MgSO,10 mmol <L ™", egtazic acid
lmmol*L™", 0. 05 % Tween 80) for PKA and PKG
 in Tris/Mg/egtazic acid/calcium buffer (the same
sabove plus CaCl;1. 2 mmol L") for PKC and at 30
{in the presence of ATP 200 wmol <L '[7-2PJATP
£5X 10™* cpm » mol™*) (New: England Nucleus,
ISA), with the synthetic peptide phospholamban 8 —
#(PL8—~22, 0.1 g-L™', synthesized by Macromole-
ulir Resources, USA) as the substrate for PKA and
%G, and glycogen synthase 1—12 (GS1—12, 0.1 ¢
171, synthesized by the Peptide Synthesis Group of
lwisianna State University, USA) as the substrate
b PKC®., ¢GMP (10 pmol » L™!, Sigma), phos-
batidylserine /1 , 2-diolein (10 mg+L~" and 1 mg-L"",
igma) were included in appropriate reaction mixtures
yactivate PKG and PKC respectively. Assays were
wear with time and enzyme concentration and used <<
1% of the substrate peptide’. Hydralazine (Ciba-
dgys Australia) and KRN2391 (a generous gift from

Jinno, Kirin Brewery Co, Gunma, Japan) were dis-

led in deionized water. H-89, GF 109203X, and

15823 (all Calbiochem) were dissolved in Me,SO to

1 g‘L‘_"and further diluted with deionized water. Four
pL of the 5 testing drugs were added to the reaction
mixture with the final concentrations shown in the
Fig 1.

The purified protein kinases (12 pL) were added
to the reaction mixture with a total volume of 40 uL to
initiate the phosphorylation and the reaction was
stopped with 8 pl of HsPO, 375 mmol + L™ after 10
min. The reaction mixture (30 pl.) was spotted onto
P81 cation exchange paper (Whatman) and washed 3
times with H;PO, 75 mmol + L™' to remove free
[Y-2PJATP. The paper was dried and counted in a
scintillation vial with 10 mL of organic scintillant
(Beckman, Ready-Organic). The prétein kinase activ-
ities were measured as nmol *min~'/mg protein.after
substracting the basal activity. Basal activity for each
protein kinase was obtained by determining activity
without any activators and in the presence of the fol-
lowing conditions: PKI (1 mg+L™*) (a gift from Dr ]
Haycock, USA) for PKA, H-8 (25 pmol-L7?) for
PKG; Ca®* (200 pmol-L™") for PKC. Percent activity
relative to vehicle-treated controls was used to analyze
differences. Unpaired t-test was used to analyze the
differences between vehicle-treated controls and drug
treated groups.

RESULTS

Hydralazine (0.03—10 mmol+L™") inhib-
ited both PKA and PKG activities in vitro in a
concentration dependent manner with ICg, of
1.2 and 2.5 mmol-L™!, respectively (Fig 1).
In the .range of 0. 03 — 1 mmol « L7,
hydralazine slightly increased the activity of
PKC, but partly inhibited the activity of PKC
at 10 mmol + L', KRN2391 (1 — 1000 pmol
*L~1) had no direct effect on the activity of
PKC and little effect on PKA. and PKG. It
only slightly inhibited the activities of PKG
and PKA at concentrations >1000 and >100
pmolL™", respectively (Fig 1).

GF109203X showed a more potent inhibi-
tion ‘of PKC than PKG and PKA with IC;, of
1. 80 nmol <L, 0. 20, and 0. 56 gmol +L"t,
respectively (Fig 1). H-89 showed a stronger
inhibition on PKA than on PKG and PKC with



» 278 -  BIBLID: ISSN 0253-9756

Acta Pharmacologica Sinica P H £ 3¢ % 3§

L
1995 May; 16 (3)

120 Tt e r v
e R s X,
100¢ ac® b XA
 —————
80 b co\cs
c c
60 \0\c c
40 c \a

0.01 0.1 1 10
Hydralazine/mmol - L-!

110

B a
T Y e a a
a ) 2
90L a \\
b C
BO . . [
0 1 10 ., 100 1000
- KRN2391/umol « L~
~
2 100pe— % b
5 b
3 & g%i \
o [
S 4D = b %
i \o
5 T~
[+ c
0 . . . "
& 0.01 0.1 1 10
H—89/pmol « L™!
100

N

¢ a

c

¢

X,

\c
X,

20 \g“\-hcx
ol " " N "
0.01 0.1 1 10

GF109203X/umol « L ~*
_ a L a ]
100?—(3___,__.-‘ __‘N i
90 ° a\
80 c
70 \\g J
60 j
0 0.1 T 10 100
KT5823/pmol « L

Fig 1. Effects of hydralazine, KRN2391, H-89,
GF109203X, and KT5823 on activities of PKG (O),
PKA (@), and PKC (X) in vitro. n=3. T+s.
*P>0.05, "P<<0.05, “P<<0. 01 vs vehicle control.

IC;, values of 0. 03, 0.22, and 6. 90 umol-L™!
respectively. KT5823 (0.1 —10 pmol +L™1)
did not inhibit PKG and PKA ; and only inhib-

_ PKA and PKC with the effects of known

ited PKA and PKG by 22 % and 40 % respes
tively at 100 pmol <L~ (Fig 1).

The absolute values of PKA, PKG anf
PKC activities for vehicle treated controls ar,
1. 43, 0. 47, and 0. 57 pmol - mL ™! *min,
respectively for hydralazine study; 7. 3,
2.04, and 0. 35 pmol *mL ™" *min™", respex
tively for KRN2391; 7. 73, 2. 09, and 0, 4!
pmol * mL~! « min~!, respectively for H-8
7.69, 1. 96, and 0. 35 pmol * mL~! «min™!,
respectively for GF109203X; For KT58%
study, the absolute values of PKA and PK(
for vehicle treated controls are 8. 39 and 2.0

pmol+mL ™! min~!,

DISCUSSION

In this study we have compared the &
fects of two vasodilators on the activities o
three purified protein kinase enzymes, PKG,

potent inhibitors of these enzymes. Both
vasodilators failed to significantly activate th
protein kinases, and hydralazine proved to lt
an inhibitor of PKG and PKA and a weaks
inhibitor of PKC. The known inhibitos
produced the expected potencies and proten
kinases specificity.

The known inhibitor of PKC, Gf
109203X, potently inhibited the enzyme ov
1000 times more selectively than PKG o
PKA. These results were essentially the sam
as previously reportéd for PKC and PKAY,
Similarly the known inhibitor of PKA, H-8)
potently inhibited PKA 7 or 200 times mor
selectively than PKG or PKC respectively,
These values were also similar to those repor:
ed previously®. A novel inhibitor, KT58%
with selectivity for PKG has recently been fe
ported®, although another group report
inability of this compound to inhibit PKGY,
We also found that KT5823 failed to inhibi
PKG or PKA in the range 0. 01 to 10 pmi
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\L7!, but produced weak, non-selective inhi-
bition at 100 pmol - L.7'. This suggests that
' this compound may not be an effective or
selective inhibitor of PKG.

Hydralazine has been used for many years

s an arterial dilator, but its mechanism of ac-
tion is unknown. In this study we found that
hydralazine at concentrations producing va-
sodilation in witro®*'? inhibited PKA and
PKG. The compound alsé slightly elevated
PKC activity at this concentration, but inhib-
ittd PKC at higher concentrations. Although
the effect of the compound on these enzymes is
not as predicted , the potency of the inhibitory
sctions on PKA and PKG directly relate to its
potency in intact tissue, raising the possibility
that the effect of hydralazine on PKA and
PKG could relate to its action in vasodilation.
However, it is not clear how inhibition rather
than activation of these enzymes could con-
tribute to vasodilation. Yen et al also failed to
demonstrate any accumulating effect of
hydralazine on ¢cGMP level in the aortae®®.
dthough others showed that hydralazine
released nitric oxide which then activated
soluble guanylate cyclase and elevated
(GMP to produce vasodilation"?.

KRN2391 is a novel vasodilator possess-
ing a dual mechanism of action as a nitrate and
1 a K' channel opener”’. In this study, we
found that KRN2391 had hardly any direct ef-
fects on PKA, PKC and PKG. It only slightly
ihibited the activities of PKG and PKA at

toncentrations much higher than required for
(2
t

its vasodilating effect®. Our findings support
that the site of action of KRN2391 at a point
prior to PKG activation by cGMP.

In conclusion, hydralazine is therefore a
novel inhibitor of PKG and PKA, with 2-fold
selectivity towards PKG. Although the poten-
¢ty of hydralazine towards protein kinases is
low, the possibility remains that modulation
of protein kinases in vascular smooth muscle

may contribute to the vasodilation produced

by this compound.
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Evoked tensions in rabbit aorta by emptying intracellular Ca’" store
with cyclopiazonic acid, thapsigargin, and ryanodine

LUO Da-Li, LI Wen-Han

(Department of Pharmacology, Harbin Medical University, Harbin 150086, China)

AIM: To study the increase of plasma mem-
brane Ca?" permeability in response to deple-
METH-
ODS: In Ca’"-free medium, 2 selective in-

tion of intracellular Ca®' stores.

hibitors of sarcoplasmic reticulum (SR) Ca®*
pump ATPase, cyclopiazonic acid (CPA) and
thapsigargin (Tha), and an activator of Ca®"-
induced Ca®* release channel (CICR), ryan-
odine (Rya), depleted intracellular Ca®*
stores sensitive to both caffeine and phenyle-
phrine in rabbit aortic rings and caused sus-
tained tensions when Ca®t reintroduction.
These tensons were taken as the increase of
plasma Ca®* permeability by depletion of in-
RESULTS:.: The
extracellular Ca?*-dependent tensions caused

tracellular Ca?t stores.

Received 1993-02-18 Accepted 1994-05-09

by Tha and Rya 3 pmol+L ™" and CPA 30 pm
L7 were 0.94, 1.1, and 0. 14 g, respective
ly, and thé tension caused by Rya was not in
hibited by CPA. CONCLUSION: (a) B
sides the depletion of intracellular Ca®* stores
an activated state of Ca®" release channels i
SR may also mediate the activation of Ca’"in
flux from plasma membrane in rabbit aorta
(b) Rya needs caffeine to fully open CICl
channel in SR.

-
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Sarcoplasmic reticulum (SR) of vascul:
smooth muscle plays a pivotal role in t
maintenance of intracellular Ca*' concentr:



