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SUMMARY

The effects of agents that cause vasodilatation and hypotension,
such as endogenously produced bradykinin (BK) or the drug
nitroprusside (NP), appear to resuilt from effects on cyclic nucleo-
tides (cGMP, cAMP) and arachidonate metabolism. Cultured
human fibroblasts, which possess B, BK receptors and respond
to NP with an increase in ¢cGMP, were used to study the
interaction of these agents at the molecular level. Addition of BK
or NP to cultured human fibroblasts caused a rapid increase in
cGMP. The effect of NP was usually maximal within 30 sec, after
which cGMP content declined. The increase in cGMP produced
by BK reached a maximum at ~1 min and then fell; the rise with
NP was more than 10 times that with BK. At 30 sec, cGMP
content with NP plus BK was less than with NP alone. At later
times, however, effects of BK and NP were slightly more than
additive and maximal cGMP levels were reached at 90 sec. BK
increased prostaglandin production by the fibroblasts; it is be-
lieved that the kinin-induced elevation in CAMP content is sec-
ondary to increased prostaglandin formation. NP caused a small,
early increase in CAMP without significant effect on prostaglandin

Iz (PGL); after 2.5 min, effects on PGl, and cCAMP were greater
with BK and NP than with BK alone. To study further the roles
of arachidonate metabolites in the fibroblast response to BK and
NP, the cyclooxygenase inhibitor, indomethacin, and the com-
bined lipoxygenase and cyclooxygenase inhibitor, 5,8,11,14-
eicosatetraynoic acid (ETYA), were added to fibroblasts prior to
BK or NP. Increases in CAMP or PGl, with BK or BK plus NP
were blocked by indomethacin or ETYA. These effects of BK or
BK plus NP on cAMP thus appear to be mediated through
cyclooxygenase products of arachidonate metabolism. Indo-
methacin and ETYA did not affect cGMP in the presence of BK
plus NP but enhanced NP-stimulated cGMP accumulation by
40-50%,; effects of NP on cGMP may be independent of or
perhaps inhibited by cyclooxygenase derivatives. Cellular re-
sponses to BK plus NP differed quantitatively and temporally
from the sum of effects of BK and NP alone. Through interactions
of this type, in vivo responses to drugs like NP may be influenced
by levels of BK or similar endogenous mediators.

BK, a nonapeptide generated from kininogen by kallikrein,
is believed to be involved in immune and inflammatory re-
sponses, and regulation of blood pressure, electrolytes, and fluid
balance (1-5). BK and its analogues interact with specific cell
surface receptors (6-8). Two types of BK receptors, B, and B,,
have been defined (6, 7). For B, receptors, des-Arg®-BK is as
potent an effector as is BK; for B, receptors, des-Arg®-BK is
either ineffective or very weak in competing for BK-binding
sites or in eliciting biological responses (6, 7). B, receptors are
found in smooth muscle and cultured human fibroblasts (7-9).
The effects of BK on tissues appear to be mediated through
cAMP, ¢GMP, activation of phospholipases, and release of
arachidonate metabolites such as prostacyclin (10-17).

NP is a potent smooth muscle relaxant used clinically as a
rapidly acting vasodilator (18-24), with effects on both the
arterial and venous circulation (22, 23, 25-27); the precise
biochemical pathways which mediate NP-induced smooth mus-
cle relaxation have not been elucidated. Since in smooth muscle
and other target tissues NP increases cGMP by enhancing

guanylate cyclase activity, it has been proposed that cGMP is
a critical intracellular intermediate in NP action (18, 19, 21,
24, 28-30). Arachidonate metabolism, which is affected by
nitroglycerin and related compounds, may also participate in
NP action (31).

Since both BK and NP may utilize similar cellular messen-
gers and act on similar target tissues, we investigated in cul-
tured human fibroblasts the interactions of the two agents at
the cellular level, in terms of their effects on both cyclic
nucleotide content and prostaglandin production.

Experimental Procedures

Materials

BK was purchased from Beckman (distributor for Peptide Institute,
Protein Research Foundation, Osaka, Japan); sodium nitroprusside
and indomethacin were from Sigma Chemical Co.; cGMP, cAMP, and
prostacyclin radioimmunoassay kits were from New England Nuclear;
fetal calf serum was from Hazleton. Eagle’s minimal essential medium

ABBREVIATIONS: BK, bradykinin; NP, nitroprusside; ETYA, 5,8,11,14-eicosatetraynoic acid; TCA, trichloroacetic acid; PGl,, prostaglandin I,; PGE,

prostaglandin E,.
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was prepared by the National Institutes of Health media section. ETYA
was a gift from Hoffmann-La Roche.

Methods

Subcultures of human fibroblasts (line HF-15) were grown to con-
fluency in 6-cm dishes as previously described (32); growth medium
was replaced every other day. On the day of the experiment, cells were
washed three times with 3 ml of Hanks’ balanced salt solution at 37°
on a slow-moving shaker; then 2 ml of Hanks’ solution were added and
cells were equilibrated for 5-8 min before addition of Hanks’ or various
compounds.

Cells were incubated with or without additions for the indicated
time. Data presented in Figs. 1-6 were obtained from representative
experiments; these experiments were repeated three to five times.
Samples were assayed for cGMP, cAMP, and prostacyclin content. In
the figures, error bars represent the range of values (mean + range of
mean or standard error) from duplicate or triplicate samples, respec-
tively; the absence of error bars indicates that the range falls within
the symbols; the ¢-test was used for statistical evaluation.

Prostacyclin assays. Samples (300 ul) of medium were taken just
before addition of T'CA for radioimmunoassay of PGI; as its hydrolysis
product 6-keto prostaglandin F,, (9, 33).

cGMP and cAMP assays. Incubations were terminated by addition
of 1 ml of 15% cold TCA and the cells were frozen in a dry ice-ethanol
bath. After thawing, the supernatant was removed and the cell layer
was washed with 1 ml of 5% TCA which was combined with the
supernatant. TCA was extracted with Freon-tri-n-octylamine (34) and
samples were taken for radioimmunoassay of cGMP and cAMP (New
England Nuclear kit) as previously described (9).

Protein determination. Three to five dishes from each experiment
were washed three times with 3 ml of Hanks’ and then frozen after
addition of 2 ml of Hanks’ solution. After thawing, cells were harvested
by scraping and solubilized in 0.1 N NaOH at 60-70° for 10 min. The
protein content (400-600 ug/dish) was measured by the method of
Lowry et al. (35).

Results

Incubation of cultured human fibroblasts with BK, NP, or
both led to a rapid rise in cGMP (Fig. 1). BK alone caused only
a slight increase in cGMP (Fig. 1A). NP was much more
effective than BK, with the maximal increase in cGMP content
usually occurring in <30 sec. Subsequently, cGMP content
decreased gradually (Fig. 1, A and B).. The increase in cGMP
produced by NP was more than 10 times that with BK alone
(Fig. 1A). In the presence of BK and NP, the peak in cGMP
occurred at ~1% min and was higher than the summed effects
of the two agents (Fig. 1, A and B). BK and NP also enhanced
cAMP content of fibroblasts (Fig. 2). NP caused a small but
significant increase in cAMP, with the maximal increase at 1
min (Fig. 2, inset). BK raised the cAMP content to a much
greater extent. When NP was present with BK, cAMP levels
were significantly higher than with BK alone at 6 min.

BK also caused a rapid increase in PGI; (Fig. 3). In the
presence of BK and NP, PGI, formation at 2.5 and 6 min was
greater than with BK alone (Fig. 3).

To examine further the role of arachidonate metabolites in
the effects of BK and NP on cyclic nucleotides, the response
to these agents was examined in the presence of indomethacin
or ETYA, inhibitors of arachidonate metabolism. Both indo-
methacin and ETYA inhibited, in a parallel manner, the effects
of BK or BK plus NP on PGI, formation and cAMP content
or of BK on ¢cGMP (Figs. 4-6). The drugs had no significant
effect on cGMP content when BK was present with NP (Fig.
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Fig. 1. A. Effects of NP, BK, or both on cGMP content of fibroblasts.
Fibroblasts were incubated without and with 25 um NP (A), 80 nm BK
(O), or both additions (@) for the indicated times prior to assay for cGMP
content as described in Experimental Procedures. - - —, no addition. a,
p <0.025, and b, p < 0.01 for difference between NP and NP pius BK
at the indicated time. B. Effects of NP or NP pius BK on cGMP content.
Data from four experiments similar to that presented in A were piotted
as percentage of the maximum. Maximal cGMP observed in the presence
of NP (O) was 5.2 + 0.9 pmol/mg (mean + SD, n = 4). Maximal cGMP
in the presence of NP plus BK (A) was 4.0 + 0.6 pmol/mg (mean + SD,
n = 4). The numbers next to the symbols are the number of experiments
in which cGMP content was measured at the indicated time.

6). Indomethacin and, to a greater extent, ETYA increased
cGMP in the presence of NP alone (Fig. 6).

Discussion

Incubation of human fibroblasts with BK resulted in en-
hanced formation of prostacyclin (determined as its hydrolysis
product 6-keto prostaglandin F,,) and PGE; (36) and accumu-
lation of cAMP. Since prostacyclin and PGE, enhance cAMP
formation, a finding similar to that observed in other systems
(37-40), it has been postulated that the effects of BK on cAMP
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Fig. 2. Effects of NP, BK, or both on cAMP content of fibroblasts.
Fibroblasts were incubated as described in Fig. 1 before assay of CAMP
content as described in Experimental Procedures. BK (O), NP (4), or
both additions (@) are indicated. — — —, no addition. a, p < 0.05 for
difference between BK and BK plus NP at 6 min.
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Fig. 3. Effects of BK or BK and NP on prostacyciin accumulation.
Fibroblasts were incubated as described in Fig. 1 prior to assay of PGl,
accumulation as described in Experimental Procedures. BK (O), NP (A),
or both additions (@) are indicated. - — —, no addition. a, p < 0.005, and
b, p < 0.05 for difference between BK and BK plus NP at the indicated
time.

are mediated through prostaglandin production. Both indo-
methacin, which at the concentrations used in these studies
blocks the cyclooxygenase pathway, and ETYA, which inhibits

both the lipoxygenase and cyclooxygenase pathways (41, 42),
inhibited the stimulatory effects of BK on cAMP. Since both
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Fig. 4. Effects of indomethacin and ETYA on prostacyclin accumulation.
Fibroblasts were incubated without or with the indicated concentrations
of indomethacin and ETYA for 5-8 min prior to addition of 25 um NP, 80
nM BK, or both. After 1 min with BK (O) or NP plus BK (@), samples of
medium were taken for assay of prostacyclin as described in Experimen-
tal Procedures. — — -, no addition.
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Fig. 5. Effects of indomethacin and ETYA on CAMP accumulation.
Fibroblasts were incubated as described in Fig. 4 and assayed for CAMP
content as described in Experimental Procedures. BK (O), NP (4), or
both additions (@) are indicated. - — —, no addition.

prostacyclin and PGE, are products of the cyclooxygenase
pathway, it would appear that inhibition of the cyclooxygenase
pathway suffices to block BK-stimulated accumulation of
cAMP. The effects of BK on cGMP content which were much
smaller than those on cAMP were also inhibited by indometh-
acin or ETYA. Thus, the cGMP response to BK in human
fibroblasts may also be influenced by arachidonate metabolites
of the cyclooxygenase pathway.

By itself, NP produces rather small effects on cAMP and
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Fig. 6. Effects of indomethacin and ETYA on cGMP accumulation. The
same samples as shown in Fig. 5 were assayed for cGMP content as
described in Experimental Procedures. BK (O), NP (A), or both additions
(@) are indicated. - - —, no addition.

PGI; production in human fibroblasts. NP does induce a
marked but transient rise in cGMP. Whether activation of
guanylate cyclase by NP is mediated by nitric oxide (28) or, as
suggested by more recent information, proceeds via mecha-
nisms other than liberation of nitric oxide or formation of
S-nitrosothiols (43), our data strongly indicate that arachidonic
acid metabolites can influence this cellular response to NP.
Indomethacin and ETYA, which also inhibited effects of BK
on ¢cGMP, actually enhanced effects of NP on cGMP content,
suggesting that cyclooxygenase products of arachidonic acid
metabolism exert a suppressive effect on NP stimulation of
guanylate cyclase. These putative cyclooxygenase products may
have multiple targets. Conceivably, they could act directly on
guanylate cyclase or, alternatively, at an earlier step critical to
NP activation. Earlier reports have suggested that arachidonate
metabolites are also involved in NP action in platelets (31).

Cellular responses to BK and NP together differed quanti-
tatively and temporally from the sum of the effects of NP and
BK alone. NP increased the effect of BK on cAMP content
and prostaglandin formation. These NP-induced alterations in
BK responsiveness seem to involve, or are at least ultimately
controlled by, cyclooxygenase products, since they were blocked
by both ETYA and indomethacin. The time course of cGMP
accumulation was dramatically different in the presence of BK
and NP than with either effector alone. In the presence of BK
(which by itself exerted only a very small effect on cGMP
content), accumulation of cGMP was maximal at ~1% min and
higher than the summed effect of either agent alone. The effect
of BK on NP-induced accumulation of cGMP was not altered
by ETYA or indomethacin, suggesting that some intracellular
“second messenger” other than an eicosanoid produced in re-
sponse to BK was affecting this cellular response to NP. Since
BK can apparently activate the polyphosphoinositide signal
cascade system in several cell types (44-51), conceivably a
number of intracellular mediators, i.e., Ca®*, diacylglycerol,
arachidonic acid, etc., might be involved in BK regulation of
the cGMP response to NP.

These cultured human fibroblasts provide a convenient
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model for investigating the interaction of BK with agents that
alter cyclic nucleotide and arachidonate metabolism. It is in-
teresting that, in the case of NP and BK, each agent seemed
to modulate a major cellular response to the other. NP, with a
very small effect on cAMP content, altered the effect of BK on
cAMP content and prostacyclin formation. BK, with a small
effect on cGMP content, altered the time course of cGMP
accumulation in response to NP. These studies also point out
the complexities in this mutual regulation which apparently
involves cyclooxygenase products as well as other intracellular
mediators. Through cellular interactions such as those de-
scribed in this report, in vivo responses to drugs like NP may
be influenced by levels of BK or similar endogenous mediators.
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