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Increased contractile response to 5-hydroxytryptamine,-receptor
stimulation in pulmonary arteries from chronic hypoxic rats:

role of pharmacological synergy

*!Margaret R. MacLean & 'lan Morecroft

Unstitute of Biomedical and Life Sciences, University of Glasgow, Glasgow G12 8QQ

1 5-Hydroxytryptamine (5-HT),-receptor-induced contraction is enhanced, or uncovered, by
elevated vascular tone in many arteries including pulmonary arteries. In hypoxia-induced pulmonary
hypertension, the endogenous tone of pulmonary arteries is elevated and this may contribute to
increased 5-HT,-receptor-induced contraction. Here we investigate the influence of vascular tone
induced by endothelin-1 (ET-1), neuropeptide Y (NPY), KCl, 4-aminopyridine (inactivator of K,
channels, 4-AP) or the calcium ionophore A23187 on contractile responses to the 5-HT;-receptor
agonist 5-carboxamidotryptamine (5-CT) in small muscular pulmonary arteries from control rats
and rats exposed to chronic hypoxia. The influence of the nitric oxide synthase inhibitor N“-nitro-L-
arginine methyl ester (L-NAME, 100 uM) was also studied. These conditions were chosen to mimic
those that influence pulmonary vascular tone in hypoxia-induced pulmonary hypertension.

2 In control rat small pulmonary arteries, only high concentrations of 5-CT (>1 uM) induced
vasoconstriction. Tone induced by NPY, 4-AP and A23187 had no effect on responses to 5-CT
whilst responses to 5-CT were increased by ET-1- and KCl-induced tone. In the presence of L-
NAME these responses to 5-CT were enhanced further.

3 Responses to 5-CT were enhanced 3—4 fold in small pulmonary arteries from hypoxia-exposed,
pulmonary hypertensive rats and neither L-NAME nor increasing tone with NPY, 4-AP, A23187,
ET-1 or KCI had any further effect on responses to 5-CT.

4 The results suggest that inhibition of nitric oxide synthase combined with KCl- or ET-1-induced
vascular tone potentiates responses to 5-HT;-receptor-induced contraction in pulmonary arteries in a

synergistic fashion and this mimics the effects of chronic hypoxic exposure.
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Introduction

S5-Hydroxytryptamine (5-HT) is believed to play a role in the
pathobiology of pulmonary arterial hypertension, exerting
both mitogenic effects on pulmonary vascular smooth muscle
and also inducing pulmonary vascular contraction (MacLean
et al., 2000). There is substantial evidence that 5-HT;p
receptors play an important role in mediating 5-HT-induced
vasoconstriction in human large pulmonary arteries (Mac-
Lean et al., 1996a; Cortijo et al., 1997). More recently, we
have demonstrated this in human small muscular pulmonary
arteries (Morecroft et al., 1999). 5-HT,-receptor-mediated
vasoconstriction is markedly enhanced in pulmonary arteries
from the chronic hypoxic, pulmonary hypertensive rat
(MacLean et al., 1996b). In control rat pulmonary arteries,
5-HT-induced vasoconstriction is mediated entirely by the
Gg-coupled 5-HT,o receptor. However, in the chronic
hypoxic rat, vasoconstriction to 5-HT is mediated by both
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the Gg-coupled 5-HT>5 and the Gi-linked 5-HT)p receptors
(MacLean et al., 1996b). It is possible that the 5-HT;p
receptor-mediated responses are enhanced through pharma-
cological synergism. This occurs when a greater than additive
response (e.g. vasoconstriction) ensues as a result of two
agonists acting at different receptors on the same cell.
Pharmacological synergism has been observed in several
systemic blood vessels including the rabbit femoral artery and
rabbit ear artery (Movahedi & Purdy, 1997; MacLennan &
Martin, 1992) where Gj-protein coupled 5-HT;-receptor
induced vasoconstriction is either ‘uncovered’ or greatly
potentiated by increasing vascular tone through a Gq-protein
coupled receptor pathway. Hence, in the chronic hypoxic rat,
increased 5-HT;p receptor-mediated responses could be due
to increased activity of Gq-protein coupled receptor path-
ways, through an elevation of vasoconstrictors such as
endothelin-1 ([ET-1], MacLean, 1999a). However, in the
chronic hypoxic rat, pulmonary vascular tone can also be
influenced by depolarization via inactivation of K" channels
(Osipenko et al., 1998) or decreased levels of cyclic
nucleotides (MacLean et al., 1996b). Decreased levels of
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guanosine 3:5-cyclic monophosphate (cyclic GMP) may be
caused by increased activity of phosphodiesterase 5 (PDES)
activity (MacLean et al., 1996b, 1997). Increased G4-protein-
induced vascular tone and decreased cyclic GMP are both
conditions known to synergize with, and enhance, 5-HT;-
receptor-mediated vasoconstriction in pulmonary arteries
(MacLean, 1999b).

The hypothesis tested here is that pharmacological
synergism contributes to the enhanced 5-HT)-receptor
mediated vasoconstriction observed in the small pulmonary
arteries from the chronic hypoxic rat. We have mimicked
conditions prevalent in chronic hypoxia which, as discussed
above, may synergize with the 5-HT;-receptor mediated
vasoconstriction. Hence, we have artificially elevated vas-
cular tone with ET-1 (Gg-protein linked), we have
depolarized the vessels with KCl and inactivated the K,
channels with 4-aminopyridine (4-AP). In addition, we
increased intracellular calcium levels with the calcium
ionophore A23187 and have examined the interaction of
G;j-protein activation on 5-HT;-receptor mediated vasocon-
striction by elevating vascular tone with neuropeptide Y
(NPY), plasma levels of which are known to increase in
paediatric pulmonary hypertension (Allen et al., 1989). We
have studied the influence of these manipulations on 5-HT-
receptor mediated vasoconstriction in small pulmonary
arteries from control and chronic hypoxic rats.

Methods
Chronic hypoxic rats

Male Wistar rats aged 28 days were placed in a specially
designed perspex hypobaric chamber (Royal Hallamshire
Hospital Sheffield, U.K.). This was depressurized, over 2
days, to 550 mbar (oxygen concentration equivalent to 10%).
The temperature of the chamber was maintained at 21-22°C,
and the chamber was ventilated with air at approximately
45 1 min—'. Rats were maintained in these hypobaric/hypoxic
conditions for 2 weeks. Age-matched normoxic animals were
held in room air. The right ventricle was carefully dissected
free from the septum and left ventricle, and both were blotted
lightly and weighed. Pulmonary hypertension was assessed by
measuring the ratio of right ventricular to total ventricular
weight. This ratio is an established and reliable index for
pulmonary hypertension in this model (Herget et al., 1978;
Sheedy et al., 1996).

In vitro studies

Rats were killed by an overdose of sodium pentobarbitone
(60 mg kg~") and the lungs removed and placed in cold
Krebs-buffer solution. Small pulmonary arteries (150—
200 pm i.d.) were dissected out, cleared of adherent tissue
and mounted on Mulvany-Halpern wire myographs (JP
Trading, Aarhus, Denmark) in Krebs-buffer solution
(pH 7.4) (composition in mM: NaCl 118.4, NaHCO; 25,
KCl 4.7, KH,PO4 1.2, MgSO,4 0.6, CaCl, 2.5, glucose 11.0,
and EDTA 0.023) at 37°C and bubbled with 16% 0,/6%
CO, balance N,. Small pulmonary arteries from control rats
were tensioned ~15 mmHg in order to mimic in vivo
pulmonary arterial transmural pressure in the rat; vessels

from the chronic hypoxic rats were tensioned to a transmural
pressure of ~34 mmHg to mimic pulmonary artery and
arteriolar pressure of rats exposed to chronic hypoxic in vivo
(e.g. Herget et al., 1978). No attempt was made to remove the
endothelium in any vessel as this damages the fragile
underlying layer of smooth muscle cells. The small
pulmonary arteries were pre-constricted with either ET-1
(0.1-1.0 nm), KCI (10 mm), NPY (1-10 um), A23187 (1—
10 uM) or 4-AP (1-3 mM) to give a preconstriction 10—13%
of that achieved by 50 mM KCI (in the absence of the pre-
contractile agent) in each preparation. Once a stable plateau
had been reached, cumulative concentration response curves
to 5-CT (1 nM—0.1 mM) were obtained either in the presence
or absence of the nitric oxide synthase inhibitor, N“-nitro-L-
arginine methyl ester (L-NAME, 100 uM).

Data analysis

Contractile responses are expressed as a percentage of the
contraction to 50 mM KCIl determined at the start of the
experiment in each preparation. In the presence of the pre-
constricting agents, responses to 5-CT are calculated from
the new baseline such that the zero response is at the level of
pre-constriction. The results are shown as the mean+
s.e.mean. pECs, values were calculated where maximum
responses were achieved (i.e. in the chronic hypoxic rat
vessels), by BBC microcomputer graphical interpolation from
individual cumulative concentration response curves. Statis-
tical analysis was by either unpaired Student’s #-test or
analysis of variance (ANOVA) with Tukeys post hoc test
where appropriate. P<0.05 were considered to be statistically
significant.

Drugs

Calcimycin (A23187), 4-AP, neuropeptide-Y (human), N¢-
nitro-L-arginine methylester (L-NAME) were purchased from
Sigma-Aldrich (Poole, Dorset, U.K.); 5-carboxamidotrypta-
mine (5-CT) maleate was purchased from Tocris Cookson
(U.K.); endothelin-1 was purchased from Thistle Peptides
Ltd., U.K. All drugs were dissolved in distilled water except
A23187 and 4-AP, where stock solutions were made in
DMSO. Subsequent dilutions of all stock solutions were
made in distilled water.

Results
Assessment of pulmonary hypertension

The right ventricular to total ventricular weight ratio of the
control rats was 0.25140.009 and of the chronic hypoxic was
0.387+0.008 (P>0.001; unpaired Student’s r-test, n=12);
this is indicative of severe pulmonary hypertension.

Control rat small pulmonary arteries

The internal diameter of the small pulmonary arteries was
169.74+9.8 um and the effective transmural pressure was
14.6+0.3 mmHg (n=10). 5-CT evoked a small, concentra-
tion-dependent vasoconstriction only at concentrations
>1 uM (Figure 1, Table 1). All contractile agents produced
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Figure 1 Effect of increasing vascular tone with neuropeptide Y
(NPY, n=06), 4-amidopyridine (4-AP, n=06), the calcium ionophore
A23187 (n=6) and the nitric oxide synthase inhibitor N“-nitro-L-
arginine methyl ester (L-NAME, 100 uM, n=7) on contractile
responses to S-carboxamidotryptamine (5-CT, control: n=12) in
control rat isolated small muscular pulmonary arteries. Responses are
shown as the percentage response to a contraction to 50 mm KCI.
Data is shown as means+s.e.mean. n=number of rats.

an equivalent degree of pre-constriction (Table 2) and L-
NAME itself did not induce any contraction. Pre-constriction
with NPY, A23187 and 4-AP did not enhance 5-CT-induced
vasoconstriction (Figure 1, Table 1). Prior exposure to ET-1
or KCI, however, significantly augmented the 5-CT-induced
contraction in control rat vessels, causing significant contrac-
tions to concentrations as low as 10—30 nM, whereas no
significant contraction to 5-CT was observed in control
vessels below 30 um (Figure 2). For example, a contractile
response to 1 uM 5-CT was uncovered in the presence of ET-
1- and KCl-induced tone (Table 1). L-NAME had no effect
on the response to 1 uM 5-CT (Figure 1, Table 1) but, in the
presence of ET-1, L-NAME greatly enhanced 5-CT-induced
contraction. For example, the magnitude of the response to
1 uM 5-CT was increased 2 fold (Figure 2, Table 1). In the
presence of KCI, L-NAME also enhanced 5-CT-induced
contraction, increasing the response achieved to 1 um 5-CT 2
fold (Figure 2, Table 1).

Chronic hypoxic rat small pulmonary arteries

The internal diameter of the small pulmonary arteries was
172+ 11.1 ym and the effective transmural pressure was
34.540.5 mmHg (n=10). Chronic hypoxia substantially
increased the response to 5-CT (Figure 3, Table 1). All
contractile agents produced an equivalent degree of pre-
constriction (Table 2) and L-NAME itself did not induce any
contraction. Pre-contracting the small pulmonary arteries

Table 1 Effect of pharmacologically-induced vascular tone on vasoconstrictor responses to 5-CT in control and chronic hypoxic rat

small muscular pulmonary arteries

Control rat
Response at 1 um

(% response 50 mm KCI) n
5-CT control 0.4+0.3 12
+L-NAME 32413 7
+ET-1 6.8+1.1* 8
+KCl 17.4+3.4%%% 9
+ET-1+L-NAME 14.442.0%*%F 6
+KCl+L-NAME 33.0+6.0%**% 8
+A23187 0.54+0.3 6
+ NPY 0.7+0.5 6
+4-AP 0.2+0.2 6

Chronic hypoxic rat
Response at 1 um

(% response 50 mm KCI) pECsy n
39.2+12.09 5.6+0.2 6
44.84+12.09 6.0+0.1 6
29.3+4.09 5.5+0.1 6
54.7+9.7# 6.1+0.2 6
27.0+£5.6 5.8+0.1 6
56.0+8.3§ 6.0+0.1 6

n=number of animals. 5-CT, S5-carboxamidotryptamine; CH, chronic hypoxic; ET-1, endothelin-1; L-NAME, N“-nitro-L-arginine
methyl ester; NPY, neuropeptide Y; 4-AP, 4-aminopyridine. Statistical analysis (ANOVA with Tukeys post hoc test) vs 5-CT control,
*P<0.05, **P<0.01, ***P<0.001; vs L-NAME only, 1P<0.01, 1P<0.001; vs control rat, §<0.05, #P<0.01, §P<0.001.

Table 2 Pulmonary vascular tone (expressed as a percentage of the response to 50 mm KCI in each vessel) induced by contractile

agents in control and chronic hypoxic rats

Control rat %

ET-1 (1-3 nm) 12.5+1.2
KCI (10 mm) 12.6+1.4
4-AP (1-3 mm) 127412
NPY (1-10 m) 10.740.5
A23187 (1-10 M) 113+1.4
L-NAME (100 M) plus ET-1 (1 -3 nm) 12.940.9
L-NAME (100 M) plus KCI (10 mm) 124408

n Chronic hypoxic rat % n
8 13.1+1.0 6
9 11.7+0.9 6
6
6
6
6 13.5+1.0 6
8 129+1.2 6

n=number of animals. ET-1, endothelin-1; L-NAME, N-nitro-L-arginine methyl ester; NPY, neuropeptide Y; 4-AP, 4-aminopyridine.
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Figure 2 Effect of increasing vascular tone with endothelin-1 (ET-1,
n=38) and KCIl (n=9), ET-1 plus the nitric oxide synthase inhibitor
N®-nitro-L-arginine methyl ester (L-NAME, 100 um, n=6) and KCl
plus L-NAME (n=28) on contractile responses to 5-carboxamido-
tryptamine (5-CT, control: n=12) in control rat isolated small
muscular pulmonary arteries. Responses are shown as the percentage
response of a contraction to 50 mMm KCIl. Data is shown as
means +s.e.mean. n=number of rats. Control data shown is as for
Figure 1.
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Figure 3 Responses to 5-carboxamidotryptamine (5-CT) in control
(n=12) and chronic hypoxic (n=6) rat isolated small muscular
pulmonary arteries. Responses are shown as the percentage response
of a contraction to 50 mM KCI. Data is shown as means+s.e.mean.
n=number of rats.

from chronic hypoxic rats with ET-1 or KCI either in the
presence or absence of L-NAME did not significantly affect
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Figure 4 Effect of increasing vascular tone with the nitric oxide
synthase inhibitor N@-nitro-L-arginine methyl ester (L-NAME,
100 uM, n=6), endothelin-1 (ET-1, in the presence (n=6) and
absence (n=6) of L-NAME), KCI (in the presence (n=6) and
absence (n=6) of L-NAME) on contractile responses to 5-
carboxamidotryptamine (5-CT, control: n=6) in chronic hypoxic
rat isolated small muscular pulmonary arteries. Responses are shown
as the percentage response of a contraction to 50 mm KCI. Data is
shown as means+s.e.mean. n=06 rats. Control data shown is as for
Figure 3.

responses to 5-CT in small pulmonary arteries (Figure 4,
Table 1).

Table 1 demonstrates that, comparing the data for the
control vs chronic hypoxic rats, in the presence of L-NAME
plus ET-1-induced tone, responses were enhanced to such an
extent that there was no significant difference, between the
control and chronic hypoxic rat data, in the response to 1 um
5-CT in the presence of both ET-1 and L-NAME.

Discussion

We have previously demonstrated that the 5-HT;-receptor
mediates vasoconstriction in human large pulmonary arteries
(MacLean et al., 1996a). Further, we recently confirmed this
in human small pulmonary arteries and identified the 5-
HT;g-receptor as that mediating vasoconstriction at physio-
logical concentrations of 5-HT (Morecroft et al., 1999). We
have previously demonstrated that there is a marked increase
in the vasoconstrictor response to 5-HT in pulmonary arteries
from the chronic hypoxic rat and this is partly mediated by
increased 5-HT;-receptor mediated contraction (MacLean et
al., 1996b). Hence, the 5-HT;g-receptor may play a critical
role in normal pulmonary vascular tone and perhaps in the
enhanced pulmonary vasoconstrictor responses to S5-HT
observed in pulmonary hypertension, both in animal models
and man (Brink ez al., 1988). The current study was designed
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to test the hypothesis that pharmacological synergy con-
tributes to increased pulmonary vascular 5-HT,g-receptor
activity in the chronic hypoxic rat (MacLean, 1999b). We
have artificially mimicked conditions prevalent in the chronic
hypoxic rat pulmonary artery such as decreased cyclic GMP
accumulation, increased intracellular calcium, depolarization,
inactivation of K™ channels and increased Gg-receptor
stimulation (MacLean, 1999b).

Here we confirm that there is a marked augmentation of
vasoconstrictor responses to the 5-HT; receptor agonist 5-CT
in the chronic hypoxic rat small pulmonary arteries, in
agreement with our previous observations (MacLean et al.,
1996b). ET-1 mediates vasoconstriction through Gg-protein
coupled receptors and subsequent activation of phospholipase
C (Resink et al., 1988; Ohlstein et al., 1995). The augmented
response to 5-CT in normoxic rat small pulmonary arteries
observed in this study, in the presence of ET-1-induced tone
is consistent with several reports showing that pre-contrac-
tion with agonists acting via Gg-coupled receptors causes an
augmentation or uncovering of G;-coupled receptor responses
such as 5-HT;-receptor mediated vasoconstriction (Selbie &
Hill, 1998). This synergistic interaction has mainly been
demonstrated in large systemic arteries (De le Lande, 1992;
MacLennan & Martin, 1992) or large pulmonary arteries
(MacLean et al., 1994). This is the first study to demonstrate
this phenomenon in small pulmonary arteries, which are the
major contributors to increased pulmonary vascular resis-
tance in the pulmonary hypertension (Singhal et al., 1973).
Systemic arteries in vivo are under a degree of tonic
sympathetic tone and therefore, the synergistic interactions
between receptors in these vessels may be normally operative
in vivo. In contrast, pulmonary arteries in the normal lung are
full dilated and therefore synergistic effects may only operate
when the pulmonary arteries are under the influence of
increased vascular tone as in pulmonary hypertension.
Importantly, in pulmonary hypertension, there is evidence
for an increased production of ET-1 (MacLean, 1999a) as
well as thromboxane (Christman, 1998) and angiotensin-II
(Cargill & Lipworth, 1995). These all are agonists acting
via Gg-coupled receptors and collectively, supports the
possibility that increased Gg-coupled-receptor activation
may synergize with Gi-coupled responses in pulmonary
hypertension.

KCl-induced vascular tone also potentiated 5-CT-induced
vasoconstriction in the normoxic small pulmonary arteries. In
fact the amplification effect was greater than in the presence
of ET-1. In addition to membrane depolarization, KCI has
been shown to increase the formation of inositol (1,4,5)
triphosphate (IP;) in rat pulmonary arteries (Jin et al., 1993).
It is possible that different mechanisms of amplification by
ET-1 and KCI are operating, however. For example, in dog
artery and vein, precontraction with KCl and ET-1
potentiates Gj-receptor linked contraction to the ay-adreno-
ceptor agonist UK14304. Protein kinase C predominantly
mediates the ET-l-induced amplification but not KCI-
induced amplification in these dog vessels (Shimamoto et
al., 1995).

Decreased levels of cyclic GMP have previously been
shown to potentiate ar-adrenoceptor- (Gj-coupled receptor)
induced vasoconstriction in rabbit large pulmonary arteries
(MacLean et al, 1993). In bovine pulmonary arteries,
responses to the 5-HT, g, 1p-Gj-linked receptor agonist

sumatriptan are potentiated by decreased cyclic GMP
(MacLean et al., 1994). In this study, we observed that
inhibition of nitric oxide synthase with L-NAME further
potentiates the augmented responses to 5-CT in the presence
of ET-1- and KCl-induced tone. This pharmacological
manipulation potentiated the response to 5-CT to an extent
that mimicked the effect of chronic hypoxia. This suggests
that levels of cyclic GMP may also play an important
synergistic role in the response of pulmonary resistance
arteries to Gi-coupled receptor-induced vasoconstriction. In
pulmonary arteries removed from chronic hypoxic rats,
decreased levels of cyclic GMP, as well as decreased cyclic
AMP, along with increased vascular tone have been observed
(MacLean et al., 1996b). This is likely to be due to increased
PDE activity (MacLean et al., 1997). The observation here
that Gg- and Gi-coupled interactions can be further
modulated by cyclic nucleotide levels may therefore be of
pathophysiological importance in pulmonary hypertension.

We have demonstrated that there are enhanced pulmonary
contractile responses to 5-HT in the chronic hypoxic rat and
that responses to the 5-HT; receptor agonists 5-CT and
sumatriptan were enhanced in the small pulmonary arteries
of the chronic hypoxic rat. In addition, the 5-HT,a
antagonist ketanserin was less potent against 5-HT in vessels
from chronic hypoxic rats whilst the 5-HT; receptor
antagonist GR555612 was more potent (MacLean et al.,
1996b). There is also increased expression of 5-HT,g receptor
mRNA in pulmonary arteries from the chronic hypoxic
(Heeley et al., 1998). Hence, there is increased 5-HT;
receptor-mediated contraction in the pulmonary arteries of
chronic hypoxic rats and this may contribute to the enhanced
contractile responses to 5-HT. In the current study, whilst we
have examined responses to 5-CT, the results suggest a
mechanism for the increased response to 5-HT; receptor
agonists and hence 5-HT, observed in the chronic hypoxic
rat.

Membrane depolarization is known to occur in isolated
pulmonary artery smooth muscle cells from our hypobaric,
chronic hypoxic rats and this is possibly due to a down
regulation of K channels in these cells (Osipenko et al.,
1998). Based on this, we expected that the observed
augmented response to 5-HT receptor-induced vasoconstric-
tion in pulmonary hypertension would be mimicked by
blocking Kv channels with 4-AP. Surprisingly, our findings
here did not support this hypothesis, suggesting that down
regulation of Kv channels may not be involved in the
observed augmentation of 5-HT,; receptor-mediated vasocon-
striction in small pulmonary arteries from the chronic
hypoxic rat. Similarly, Doggrell et al. (1999) observed that
4-AP did not augment responses to 5-HT in the rat intra-PA,
but did in the main-PA, suggesting membrane depolarization
plays a more important role in 5-HT-induced vasoconstric-
tion in large, conduit PAs.

Neuropeptide Y (NPY) mediates its vasoconstrictor effects
via the same intracellular pathway as 5-CT, namely activation
of a Gj-coupled receptor, inhibition of adenylate cyclase and
subsequent decrease in the intra-cellular levels of adenosine
3":5'-cyclic monophosphate (cyclic AMP) (Lundberg et al.,
1988). Not surprisingly, prior exposure to threshold con-
centrations of NPY did not significantly alter the response to
5-CT in the rat small pulmonary arteries. A23187 mediates its
vasoconstrictor effects as a calcium ionophore, however it
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was also unable to significantly alter the response to 5-CT.
This suggests that simply elevating i.c. calcium does not
produce synergistic amplification of vasoconstriction in these
vessels.

Increasing vascular tone and/or decreasing levels of
cyclic GMP in the small pulmonary arteries from chronic
hypoxic rats did not significantly change the sensitivity or
maximum contraction to 5-CT. This suggests that the
amplification factors necessary for pharmacological syner-
gism already exist in these vessels and collectively provide
an ‘optimum’ environment for 5-HT;, Gi-protein-coupled
receptor mediated vasoconstriction. This synergism may
play an important role in pulmonary vasoconstriction
associated with pulmonary hypertension.

In conclusion, these results show that in rat small
pulmonary arteries, increased vascular tone via either G-
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