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Flushing and haemodynamic responses to vasopressin
peptides in the rhesus monkey
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1 The mechanism of the flushing, hypotension and tachycardia associated with i.v. administration
of desGlyd(CH,);D-Tyr(Et)VAVP (SK&F 101926; 25ugkg™') and the selective V, antidiuretic
agonist, desamino-8-D-arginine vasopressin (dDAVP; 3ugkg™!) was studied in ketamine-
anaesthetized rhesus monkeys.

2 The flushing associated with SK&F 101926 was reduced by pretreatment with a mast cell stabil-
izer and by repeated administration of peptide (within 2-4 weeks). A similar desensitization to
dDAVP-associated flushing was observed on repeated administration.

3 Treatment with dDAVP also resulted in reduced SK&F 101926-associated flushing.

4 The hypotension associated with SK&F 101926 was not affected by pretreatment with a mast
cell stabilizer. A similar degree of hypotension was observed with repeated administration of either
SK&F 101926 or dDAVP.

5§ The tachycardia associated with SK&F 101926 was reduced by pretreatment with a mast cell
stabilizer or repeated administration of SK&F 101926. Repeated administration of dDAVP,
however, resulted in an enhanced tachycardia.

6 Indomethacin (5mg kg~! i.v.) did not alter the flushing or the hypotension associated with the
administration of either SK&F 101926 or dDAVP, but resulted in an enhanced tachycardia to
SK&F 101926.

7 Administration of a selective V, vasopressor antagonist did not result in flushing, hypotension
or tachycardia.

8 It was concluded that the flushing response to vasopressin-like peptides in rhesus monkeys may
be due to an action on mast cells, whereas the haemodynamic responses are not, but probably

involve direct vasodilator actions.

Introduction

Facial flushing, hypotension and tachycardia in
humans have been described in association with
administration of desamino-8-p-arginine vasopressin
(dDAVP; Manucci et al., 1977; Jeffrys et al., 1979,
Ockelford et al., 1980; Belch et al., 1982; Yokoto et
al., 1982), Derkx et al., 1983; Pigache, 1984; Williams
et al., 1986; Brink et al., 1987; Bichet et al., 1988), a
potent antidiuretic agonist acting at renal vasopress-
in V, receptors; dDAVP exhibits little or no vaso-
pressor activity by acting at vascular (V,) receptors.
The mechanism of flushing has been attributed to:

! Author for correspondence.

(1) antagonism of endogenous vasopressin-induced
vasoconstriction (Derkx et al., 1983; Pigache, 1984);
(2) production of vasodilator prostaglandins (Belch
et al., 1982); or (3) direct vasodilator activity (Brink
et al., 1981; Williams et al., 1986). The vasopressin
analogue, desGlyd(CH,)sD-Tyr(Et)VAVP (SK&F
101926), has been identified as a vasopressin anti-
diuretic antagonist in rats (Manning et al., 1984;
Stassen et al., 1984), dogs (Kinter et al., 1987a) and
squirrel monkeys (Kinter et al, 1987b), but was
found to be a full antidiuretic agonist in man (Dubb
et al., 1987; Allison et al., 1988) and rhesus monkeys
(Brooks et al., 1988). SK&F 101926 also caused
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flushing in man, but was not associated with changes
in systemic haemodynamics (Dubb et al., 1987;
Allison et al., 1988). The flushing response to SK&F
101926 was reduced with repeated administration
(Allison et al., 1988). In the present study, we have
determined that SK&F 101926 and dDAVP cause
flushing, hypotension and tachycardia in rhesus
monkeys, and that this animal model can be used to
study the mechanisms involved in these responses.

Methods

Male rhesus monkeys (Macaca mulatta; 6-13kg)
were housed, handled and maintained according to
standard procedures. Monkeys were fed Purina
Monkey Diet supplemented with fruit, and water
was available ad libitum. Before each experiment,
animals were deprived of food, but not water, for
16 h. Animals were anaesthetized with ketamine (75—
100mg im. plus 20mg supplemented as necessary)
and placed on a circulating water heating pad
(Aquamatic Model K-20). A catheter (Abbocath
20G) was inserted into a saphenous vein and flushed
with heparinized saline. Arterial pressure and heart
rate were measured indirectly using a Dinamap vital
signs monitor with the cuff placed around an upper
arm. All drugs were administered i.v. and flushed
with 1ml isotonic saline. The following protocols
were conducted.

Protocol 1

Baseline blood pressures and heart rates were
obtained at 2 min intervals for at least 10 min. SK&F
101926 (25 ugkg '), dDAVP (3 ugkg™!) or the selec-
tive vasopressin V, pressor antagonist, (1-(f-mer-
capto-f,B-cyclopentamethylenepropionic acid), 2-(O-
methyl)tyrosine)arginine vasopressin, SK&F
100273; Kruszynski et al., 1980; 25 ugkg™!), were
then administered to naive monkeys, i.e., monkeys
that had not received either SK&F 101926 or
dDVAP for at least 4 months before the experiment.
Threshold doses of SK&F 101926 and dDAVP
associated with flushing, hypotension and tachy-
cardia in the rhesus monkey were determined in pre-
liminary studies. The dose of SK&F 100273 was
chosen to equal that of SK&F 101926. Flushing was
scored on a scale of 0 to 5 where O represented no
response and S represented a bright red flush over at
least the whole face and neck. Blood pressure and
heart rate were monitored for at least 10 min follow-
ing dosing. The maximum changes in blood pressure
and heart rate always occurred within the first
10 min following administration of peptide. Baseline

blood pressure and heart rate were calculated from
the mean values obtained before drug treatment.

Protocol 2

Five naive monkeys were administered a mast cell
stabilizer, 5-acetyl-4-hydroxy-3-[ 1-[(3-amino-4-
hydroxyphenyl)amino]ethylidene]2H-pyran-2,6(3H)-
dione hydrochloride (SK&F 78729-A), at a dose
shown to be effective in the rhesus monkey
(5mgkg~!; Chakrin & Krell, 1978). Five min later,
SK&F 101926 (25ugkg™') was administered and
flushing, blood pressure and heart rate responses
were determined as in protocol 1. Baseline blood
pressure and heart rate were determined for the
period between the administration of the mast cell
stabilizer and SK&F 101926.

Protocol 3

Four naive monkeys were administered indometha-
cin (Smgkg™!). Thirty min later, SK&F 101926
(25ugkg™") or dDAVP (3ugkg™') was adminis-
tered. Flushing, blood pressure and heart rate
responses were determined as in protocol 1. Baseline
blood pressure and heart rate were determined for
the period between administration of indomethacin
and SK&F 101926 or dDAVP.

Protocol 4

Four monkeys that had received SK&F 101926
(25ugkg™") or dDAVP (3ugkg™!) 2 to 4 weeks
earlier were re-administered the same drug and
flushing, blood pressure and heart rate were deter-
mined.

Protocol 5

Four monkeys that were naive with respect to
SK&F 101926 but had received dDAVP (3 ugkg™?)
2 weeks earlier were administered SK&F 101926 as
in protocol 1. Flushing, blood pressure and heart
rate responses were determined.

The data are presented as individual data and
means +s.e. Flushing scores were analysed sta-
tistically by use of a non-parametric test (Mann-
Whitney) and the haemodynamic responses were
analysed statistically by use of Student’s ¢ test. P
values < 0.05 were considered statistically signifi-
cant.

Results
Intravenous administration of SK&F 101926

(25ugkg™") to naive rhesus monkeys resulted in
flushing (Figure 1), hypotension (P < 0.01; Figure 2)
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Figure 1 Individual (M) and mean (A) flush scores in
rhesus monkeys after administration of SK&F 101926
(25ugkg™"') in the presence and absence of SK&F
78729-A (Smgkg™!) or indomethacin (Smgkg~!) or
after prior exposure to SK&F 101926 (101926-R) or
dDAVP (101926-d). *P < 0.05; **P < 0.01 (vs SK&F
101926). Vertical lines indicate s.e. mean.

and tachycardia (P < 0.01; Figure 2). In two experi-
ments using direct femoral arterial blood pressure
measurements, SK&F 101926 was also shown to
reduce blood pressure and increase heart rate
(Figure 3). The time course of the response indicates
that the maximum hypotension and tachycardia
occurs within the first 10 min. The flush response and
tachycardia were reduced significantly (P < 0.01) by
a mast cell stabilizer (Figure 1). Indomethacin
pretreatment did not alter the flushing (Figure 1) or
hypotensive (Figure 2) response to SK&F 101926

ABP (mmHg)/AHR (beats min~")

78729 Indomethacin

Figure 2 Mean changes (a) heart rate (A HR) and (b)
blood pressure (A BP) in rhesus monkeys after adminis-
tration of SK&F 101926 (25 ugkg™!) in the presence
and absence of SK&F 78729-A (Smgkg™!) or indo-
methacin (Smg kg™!) or after prior exposure to SK&F
101926 (101926-R) or dDAVP (101926-d). See Table 1
for baseline blood pressures and heart rates. *P < 0.05;
**P < 0.01 (vs baseline); tP < 0.05 (vs SK&F 101926).
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Figure 3 Time course of the diastolic blood pressure
(a) and heart rate (b) after intravenous administration of
SK&F 101926 10 ugkg ™' (M) and 30 ugkg™! (@)
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Figure 4 Individual () and mean (A) flush scores in
rhesus monkeys after administration of dDAVP
(3ugkg™") in the presence and absence of indomethacin
(Smg kg™') or after prior exposure to dDAVP
(dDAVP-R) and SK&F 100273 (25 ugkg™'). *P < 0.01
(vs dDAVP). Vertical lines indicate s.e. mean.
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Figure 5 Mean changes in (a) heart rate (A HR) and
(b) blood pressure (A BP) in rhesus monkeys after
administration of dDAVP (3ugkg™!) in the presence
and absence of indomethacin (Smgkg~!) or after prior
exposure to dDAVP (dDAVP-R) and SK&F 100273
(25ug kg™!). See Table 1 for baseline blood pressures
and heart rates. **P < 0.01 (vs baseline); tP < 0.05;
+1P < 0.01 (vs dDAVP).

but enhanced the tachycardia (P < 0.05; Figure 2).
Repeated administration of SK&F 101926 between 2
and 4 weeks later reduced the flushing (P < 0.01;
Figure 1) and tachycardia, but not the hypotension
(Figure 2).

The antidiuretic agonist, dDAVP, caused similar
flushing (Figure 4) and haemodynamic (Figure 5)
responses as those obtained with SK&F 101926
(Figures 1 and 2). Once again, indomethacin
pretreatment enhanced tachycardia (Figure 5) but
did not affect flushing (Figure 4) or hypotension
(Figure 5). Repeated administration of dDAVP
reduced the flushing response in 3 of 4 animals
(Figure 4), and caused a similar hypotensive response
and an enhanced tachycardia (P < 0.05; Figure 5).
Administration of SK&F 101926 to monkeys that
had previously been treated with dDAVP showed
the same diminished flushing response as that
observed after SK&F 101926 (Figure 1).

The selective vasopressin V,; pressor antagonist
was not associated with intrinsic flushing or cardio-
vascular actions. Baseline blood pressures and heart
rates (Table 1) were not different between the groups.

Discussion

Flushing and hypotension are commonly associated
with administration or release of peptides. Clinical
investigations of dDAVP in diabetes insipidus and
some bleeding disorders have led to a number of

Table 1 Baseline cardiovascular parameters in
rhesus monkeys

Blood Heart
pressure rate

Treatment n (mmHg) (beats min~?!)
101926 6 67%+9 115+7
101926 + indomethacin 4 78+3 109 + 4
101926 + 78729-A 6 90+4 109 + 18
101926-R 4 73111 136 + 16
dDAVP 4 71819 14242
dDAVP + indomethacin 4 9318 113+ 18
dDAVP-R 4 8714 141 + 14
100273 5 6816 107+ 5
101926-d 3 80+14 112+ 2

See Figures 1 and 2 for explanation of treatments.
Values are mean + s.e.

reports of flushing, hypotension and tachycardia
induced by this peptide in man (see Introduction).
Furthermore, another vasopressin analogue (SK&F
101926) has also been associated with flushing in
man (Allison et al., 1988). Our observation that both
dDAVP and SK&F 101926 also cause flushing,
hypotension and tachycardia in the rhesus monkey
provided an excellent model to study the mecha-
nisms involved. Thus, by using a mast cell stabilizer,
a cyclo-oxygenase inhibitor, a selective vasopressin
pressor antagonist and administering repeated doses
of peptide, we have been able to improve our under-
standing of the haemodynamic and flushing
responses to one group of peptides, the vasopressin
analogues.

The first conclusion from the present study is that
the mechanism of the flushing response is clearly
separable from that of the haemodynamic responses.
Flushing associated with SK&F 101926 was attenu-
ated by a mast cell stabilizer, whereas the hypo-
tension was not. Furthermore, while the flush
response associated with either dDAVP or SK&F
101926 was reduced with repeated administration of
either peptide, the cardiovascular responses were
unchanged. These observations suggest that the
flushing mechanism involves mast cell degranulation
and not a direct peptide-associated vasodilatation at
the peripheral microvasculature. This conclusion
contrasts with results from previous studies. Pigache
(1984) and Derkx et al. (1983) concluded that flush-
ing induced by dDAVP was due to an action of the
peptide at V, receptors to block endogenous
vasopressin-induced vasoconstriction or potentiation
of other endogenous vasoconstrictors. While it is
clear that high physiological levels of vasopressin
can, indeed, reduce skin blood flow (Wiles et al.,
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1986), it is apparent from recent studies in the pithed
rat (Brink et al., 1987) that dDAVP lacks significant
vasopressin V; antagonist activity. In the present
study, SK&F 101926, which does possess V, antago-
nist activity (Ohlstein & Berkowitz, 1986), was
associated with a flush response. However, a selec-
tive vasopressin V,; antagonist was not. In human
studies in which SK&F 100273 has been adminis-
tered in doses effective in blocking the haemo-
dynamic effects of endogenous vasopressin, no
flushing has been described (Gavras et al., 1984;
Creager et al., 1986). Furthermore, dDAVP is also
associated with flushing in patients with cranial dia-
betes insipidus who have minimal circulating vaso-
pressin levels (Williams et al., 1986). Thus, it appears
that antagonism of endogenous vasopressin-induced
vasoconstriction is not involved in the flush
response.

Another attractive hypothesis for the mechanism
of dDAVP-induced flushing was proposed by Belch
et al. (1982). These investigators suggested that the
flushing was due to release of vasodilator prosta-
glandins since dDAVP caused endothelial release of
prostacyclin from rabbit aortic rings, and aspirin
could abolish facial flushing in humans who had pre-
viously demonstrated a response to dDAVP. Our
observation that indomethacin, at a dose that was
effective in enhancing the tachycardic effects of both
dDAVP and SK&F 101926, failed to attenuate flush-
ing in the rhesus monkey does not support this
hypothesis.  Furthermore, other investigators
(Brommer et al., 1984) observed that aspirin did not
block dDAVP-induced flushing in man. It is possible
that in the studies of Belch et al. (1982), the
reduction in dDAVP-induced flushing in man attrib-
uted to aspirin may have been due to a desensi-
tization similar to that which we observed in the
rhesus monkey. Consistent with this idea is the
observation in man that an allergic reaction to
dDAVP could be reduced by administering the drug
in gradually increasing doses (Yokoto et al., 1982).
Thus, it is likely that flushing induced by
vasopressin-like peptides is not a direct haemo-
dynamic event, but rather an action on mast cells.
The observation that prior treatment with dDAVP
also resulted in a desensitization to SK&F 101926
might suggest that the same receptor is involved.
Since dDAVP and SK&F 101926 are both vaso-
pressin V, antidiuretic agonists in both man (Dubb et
al., 1987; Allison et al., 1988) and rhesus monkeys
(Brooks et al., 1988), one might speculate that stimu-
lation of the vasopressin V,-receptor is involved.
Consistent with this observation is that high doses of
vasopressin are also associated with facial flushing
(Gavras et al., 1984).

Our studies do not provide convincing evidence as
to the mechanisms of hypotension and tachycardia

associated with dDAVP and SK&F 101926 in rhesus
monkeys. Certainly, indomethacin does not attenu-
ate the haemodynamic responses to either peptide,
thereby indicating that vasodilator prostaglandins
are not involved. Furthermore, the observation that
administration of a mast cell stabilizer, at a dose
effective in reducing a flushing response to SK&F
101926, had no significant effect on the hypotension,
would suggest that mediators released from mast
cells during the flush response are also not involved.
Similarly the V, pressor antagonist had no effect on
blood pressure or heart rate, thus showing that
these responses are not caused by blockade of the
vasoconstrictor actions of endogenous vasopressin.
It is possible that the cardiovascular responses to
dDAVP and SK&F 101926 involve direct effects on
vascular V,-receptors to induce vasodilatation,
thereby resulting in hypotension and reflex tachy-
cardia. This would be consistent with the recent
observations of Liard (1986) that vascular vasodila-
tor V,-receptors do exist and are functional.
dDAVP-induced flushing and hypotension (and
release of Factor VIII ¢ and von Willebrand Factor)
is observed in patients with central diabetes insipidus
(vasopressin deficiency) but is not observed in
patients with congenital nephrogenic diabetes
insipidus (CNDI; Bichet et al., 1988). Patients with
CNDI have a defective renal V,-receptor/signal
transduction mechanism; thus, the lack of haemo-
dynamic responses associated with dDAVP in these
patients suggests the existence of extrarenal
V,-receptors that are possibly also defective.

The tachycardia associated with SK&F 101926
was reduced by the mast cell stabilizer and repeated
administration of this peptide but enhanced by indo-
methacin. Conversely, repeated administration of
dDAVP resulted in an enhanced tachycardia. The
mechanisms involved in these responses are not
clear, but may be related to a differential effect of
SK&F 101926 and dDAVP on vasopressin-induced
enhancement of baroreflex activity. )

In summary, our studies have demonstrated that
the rhesus monkey is an excellent model for studying
peptide-induced flushing, hypotension and reflex
tachycardia. We have also provided evidence that
the flushing response to vasopressin-like peptides
may be due to an action on mast cells, whereas the
haemodynamic responses are not, but probably
involve direct vasodilator actions.
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manuscript.
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