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Abstract

Ultrasonic probes were placed around dog femoral arteries to
record blood flow. Hind paw scalding with boiling water (5 s)
caused a marked increase in ipsilateral femoral blood flow that
persisted for the 2-h observation period. Contralateral femoral
blood flow and systemic and pulmonary vascular resistances
were unchanged. Compared to scald only animals, methyser-
gide pretreatment diminished and shortened the femoral vaso-
dilator response to scald (109±14 vs 243±27 ml/min at 5 min;
59±14 vs 191±31 ml/min at 2 h). Pretreatment with ritan-
serin, BWA1433U83, atropine, ICI 118551, diphenhydra-
mine, ranitidine, meclofenamate, L-nitro-arginine methyl ester,
3-amino-1,2,4-triazine, and U 37883A had no effect on the in-
creased femoral blood flow response to scald, suggesting this
vasodilator response is not dependent upon activation of sero-
tonergic2, adenosineAl, muscarinic, l2-adrenergic, histaminer-
gic1 or histaminergic2 receptors, on cyclooxygenase products,
endothelium-derived relaxing factor derived from nitric oxide
(NO) synthase III, NOderived from NOsynthase II, or KATp
channels, respectively. Methysergide given after burn immedi-
ately reduced the augmented femoral blood flow to preburn
levels, suggesting the vasodilator response to scald is mediated
through continual activation of local serotonergicl-like recep-
tors, which may be target site(s) for therapeutic interventions
to influence burn-induced hemodynamic alterations. (J. Clin.
Invest. 1994. 93:147-154.) Key words: burns * vasodilation -

serotonin receptors * vascular resistance * ultrasonic blood flow
probes

Introduction

In patients with large body surface area (BSA)' burns, both
cardiac output and blood flow to the injured area are increased
for several days (1, 2). Animal studies have also documented a
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1. Abbreviations used in this paper: 3-ATINE, 3-amino-l1,2,4-triazine;
BSA, body surface area; CATM, 5-carboxamidotryptamine; CI, car-
diac index; CNS, central nervous system; CO, cardiac output; EDRF,
endothelium-derived relaxing factor; L-NAME, L-nitro-arginine
methyl ester; MAP, mean arterial pressure; MET, methysergide; NOS,
nitric oxide synthase; PAP, pulmonary artery pressure; PCWP,pulmo-
nary capillary wedge pressure; RIT, ritanserin.

prolonged increase in blood flow to a large wound (3). How-
ever, acute alterations in blood flow to a burn site are poorly
delineated. In guinea pigs, a large BSAburn produces an acute
decrease in blood flow to the wound, likely caused by dimin-
ished cardiac output (4). A smaller BSA burn in rats causes
only an increase in blood flow to the injured site, a response
influenced by surface temperature and injury size (5). Media-
tion of this regional vasodilator response by potassium, prosta-
glandins, lactate, and activation of f3-adrenoceptors (3, 6-9)
has been suggested. Others consider heat-induced vasodilation
a prime component of this response (5). The role of these
vasodilatory mechanisms is unclear.

These experiments were designed to characterize the effect
of a small BSA scald on systemic, pulmonary, and regional
(burned and unburned sites) hemodynamics. The effects of
blocking agents for known vasoactive receptors and potassium
channels on burn-induced hemodynamic alterations were also
investigated. These data indicate that in the absence of sys-
temic or pulmonary hemodynamic effects, blood flow to the
injured area acutely increased, and regional vascular resistance
decreased. These responses were selectively inhibited by the
serotonin receptor blocking agent, methysergide. Since ritan-
serin, a serotonin2 receptor blocking agent, had no effect on
these alterations, the data suggest that continuous activation of
serotonin1-like receptors mediates, in large measure, these re-
sponses.

Methods

Surgical protocol. Adult mongrel dogs weighing 20-35 kg were anesthe-
tized with intravenous sodium pentobarbital (25 mg/kg per h) and
placed on room air mechanical ventilation. Systemic mean arterial
pressure (MAP, mmHg)was measured through a cannulated brachial
artery. Pulmonary artery pressure (PAP, mmHg)and pulmonary capil-
lary wedge pressure (PCWP, mmHg)were monitored by insertion of a
balloon-tipped pulmonary artery catheter via internal jugular vein cut-
down. Ringer's lactate solution (2-3 ml/ kg per h) was infused to main-
tain baseline MAPand PCWP.

An ultrasonic flow probe (Transonic Systems, Inc., Ithaca, NY)
was placed around the ascending aorta via left thoracotomy in certain
groups of dogs (designated later), to record cardiac output minus coro-
nary artery flow (CO, liter/min); systemic vascular resistance
(mmHg/liter per min) was calculated. Cardiac index (CI, liter/min
per M2) was calculated from canine nomograms. Isolation of a carotid
artery was carried out in four animals to provide access for intracarotid
injections.

Ultrasonic flow probes were placed around both femoral arteries to
record femoral blood flow (ml/min), and these values were used to
calculate femoral vascular resistance (mmHg/ml per min). In some
dogs, a side branch of the femoral artery on the side to undergo an
experimental manipulation was cannulated to provide access for intra-
femoral injections. Dogs were randomly assigned to a protocol only
after monitored hemodynamic parameters were stable for 30 min.

Experimental groups. A sham treatment group (n = 4) underwent
the surgical preparation as described above, and was then monitored
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Figure 1. Effects of hind paw scald on regional and systemic hemo-
dynamics. The threefold increase in femoral blood flow (A) and de-
crease in femoral vascular resistance (D) to the site of injury occurs
without blood flow alterations to unburned tissues, systemic mean
arterial pressure (B), or systemic vascular resistance (C).

for 2 h with no further intervention. Remaining animals were exposed
to scald injury, immersion of one hind paw (< 3% BSA) into 100°C
water for 5 s, and hemodynamic parameters were monitored for 2 h
thereafter. Since in scald only animals (controls, n = 9), identical in-
creases in hind limb blood flow and decreases in hind limb vascular
resistance occurred regardless of which paw (right [n = 5] or left [n
= 4]) was injured, they were combined into one group. In subsequent

2 -

groups of dogs, one of the following agents was intravenously infused
20 min before scalding, in a dose shown to adequately block the respec-
tive agonist agent response: methysergide (0.1 mg/kg, n = 7), ritan-
serin (0.1 mg/kg, n = 5), atropine (1 mg/kg, n = 4), ICI 118551 (1
mg/kg, n = 4), BWA1433U83 (7.5 mg/kg, n = 6), sodium meclofen-
amate (2.5 mg/kg, n = 4), diphenhydramine ( 1 mg/kg, n = 5), raniti-
dine ( 1 mg/kg, n = 4); L-nitro-arginine methyl ester (L-NAME, 100
mg/kg, n = 7), 3-amino-1,2,4-triazine (3-ATINE, 75 mg/kg, n = 3),
or U 37883A (2.5 mg/kg, n = 4).

To further elucidate what was found to be a methysergide-sensitive
femoral vasoactive response in animals pretreated with that agent, ad-
ditional protocols were carried out. In separate groups of animals,
methysergide was given no sooner than 30 min after scald: (a) by pe-
ripheral intravenous injection (0.1 mg/kg, n = 4; 1.0 mg/kg, n = 3)
and (b) by bolus injection directly into the femoral artery on the side of
injury (20 gg/kg, n = 4). In another group (n = 4) of dogs, methyser-
gide (20 ,g/kg) was infused into the cranial circulation via one com-
moncarotid artery before scalding. Finally, to determine the specificity
of the femoral vasoactive response to methysergide, random sequence
intrafemoral artery injections of the following vasoconstrictor and va-
sodilator agents were performed in a group (n = 5) of unburned dogs
before and after peripheral intravenous administration of methysergide
(0.1 mg/kg): methoxamine (0.1 g/kg), nitroglycerin (0.003 ag/kg),
verapamil (0.001 tg/kg), serotonin (0.001 ,ug/kg), 5-carboxamido-
tryptamine (CATM, 0.0001 ug/kg).

Statistical analysis. Data are presented as means (±1 SE). Compar-
isons both within a given group and between groups were made using
ANOVA. Whenever a significant F ratio was reached, Fisher's PSLD
test was applied to detect specific differences. Significance was accepted
when P < 0.05.

Results

Immediately after the scalding, there was a significant threefold
increase in femoral artery blood flow to the injured hind limb
(Fig. I A), reaching peak levels within 5 min. Over the next 25
min, a slight decline in blood flow to a plateau phase was ob-
served, though it remained significantly elevated throughout
the 2-h observation period. Since neither systemic MAP(Fig. 1
B) nor systemic vascular resistance (Fig. 1 C) were significantly
altered by the scald, the increase in femoral blood flow ipsilat-
eral to the injury reflected a decrease in hind limb vascular
resistance (Fig. 1 D). Finally, CI increased slightly but insignifi-
cantly upon scald injury (Fig. 2). Mean PAP, PCWP, and
pulmonary vascular resistance were unaltered by scalding
(Table I).

In some animals (data not shown), an additional ultrasonic
flow probe was placed around the ipsilateral dorsalis pedis ar-
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Table I. Characterization of Pulmonary Hemodynamic
Parameter Alterations in Response to Scalding

After burn After burn
Time Before burn (5 min) (60 min)

CI (liter/min per m2) 2.2±0.3 2.5±0.2 2.3±0.2
PAP(mmHg) 13±0.5 14±0.6 14±0.6
PVR(mmHg/liter per min) 6.0±0.3 5.6±0.3 6.1±0.2
PCWP(mmHg) 10±0.3 11±0.5 11±0.5

When compared to respective preburn values, there were no signifi-
cant changes in mean PAP, PCWP,or pulmonary vascular resistance
(PVR = PAP/CO). P = NS vs preburn.

tery, immediately proximal to the proposed site of scald. Base-
line dorsalis pedis blood flows were approximately one fourth
those of femoral blood flows. After scalding, dorsalis pedis
blood flows increased dramatically when compared to baseline
levels, and remained elevated throughout the observation pe-
riod. In contrast to the injured side, the unburned hind limb
showed no significant changes in blood flow or in vascular
resistance.

Femoral artery blood flow, systemic MAP, and CI were
monitored before scald in dogs pretreated with methysergide.
This dose of methysergide was found to block the increased
regional blood flow induced by intrafemoral arterial bolus in-
jections of serotonin ( 10-100 ,ig/kg), which itself produced no
systemic hemodynamic effects. After femoral artery blood flow
returned to baseline, methysergide (0.1 mg/kg) was adminis-
tered by the peripheral intravenous route; no significant re-
gional or systemic hemodynamic alterations occurred (Table
II). However, the subsequent intrafemoral bolus injection of
serotonin resulted in significant (P < 0.002) blunting of the
hyperemic response to serotonin before methysergide (65±10
ml/min increase in blood flow before methysergide; 10±3 ml/
min blood flow increase after methysergide).

In these same methysergide-treated dogs, scalding still
caused an immediate, significant increase in femoral blood
flow (Fig. 3 A) and a decrease in regional vascular resistance
(Fig. 3 B). However, when compared to burn alone dogs, the
regional hemodynamic alterations were significantly blunted.
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Moreover, within 30 min, femoral blood flow and vascular
resistance had begun to return toward preinjury levels, reach-
ing baseline levels by 60 min. At all observation points, the
values for each represent significant differences from burn only
dogs.

To determine whether this agent could reverse the vasodila-
tor response to scald, dogs were given methysergide intrave-
nously (0.1 mg/kg) 30 min after injury. Immediately thereaf-
ter, femoral blood flow decreased (Fig. 4 A) and vascular resis-
tance increased (Fig. 4 B), each reaching preburn levels within
30 min. Tenfold higher doses of methysergide had similar ef-
fects (data not shown).

To determine the selectivity of methysergide to inhibit fem-
oral vasodilator responses mediated by serotonergic receptors,
an additional group of experiments was performed, and data
from these studies are presented in Table III. Femoral arterial
bolus injections of serotonin (0.001 tg/kg), CATM(a seroto-

Table I. Scald-induced Hemodynamic Alterations in Animals Pretreated with Methysergide (MET) and Ritanserin (RIT)

Before Bum After Burn

Before MET After MET 5 min 60 min 120 min

Burned hind limb flow (ml/min) 64±7 61±8 109±14* 66±9 59±14
Unburned hind limb flow (ml/min) 58±11 60±14 59±14 46±8 45±14
MAP(mmHg) 125±4 122±6 128±5 122±4 114±4
CI (liter/min per M2) 1.5±0.2 1.5±0.2 1.65±0.2 1.66±0.2 1.43±0.6

Before RIT After RIT 5 min 60 min 120 min

Burned hind limb flow (ml/min) 55±6.8 57±7.3 226±27* 199±16* 182±14*
Burned hind limb resistance (mmHg/ml per min) 2.55 2.50 0.63 0.70 0.74
MAP(mmHg) 140±14 142±14 142±14 139±15 135±13

Except as noted by *, scalding produced minimal alterations in regional blood flow when animals were pretreated with methysergide. On the
contrary, pretreatment with ritanserin produced no changes in regional vasodilatory responses to scalding. * P < 0.0005 vs preburn.
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Figure 4. Effects of intravenous MET, given 30 min after the burn, on
femoral blood flow (A) and vascular resistance (B) contrasted with
the burn alone group. Within 1 min of METinjection, there was a
significant decrease in the femoral vasodilatory response (and an in-
crease in regional resistance), with a return to preburn values 30 min
later.

ninlA-like receptor agonist, 0.0001 ,ug/kg), nitroglycerin (a di-
rect activator of guanylate cyclase, 0.003 ,ug/kg), and vera-
pamil (a calcium channel blocking agent, 0.001 ,ug/kg) all sig-
nificantly increased femoral blood flow while methoxamine
(0.1 ,ug/kg) significantly reduced femoral blood flow. Since
none of these agents altered systemic mean arterial pressure,
the increases in femoral blood flow produced by these agents
directly reflect decreases in hind limb vascular resistance. 5
min after peripheral intravenous administration of methyser-
gide (0.1 mg/kg), the hind limb vasodilator responses to seroto-
nin and CATMwere significantly decreased, whereas the hind
limb vasodilator responses to nitroglycerin and verapamil were
not significantly altered, nor was the hind limb vasoconstrictor
response to methoxamine. These data suggest that methyser-
gide selectively inhibited the hind limb vasodilator responses
mediated by serotonergic, receptors.

As methysergide readily crosses the blood brain barrier
(10), serotoninergic receptors within the central nervous sys-
tem (CNS) could have mediated the scald-induced alterations
in regional hemodynamics. Therefore, the contribution of
CNSreceptors to this response was investigated in dogs given
methysergide (20 ,ug/kg) into one commoncarotid artery be-
fore scalding. This dose was found to be the largest intracarotid

Table III. Mean Changes in Femoral Blood Flow
after Intravenous Arterial Bolus Infusion of Known
Vasodilator and Vasoconstrictor Substances
before and after Peripheral Intravenous Infusion of MET

Percent (± 1 SE) increase Percent (± 1 SE) increase
Agent in femoral blood flow in MAP

Serotonin (n = 5)
Before MET 96±27 -1.0±1.0
After MET 7±1* 1.0±1.0

CATM(n = 5)
Before MET 220±68 1.4±1.0
After MET 5±1* 0.0±0.0

Nitroglycerin (n = 5)
Before MET 252±81 -0.2±0.2
After MET 189±74 -0.8±1.3

Verapamil (n = 4)
Before MET 197±92 -1.1±0.8
After MET 139±45 -2.1± 1.2

Methoxamine (n = 4)
Before MET -37±9 -0.2±0.2
After MET -35±7 0.6±0.6

In the absence of alterations in systemic mean arterial pressure,
methysergide selectively blocked the vasodilator response to serotonin
and CATM, but had no effect on the vasodilator response to nitro-
glycerin or verapamil, or on the vasoconstrictor response to methox-
amine. * P < 0.01 vs pre-MET.

dose that did not alter the hind limb vasodilator response to
femoral artery injection of serotonin ( 10-100 lg/kg). Before
scald, bolus intracarotid injection of methysergide did not sig-
nificantly alter baseline systemic or regional hemodynamic
measurements. In these same dogs, the characteristic femoral
blood flow and vascular resistance responses to scald were not
altered by the centrally administered methysergide (Table IV).
In contrast, the same dose of methysergide given preburn into
the femoral artery of other dogs inhibited the femoral vasodila-
tor response to scald (Fig. 5).

To further characterize the serotoninergic receptor subtype
mediating these regional vasodilator responses, ritanserin (0.1
mg/kg), a serotonin2 receptor antagonist ( 11 ), was given intra-
venously to dogs before scald. This dose blocked the intrafe-
moral administration of the serotonin2 receptor agonist ( + )- 1-
(2,5-dimethoxy-4-iodophenyl)-2-aminopropane hydrochlo-
ride (10 ,tg/kg) after intravenous ritanserin produced no

Table IV. Regional Blood Flow Response to Preburn Bolus
Infusion of METDirectly into One Carotid Artery

Burned hind limb
blood flow MAP

ml/min mmHg

Baseline 100±18 155±9
Baseline/MET (central) 110±10 155±11
After Burn (5 min) 357+57* 175±18
After Burn (60 min) 260±21* 165±13

Central administration of methysergide produced no alterations in the
burn-induced regional vasodilatory response. * P < 0.04 vs baseline.
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Figure 5. Alterations in femoral blood flow in animals
pretreated with MET, injected into the femoral artery
ipsilateral to the hind paw scalding. Compared to
burn alone animals, METadministration resulted in
significant modulation of the femoral vasodilatory
response. ., MET/burn; u, burn only.

effects on femoral blood flow or femoral vascular resistance.
Preburn ritanserin injection had no effect on systemic or re-

gional hemodynamic measurements at any observation point
(Table II).

The contribution of other vasodilator mechanisms was in-
vestigated by administering one of the following blocking
agents to groups of animals before scalding: atropine
(muscarinic receptors), ICI 118551 ( 32-adrenoceptors), BW
A 1 433U83 (adenosineAl receptors), meclofenamate (cycloox-
ygenase enzyme system), diphenhydramine (histaminergic,
receptors), and ranitidine (histaminergic2 receptors). These
agents were given in doses that blocked the femoral vasodilator
responses to intrafemoral bolus injections of acetylcholine, iso-
proterenol, adenosine, arachidonic acid, and histamine, respec-

tively (Table V). The antagonists did not alter baseline sys-

temic MAP, CI, or hind limb blood flow, nor did they alter the
hemodynamic response to scald (Table VI).

The contribution of endothelium-derived relaxing factor
(EDRF) to this vasodilator response was assessed by giving L-

NAME(100 mg/kg), an inhibitor of nitric oxide synthase III
( 12 ). In unburned animals, administration of L-NAMEbefore

Table V Mean Increases in Regional Blood Flow
after Intrafemoral Infusion of Agonist Agents Alone,
and Intrafemoral Infusion of Agonist Agents
after Peripheral Intravenous Injection of Blocking Agents

Mean (± I SE)
increase in

femoral blood Mean (± I SE) increase in
flow after femoral blood flow after

Blocking agent/agonist agonist antagonist/agonist

BWA1433U83/adenosine 60±12 15.5±4*
Meclofenamate/arachidonic

Acid 115±18 23±6*
ICI 118551/isoproterenol 49.7±6 11.8±3*
Atropine/acetylcholine 66±6 21±4*
Diphenhydramine/histamine 47±8 14.3±3*
Ranitidine/histamine 99±4 17±2*

In each instance, effective receptor blockade dosage was confirmed by
the inability of each agonist to increase blood flow in the presence
of a respective receptor blocking agent. * P < 0.05 vs agonist.

the burn increased systemic arterial pressure and hind limb
vascular resistance, and decreased hind limb blood flow to
steady state values during a 45-75 min observation period.
However, the femoral vasodilator response to scalding was not
altered by L-NAME (Table VII). The inducible form of nitric
oxide synthase II (NOS II) was evaluated by preburn adminis-
tration of 3-ATINE. The dose of 3-ATINE (75 mg/kg) has
been shown in rat models to block the release of tumor necrosis
factor and N2 intermediates, and to abolish the endotoxin-in-
duced decrease in mean arterial pressure ( 13). 3-ATINE had
no effect on baseline systemic or regional hemodynamics or on

regional blood flow after scald injury.
The contribution of KATP channels in mediating the re-

gional vasodilatory response to scald was assessed with U
37883A, a selective inhibitor of KATP channels ( 14). In doses
that selectively blocked the hind limb vasodilator response to
cromakalim, an activator of KATP channels, this dose did not
affect the vasodilator response to isoproterenol or nitroglycerin
(data not shown). Given before the burn, U 37883A had
no effect on the hind limb vasodilator response to scald
(Table VII).

Discussion

Data from this study demonstrate that in the absence of sys-
temic or pulmonary hemodynamic changes, a small BSAburn
in dogs results in a marked increase in blood flow to the site of
injury concomitant with a decrease in vascular resistance.
These results are consistent with studies that suggest the vasodi-
lator response to a surface wound is primarily directed to that
wound, not to uninjured tissues or adjacent "watershed" areas

(1,2, 15).
This study was designed to limit the size and magnitude of

the burn to the extent that there were no appreciable alterations
in (a) systemic and pulmonary hemodynamic parameters and
(b) blood flow and vascular resistance to skin/soft tissue re-

mote from the burn site. Each of these goals was met through-
out the experiments reported herein by standardizing the scald:
(a) the percent BSA injury was uniformly < 3%and (b) a sec-

ond degree burn was consistently produced, characterized by
cutaneous hyperemia, skin blisters, and subcutaneous tissue
swelling. Thus, in large measure, the direct impact of scald on

regional hemodynamics was monitored. As such, data from
this study are consistent with others that show a small BSA
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Table VI. Alterations in Regional and Systemic Hemodynamic Responses to Scald Injury in Animals Pretreated with Known Vasocative
Blocking Agents

Agent Burned hind limb flow Unburned hind limb flow MAP CI

Atropine
Baseline
Baseline + blocker
After burn (5 min)
After burn (60 min)

ICI 118551
Baseline
Baseline + blocker
After burn (5 min)
After burn (60 min)

BWA1433U83
Baseline
Baseline + blocker
After burn (5 min)
After burn (60 min)

Meclofenamate
Baseline
Baseline + blocker
After burn (5 min)
After burn (60 min)

Diphenhydramine
Baseline
Baseline + blocker
After burn (5 min)
After burn (60 min)

Ranitidine
Baseline
Baseline + blocker
After burn (5 min)
After burn (60 min)

Control burn
Baseline
After burn (5 min)
After burn (60 min)

The burn alone group is shown for comparative purposes. In each group, the injected blocking agent had no effect on the scald-induced regional
vasodilatory response. P = NS vs control burn group at each time interval.

scald increases blood flow for tissues involved in the burn,
but does not alter pulmonary, systemic, or regional hemody-
namics (5).

The marked hind limb vasodilator response to scald injury
was significantly reduced by administering methysergide but
not ritanserin before the burn, suggesting that serotonin1-like
receptors play a major role in mediating this response. Since
methysergide inhibited the hind limb vasodilator response to
serotonin and CATM, but not to nitroglycerin or verapamil,
the present data suggest that methysergide acted in a selective
manner to antagonize serotonergic,-like receptors. Although
prostaglandins (7, 8) and 2-adrenoceptors (9) have been im-
plicated as mediators of the increase in local blood flow, neither
ICI 1 1855 1 nor meclofenamate altered the hind limb vasodila-
tor response to burn, suggesting that neither #2-adrenoceptors

nor cyclooxygenase products appear to mediate this effect. Sim-
ilarly, atropine, BW1433U83, diphenhydramine, and raniti-
dine had no effect on the scald-induced increase in femoral
blood flow, suggesting that this response is not mediated by
muscarinic, adenosineAl, histaminergic,, or histaminergic2-re-
ceptors.

The vasorelaxant response to serotonin in isolated conduit
blood vessels has been shown to require an intact endothelial
cell layer and to depend on formation of EDRF(16). Since
pretreatment with L-NAME and 3-ATINE, respective inhibi-
tors of NOSIII-forming EDRF(12, 13, 16-19) and NOSII
(20), did not alter the vasodilator response to scald, these data
suggest that NOformed from the constitutive and inducible
forms of NOsynthase does not mediate this effect to a large
degree.
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ml/min

45±11
48± 12

178±12
146±19

44±11
46±10

200±17
151±23

59±4
54±9

192±33
160±22

36±9.6
37.5±11
153±16
121±14

81±26
85±35

242±68
205±30

75±2
86±3

279± 14
266±15

70±9
243±27
217±28

mil/min

44±12
45±12
41±6
36±6

43±8
41±8
39±3
37±7

N/A
N/A
N/A
N/A

39±7
38±6
48±9
28±6

88±31
81±28

114±58
61±7

N/A
N/A
N/A
N/A

65±9
77±17
53±12

mmHg

115±6
116±7
113±8
117±5

115±7
114±5
111±7
117±5

115±1
116±2
123±4
122±3

124±7
120±7
129±8
126±8

150±14
157±12
180±10
165±11

123±11
114±9
119±5
117±6

114±6
114±6
117±6

liter/min per m2

2.0±0.4
2.2±0.3
2.6±0.4
2.3±0.3

1.9±0.2
2.0±0.2
2.3±0.2
2.0±0.2

1.8±0.2
1.9±0.2
1.6±0.2
1.5±0.3

1.7±0.1
1.7±0.1
1.7±0.1
1.5±0.2

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

2.3±0.3
2.5±0.2
2.3±0.2



Table VII. Role of EDRFand KATP Channels, Respectively,
in Mediating Alterations in the Regional Vasodilatory Response
to Scalding

Burned hind limb
Agent blood flow MAP

ml/min mmHg

L-NAME
Baseline 95±8 117±7
Baseline + L-NAME (before burn) 38±5* 154±12
After burn (5 min) 179±19* 159±12
After burn (60 min) 116±18* 152±10

3-ATINE
Baseline 94±30 145±16
Baseline + 3-ATINE (before burn) 100±37 150±14
After burn (5 min) 321±59t 165±13
After burn (60 min) 298±43* 145±10

U 37883A
Baseline 69±8 122±10
Baseline + cromakalim 213±16*$ 130±11
Baseline + cromakalim +

U 37883A (before burn) 93±5 115±5
After burn (5 min) 192±15t 137±7
After burn (60 min) 176±16t 112±9

Of the blocking agents tested, none altered scald-induced regional va-
sodilatory response to injury. * P < 0.02 vs baseline. * P < 0.02 vs
pre-burn.

Recently, KATP channels have been identified in skeletal
muscle and arterial smooth muscle ( 14). The possibility that
this vasodilator response may be mediated by activation of
these channels is unlikely, since U 37883A, an inhibitor of
KATP channels, had no effect on the hind limb vasodilator re-
sponse to burn injury.

Since methysergide crosses the blood brain barrier ( I I ), the
hypothesis that serotonin receptors within the CNSmediate
the femoral vasodilator response to scald was tested. Intracaro-
tid arterial injection of methysergide did not alter the hind limb
vasodilator response to scald or to femoral artery injection of
serotonin. In contrast, the same methysergide dose given di-
rectly into the femoral vascular bed inhibited the hind limb
vasodilator response to scald and to femoral artery injection of
serotonin. These data suggest that serotonin1-like receptors ac-
tivated locally, not centrally, mediate the hind limb vasodilator
response to scald.

Since pretreatment with methysergide prevented the hind
limb vasodilator response to scald, serotoninergic receptors
contribute in large measure to this effect. Moreover, this re-
sponse to scald was rapidly reversed by administration of meth-
ysergide after the burn. These data suggest that persistent acti-
vation of serotonin,-like receptors mediates the prolonged in-
crease in hind limb blood flow after scald. Although mediation
of this response may be species dependent, the present study is
unique by providing evidence that a specific vasodilator mecha-
nism, serotonin,-like receptors, is directly responsible for the
sustained vasodilator response to local thermal injury. Since
methysergide given either into the femoral artery (20 ,ug/kg) or
intravenously ( 100 igg/kg) produced rapid inhibition of other-

wise augmented femoral blood flow, the local hemodynamic
response to a small scald appears reversible. However, an early
(5 min after burn) component of the response is methysergide
insensitive, and the mediation of this effect remains unknown.

A marked continuous increase in serotonin release into the
systemic circulation does not appear to mediate the continuous
activation of serotoninl-like receptors, since infusions of seroto-
nin directly into the femoral vascular bed, in doses necessary to
produce femoral blood flow increases similar to those after
scald, caused marked changes in systemic hemodynamics. This
effect was not observed with the small BSA scald used herein.
Furthermore, platelet counts remained unchanged throughout
the experiments, suggesting that serotonin release from platelet
destruction or aggregation cannot account for the persistent
activation of serotonin1-like receptors in the hind limb vascular
bed after scald.

Locally released serotonin, via an alteration in its local re-
moval or via increased sensitivity of serotonin1-like receptors,
may be responsible for the hind limb vasodilator response to
scald. Others have demonstrated that in a septic hind limb
model, effluent from the infected leg dilated other regional vas-
cular beds (21). However, Aulick et al. have suggested that
noninfectious forms of limited tissue injury do not release sig-
nificant quantities of vasodilator substances ( 3 ). Thus, the pres-
ent data are in agreement with the concept that the type of
pathological insult inducing local vasodilation may determine
the extent to which other vascular beds are subject to hemody-
namic alterations. In this regard, the small BSA burn injury
used in this study could have explained the inability of the
injury to induce a humorally mediated response in other vascu-
lar beds.

In conclusion, a small BSA burn to the hind leg in dogs
produces marked, selective, and prolonged hind limb vasodila-
tion. This vasodilator response is predominantly mediated by
continuous activation of local serotoninl-like receptors, and
does not depend in large measure on a variety of other diverse
vasodilator mechanisms.
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