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Prostaglandin-related Microvascular Dilation in Pentobarbital-
and Etomidate-anesthetized Rats

Eleanor F. Asher, M.D.,* Nancy L. Alsip, Ph.D.,t Ping Y. Zhang, M.D.,% Patrick D. Harris, Ph.D.,§

Etomidate is characterized by minimal systemic cardiovascular

effects, but its effect on the microvasculature has not been assessed.
We compared thé microvasculature of etomidate-anesthetized ani-
mals to that of animals anesthetized with pentobarbital, since its
effects on the microvasculature are known, Male Sprague-Dawley
rats were anesthetized with etomidate or pentobarbital. The cre-
master muscle was prepared for microscopic viewing, leaving the
neural and vascular supply intact. Small arterioles were near their
maximal diameters in etomidate-anesthetized rats, whereas the pen-
tobarbital group had a large dilator capacity (maximal diameter
— basal diameter/basal diameter). The effect on resting arteriolar
diameters of endothelium-derived relaxing factor (EDRF) and pros-
taglandin synthesis inhibitors was tested. Dilator capacity was not
affected by the EDRF inhibitor nitro-L-arginine, but it was signifi-
cantly increased by mefenamic acid and ibuprofen in etomidate-
anesthetized animals. To test whether dilator and constrictor mech-
anisms were normal, serotonin concentration-response curves were
obtained in pentobarbital and etomidate-anesthetized animals with
and without mefenamate or ibuprofen present. The dilation of small
arterioles to serotonin in the etomidate groups with mefenamate or
ibuprofen was not significantly different from that of the pentobar-
bital groups. Serotonin produced a comparable constriction of large
arterioles in both anesthetic groups. The topical application of
etomidate to the cremaster muscle did not affect arteriolar diameters.
Thus, etomidate appears to trigger the release of dilator prosta-
glandins in striated muscle through a central or indirect mechanism.
(Key words: Anesthetics, intravenous: etomidate, pentobarbital.
Hormones: Prostaglandins. Microcirculation. Muscle, smooth: vas-
cular.)

ETOMIDATE, A CARBOXYLATED IMIDAZOLE, intrave-
nous hypnotic anesthetic agent, is characterized by dose-
related cardiovascular or respiratory effects,"™!! no his-
tamine release,'? and a high therapeutic index (six times
greater than that of thiopental).'® No assessment has been
made of the effects of this agent on the microvasculature.

The primary purpose of this study was to determine
the effect of etomidate on baseline arteriolar tone in skel-
etal muscle. Our second goal was to assess whether the
response of the microvasculature to serotonin (5-hy-
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droxytryptamine) was altered in etomidate-anesthetized
rats. Serotonin is unique in that it acts as both a vasodilator
and as a vasoconstrictor at different arteriolar levels in
the cremaster'? as well as other microcirculatory beds.'®'
In this study serotonin was used as a test agonist to explore
whether etomidate alters vasoconstrictor or vasodilator
mechanisms or the sensitivity of the microvessels to se-
rotonin.

In preliminary studies using etomidate-anesthetized
animals, we found that the small precapillary arterioles
were maximally dilated; i.e., they had little or no basal
arteriolar tone. Our third goal was to determine the etiol-
ogy of this dilation. Prostaglandins and endothelium-de-
rived relaxing factor (EDRF) are well-known vasodilators
and have a major role in vascular control.!”"'* We there-
fore chose to evaluate the possible involvement of pros-
taglandins and EDRF in the etomidate-induced dilation
of small arterioles.

We compared the etomidate-anesthetized animals to
animals anesthetized with pentobarbital as it is frequently
used in animal studies and its effects on the microcircu-
lation are known.?

Materials and Methods

Male Sprague-Dawley rats were used for all experi-
ments. These animals arrived as weanlings (50-75 g) and
were caged individually in a room that was temperature-
and humidity-controlled with a 12-h light/12-h dark cycle.
They were fed standard laboratory rat chow with access
to tap water ad libitum until body weight reached 140-
160 g (approximately 14-18 days postweanling, or 5-6
weeks of age). Protocols were approved by the University
of Louisville Institutional Animal Care and Use Com-
mittee.

On each day of an acute experiment, a rat was anes-
thetized with either etomidate or sodium pentobarbital
as described below. Two experiments were performed
per day. The anesthetic agent used was randomized so
that half of each group was anesthetized in the morning
and half in the afternoon. No effect due to the difference
in the time of day was detected.

ANESTHETICS

Etomidate was given in an initial dose of 20 mg/kg
intraperitoneally. After placing a venous catheter, etom-
idate was infused at a rate of 7.4 mg-kg™'+h™! intrave-
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nously. Pentobarbital was administered in an initial dose
50 mg/kg intraperitoneally. Supplemental doses (16 mg/
kg) were given subcutaneously every hour or infused at
a rate of 16 mg-kg™'-h™! intravenously. The rats re-
ceiving maintenance doses of pentobarbital subcutane-
ously received intravenous saline at the same infusion rate
(3.7 ml- kg™ - h™") as etomidate or pentobarbital in the
other groups. The route of maintenance pentobarbital
administration did not affect the physiologic parameters
or the microvascular responses. The rats appeared to be
at a surgical level of anesthesia. Arterial blood pressure,
heart rate, and respiratory rate did not fluctuate, and the
animals did not respond to painful stimuli. Any animal
that had large fluctuations in arterial pressure or heart
rate, or in which arterial pressure diminished to a mean
of less than 80 mmHg, was excluded from the study.

CREMASTER PREPARATION

In etomidate- or pentobarbital-anesthetized rats, one
carotid artery and the trachea were cannulated in order
to monitor arterial pressure and to maintain a patent air-
way; a jugular cannula was placed to infuse etomidate,
pentobarbital, or saline.

The rectal temperature of the animals was monitored
and maintained at 37-38° C by a back heating pad. The
arterial pressure and heart rate of the animals was con-
tinuously monitored and recorded. Blood gas measure-
ments were taken for one etomidate and one pentobarbital
anesthetized group (etomidate-ibuprofen [ETO-IBU]
and pentobarbital-ibuprofen [PB-IBU]J). Arterial blood
(0.4 ml) was taken approximately 1.5 h after the induction
of anesthesia and was measured on a Ciba-Corning model
170 Blood-Gas Analyzer for Pag,, Paco,, and pH.

To prepare the cremaster muscle for microscopic ob-
servation, the right scrotal sac was incised, and the cre-
master-enclosed testicle was gently dissected free of con-
nective tissue. The cremaster muscle was then incised and
dissected free of the testicle. This procedure left intact
circulatory and neural connections to the cremaster.

The testicle was gently pushed into the abdominal cav-
ity. The animal was placed on a Plexiglas board, and the
cremaster muscle positioned over a cover glass, which
served as an optical port, in the bottom of a 70-ml tissue
bath that was attached to the Plexiglas board. The cre-
master muscle was secured with sutures so that it was
nearly flat over the optical port.

The entrance to the bath was sealed with a dam of
grease and Parafilm, and the bath was filled with a mod-
ified Krebs solution (25.5 mM NaHCO3, 112.9 mM Na(Cl,
4.7 mM KCl, 2.55 mM CaCly - 2H50, 1.19 mM KH,PO,,
1.1 mM MgSO,* THy0, and 11.6 mM dextrose). The en-
tire board was positioned on a microscope stage. Bath
temperature was maintained at 34.5 & 0.5° C by an in-
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dwelling bath heating unit electronically controlled via a
temperature probe positioned in the bath. Ny and CO,
gases were bubbled continuously through the cremaster
bath to serve three purposes: 1) the gas bubbling con-
stantly stirred the bath; 2) the CO; flow provided pH
control; and 3) the N, flow rate regulated bath P, by
carrying away dissolved Oq. These gas flows were set to
maintain bath pH at 7.4 + 0.05, Po, at 40 £ 10 mmHg,
and Pco, at 35-40 mmHg.

The microvessels in the cremaster were viewed at ap-
proximately 850X magnification on a monitor that was
part of a closed-circuit television microscopy system. Ves-
sel diameters were measured directly off the monitor
screen.

MICROVASCULAR DATA

Following all surgical procedures in the anesthetized
animals, there was a stabilization period of 30-60 min.
During that time, all physiologic parameters were moni-
tored for stable values and microvessels were selected for
observation. In all experiments, the diameters of the major
large arteriole (A1) that supplies the cremaster were mea-
sured. In addition, smaller third-order arterioles (A3) also
were observed. Only A3 vessels with spontaneous vaso-
motion and those in the same general area of the cre-
master muscle for each animal were selected. The data
from one arteriole per animal were reported. Therefore,
a group for which n = 6 refers to six separate animals.

Since the experimental protocol called for 1-min of
vessel diameters and vasomotion, the microvascular im-
ages were recorded on videotape to be read after com-
pletion of the experimental procedures.

PrROTOCOLS

Following the stabilization period, there was a 15-min
baseline period. At the beginning of the baseline period,
one of three solutions was added to the cremaster bath.
The two control groups (etomidate-control [ETO-CON]
and pentobarbital-control [PB-CON]) received 0.01 M
Na,COj3 (the mefenamic acid vehicle). In two groups
(etomidate—~mefenamic acid [ETO-MEF] and pentobar-
bital-mefenamic acid [PB-MEF]), the cyclooxygenase in-
hibitor mefenamic acid (mefenamate) was added to the
cremaster bath in a concentration of 4 X 10™® M. The
last two groups (ETO-IBU and PB-IBU) received ibupro-
fen (another cyclooxygenase inhibitor) at a bath concen-
tration of 9.6 X 107° M. Basal diameters were established
by measuring vessel diameters and frequency of vaso-
motion at 1-min intervals during the baseline period. Se-
rotonin then was added directly to the cremaster bath to
give a final bath serotonin concentration of 1 X 10~9 M.
This and all subsequent concentrations of serotonin re-
mained in the bath for 10 min. The concentration of se-
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rotonin was increased in 10-fold increments (for 10 min
each) until the last serotonin concentration in the bath
was 1 X 107 M. Vessel diameters and vasomotion were
measured at 1-min intervals during each 10-min serotonin
period. At the end of the last serotonin period, the cre-
master bath was drained and refilled five times with fresh
Krebs solution over the next 20 min to wash out the se-
rotonin in the bath. Sodium nitroprusside (107> M) was
added to the bath to achieve the maximally relaxed di-
ameter.

In a second protocol, two groups (etomidate-nitro-L-
arginine [ETO-NOLA] and pentobarbital-nitro-L-argi-
nine [PB-NOLAJ) received the EDRF synthesis inhibitor
nitro-L-arginine?'?? at the beginning of the baseline pe-
riod at a bath concentration of 2 X 107* M. After 10 min,
vessel diameters were measured every 1 min for 10 min,
The bath was then drained and refilled with fresh Krebs
solution, and the EDRF-independent vasodilator sodium
nitroprusside (10™® M) was applied to the cremaster to
achieve the maximally relaxed diameter.

In a third protocol, the animals (pentobarbital-etom-
idate [PB-ETO]) were anesthetized with pentobarbital as
described above (intravenous infusion). After the stabi-
lization period and a 30-min baseline period, etomidate
(28 ng/ml) was added to the cremaster bath (topical ad-
ministration). Al and A3 arteriolar diameters were mea-
sured every 5 min for 40 min. After the etomidate was
washed out of the bath, sodium nitroprusside was applied
as described above.

DATA ANALYSES

Statistical comparisons were done by application of an
unpaired ¢ test when comparing two groups (for the phys-
iologic parameters). To identify differences among more
than two animal groups, a one- or two-way analysis of
variance followed by Bonferroni’s method for multiple
comparisons was applied. Differences were considered
significant at the P < 0.05 level. The dilator capacity was
determined by subtracting basal (baseline) diameter from
the maximally relaxed diameter and then dividing by the
basal diameter. This number was multiplied by 100 in
order to express it as a percentage. All data are reported
as the means + SEM.

REAGENTS

Etomidate (Amidate, Abbott Laboratories, North Chi-
cago, IL) was dissolved in propylene glycol (35% volume/

TABLE 1. Pag,, Paco,, and pH in Etomidate-
and Pentobarbital-anesthetized Rats

Pag, Paco, tH
Etomidate (n = 5) 88+ 4 33 +2 7.42 +0.01
Pentobarbital (n = 5) 77x5 37+2 7.43 = 0.02
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TABLE 2. Mean Arterial Pressure and Heart Rate in Etomidate-
and Pentobarbital-anesthetized Rats

Mean Arterial Pressure Heart Rate

(mmHg) (beats/min)

Etomidate (n = 28) 114+3 403 + 22
Pentobarbital (n = 29) 109 +5 383 =17

volume in saline). Pentobarbital (Na salt, Sigma Chemical,
St. Louis, MO), serotonin (5-hydroxytryptamine HCI,
Sigma), nitroprusside (Na nitroferricyanide, Sigma), and
ibuprofen (Motrin, a gift from the UpJohn Company,
Kalamazoo, MI) were made up in normal saline. Mefe-
namic acid (Sigma) was dissolved in 0.1 M NagCOs. New-
nitro-L-arginine (Sigma) was dissolved in normal saline by
stirring at room temperature, The chemicals for the Krebs
solution were dissolved in distilled water and were all ob-
tained from Sigma; they included the following: NaHCOs,
NaCl, KCl, CaCly - 2H,0, KH;PO,, MgSO, - TH0, and
dextrose. All reagents were made daily except the etom-
idate and ibuprofen, which came in solution from the
suppliers.

Results

Arterial blood gas measurements were taken 1.5 h after
the induction of anesthesia in ten animals (five with each
anesthetic). There were no differences between the

Pag,, Paco,, or pH of the etomidate- and pentobarbital-.

anesthetized rats (table 1). Mean arterial pressures and
heart rates were pooled for all animals anesthetized with
each anesthetic (table 2). There were no differences in
mean arterial pressure or heart rate between the pento-
barbital- and etomidate-anesthetized rats, suggesting that
the depth of anesthesia and sympathetic activation were
similar in all animals.

A3 ARTERIOLAR TONE

In etomidate-anesthetized rats (ETO-CON), the A3
arterioles had very little dilator capacity; i.e., they pos-
sessed little basal tone. The ETO-CON group had a di-
lator capacity of only 22 + 7% compared to 119 * 15%
for the PB-CON group (table 3). The dilator capacity was
not increased by inhibiting EDRF synthesis with nitro-L-
arginine in either the etomidate- (table 3, ETO-NOLA)
or pentobarbital- (table 3, PB-NOLA) anesthetized
groups.

In the presence of mefenamic acid, the dilator capacity
of the A3 arterioles in the etomidate-anesthetized animals
(table 3, ETO-MEF) was increased to 156 = 38%; i.e., the
vessels constricted in the presence of mefenamate. In the
pentobarbital-anesthetized (table 3, PB-CON) animals,
mefenamic acid did not significantly increase the dilator
capacity (122 £ 25%). The dilator capacity of the vessels
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TABLE 3. Dilator Capacity of Third-order Arterioles in Etomidate-
and Pentobarbital-anesthetized Rats

ASHER ET AL,

Basal Di Maximal Di Dilator Capacity*
Group (um) (um) )
ETO-CON (n=11) | 222+ 27+ 3 22+ 7t
ETO-NOLA (n =5) | 38 + 4} 37 £ 4 18 + 114
ETO-MEF (n = 6) 12+3 28 + 4 156 + 38
ETO-IBU (n = 6) 16 +3 31+ 4 97 + 16
PB-CON (n = 11) 13+2 28 + 2 119 + 15
PB-NOLA (n = 7) 13%2 26 + 6 98 + 18
PB-MEF (n = 6) 111 23 + 1 122 + 22
PB-IBU (n = 5) 111 22+ 4 120 + 36

ETO = etomidate; CON = control; NOLA = nitro-L-arginine; MEF
= mefenamic acid; IBU = ibuprofen; PB = pentobarbital,

* Dilator capacity = (maximal-basal diameter)/basal diameter X 100.

't Significantly different from other ETO groups and corresponding
PB groups by two-way ANOVA (P < 0.05).

exposed to ibuprofen was increased to 97 £ 16% in the
etomidate-anesthetized rats (table 3, ETO-IBU). This was
significantly larger than the dilator capacity of the ETO-
CON group. Ibuprofen did not significantly alter the di-
lator capacity of the pentobarbital-anesthetized rats (table
3, PB-IBU).

A3 RESPONSE TO SEROTONIN

The response of the A3 arterioles to serotonin was
tested in the control (ETO-CON and PB-CON), mefen-
amic acid-treated (ETO-MEF and PB-MEF), and ibupro-
fen-treated (ETO-IBU and PB-IBU) groups. Serotonin
produced a concentration-dependent dilation of A3 ar-
terioles (fig. 1, solid bars) in the PB-CON group. The A3
arterioles in the ETO-CON group (fig. 1, open bars) did
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FIG. 1. The concentration-response curves to serotonin in A3 ar-
terioles in the pentobarbital-control (n = 11) and etomidate-control
(n = 11) groups. The ordinate gives the data as the percent of the
basal diameters (table 3), where values greater than 100 indicate di-
lation. *Significantly different from all other group responses, P
< 0.05.
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FIG. 2. The concentration-response curves to serotonin in A3 ar-
terioles in the pentobarbital-mefenamic acid (n = 6) and etomidate—
mefenamic acid (n = 6) groups during cyclooxygenase blockade with
mefenamic acid. The ordinate gives the data as the percent of the basal
diameters (table 3), where values greater than 100 indicate dilation.

not dilate to serotonin because these vessels were already
near their maximal diameters (table 3). The dilation in-
duced by serotonin was not altered by blocking cycloox-
ygenase with mefenamic acid in the PB-MEF group (fig.
2, solid bars), but in the ETO-MEF group (fig. 2, open
bars) serotonin now gave a concentration-dependent di-
lation that was not different from the response of the PB-
MEF or PB-CON groups. The same pattern was found
for those groups in which cyclooxygenase was blocked
with ibuprofen; i.c., serotonin dilated both the PB-IBU
and ETO-IBU groups to a similar degree (fig. 3), and this
response was not different from the response of the PB-
CON, PB-MEF, or ETO-MEF groups.
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2251
2004
175+
150 +

1251

PERCENT OF BASAL DIAMETER

100 -

-9 -8 -7 -6 -5 -4
SEROTONIN (log M)

F1G. 3. The concentration-response curves to serotonin in A3 ar-
terioles in the pentobarbital-ibuprofen (n = 5) and etomidate-ibu-
profen (n = 6) groups during cyclooxygenase blockade with ibuprofen.
The ordinate gives the data as the percent of the basal diameters (table
3), where values greater than 100 indicate dilation.
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FIG. 4. The concentration-response curves to serotonin in large
distributing arterioles (A1) in the pentobarbital-control (n = 11) and
etomidate-control (n = 11) groups. The ordinate gives the data as the
percent of the basal diameters (table 4), where values less than 100%
indicate constriction.

A1l RESPONSE TO SEROTONIN

Serotonin gave a comparable constriction of large (A1)
arterioles in both the PB-CON and ETO-CON groups
(fig. 4). Basal diameters were similar among the groups
(table 4). Blocking prostaglandin synthesis did not affect
the response of the Al arterioles to serotonin in either
the mefenamic acid groups (PB-MEF and ETO-MEF, fig.
5) or in the ibuprofen groups (PB-IBU and ETO-IBU,
fig. 6). There were no statistically different responses to
serotonin-induced Al constriction among any of the
groups.

RESPONSE TO TOPICAL ETOMIDATE

In pentobarbital-anesthetized animals with an A3 di-
lator capacity of 118 + 21%, etomidate was applied top-
ically by adding it to the cremaster bath (PB-ETO). The
topical application of etomidate did not affect either small
(fig. 7, top) or large (fig. 7, bottom) arteriolar diameters.

Discussion

The characteristics of an ideal intravenous anesthetic
agent include stability in solution, rapid onset of action,

TABLE 4. Basal Diameters of the Al Arterioles in Etomidate- and
Pentobarbital-anesthetized Rats

Group Diameter (um)
ETO-CON 108 + 4
ETO-MEF 94 + 5
ETO-IBU 104 = 4
PB-CON 108 + 6
PB-MEF 84+4
PB-IBU 92+9

PROSTAGLANDIN-RELATED MICROVASCULAR DILATION

ETO = etomidate; CON = control; MEF = mefenamic acid; IBU
= jbuprofen; PB = pentobarbital.
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FIG. 5. The concentration-response curves to serotonin in large
distributing arterioles (A1) in the pentobarbital-mefenamic acid (n =
6) and etomidate—-mefenamic acid (n = 6) groups during cyclooxygenase
inhibition with mefenamic acid. The ordinate gives the data as the
percent of the basal diameters (table 4), where values less than 100%
indicate constriction.

minimal effect on the cardiovascular and respiratory sys-
tems, short elimination half-life, and minimal side ef-
fects.?? Using these criteria, the short-acting barbiturate
sodium thiopental has long been considered the *“gold
standard” of intravenous agents used for human induction
of anesthesia. A newer intravenous nonbarbiturate hyp-
notic agent, etomidate, has a rapid onset and short du-
ration of action but less cardiovascular and respiratory
depression than thiopental.?* Well-known disadvantages
of etomidate include pain on injection, myoclonus,? and
suppression of cortisol production.?>-*® The effects of
etomidate on major organ systems have been documented,
but no published evidence was found regarding its actions
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F1G. 6. The concentration—-response curves to serotonin in large
distributing arterioles (A1) in the pentobarbital-ibuprofen (n = 5)and
etomidate-ibuprofen (n = 6) groups during cyclooxygenase inhibition
with ibuprofen. The ordinate gives the data as the percent of the basal
diameters (table 4), where values less than 100% indicate constriction.
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FIG. 7. The effect of the topical application of etomidate on the
diameters of small (tap) and large (bottom) arterioles (n = 5) in pento-
barbital-anesthetized rats (pentobarbital-etomidate group). The or-

- dinate gives the data as the diameter in microns. Maximum refers to
the maximally relaxed diameters achieved by the application of sodium
nitroprusside.

in the microvasculature. Longnecker and Harris* pre-
viously demonstrated that microvascular diameters are
altered by anesthetics, with the most profound alterations
occurring in the smaller (<30-um) arterioles. These
changes were tissue-specific and unique to each anesthetic
agent. It was not known whether etomidate alters the
sensitivity of microvessels to vasoactive agents. Previously,
Miller and Wiegman have shown that the effective dose
required for 50% of the maximal effect (EDjq, a measure
of sensitivity) of the vasoconstrictor norepinephrine is al-
tered by various anesthetics.?® We chose to determine
whether the sensitivity of the microvessels to serotonin
was altered by etomidate. Serotonin has dual effects on
the microcirculation. In urethane-chloralose—anesthe-
tized rats, topical application of serotonin to the cremaster
muscle causes large arterioles (>70 um) to constrict and
smaller arterioles (<40 um) to dilate.?® The same response
has been demonstrated in pentobarbital-anesthetized rats,
and antagonist studies indicate that the constriction and
dilation are mediated by different serotonin receptors.'
We selected serotonin for use in this study since both
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vasodilator and vasoconstrictor sensitivity could be studied
in the same preparation.

The depth of anesthesia appeared to be the same in
the etomidate- and the pentobarbital-anesthetized rats.
Arterial pressure and heart rate were steady (table 2); the
animals did not respond to painful stimuli; and they had
normal respiratory patterns and blood gas values (table
1). There were no differences between the two anesthetic
groups in any of these physiologic parameters, giving in-
direct evidence that the activation of the sympathetic ner-
vous system was similar in the two anesthetic groups. Al-
though supplemental pentobarbital was given subcuta-
neously instead of intravenously to some animals (half of
the PB-CON and all the PB-MEF animals), the arterial
pressure, heart rate, and microvascular data were not af-
fected by the route of supplemental anesthetic adminis-
tration.

In the ETO-CON group, the small arterioles (A3) had
very little dilator capacity; i.e., the vessels possessed little
basal tone. In contrast, the A3 arterioles in the PB-CON
group had a very large dilator capacity (119 + 15% greater
than the basal diameter). The dilator capacity of the
etomidate- or pentobarbital-anesthetized animals was not
changed by the EDRF inhibitor nitro-L-arginine, indicat-
ing that EDRF was not involved in maintaining the basal
arteriolar tone. In contrast, the dilator capacity of the A3
arterioles was increased in the ETO-MEF and ETO-IBU
groups by inhibiting cyclooxygenase with either mefe-
namic acid or ibuprofen. In fact, the dilator capacity of
the ETO-MEF and ETO-IBU groups was not different
from that of the PB-CON, PB-MEF, or PB-IBU groups.
Although the use of inhibitors alone is not enough to
prove the involvement of a vasoactive substance in a re-
sponse, these results do suggest that the basal dilation of
the A3 arterioles in etomidate-anesthetized rats may be
mediated via the release of dilator prostaglandins. Pre-
vious studies have shown that in the cremaster muscle,
arachidonic acid dilates A3 arterioles by conversion to
prostaglandin I; and prostaglandin E;.2! Although mef-
enamic acid also inhibits lipoxygenase, ibuprofen acts pri-
marily as a cyclooxygenase inhibitor®?; therefore, pros-
taglandins are the most likely mediators of the etomidate-
induced dilation observed in our study.

We also found that etomidate did not dilate cremasteric
arterioles when applied topically (fig. 7), which suggests
that etomidate does not act locally to cause A3 arteriolar
dilation. This finding also suggests that etomidate causes
the A3 dilation through an indirect mechanism, i.e., via
another endogenous agent or a breakdown product of
etomidate.

An alternate explanation for the differences in dilator
capacity between the ETO-CON and PB-CON groups is
that pentobarbital caused arteriolar constriction of the
small arterioles. This does not seem to be the case because
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our pentobarbital-anesthetized animals had basal arteri-
olar diameters similar to those reported for decerebrate
animals of the same weight range in a previous study.?®
Decerebration at the midcollicular level produces neu-
rosurgical anesthesia. The decerebrated preparation most
closely approximates the regional hemodynamic and skel-
etal muscle microvascular status of the awake rat.**3® In
addition, the cremasteric A3 basal diameters reported in
our current paper agree with those of rats anesthetized
with urethane—chloralose,® halothane,®® and Inactin.{
Thus, the diameters of the pentobarbital-anesthetized.
animals are within the normal range of values for the
decerebrate and anesthetized animal.

In etomidate-anesthetized rats, the constriction induced
by serotonin of large (A1) arterioles was not different from
that of the pentobarbital anesthetized group (fig. 4). Se-
rotonin dilated A3 smaller arterioles (A3) in the PB-CON
group but not in the ETO-CON group. In the ETO-CON
group, serotonin had no dilator effect because these ar-
terioles were already maximally dilated (table 3). When
the dilator capacity was restored in the ETO-MEF and
ETO-IBU groups, the dilation to serotonin was not dif-
ferent from that of the pentobarbital-anesthetized groups
(figs. 2 and 3). Thus, the constrictor and dilator mecha-
nisms in vascular smooth muscle appear to be unaltered
by etomidate anesthesia. These data also show that the
sensitivity to serotonin was similar in the etomidate- and
pentobarbital-anesthetized animals.

We also were able to explore the role of prostaglandins
in serotonin-induced vasoconstriction and vasodilation in
the cremaster microcirculatory bed of pentobarbital-
anesthetized rats. The Al constriction to serotonin was
not altered by the presence of mefenamic acid or ibupro-
fen with either anesthetic (figs. 5 and 6). In addition, se-
rotonin-induced dilation in the PB-MEF and PB-IBU
groups was not different from that of the PB-CON group.
Thus, our data showed that prostaglandins were not in-
volved in the serotonin-induced Al constriction or A3
dilation in the cremaster muscle of pentobarbital- or
etomidate-anesthetized rats. This finding agrees with an
earlier study by Mayhan et al.?” showing that serotonin-
induced dilation of cerebral arterioles is not blocked by
indomethacin in rats under pentobarbital anesthesia.

One finding of particular interest was the reaction of
the small arterioles to systemic etomidate. Etomidate is
known for its property of cardiovascular stability, yet it
produced microvascular dilation in skeletal muscle that
appeared to be a function of prostaglandins because it
was blocked by mefenamate and ibuprofen. This was not

{ Fleming J T, Anderson GL: Cremaster muscle arteriole constriction
to systemically administered angiotensin II: Lack of blood pressure
effect (abstract). Proceedings of the Fifth World Congress for Micro-
circulation, 1991, abstract 156.
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a local reaction to etomidate since etomidate did not cause
the arterioles to dilate when it was applied topically to the
cremaster muscle. Since cardiovascular parameters are
relatively unchanged by etomidate,®'®!! it might be
suggested that a compensatory vasoconstriction is occur-
ring in another vascular bed. Etomidate is a potent direct
vasoconstrictor of the cerebral vasculature.3® In addition,
Van Lambalgen and colleagues®® reported that dogs
anesthetized with etomidate-NoO had decreased blood
flow to the gastrointestinal tract, liver, pancreas, skin, and
skeletal muscle. However, the reduction in skeletal muscle
blood flow did not occur until the 5th h of anesthesia.
The duration of our experiments was only 2 h, a time at
which Van Lambalgen et al.*® reported no significant re-
duction in blood flow to any organ. In contrast, Prakash
et al.® reported that etomidate-anesthetized pigs showed
a decrease in renal and cerebral blood flow after 30 min
of etomidate anesthesia. These studies indicate the most
likely areas to be vasoconstricted during etomidate anes-
thesia of less than 2 h duration would be the renal and
cerebral vascular beds. i
In conclusion, etomidate alters arteriolar tone in skel-
etal muscle while preserving systemic hemodynamics in
rats. If a similar effect was demonstrated to occur in hu-
mans, this property could be of potential clinical benefit,
i.e., in patients with peripheral vascular disease undergoing
lower-extremity revascularization procedures or in pa-
tients requiring muscle flap coverage of soft tissue defects
in which blood flow and stability of arterial pressure are
critical to flap survival. Further studies would also be
needed to assess the possibility and significance of a com-
pensatory microvascular vasoconstriction occurring else-
where in the body, concurrent to the dilation in skeletal
muscle.
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