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Intrathecal phentolamine increases blood flow and
skin temperature in the hind limbs of dogs
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Abstract: Spinal anesthesia with local anesthetics increases
blood flow and skin temperature in the lower extremities.
Although the effect of a, adrenoceptor agonists on the spinal
cord has been confirmed, there has been no such report of the
effects of a-adrenoceptor antagonists. We studied the effects
of intrathecal administration of phentolamine on the blood
flow in the femoral artery and skin temperature in the hind
limbs of seven dogs. One ml of 3% lidocaine (L group) or 1 ml
of 0.1% phentolamine (P group) was injected into the
intrathecal space. Blood flow significantly increased at 3 min
in both groups, and no significant difference was observed
between the groups at any phase. Pad skin temperature in the
hind limbs increased significantly at 5 min in the L group and
at 3 min in the P group (P < 0.05). The only significant differ-
ence was observed at 30 min. High pad skin temperature
continued for 60 min in the L group and for 90 min in the P
group. With phentolamine i.v. (1 mg), there were no changes
in blood flow in the femoral artery or pad skin temperature;
there was only a decrease in blood pressure. In conclusion, the
intrathecal o-adrenoceptor antagonist, phentolamine, in-
creases blood flow in the femoral artery and pad skin tempera-
ture in hind limbs in dogs similar to lidocaine.
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Introduction

In spinal or epidural anesthesia, blood flow and skin
temperature increase in the lower limbs due to the
blockade of sympathetic nerves [1,2]. Various medullo-
spinal descending systems have been suggested to
modulate sympathetic preganglionic neuron activity [3].
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In some studies, it has been found that the intrathecal
administration of a,-adrenoceptor agonists produces
antinociception in laboratory animals and analgesia in
humans [4,5]. However, there has been no report of
the effects of c-antagonist on the spinal cord. In
this study, the effects of intrathecal administration
of phentolamine (an a-adrenoceptor antagonist) or
lidocaine on the arterial blood flow in the femoral artery
and pad skin temperature in the hind limbs of dogs were
studied to determine whether or not intrathecal a-
adrenoceptor antagonists can block sympathetic nerve
activity.

Materials and methods

Dogs were obtained from a central animal care center
and guidelines for the humane treatment of laboratory
animals as outlined by the University of Tsukuba were
followed. Seven mongrel dogs weighing 9.0 + 0.4 kg

‘(mean = SD) were used. Anesthesia was induced with

thiopental 20 mg/kg injected through the right cephalic
vein. The animal was placed on an operating table and
was ventilated artificially (Harvard Respirator, Chi-
cago, Ill.) after tracheal intubation. Anesthesia was
maintained with 30% oxygen, 69% N,O, and 1%
halothane. Lactated Ringer’s solution was given 5 ml/
kg/h. End-tidal CO, was maintained at 30-35 mmHg
(4700 OxiCap, Ohmeda, Colo.).

In the prone position, a laminotomy was performed
at the 4th lumbar vertebra and the epidural space was
opened roundly about 5 mm in diameter. The dura was
punctured using a 19G epidural Tuohy needle
(Minipack, Portex), and a clear nylon catheter (OD:
0.63 mm) was inserted 3 cm cephalad into the sub-
arachnoid space. A small piece of bone wax and a few
drops of adhesive (Aron Alpha, Toagosei Chemical
Industry, Tokyo, Japan) were applied to the punctured
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dura to prevent leakage of cerebrospinal fluid. The
muscles and subcutaneous tissues were sutured and the
incision was closed.

The dogs were then turned to the supine position, and
a catheter was placed surgically into the right axillar
artery for monitoring arterial pressure. The right femo-
ral artery was exposed and a flow probe (ID: 3 mm,
Electromagnetic Blood Flowmeter, Nihon Koden, To-
kyo, Japan) was placed on it. Skin temperature probes,
7 mm in diameter (Core temp, Terumo, Tokyo, Japan)
were attached to both pads of the hind limbs which had
been shaved at the beginning of the study. The concen-
tration of halothane decreased to 0.3% during the next
30 min. Then, the following studies were performed
under 0.3% halothane. In three dogs, 1ml of 3%
lidocaine was injected into the intrathecal space
through the catheter (L group). Systolic arterial blood
pressure (BP), heart rate (HR), blood flow in the femo-
ral artery, and skin temperature at the pads of hind
limbs (P-skin temperature) were continuously recorded
by an oscillometric recorder (8k-12, Sanei, Tokyo,
Japan) and Coretemp. Two hours were allowed for the
recovery of blood flow and P-skin temperature to
baseline levels, and 1 ml of 0.1% phentolamine diluted
in saline was injected into the intrathecal space in the
same dogs (P group). In the other three dogs, the above
procedures were performed in the opposite order,
phentolamine at first, then lidocaine was injected. Skin
temperature of the right hind limb was adopted as data
for P-skin temperature. In one dog, 1mg of
phentolamine was injected intravenously to evaluate
the systemic effect.
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Fig. 1. Typical example of blood pressure (BP) and blood
flow response to 30 mg of intrathecal lidocaine (L)

Table 1. Effects on blood flow of femoral artery (mean = SD)
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Analysis of data was performed using Student’s #-test
and analysis of variance. A P value less than 0.05 was
considered to be significant.

Results

Intrathecal injection of lidocaine or phentolamine re-
sulted in an increase of blood flow in the femoral artery
(Figs. 1, 2). Blood flow significantly increased at 3 min
in both groups, and no significant difference was ob-
served between the groups at any phase (Table 1,
Fig. 3).

Intrathecal injection of either drug resulted in an in-
crease of P-skin temperature (Figs. 4, 5). P-skin tem-
perature increased significantly at 5 min in the L group
and at 3 min in the P group. No significant difference
was observed between the groups except at 30 min
(Table 2, Fig. 6). High p-skin temperatures continued
for about 60 min in the L group and 90 min in the P
group.

BP in the L group did not decrease significantly at any
phase after the injection. BP in the P group decreased
significantly at 3 and 5 min and recovered at 10 min
after injection. However, no significant difference was
observed between the two groups (Table 3). In the L
group, the change in HR was not significant. In the P
group, HR increased significantly at 60, 90, and 150 min
after the injection. HR in the P group was greater than
that of the L group at 60, 90, and 150 min.

With intravenously injected phentolamine (1 mg),
there were no changes in blood flow in the femoral
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Fig. 2. Typical example of BP and blood flow to 1 mg of
intrathecal phentolamine (P)
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Time (min)
0 3 5 10 15 30 60 90 120 150
Lido.  27.8 =200 62.2 = 30.6% 72.8 + 33.0% 79.0 + 40.4* 82.4 = 36.1* 892 * 43.6* 634 + 523 414 =277 336 = 245 264 + 18.1
Phento. 154 = 63 39.6 + 23.9% 442 + 28.9*% 61.2 £ 23.2* 620 * 26.5% 66.0 * 29.0% 40.6 = 30.5 258 £273 17.0 =81 156 + 100

Lido. lidocaine; Phento. phentolamine
* P < 0.05 vs 0 min.
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Blood flow (ml/min)
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* P<0.05 v.s. 0 min
t P<0.01 v.s. 0 min

Fig. 3. Blood flow curves following intrathecal injection of
lidocaine (squares) and phentolamine (circles)
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Fig. S. Typical example of P-skin temperature. (P),
intrathecal injection of phentolamine; R, pad of right hind
limb; L, pad of left hind limb
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Fig. 4. Typical example of the temperature of the pads of the
hind limbs in the P group (P-skin temperature). (L),
intrathecal injection of lidocaine; R, pad of right hind limb; L,
pad of left hind limb
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+ P<0.05 phentolamine v.s. lidocaine

Fig. 6. Pad skin temperature curves following intrathecal in-
jection of lidocaine (squares) and phentolamine (circles)

Table 2. Effects on pad skin temperature in hind limbs {mean * SD)

Time (min)
0 3 5 10 15 30 60 90 120 150
Lido. 312+26 323+24 340 +25% 358+ 13% 363+ 09*% 364x09% 361+ 11% 34328 329*40 31.2x40
Phento. 30.6 + 24 312 +2.0* 324 +1.9% 347 £ 0.8% 352 +09* 353+ 1.1% 345+ 14*% 334 =20* 31620 301=x20

Lido., lidocaine; Phento., phentolamine.
* P < 0.05 vs 0 min; P < 0.05 vs lidocaine.

artery and P-skin temperature. The only change ob-
served in the P group was a decrease in blood pressure

(Fig. 7).

Discussion

The present study showed that, in dogs with intra-
thecally administered phentolamine or lidocaine blood
flow in the femoral artery and P-skin temperature in-
creased in a similar manner. The effects on blood flow

and P-skin temperature brought about by intrathecal
lidocaine and phentolamine revealed no significant dif-
ferences between the two drugs. Intravenous bolus in-
jection of 1 mg of phentolamine had no effect on blood
flow in the femoral artery or on P-skin temperature
except in cases of hypotension. These data show that
phentolamine exerts an a-adrenergic blockade in the
intrathecal space.

It is well established that sympathetic nerve blockade
can increase blood flow and skin temperature in the
upper and lower limbs [6,7]. In spinal anesthesia, local
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Table 3. Effects on systolic blood pressure (BP) and heart rate (HR) (mean + SD)

Time (min)
0 3 5 10 15 30 60 90 120 150

BP

Lido. 1558 £ 180 " 137.6 + 120 140.6 =133 1430 £ 185 139.6 * 163 1534 =201 1672 +286 1656 £22.6 166.6 =241 171.2 = 205
Phento. 142.6 £ 21.0 127.6 * 29.6* 123.8 £ 332* 1256 £34.0 1274 +327 1384 =262 1394257 1482 =* 176 1608 =159 1602 = 23.6
HR

Lido. 1934 £157 205273 2046 =112 1980 +16.7 1832 =342 1786 =291 1712 +197 173.6 =280 1762 + 230 1724 =222
Phento. 200.0 £22.1 2048 =227 191.6 =242 1868 270 1882 =264 2044 =205 218.6 * 21.6% 2134 + 24.0% 2132 + %78 216.0 = 24.6*

Lido., lidocaine; Phento., phentolamine.
* P < 0.05 vs O min; ¥ P < 0.05 vs lidocaine.
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Fig. 7. Typical example of bolus intravenous injection of
phentolamine. (P iv), 1 mg of phentolamine i.v.

anesthetics produce preganglionic sympathetic dener-
vation [8]. Increased blood flow can be explained by a
diminished sympathetic tone, and elevated P-skin tem-
perature in a sign of increased blood flow in arterio-
venous anastomosis at the tips of the extremities [9]. In
the present study, the blood flow in the femoral artery
and P-skin temperature were assumed to be indicators
of the activity of the sympathetic nerves innervating the
hind limbs.

Some a-adrenoceptor agonists injected intrathecally
have been reported to exert an antinociceptive effect
[10-13]. a-Adrenoceptor antagonists have been used
only to reverse these effects on the spinal cord. For
example, the analgesic effects of norepinephrine and
clonidine have been reversed by phentolamine [14-16].
However, the primary action of phentolamine on the
spinal cord has not been described.

A variety of medullo-spinal descending systems have
been implicated in the modulation of sympathetic
preganglionic neuron activity. There is a high density of
bindirig to o,-adrenoceptor in the intermediolateral cell
column of the spinal cord [3]. It appears that the pri-
mary antinociceptive action site of clonidine is in the
dorsal horn of the spinal cord [12,13], and the effect of
clonidine is attenuated by intrathecally administered
phentolamine. In the present study, the effects on the

sympathetic nervous system of the spinal cord by
phentolamine may suggest that this inhibition is partly
due to the inactivation of o,-adrenoceptors on sym-
pathetic preganglionic neurons.

It has been reported that lateral horn cells have elec-
trical membrane characteristics similar to postgangli-
onic neurons [17]. Glutamate is known to depolarize
many lateral horn cells. Thus, the lateral horn cells
which may control the preganglionic sympathetic neu-
rons might have been affected by phentolamine.

In the present study, BP decreased in the early phase
in the P group. Though Eisenach and Tong [18] de-
scribed a complex action of intrathecal clonidine on
hemodynamic parameters, we suspect that the decrease
in BP in our study may be due to vasodilation caused by
intrathecal phentolamine. HR was significantly high in
the P group in the late phase after injection. In addition
to the a-blocking action, it is known that phentolamine
releases endogenous norepinephrine and produces a
sympathetic stimulation. Thus, increased HR may be
related to the sympathetic stimulation caused by sys-
temically absorbed phentolamine.

In conclusion, phentolamine, an intrathecal a-
adrenoceptor antagonist, increased blood flow in the
femoral artery and pad skin temperatures in the hind
limbs in dogs. The duration of the effects of one mg
phentolamine and 30 mg lidocaine were almost the
same. More detailed studies, such as intrathecal a;- and
o,-adrenoceptor antagonists, should be carried out con-
cerning the pharmacological effect of a-adrenoceptor
antagonists on the spinal cord.
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