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A Physiologic Assessment of Intrathecal

Amitrviptyline in Sheep

Sergio E. Cerda, M.D.,* Chuanyao Tong, M.D.,t Dwight D. Deal, B.S.,+ James C. Eisenach, M.D.§

Background: Intrathecal injection of amitriptyline enhances
antinociception from intravenous morphine and reduces neu-
ropathic pain behavior in animals. This study represents part
of a preclinical assessment of intrathecal amitriptyline to de-
termine its safety for use in humans.

Methods: Low thoracic intrathecal, femoral, and pulmonary
arterial catheters were inserted in 18 adult ewes, followed 96
h later by intrathecal injection of saline or 5 mg amitriptyline
and by determination of spinal cord blood flow, hemody-
namic variables, behavioral changes, cerebrospinal fluid con-
centrations of catecholamines and amitriptyline, and spinal
tissue concentrations of amitriptyline. In six other ewes, low
thoracic intrathecal and femoral arterial catheters were in-
serted and blood pressure and heart rate were measured after
intrathecal injection of saline or 0.25, 1, or 5 mg amitriptyline.
Four other ewes received cervical intrathecal injection of 5
and 10 mg amitriptyline, and antinociception was determined.

Results: Thoracic intrathecal injection of amitriptyline pro-
duced dose-dependent sedation but did not significantly affect
spinal cord blood flow or hemodynamic variables. Spinal cord
tissue concentrations of amitriptyline were 100 times greater
in tissue near the tip of the thoracic intrathecal catheter com-
pared with cervical cord tissue. Cerebrospinal fluid concentra-
tions of catecholamines did not significantly change after ami-
triptyline was administered. Cervical intrathecal injection of
5 mg amitriptyline produced mild antinociception, whereas
10 mg produced intense sedation and, in one sheep, seizures
and death.

Conclusions: Although other preclinical toxicity studies are
necessary before introducing intrathecal amitriptyline for use
in humans, this study did not reveal dangerous changes in
blood pressure or spinal cord blood flow from this agent.
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amitriptyline. Cerebrospinal fluid components: norepineph-
rine. Microspheres, colored. Receptors, spinal cord: N-methyl-
d-aspartate. Spinal cord: blood supply; drug effects.)

EXPERIMENTS in animals suggest that intrathecal injec-
tion of the tricyclic antidepressant amitriptyline may be
useful for treating acute and chronic pain.'” Systemi-
cally administered opioids produce analgesia in part by
activating bulbospinal inhibitory pathways, which re-
lease serotonin and norepinephrine.’ Spinal injection
of reuptake inhibitors of these monoamines, such as
amitriptyline, enhances analgesia from systemic opioid
injection." In addition, several animal models of neuro-
pathic pain are sensitive to intrathecal injection of 7-
methyl-d-aspartate receptor antagonists." ® Recently,
amitriptyline has been shown to bind to n-methyl-d-
aspartate receptors and antagonize effects of this recep-
tor activation.”” Intrathecal injection of amitriptyline
in rats abolishes, in a manner similar to z-methyl-d-aspar-
tate antagonists, inflammatory hyperalgesia.”* These ex-
periments in animals suggest that intrathecal injection
of amitriptyline could reduce the dose of intravenous
opioids needed to treat acute pain and could relieve
chronic neuropathic pain.

Before intrathecal amitriptyline can be used in a clini-
cal setting to treat acute or chronic pain, we must deter-
mine its safety. Included in this evaluation are examina-
tions of animal behavior, histologic analysis of the spinal
cord and blood flow, and determination of the effects
of high concentrations of drug in the cerebrospinal fluid
(CSF) surrounding the brain stem.'*"

This study assessed the effects of thoracic intrathecal
administration of amitriptyline on spinal cord perfusion
and hemodynamic variables and behavior, and of cervi-
cal intrathecal administration of amitriptyline on anti-
nociception in conscious sheep. In addition we exam-
ined drug disposition by measuring concentrations of
amitriptyline in CSF and spinal cord tissue near and
distant from the site of injection and measured CSF
catecholamine concentrations before and after spinal
injection of this inhibitor of monoamine reuptake.
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Other ongoing studies not described here include histo-

logic analysis of the spinal cord and examination of

animal behavior after long-term exposure in rats and
dogs.

Methods

After we obtained approval of the Animal Care and
Use Committee, we studied 28 nonpregnant ewes of
mixed Western breeds that weighed 40-50 kg in three
different experiments.

Experiment 1: Spinal Cord Blood Flow and
Hemodynamics after Intrathecal Amitriptyline
(18 Sheep)

Surgery. Animals were fasted for 48 h and anesthesia
was induced with 15 mg/kg ketamine given intramuscu-
larly. The trachea was intubated and anesthesia was
maintained with 1-2% halothane in 100% oxygen via
mechanical ventilation. A low lumbar hemilaminectomy
was performed, the dura mater exposed, and a single
distal port 18-gauge catheter (Portex, Keene, NH) was
inserted into the intrathecal space through a small hole
and advanced 8 cm cephalad. The incision was closed
and the catheter was secured firmly using sutures. All
animals were standing up and eating and drinking nor-
mally within 4 h after surgery. Flunixin (1.1 mg/kg) was
available after operation for behavioral signs of pain,
such as not eating, rapid respiratory rate, attention to
the incision site, or obvious distress; and intramuscular
penicillin (2,000,000 U) was given daily after surgery.

On the third postoperative day, animals were anesthe-
tized with halothane and polyvinyl catheters were in-
serted under direct vision into both femoral arteries,
secured by sutures, and placed into a canvas pouch on
the flank of the animal. A 7-French soft catheter was
advanced under pressure waveform guidance into the
left ventricle through the right internal carotid artery.
A 7.5-French pulmonary artery catheter (Baxter, Irving,
TX) was inserted using the Seldinger technique through
the right common jugular vein under pressure wave-
form guidance into the distal pulmonary artery until
capillary wedge recordings were verified. Catheters
were secured and the animal was allowed to awaken
from anesthesia and transferred to a metabolic cart.
Intramuscular gentamicin (80 mg) and intravenous am-
picillin (2 g) were administered after the catheter was
inserted. Experiments were done the next day. The
status of the animal was verified and noted in writing
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cach morning by the investigators and veterinary fac-
ulty.

Experimental Protocol. Experiments were con-
ducted with the sheep standing in a cage with a loosely
fitting sling placed under the animal to prevent it from
sitting during the study. Femoral and pulmonary arterial
catheters were connected to pressure transducers
(Viggo-Spectramed, Oxnard, CA) for continuous moni-
toring of systemic, pulmonary, and central venous pres-
sures using a Grass (Quincy, MA) polygraph and on-
line computer data acquisition system (MP100; Biopac
Systems, Santa Barbara, CA). Average values were re-
corded at 1-min intervals. The left ventricular catheter
was connected to a pressure transducer to verify loca-
tion within the left ventricle or left atria before we
began the experiment.

After 45 min of baseline recordings, colored micro-
spheres were injected through the left ventricular cath-
eter. Animals were randomized to receive saline or 5
mg amitriptyline by slow intrathecal injection, followed
in 15, 30, 60, and 120 min by left ventricular injection
of microspheres of a different color. This dose of ami-
triptyline was chosen in this toxicologic assessment to
represent approximately 25-50 times the anticipated
human dose (see Discussion). Each left ventricular injec-
tion consisted of 20 x 10°presonicated colored micro-
spheres (15.5 ym diameter; Ultrasphere, Los Angeles,
CA). Reference sampling from both femoral arteries (8
ml/min) was begun 30 s before microsphere injection
and lasted 120 s. At the time of each microsphere injec-
tion, cardiac output was determined by thermodilution
in triplicate with injection of 5 ml iced dextrose solu-
tion, and arterial blood samples were obtained for blood
gas tension and pH analysis using a Radiometer micro-
analyzer (Copenhagen, Denmark). Throughout the ex-
periments, animals were observed for behavioral
changes (refusal to eat, signs of agitation, sedation, vo-
calization, scratching, biting) or evidence of motor
blockade (inability to stand unsupported or to stand
with pressure applied downward on the hips). At the
end of the experiment, CSF samples were withdrawn
from the catheter for catecholamine and amitriptyline
analysis by high-pressure liquid chromatography. Deep
anesthesia was induced with pentobarbital (10 mg/kg
given intravenously) followed by intravenous injection
of saturated potassium chloride to produce cardiac
standstill. A dorsal laminectomy from the lumbar to cer-
vical spine was performed, the intrathecal catheter tip
position was verified, and the entire spinal cord was
removed to determine spinal cord blood flow and tissue
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concentrations of amitriptyline. The spinal cord was
divided in lumbar, thoracic, and cervical segments and
the dura and pia mater was removed. Each segment
was divided in the midline in two lateral parts and then
the gray and the white matter were separated. Tissue
samples were weighed and at least 2 g white and 1 g
gray matter were separated to determine spinal cord
blood flow. Tissue samples obtained near the tip of the
intrathecal catheter and from the cervical cord were
also dissected into gray and white matter, weighed, and
stored at —70°C for amitriptyline assay. In addition a
sample of each renal cortex was removed to document
adequate mixing of microspheres in blood.

Determination of Spinal Cord Blood Flow. Tissue
and reference blood samples were processed in our
laboratory by one of the authors (D.D.D.) according to
an established protocol.'* Briefly, each tissue sample
was digested by alkaline hydrolysis in a heated solution
until all of the tissue was homogenized into suspension.
The homogenate was centrifuged and the supernatant
aspirated, leaving a small pellet containing the micro-
spheres. This pellet was resuspended in the counting
reagent (Microsphere; EZ-Trac System, Los Angeles,
CA), sonicated for even microsphere suspension, and
the microspheres in solution were counted using the
Tracker 1000 EZ-Trac System. The Tracker 1000 is an
integrated microscopic workstation using a 80-486 com-
puter subsystem, true-color digital image acquisition,
and custom-designed software that allows on-line com-
putation of regional blood flow.

Spinal cord and renal blood flow, represented as milli-
liters per minute per 100 g tissue were determined by

Qt = (100 X Qr X Ct)/Cr

where Qt = tissue blood flow (ml/min), Qr = reference
sample blood flow (ml/min), Ct = number of micro-
spheres in the tissue sample, and Cr = number of micro-
spheres in the reference sample.

Neurochemical Assays. Norepinephrine, epineph-
rine, and dopamine were determined by high-pressure
liquid chromatography with electrochemical detection,
as previously described."” The interassay coefficient of
variation of this method for these catecholamines is less
than 9%, and the lower limit of detection is 12 fmol for
norepinephrine, 3.3 fmol for epinephrine, and 1.8 fmol
for dopamine. Serotonin is not measured in this system.

For the amitriptyline assay of CSF samples, we used
a high-pressure liquid chromatography method with ul-
traviolet detection."" Briefly, 100 ul internal standard
(10 pg/ml imipramine) and 2 m NaOH were added to
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1 ml CSE. After 15 min of shaking with hexane isoamyl
alcohol and 15 min centrifugation at 3,000g, the organic
phase was transferred and 0.2 m phosphate buffer was
added. The mixture was vortexed and centrifuged for
15 min, the material from the organic phase was dis-
carded, and 100 pl aqueous solution was injected into
the high-powered liquid chromatography unit. Sensitiv-
ity of the method is 3 ng/ml in the original sample.

To determine amitriptyline concentrations in spinal
cord, we modified the method described by Coudore
et al.” Briefly, the tissue was homogenized in 0.1 m
acetic acid, and the internal standard (200 ng imipra-
mine) and HCO; (pH 10.5) were added to 1 ml of the
homogenate. Extraction was done by shaking the mix-
ture mechanically for 30 min with hexane-isoamyl alco-
hol (99.5:0.5 vol/vol). After centrifugation for 10 min
at 10,000g, the organic phase was removed and quickly
evaporated to dryness under a stream of nitrogen. The
residue of the evaporation was redissolved in methanol-
water (80:20 vol/vol), mixed by vortex, and a 20-ul
aliquot was injected into the high-pressure liquid chro-
matography unit. This method has a lower level of de-
tection at 50 ng/g tissue.

Experiment 2: Hemodynamics after Intrathecal

Amitriptyline: Dose Response (Six Sheep)

A single distal port 18-gauge catheter (Portex) and
left femoral arterial catheter were inserted and animals
recovered from surgery and anesthesia, as described
before. On the fourth postoperative day, a sling was
positioned under the animals and arterial blood pres-
sure and heart rate were monitored and recorded at 1-
min intervals, as described previously. After 45 min of
baseline recording, animals were randomized to receive
either saline or amitriptyline (0.25, 1, or 5 mg) by slow
intrathecal injection. Experiments were separated by at
least 48 h.

Animals were observed for 2 h after intrathecal injec-
tion for behavioral changes or evidence of motor block-
ade, as described already. Arterial blood was withdrawn
at baseline and 45 and 90 min after intrathecal injection
for analysis of blood gas tension and pH.

Experiment 3. Antinociception and Bebavior after

Cervical Intrathecal Amitriptyline (Four Sheep)

A single distal port 18-gauge catheter (Portex) was
inserted under direct vision via a small laminotomy
at the second cervical interspace and advanced 4 cm
caudad, and animals recovered from surgery and anes-
thesia as described already. On the fourth postoperative
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day, antinociception before and after intrathecal injec-
tion of 5 mg amitriptyline was measured as threshold
to a withdrawal response to pressure applied to the
distal foreleg, as previously described.'® Mechanical
thresholds were measured using a device that gradually
pushed a blunt pinhead against the skin over the lower
end of the foreleg. The force applied to the pin was
measured electronically and converted to Newtons (N)
using calibration data. A cutoff pressure of 20 N was
not exceeded to avoid tissue damage. Two days later,
ewes received 10 mg amitriptyline according to the
same protocol.

Drugs and Solutions. Ketamine, halothane, and
penicillin were obtained from Barber Veterinary Supply
(Richmond, VA), gentamicin from SoloPak Laboratories
(Elk Grove, IL), and ampicillin from Apothecon
(Princeton, NJ). Amitriptyline (Elavil) was purchased on
the open market from Stuart Pharmaceutical Company
(Wilmington, DE). This preparation contains 10 mg/ml
amitripytline and the preservatives methylparaben (1.5
mg/ml) and propylparben (0.2 mg/ml) in sterile saline.
Amitriptyline was diluted in sterile saline to a volume
of 0.5 ml and injected for a period of 30 s, followed by
injection of 0.5 ml saline (two times the catheter dead
space).

Data Analysis. Although some data are presented as
fractions of the baseline, all analyses were performed
on raw data. Unless otherwise indicated, data are pre-
sented as means * standard deviation. Effect of drug
treatment and dose over time on spinal cord blood flow,
hemodynamic variables, and arterial blood gas tensions
were analyzed using a mixed-effect repeated-measures
design with SAS System software (SAS Institute, Cary,
NC) with adjustments for multiple comparisons by Fish-
er’s protected LSD test. A post bhoc analysis was per-
formed to determine power to detect a decrease in
spinal cord blood flow as great as 50%. Cerebrospinal
fluid catecholamine and amitriptyline concentrations
were compared between treatment and control groups
and between near and distal tissues, respectively, using
Student’s ¢ test. Probability values less than 0.05 were
considered significant.

Results

Experiment 1: Spinal Cord Blood Flow and

Hemodynamics after Intrathecal Amitriptyline

Low thoracic intrathecal injection of saline produced
no behavioral changes, whereas injection of 5 mg ami-
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Fig. 1. Whole spinal cord blood flow before and after low
thoracic intrathecal injection, at time 0, of saline (O) or 5 mg
amitriptyline (W) in cervical, thoracic, or lumbar tissue. Data
shown are means + standard deviation. No significant differ-
ences between groups or within each group were found com-
pared with baseline values.

triptyline produced a brief (<10 min) period of agita-
tion without vocalization in 30% of animals, character-
ized by turning of the head and attempting to bite the
catheters or the sling. This was followed in 30 min
by mild to moderate sedation, with eyes closed and
slumping in the sling. On testing, however, animals
were easily aroused and there was no evidence of motor
weakness or dysfunction in upper or lower extremities.

Blood flow data from three animals were discarded
due to technical errors. Baseline blood flow was higher
in lumbar than in the thoracic or cervical cord (fig. 1).
Baseline blood flow was higher in gray than in white
matter at all levels of the cord, and both gray and white
matter blood flow were higher at baseline in lumbar
than in thoracic or cervical cord (table 1). Neither in-
trathecal saline nor amitriptyline affected total spinal
cord blood flow in cervical, thoracic, or cervical cord
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Table 1. Effect of Low Thoracic Intrathecal Injection of Saline or Amitriptyline on Spinal Cord Blood Flow

Tissue Treatment Baseline +15 min +30 min +60 min +120 min
Cervical white Amitriptyline 78 =812 21| 2z 2] 2285025 1474 =166
Saline 14 + 3.4 15165 3 =26 17 == (60) 233

Cervical grey Amitriptyline 47 + 26 56 + 40 47 + 18 46 + 22 49 + 21
Saline 56 = 8.9 S24=E01l 55F125 T(2sa= 2T B7EEN2S

Thoracic white Amitriptyline 12 = 24 19 + 4.0 19 %= 6.1 15 4.7 24 + 29
Saline 155876 i16/£16°8 1285855 IS 2= 7/48) 255858

Thoracic grey Amitriptyline 42 + 11 46 = 10 44 + 9.2 4[5 ==N17 50/ %32
Saline 42 + 17 39 + 18 42 + 21 47 + 22 87 =220

Lumbar white Amitriptyline 22 22 82 EE829 2e) a2 12 21818 2312
Saline 26 + 14 2552916 2251610 208078 2581812

Lumbar grey Amitriptyline 89 + 45 93 + 69 470129 ifil =132 72 = 40
Saline 98 + 47 OR==22 75 + 40 95845 87 + 40
Right kidney Amitriptyline 800 + 220 7/70) == 2410) 75051190 800 + 240 730 + 180
Saline 710 = 180 700 = 190 650 + 200 700 + 230 630 + 140
Left kidney Amitriptyline 770 = 180 74310) == 9 [7(0) S OEENI90 710 2= 9/ 740) 700 = 170
Saline 680 + 170 690 + 160 620 + 210 630 + 250 590 + 170

1

Data are ml- min '-100 g tissue '; mean + SD.

*P < 0.01 versus baseline.

(fig. 1). Similarly, neither treatment affected white or
gray matter flows at each of the three levels, except an
isolated increase in thoracic cord white matter blood
flow 30 min after intrathecal amitriptyline injection (ta-
ble 1). Renal cortical blood flows were equal in right
and left kidneys and were unaffected by intrathecal drug
injection (table 1).

Figure 2, which depicts individual animal data from
lumbar cord, shows the marked inter-animal variability
in spinal cord blood flow. Similar inter-animal variability
existed for thoracic and cervical cord as well. Despite
this variability, there was no clear trend toward an in-
crease or decrease in spinal cord blood flow in amitrip-
tyline-treated animals, nor were there individual cases
of large increases or decreases in spinal cord blood flow
that may have been lost in the variability (fig. 2). Despite
the large inter-animal variability, power analysis re-
vealed a power of 80% to detect a clinically significant
50% decrease in spinal cord blood flow, and power of
55% to detect a 25% decrease in spinal cord blood flow.

Except for cardiac output, which was greater in ani-
mals receiving amitriptyline, the groups did not differ
in hemodynamic variables before intrathecal injection.
Neither treatment affected cardiac output or pulmonary
arterial pressure, although both were associated with
statistically significant but minor decreases in central
venous pressure (table 2).

Groups did not differ in mean arterial blood pressure
(94 = 11 mmHg for saline, 95 = 10 mmHg for amitripty-
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line) or in heart rate (104 = 11 beats/min for saline,
109 £ 15 beats/min for amitriptyline) before intrathecal
injection. Neither intrathecal saline nor amitriptyline
injection affected mean arterial blood pressure (fig. 3A)
or heart rate.

Amitriptyline concentration was greater in spinal cord
gray matter near the site of injection (5,880 + 2,650
ng/g tissue) than in white matter at this site (2,870 +
1,510 ng/g tissue), and both sites had a greater amitrip-
tyline concentration than was present in CSF (1,320 =+
630 ng/ml). Amitriptyline concentrations were more
than two orders of magnitude greater in spinal cord
tissue near the site of injection than in the cervical
spinal cord (22 £ 11 ng/g tissue in gray matter and 17
+ 10 ng/g tissue in white matter). Groups did not differ
in arterial pH, partial pressure of oxygen or carbon diox-
ide (data not shown), or in CSF norepinephrine, epi-
nephrine, and dopamine concentrations at the end of
the experiment (saline-treated animals had 26 + 18
nmol/ml norepinephrine, 10 + 4.9 epinephrine, and 16
+ 20 nmol/ml dopamine, whereas amitriptyline-treated
animals had 30 = 24 nmol/ml norepinephrine, 15 + 21
nmol/ml epinephrine, and 16 + 15 nmol/ml dopamine
in CSE).

Experiment 2: Hemodynamics after Thoracic

Intrathecal Amitriptyline: Dose Response

Intrathecal injection of saline or 0.25 mg amitriptyline
did not alter animal behavior. Three of six ewes exhib-
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Fig. 2. Whole lumbar spinal cord blood flow before and after
low thoracic intrathecal injection, at time 0, of saline (O) or
5 mg amitriptyline (W). Individual animal data are shown in
thin lines, and averages are shown as the thick line with cir-
cles. No significant differences between groups or within each
group were found compared with baseline values.

ited transient agitation as described in the spinal cord
blood flow study after injection of 5 mg amitriptyline,
whereas no such agitation was observed with 1 mg
amitriptyline. Mild to moderate sedation was noted in

Percent of baseline mean arterial pressure

Time (min)

Fig. 3. Percentage change in mean arterial blood pressure be-
fore and after low thoracic injection, at time 0, of saline (09)
or 5 mg amitriptyline (M) in the spinal cord blood flow study
or of saline (O) or 0.25 mg amitriptyline (4 ), 1 mg amitripty-
line (A), or 5 mg amitriptyline (M) in the dose-response study.
Data shown are means * standard deviation. No significant
differences were found among groups.

animals receiving 1 or 5 mg amitriptyline, although ani-
mals were easily aroused and on testing had no evidence
of motor weakness.

Groups did not differ in mean arterial blood pressure
before injection (91 + 6.7 mmHg for saline, 96 + 25

Table 2. Effect of Low Thoracic Intrathecal Injection of Saline or Amitriptyline on Cardiac Output, Pulmonary Arterial

Pressure, and Central Venous Pressure

Variable

Treatment Baseline +15 min +30 min +60 min +120 min

Cardiac output (L/min) Amitriptyline 13 == 6.7 = 1.6 6.7 + 1.9 6.5*+1.9 6:6=+ 1.9

Saline (Siltas /45 SI9EERING 5IgEN(E6 5.8+ 6 51551029

Mean pulmonary Amitriptyline 2837510 28 5.3 2% 5.3 22 =53 20/£'5.6

arterial pressure Saline 24 + 2.0 225436 22 =E Ti0 28 += 3.6 2429
(mmHg)

Central venous Amitriptyline 14 = 13 ez 51E) iR=E13 Téac eI, A 89 5

pressure (mmHg) Saline 16 + 9.8 155176 14 = 6.7 12 + 6.9 9.8 + 6.3"

Values are mean + SD.
*P < 0.05 versus baseline.
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Table 3. Effect of Low Thoracic Intrathecal Injection of Saline or Amitriptyline on Heart Rate and Arterial pH

and Blood Gas Tensions

Variable Treatment Baseline +45 min +90 min
Heart rate (beats/min) Saline 92 + 9.8 100 + 11 96 =17
Amitriptyline, 0.25 mg 881==H115 99 + 13 90 = 11
Amitriptyline, 1 mg 100 + 10 100 = 9.8 98 + 14
Amitriptyline, 5 mg 9813 1310} 2= 9i5) 99 + 7.4
Arterial pH Saline 7.39 + 0.07 7.42 + 0.04 7.39 + 0.04
Amitriptyline, 0.25 mg 7.42 = 0.04 7.45 = 0.07 7.41 = 0.07
Amitriptyline, 1 mg S9E=H0202 7.44 + 0.04 7.39 = 0.04
Amitriptyline, 5 mg 7.41 = 0.07 7.40 = 0.07 7.43 + 0.07
Arterial Py, (mmHg) Saline Uil7 2= 748 i) 2= 1L 114 = 7.6
Amitriptyline, 0.25 mg 13k a= 2{0) 109 = 9.8 108 = 10
Amitriptyline, 1 mg 114 = 16 114 = 12 104 + 85
Amitriptyline, 5 mg 2i1F==48"0 110 = 112 113)2 2= 12
Arterial Pco, (mmHg) Saline 84 =27 &2 2= 2.2 Sils=215
Amitriptyline, 0.25 mg 2951615 30/ = 7.4 B2 AT
Amitriptyline, 1 mg 34 + 6.5 27 = 4.7 31 + 3.4
Amitriptyline, 5 mg 30 = 5.8 33 =47 SilF=r215
Data are mean = SD. There were no significant differences.
mmHg for 0.25 mg amitriptyline, 90 + 11 mmHg for 1 20—
mg amitriptyline, and 88 + 4.5 mmHg for 1 mg amitrip-
tyline). Mean arterial pressure (fig. 3B), heart rate, arte- ] T
rial blood gas tensions, and pH (table 3) were unaffected ] L
by saline or amitriptyline treatment. ]
—
Experiment 3. Antinociception and Bebhavior after Z 5 *
Cervical Intrathecal Amitriptyline o) 1
Cervical intrathecal injection of 5 mg amitriptyline i) 1 i, 3
produced antinociception to mechanical stimulation 'S: ]
that was brief and mild, representing less than 60% of E il ‘ T
the maximal cutoff value of 20 N (fig. 4). Animals were = 10 & ‘ *
sedated, beginning 10 min after injection and lasting = i T ./T
30-60 min thereafter. Intrathecal injection of 10 mg = 1 \
amitriptyline produced intense sedation in animals, = ] % ! T e /“
manifested by minimal or no response to noise or anti- E 1 ﬁ ‘ —
nociception testing. One of the four animals had a gen- = 9 A I
eralized seizure 5 min after injection of 10 mg amitripty- 3 =L
line and died. Because arterial catheters had not been ]
inserted in these animals, we could not determine 1 5
whether these dysrhythmias led to death. . o=
0 1 & ol o T T e aree e
0 30 60 90 120

Discussion

Before studies can be done in humans, preclinical
toxicity screening of novel agents for spinal injection
is mandatory. Although the therapeutic dose of amitrip-
tyline in humans is unknown, extrapolation of data ob-
tained in rats with amitriptyline and other analgesics
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Time (min)

Fig. 4. Antinociception, shown as threshold to withdrawal
from a mechanical stimulus to the forelimb, is expressed in
Newtons (N), before and after cervical intrathecal injection, at
time 0, of 5 mg amitriptyline. Data are shown as means +
standard deviation. *P < 0.05 compared with baseline values.
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suggest a dose of 100-200 ug is likely to be effective.’
Thus the dose used in this study (5 mg in animals
weighing 40-50 kg) probably represents at least a 25-
to 50-fold higher dose than would be used clinically.
The only serious toxic effect, seizure followed by death,
occurred in an animal receiving 10 mg (50-100 times
the anticipated therapeutic human dose) into cervical
CSE. Although there may clearly be differences among
species in sensitivity to pharmacologic or toxicologic
effects of drugs, use of these large doses increases the
likelihood of observing drug-induced toxicity.

Acute agitation, such as seen after intrathecal injec-
tion of 5 mg but not 1 mg or 0.25 mg amitriptyline in
sheep in the current study has not been observed in
rats receiving equivalent doses based on weight.">'7- 1
Whereas this could represent mild toxicity, agitation
was brief, was not associated with gross motor deficits
to testing, and was not associated with changes in spinal
cord blood flow. Clearly other studies are necessary to
exclude spinal cord neurotoxicity, such as long-term
exposure studies with repeated detailed neurologic ex-
aminations and histologic examination of the spinal
cord (now in progress). Sedation from amitriptyline was
dose related in sheep in our study and is a recognized
side effect of systemic amitriptyline administration in
humans.”” We did not determine whether the delayed
onset of this sedation was a result of rostral spread in
CSF or systemic absorption. Seizures are a recognized
side effect of oral amitriptyline overdose®' and were not
surprising after a large dose administered into cervical
CSF in sheep in the current study.

Intrathecal amitriptyline injection did not reduce spi-
nal cord blood flow. Several aspects of the study design
strengthen the conclusion that spinal cord blood flow
is not reduced by intrathecal amitriptyline in sheep.
First, the dose used was large and had clear pharmaco-
logic effects (antinociception and sedation). Second,
despite large variability among animals in blood flow,
examination of individual animal data did not reveal
large decreases in blood flow, and the power of the
study was excellent to exclude a clinically significant
reduction in blood flow. Third, examination of several
regions of spinal cord, both near and far from the site
of injection, failed to detect a difference in change in
blood flow after injection, despite large differences in
tissue concentrations of drug. Finally, separate analysis
of gray and white matter revealed no evidence of reduc-
tion in either compartment. Whereas data obtained in
animals should be extrapolated to humans only with
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caution, these data support the initial clinical safety
assessments of intrathecal amitriptyline.

A special concern with this commercial preparation
of amitriptyline is the presence of preservatives, which
are usually absent in solutions for spinal analgesia or
anesthesia. Although some preservatives have been
noted to be neurotoxic after intrathecal injection, the
parabens have not.””"*' As regards spinal cord blood
flow, researchers found that parabens, in high concen-
trations, cause cerebral vessel relaxation in vitro,”>>°
but no increase in spinal cord blood flow with intrathe-
cal injection of these substances with amitriptyline was
noted in the current study. A possible vasodilation from
the parabens exactly may have counteracted a vasocon-
striction from amitriptyline. We did not test this hypoth-
esis, because these substances would always be injected
in this same ratio clinically using this marketed solution.

We expected that intrathecal injection of amitripty-
line would reduce arterial blood pressure. Systemic ad-
ministration of amitriptyline reduces blood pressure in
humans, an effect associated with reduced sympathetic
nervous system activity.” ~*” Similarly, intrathecal injec-
tion of amitriptyline in rats with a similar dose based
on weight to that used in the current study reduced
arterial blood pressure by approximately 20%.'% Al-
though its mechanism of action is unknown, amitripty-
line could reduce blood pressure after intrathecal ad-
ministration by enhancing noradrenergic input or by
producing muscarinic blockade on preganglionic sym-
pathetic neurons, because either effect should reduce
sympathetic activity.””*' However, only mild, nonsig-
nificant decreases (< 10%) were observed after injec-
tion of the largest dose (5 mg) in the current study in
sheep. This could represent species difference, because
intrathecal injection of the a,-adrenergic agonist cloni-
dine produces mild to no reductions in arterial blood
pressure in sheep,’** although larger decreases are
found in humans.’ Alternatively, this could relate to
the larger size of the spinal cord in sheep and humans
than in rats, a proposed explanation for the rapid and
large increase in arterial blood pressure after intrathecal
administration of neostigmine in rats®> but minimal or
no effect in sheep® or humans.””*® Thus these results
do not preclude decreased arterial blood pressure as a
side effect from intrathecal amitriptyline administration
in humans.

Although the current study was not designed to pro-
vide detailed pharmacokinetics, it does provide the first
data regarding amitriptyline distribution after intrathe-
cal administration. The 100-fold larger tissue concentra-
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tion of drug in spinal cord tissue near the site of injec-
tion compared with that in cervical cord 2 h after injec-
tion is consistent with similar observations after lumbar
intrathecal injection of other lipophilic and hydrophilic
agents.””"" Larger concentrations of amitriptyline in spi-
nal cord tissue than in CSF near the injection site are
consistent with partitioning into a lipid-rich environ-
ment. Larger concentrations in spinal cord gray matter
than white matter 2 h after injection suggest an efficient
movement of drug to sites of potential analgesic action.
Finally, other investigators have proposed that en-
hancement of analgesia from systemically administered
opioids by intrathecal injection of amitriptyline and
other antidepressants is due to activation by opioids
of descending spinal noradrenergic transmission and
inhibition monoamine reuptake by the antidepres-
sant.'"'”*" We could not indirectly confirm this hypoth-
esis, because intrathecal amitriptyline did not increase
CSF concentrations of norepinephrine. However, be-
cause intrathecal amitriptyline alone produces minimal
to no analgesia in healthy rats' and sheep (current
study), it is conceivable that there is little tonic activity
of these descending noradrenergic pathways in the nor-
mal state and that inhibition of reuptake should have
little effect on synaptic or CSF concentrations of norepi-
nephrine. Alternatively CSF concentrations may not ac-
tively reflect synaptic concentrations of norepineph-
rine, although similar increases in CSF and dorsal horn
microdialysate concentrations of norepinephrine are
observed after intravenous morphine administration in
sheephe
Intrathecal amitriptyline produces a brief period of
agitation but does not affect spinal cord blood flow or
arterial blood pressure in sheep, and CSF and spinal
cord tissue concentrations of amitriptyline are consis-
tent with efficient penetration of the spinal cord and
rostral distribution over time. It is conceivable that ros-
tral spread of amitriptyline in CSF could produce sei-
zures, although this was only observed in one of four
sheep receiving a large dose of amitriptyline (10 mg)
injected into cervical CSF. These data suggest that in-
trathecal amitriptyline injection, in doses much greater
than those anticipated for clinical use, do not produce
worrisome changes in either blood pressure or spinal
cord blood flow. Eventual clinical trials await further
toxicity testing.

The authors thank Barbara Tucker for help in animal preparation
and Ellen Tommasi for performing the catecholamine assays.
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