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Abstract

The analgesic efficacy of cholinergic agonists and anticholinester&eg words
agents has been widely recognized. The analgesic effect obtained Bytinociception
activating cholinergic mechanisms, however, seems to depend on-theostigmine
experimental pain model utilized for its evaluation. The antinocicepCholinergic antinociception
tive effect of intraspinal neostigmine was examined in rats submitted* "= -"~-" "
concurrently to the tail flick and formalin tests. Neostigmine (8.25 and

16.5 nmol) produced a dose-dependent antinociceptive effect in the

tail flick test (a model of phasic pain) and reduced the first phase

(phasic pain) of the animal response to formalin also in a dose-

dependent manner. The second phase (tonic pain) of the response to

formalin, however, was slightly reduced after a longer period of time

only by the higher dose of the anticholinesterase. The effect of
neostigmine was not significantly different when the drug was in-

jected into rats submitted exclusively to the tail flick test. The second

phase of the animal response to formalin was slightly reduced by
neostigmine (8.25 nmol) and strongly inhibited by the higher dose of

the anticholinesterase when injection was made after the first phase.

We conclude that phasic and tonic pain can both be controlled by high

doses of neostigmine. In addition, we show that inhibition by a lower

dose of neostigmine of the formalin-induced phasic pain did not

prevent the subsequent occurrence of tonic pain produced by the

irritant.

Introduction systems that may act to inhibit the release of
neurotransmitters from sensory neurons. Ace-
The antinociceptive effects of cholinergictylcholine (6), cholinacetyltransferase (7,8),
agonists and anticholinesterase agents haead acetylcholinesterase (9) were identified in
been demonstrated in several animal specié®th dorsal and ventral portions of the spinal
(see Ref. 1). At least in rats (2-5) and cats (2§0rd. Muscarinic receptors were identified in
cholinergic antinociception seems to be mediboth laminae Il and Ill of the spinal dorsal horn
ated by spinal muscarinic receptors. The ing10,11). On the other hand, histochemical stud-
trinsic mechanism involved in cholinergic an-ies did not identify supraspinal cholinergic
tinociception is not known, but there is evi-neurons projecting to the spinal cord (12), thus
dence for the existence of spinal cholinergiéndicating that cholinergic terminals in the
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spinal dorsal horn are associated with locafter surgery. The proposals of the Commit-
neuronal systems. tee for Research and Ethical Issue of IASP
Neostigmine is a potent anticholinester{22) were followed throughout the experi-
ase agent known to produce antinociceptioments. Each animal was anesthetized with
in the rat following intraventricular adminis- sodium thiopentone (50 mg/kip) and an
tration (13). The intraspinal administrationintrathecal if) catheter was implanted using
of neostigmine produces long-lasting anala method described elsewhere (23). The cath-
gesia in laboratory animals (1) and voluneter was a polyethylene tube (9 cm long, OD
teers (14,15), and permits the managemenrt 0.4 mm, dead-space = 8.5 pl) inserted
of both postoperative (16) and cancer paithrough the dura overlying the atlanto-oc-
(17). The antinociceptive effect of manipu-cipital junction into the subarachnoid space,
lating the central cholinergic system, how-until the tip lay in the lumbo-sacral region. A
ever, seems to depend on the animal speci2g8-mm length of a 23-gauge stainless steel
and/or algesimetric assay utilized (see Refube was introduced into the free tip of the
1). Intraspinal neostigmine effectively con-catheter, and the assembly was fixed to the
trols vaginal and abdominal incision painskull with 3 steel screws and dental cement.
but not visceral pain, in patients submitted tét the end of these procedures, penicillin (50
laparotomy for tubal ligation and vagino-mg/kg,im) was administered and the animal
plasty (18). Therefore, it is possible thatvas allowed to recover for at least one week
somatic but not visceral pain can be adbefore the experiments. Animals exhibiting
equately controlled by medullary cholinergicmotor abnormalities during the postopera-
mechanisms. tive resting period were not used in these
Therefore, in the present study we examstudies.
ined the antinociceptive effects of intraspi-
nal neostigmine on rats submitted to the taitail flick test
flick and formalin tests. The tail flick test
involves a medullary reflex response to short- The animal was placed in a glass tube for
lasting phasic pain (19), while the formalinabout 15 s, with the tail lying across a
test is characterized by short-lasting phasicichrome wire coil which was heated by the
pain followed by long-lasting tonic pain in- passage of electric current. The coil temper-
volving peripheral and medullary mecha-ature was increased from room temperature
nisms of sensitization (20,21). We demon{average room temperature =°€3, and the
strate here that intraspinal neostigmine eflectric current adjusted to ensure tail flick
fectively inhibits the animal response to phalatencies of 2.5 t0 3.5 s. A cut-off time of 6 s
sic pain in both tests but only slightly re-was used to reduce the probability of skin
duces the response to tonic pain in the fodamage. Animals were tested every 10 min

malin test. until a stable baseline was obtained in 3
consecutive trials, and then for up to 60 min

Material and Methods following it injection of drug or saline at 10-
min intervals. Animals were discarded when-

Subjects and surgery ever baseline was not reached in 6 consecu-

tive trials. Each tail flick latency (TL) was
The experiments were carried out on mal@ormalized using an index of antinocicep-
Wistar rats (250-300 g) housed two to a cag#on (IA) according to the formula IA = (TL
with free access to food and water and mainr-ABL)/(6 - ABL), where ABL is the mean of
tained at an average room temperature & consecutive latencies obtained befare
22°C on a 12-h light-dark cycle before andadministration.
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Formalin test formalin test analysis. Statistical analysis
was done using MANOVA with repeated

Formalin (5%, 50 ul) was injected subcu-{measures to compare the experimental groups

taneously into the plantar surface of thever the time. The factors analyzed were

right hind paw. The animal was then placedreatments, time and treatment x time inter-

inside an acrylic-walled cylinder measuringaction. In the case of significant treatment

50 cm in diameter and 40 cm in height withx time interactions one-way ANOVA fol-

a mirror positioned on the opposite side tdowed by the Duncan test was performed at

allow unhindered observation of the formaeach time. The analysis was performed with

lin-injected paw, and the behavioral changethe software package SPSS/PC+, version

were continuously recorded with a video-3.0, and the level of significance was set at

camera. The sum of the time spent licking®<0.05.

plus elevating the injected paw from the

cylinder floor (pain intensity score) was de-Drug

termined at 2-min intervals throughout the

first 10-min period after formalin adminis-  The drug used was neostigmine bromide

tration, and then for up to 60 min at 10-min(Sigma Chemical Co., St. Louis, MO) di-

intervals. luted in saline. Doses used in the tests are

referred to as salt.
Intrathecal injection and examination of the
catheter position Results

A polyethylene tube filled with drug-free Effect of neostigmine administered before
saline or saline containing neostigmine wagormalin
used foiit administration. A small air bubble
was retained within the liquid column in the In this set of experiments the animal was
catheter. A shift of 10 cm in the bubbleinitially submitted to the tail flick test for
position corresponded to a volume of 8.33ecording of baseline tail flick latencies.
pl, which was taken as the volume of injecNeostigmine was injected intrathecally and
tion throughout the experiments. After in-formalin was then injected subcutaneously.
jection of saline or neostigmine the catheteThe animal was then placed inside the acrylic-
was flushed with a further injection of 8.33walled cylinder from where it was taken at
pl of drug-free saline. 10-min intervals to allow tail flick latency
At the end of the experiment, Fast greemecording. A period of up to 30 s elapsed
(2 pl) was injectedit to label the site of between the two drug administrations.
injection. Only rats whose injection site was The intrathecal administration of neo-
on the dorsomedial or dorsolateral side oftigmine (8.25 and 16.5 nmol) produced a
the spinal cord were considered for furthedose-dependent antinociception in the tail

analysis. flick test (Figure 1). The curves in Figure 1
were significantly different regarding treat-
Data analysis ments (k ;= 16.88; P<0.001). The effect of

the higher dose of neostigmine was signifi-
The results obtained with the tail flick cantly different from control during all times
test are reported as graphs of averaged indé&om 0 to 50 min.
of antinociception against time of readings. Rats treated with intrathecal saline (8.33
Graphs of averaged time of paw elevatioql) followed by subcutaneous formalin
against time of readings were used for thehowed a biphasic change of the algesimetric
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Figure 1 - Time course of the
effects of intraspinal neostig-
mine (NEOST) in the rat tail flick
test. All animals received intra-
plantar formalin (5%, 50 pl) 30 s
after neostigmine. Neostigmine
was injected at the time indi-
cated by the arrow. Data are re-
ported as means + SD for 6 or 7
animals per group. *P<0.05
compared to control (saline)
(Duncan test).

Figure 2 - Time course of the
effects of intraspinal neostig-
mine (NEOST) in the rat formalin
test. Neostigmine was injected
at the time indicated by arrow 1.
Intraplantar formalin (5%, 50 pl)
was administered at the time in-
dicated by arrow 2. Data are re-
ported as means + SD for 6 or 7
animals per group. *P<0.05
compared to control (saline);
+P<0.05 compared to control
and 8.25 nmol NEOST (Duncan
test).
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index, i.e., a period of phasic pain (0-10 minyifferent from control at times 6 and 10 min.
followed by a period of tonic pain (10-60 The smaller dose produced an effect differ-
min) that was similar to that previously re-ent from control at 4 min only (ANOVA
ported (24,25). Intrathecal neostigmine profollowed by the Duncan test). MANOVA
duced a dose-dependent inhibition of thapplied to the curves in the second phase of
animal response to formalin (Figure 2)the response to formalin showed significant
MANOVA applied to the curves in the first differences between the 3 treatments {E
phase of the response to formalin revealed.40; P = 0.029), but the treatment x time
significant differences between the 3 treatinteractions were nonsignificant fgs =
ments (k17= 7.75; P = 0.004) and signifi- 1.34; P = 0.22).
cant treatment x time interactionsg gk =
2.2; P =0.038). The effect of the higher doseffect of neostigmine on the tail flick test in
of neostigmine was significantly differentthe absence of formalin
from the other treatments at time 4 min, and
Neostigmine (8.25 and 16.5 nmolf)
also produced a dose-dependent antinoci-

@ Saii 10 N g ce.ption in rats not treat.ed yvith formalin
B NEOST 16.5 nmol (N = 7) (Figure 3). The curves in Figure 3 were
* i significantly different regarding treatments
1.0+ (F>13= 11.78; P = 0.001) and treatment x
g 0.8+ time interactions (117 = 3.37; P<0.001).
8 06 The effect of the higher dose of neostigmine
g’ 04 was significantly different from the effect of
= the other treatments at times 0 to 30 min, and
502 different from control at times 40 and 50
2 00- min. The smaller dose produced effects dif-
024 ferent from control at times 0, 20 and 40 min.
A The control curves in Figures 1 and 3
0.4 ; » ; ‘ ‘

were not significantly different ¢f;=1.92;

P = 0.194) and did not show significant
treatment x time interactionsy§; = 1.87; P
=0.065). The curves obtained with the higher
dose of neostigmine in the presence and
absence of formalin were also not signifi-
cantly different (0= 1.79; P = 0.211) but
showed significant treatment x time interac-
tion (R go= 2.18; P = 0.031). The effect of
neostigmine in the absence of formalin was
significantly stronger than in the presence of
formalin attime t =0 only (F,=8.78;, P =
0.0142). The effects of the smaller dose of
neostigmine were significantly less intense
in formalin-treated rats (5 = 7.24; P =
0.025). Significant treatment x time interac-
tions were observed for the two curveggF

= 2.57; P = 0.012) and the effects were
significantly different at times 0 and 50 min.

‘40 20 0 20 40 60
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200
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[0 NEOST 8.25 nmol (N = 6)
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150 A

100
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Effect of neostigmine administered after the
first phase of the response to formalin

The intrathecal administration of neo-
stigmine (8.25 and 16.5 nmol) 10 min after
the subcutaneous administration of formalin
significantly reduced the second phase of
the response to formalin (Figure 4). The
curves were significantly different regarding
treatments (F, = 12.89; P<0.001) and
showed significant treatment x time interac-
tions (R gs= 2.12; P = 0.046). The effect of
the smaller dose of neostigmine was signifi-
cantly different from control at times 40 to
60 min, while the higher dose of neostigmine
completely abolished the response to forma-
lin.

When the data in Figures 2 and 4 were
compared, no significant difference was de-
tected between the effects of neostigmine
(8.25 nmol) in the second phase of the re-
sponse to formalin, injected before or 10 min
after this irritant. The curves did not differ
regarding treatments {lp= 1.79; P = 0.21)
nor did they show significant treatment x
time interactions (4 = 1.15; P = 0.348).
Different results were obtained with the
higher dose of neostigmine. The curves were
significantly different regarding treatments
(Fp11= 7.35; P = 0.02) and showed signifi-
cant treatment x time interactions, (k=
5.33; P = 0.001). However, significant dif-
ferences were found at times t = 50 and 60
min only. When the pain intensity score
during the 40 min of observation of the
second phase of the response to formalin
was summed, a significant difference was @
also found only between the groups treated £
with the higher dose of neostigmine (Figure 5).

Index of antinociception

(s)

Time of paw elevation + licking

Discussion

The present results using two different
pain models confirm that intraspinal neo-
stigmine produces a dose-dependent antino-
ciceptive effect in rats. The peak effect of
intraspinal neostigmine was higher and oc-
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Figure 3 - Time course of the
effects of intraspinal neostig-
mine (NEOST) in the rat tail flick
test. Neostigmine was injected
at the time indicated by the ar-
row. Data are reported as means
+ SD for 6 or 7 animals per
group. *P<0.05 compared to
control (saline); *P<0.05 com-
pared to control and 8.25 nmol
NEOST (Duncan test).

Figure 4 - Time course of the
effects of intraspinal neostig-
mine (NEOST) on the second
phase of the response of rats to
intraplantar administration of for-
malin (5%, 50 pl). Neostigmine
and formalin were injected at
the times indicated by arrows 1
and 2, respectively. Data are re-
ported as means + SD for 6 or 7
rats per group. *P<0.05 com-
pared to control (saline) (Duncan
test).

Figure 5 - Comparative effects
of intraspinal neostigmine ad-
ministered to rats 30 s before or
10 min after intraplantar injec-
tion of formalin (5%, 50 ul) on
the total time of paw elevation
plus licking. Bars represent the
means = SD of 6 or 7 rats per
group. ¥*P<0.05 compared to the
group pre-treated with neostig-
mine (unpaired t-test).
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curred earlier in animals submitted excluresponse to formalin are different. The spi-
sively to the tail flick test than in animalsnal control of phasic noxious inputs utilizes
concurrently submitted to the formalin testdescending mechanisms which are different
The effects obtained in these experimentétom those that control tonic noxious inputs
however, were significantly different only at(28). Intrathecal injection of NMDA, AMPA,
times 0 and 50 min. The threshold for the taihind NK-1 antagonists has little influence on
withdrawal reflex to noxious heating of thethe first phase but all eliminate or strongly
skin was demonstrated to be significantlyeduce the second phase reactions to forma-
reduced during the tonic phase of the rein (29-31). The neurotransmitter involved
sponse to intraplantar formalin (26). Thusjn each type of pain also seems to be differ-
in the case of concomitant application ofnt (32). Substance P seems to be respon-
both tests, hyperalgesia in the tail skin wouldible for the nociceptive inputs originated by
be expected to require a higher dose of netransitory stimuli as in the case of the talil
stigmine to obtain a clear antinociceptivdlick reflex and in the first component of the
effect. However, the control curves obtainedesponse to formalin. Excitatory amino ac-
under the two experimental conditions didds such as glutamate and somatostatin seem
not differ significantly. Therefore, the for- to be responsible for the spinal entry of long-
malin-induced hyperalgesia in the tail skinasting noxious inputs, as observed in the
was not demonstrated under our experimersecond phase of the response to formalin or
tal conditions. during inflammatory processes (33).
Previous administration of neostigmine In our experiments, the neostigmine-in-
significantly inhibited the first phase of theduced inhibition of the first component of
response to formalin but produced only dhe response to formalin reduced but did not
slight reduction of the second phase whiclprevent the occurrence of tonic pain. The
was significantly different from the control neostigmine-induced inhibition of the tail
only at later readings. The administration ofvithdrawal reflex confirms its effectiveness
neostigmine subsequent to the first phase afgainst phasic pain. In addition, the results
the response to formalin also reduced theesemble the clinical observation that neo-
tonic pain in a dose-dependent manner. Igstigmine is effective against somatic postop-
this case, the higher dose of neostigmine wasative pain but is less useful to control
fully effective throughout the period of ob- visceral postoperative pain in human beings
servation while the smaller dose was effecf18). The observation that the higher dose of
tive only at the later readings. Comparison ofieostigmine is fully effective when adminis-
the curves obtained in the two experimentakered after formalin, however, suggests that
situations revealed significant differenceghe use of a high intraspinal dose of neostig-
only for the curves obtained with the smallemine would be an alternative to improve its
dose of neostigmine. effectiveness in the management of postop-
Behavioral (24,25) and electrophysiologi-erative pain. Attempts to increase the dosage
cal studies (27) have shown that previousf intraspinal neostigmine, however, have
administration of morphine or the p-opioidresulted in higher incidence of nausea, vom-
agonist DAMGO inhibits both componentsiting and defecation (18,34) which limit its
of the response to formalin. The effective<linical usefulness.
ness of DAMGO, however, is significantly
lower when it is administered after theAcknowledgments
completion of the phasic component (27).
Physiological and pharmacological studies We thank Mr. P.R. Castania for technical
have indicated that the two phases of thassistance.
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