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MAREK, P , I PANOCKA AND B. SADOWSKI Actwatlon of anti- and pro-nocwepnve mechamsms by front pan, shock 
m spinal mtte Involvement of humoral factors PHARMACOL BIOCHEM BEHAV 24(4) 791-793, 1986 ~The effect of 
prolonged, intermittent front paw shock on noc~cept~on was stud~ed m two groups of d~fferently spmahzed m)ce The 
animals, spmahzed so that the dura was left intact to allow free cerebrospmal fluid (CSF) passage, ex~btted post-foot 
shock increase in latenctes of spmally-medmted noc~cept~ve reflexes Th~s antm-noc~cept~on was completely blocked by 
naloxone A facd~tat~on of noc~cept~ve reflexes was observed mammals m which the spinal cord was hgated together with 
the dura. The results indicate that (1) front paw shock m mice leads to activation of supraspmal s~tes which mediate 
ant~-noctcept~on by releasing substance(s) reaching the spinal cord via the CSF route, (2) single stressors may s~multa- 
neously activate both ant)- and pro-noclcepttve mechamsms 

Footshock Ant~-noc~cept~on Hyper-noclcept~on Mice  Humoral medmtlon 

It ~s well estabhshed that noxious or stressful s~tuat~ons 
cause an ~ncrease of pa~n threshold ~n rodents [5, 6, 7, 8, 19] 
Th~s phenomenon does not rely on a single mechanism, but 
different experimental stressors may activate separate pain- 
~nhlb~tmg pathways [19] Also, the s~ngle stressor, ~nescap- 
able footshock, was found to produce different forms of 
analgesia when dehvered m d~fferent paradigms For exam- 
ple, analgesia caused by long-lasting footshock was blocked 
by naloxone and showed cross-tolerance with morphine 
which indicates endogenous op~o~d mediation [6,7]. In con- 
trast, analgesia produced by exposure to short-lasting foot- 
shock was found to be non-opiate m nature [6,7]. The form of 
the footshock reduced analgesia ~s also dependent upon the 
body region shocked As demonstrated by Watkins et al ,  
front paw shock produced analgesia which ~s naloxone re- 
versible and shows cross-tolerance w~th morphine, whereas 
h~nd paw shock produces non-opiate analgesia [17,19]. 

In sp~te of these complexities, all of these forms of 
footshock-mduced analgesia exhibit some common patterns 
Thus, les~on studies showed that both opmte and non-opiate 
analgesia are at least partially dependent on the integrity of 
the spinal dorsolateral funiculus [8] Destruction of the de- 
scending pathway also abohshes or attenuates analgesm 
produced by electrical brain stimulation, morphine and clas- 
sically conditioned analgesia [1, 5, 17] These findmgs 
strongly support the concept that transmmss~on of noocep- 
ttve mformat~on is controlled by supraspmal structures at the 
level of the dorsal horus [19] 

However, the surprising results, with regard to the role of 
the descending pathways of the spinal cord, were obtained 
by Fu and Dewey In their study on morphine anti- 
noocept~on ~n mice L~gation of the spinal cord, but not 
sp~nahzat~on w~th free spinal CSF flow maintmned, totally 
abohshed the morplune noc~cept~ve threshold elevation [3]. 
It was suggested that morphine anti-nooceptton in mice, un- 
hke ~n the rat, ts mediated by endogenous substances which 
are released at the supraspinal level and reach the spinal cord 
via the CSF 

The present study was undertaken to determine whether a 
s~milar mechamsm might be involved in analgesia induced by 
stressful stimuli 

METHOD 

Surgery and Experimental Procedures 

The experiments were performed on two groups of Swiss 
strata m~ce (average weight=30 g) spmalized differently ac- 
cording to the method published by Fu and Dewey [3]. The 
surgery was performed under pentobarbital anaesthesm. In 
one group of animals (DURA-INTACT), after laminectomy 
ofT 11, 12 and 13 vertebrae, the spinal cord was elevated by 
a small hook and then squeezed through the dura so that its 
continuity was completely broken The dura was left intact 
to allow free flow of the CSF to the lower parts of the spinal 
cord In the second group of ammals (LIGATED), the 
course of surgery was s~milar, but instead of squeezing, the 
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spmal cord was hgated together with the dura with silk 
thread Th~s preparation blocked the flow of the CSF to the 
caudal portions of the spinal cord 

Two weeks after the surgery, 31 DURA-INTACT and 27 
LIGATED animals were exposed to 30 rain of inescapable 
footshock A I mA current was delivered to the grid floor on 
10 sec ON/10 sec OFF schedule Dunng the stress, the hind 
part of the mouse body was elevated so that only front paws 
were stimulated The electric circuit was closed through an 
electrode ~nserted under the skin m the neck area 

One hour prior to footshocklng, 14 animals in each group 
received physiological sahne whereas the others were prem- 
jected w~th naloxone I 1 mg naloxone-HCl [Endo]/0 3 ml 0 9% 
sahne/kg body weight, IP) 

The noclcept~ve threshold was determined as the mean 
response latency to radiant heat focused on a spot 20 mm 
from the t~p of the tad. The first movement noted. ~ e .  e~ther 
withdrawal of the tall or characteristic tall base wngghng 
which usually appeared s~multaneously with hind paw 
wngghng was regarded as a response 

The measurements were taken Immediately prior to 
(basehne) and then m the ist, 5th, 10th, 20th and 30th m~n- 
utes post-shock The average latency for each indicated t~me 
point was calculated as a mean of four measurements sepa- 
rated by 30-second ~ntervals The light intensity was adjusted 
to keep the average basehne response at about 2 sec m all 
animals (2 21 sec, ±S E M =006,  84 ammals) A 5 sec 
cut-off time was apphed to avoid tissue damage The meas- 
urements were performed as a bhnd procedure, i e ,  the ex- 
perimenter was unaware of either the surgery or the drug 
mampulat~on bemg tested 

Twelve DURA-INTACT and 14 LIGATED m~ce were 
exposed to noclcept~ve threshold testing in an ident~cal tem- 
poral paradigm after being premjected with sahne but not 
shocked 

In five stressed DURA-INTACT m~ce, m spite of apply- 
ing the cut-off t~me, tall skin bhstenng was observed In 
these cases the prebhstenng values only were ~ncluded in the 
calculations. 

Completeness of spmahzation was confirmed h~stologl- 
cally ~n several m~ce from both groups two weeks after 
surgery. A fragment of the spinal cord was excised, placed m 
10% formahne and embedded m cello~dm Obhque sections 
were stmned after the Wed technique [12] No myehnated 
fibers were seen ~n the area of transection 

S l ( l l lS l l (  S 

Changes ~n average noc~cept~ve latenc~es relative to 
basehne were subjected to three-way analysts of variance 
The two groups of d~fferently spmahzed animals (spmahza- 
tlon factor) and naloxone + footshock (procedures factor) 
were taken as independent, and the changes in noclcepttve 
threshold (test factor) as repeated measures Individual 
comparisons were based on F ratios for simple effects 

RESULTS 

Overall analys~s of variance showed stgmficant differ- 
ences between differently spmahzed animal groups, 
FI1.78)=i6 48, p < 0  001. between procedures, F(2.78) 
=5 61, p<0  01 and between tests. F(4,286)=4.25, p< 0  001. 
and a s~gmficant spmahzations × procedures × test 
~nteractlon, F(10,286)=5 63, p < 0  001 Detaded results are 
presented In Fig 1 A significant ~ncrease m noclceptlve 
threshold was seen in the DURA-INTACT group 5-30 mln, 
but not ~mmed~ately after footshockmg Th~s anti- 
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FIG I Mean changes (~S E M ) m noc=ccpt=v¢ threshold latcnc=cs 
~tcr  30 mm of front paw shock m m~ce spmahzed ~n the way to leave 
or to block the passage of CSF to caudal po~on  of the spinal 
cord NaCI/~oo~shock (~llcd c~rclc~l nnd naloxonc/t~otshock 
(squares~m=ce w c r c  =njccted before the shocks w=th phys~olog=cal 
sahne or Z m~kg naloxonc-HCI NaCl/no ~ootshock (open 
c~rcles~m~cc were not shocked but were prcmjccted w~th sahnc 
and tested for n~=ccpnvc threshold at ~he same t~me schedule 
*p<0 0~, * *p<0  01, * * *p<0  ~1  versus NaCI/no footshock (based 
on F ratios ~or s=mplc c~ccts) 

noclcepttve effect was completely reversed by naioxone 
Post-naloxone/footshock noc~ceptive latencles d~d not differ 
from those following NaCI]no footshock and were sig- 
mficantly shorter than post-NaCl/footshock values In the 
LIGATED group, footshock produced a transient decrease 
m noc~ceptlve threshold seen at the first measurement only 
Naloxone partially reversed this effect, F(1,370)=0 47 and 
3 69 vs NaCI/no footshock and NaCl/footshock, respec- 
tively, p > 0  05 

DISCUSSION 

Two different effects of front paw shock on noclceptlve 
threshold were found In spinal m~ce depending on how 
spmahzat~on was performed (1) when neural pathway from 
supraspmal centers to the caudal portions of the spinal cord 
were damaged, but the CSF flow was maintained, footshock 
produced an Inhtb~t~on of noc~cept~ve responses, (2) when 
both neural and humoral connections were interrupted. 
fac|htatlon of noclcepttve responses was seen after foot- 
shock. 

Although the magnitude of footshock-produced ant~- 
noctceptlon in DURA-INTACT mice was quite small, ~t was 
simdar to which we had observed earher m experiment car- 
ned out on intact ammals (unpublished data) 
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S~nce footshock-produced ant~-noctcept~on disappears 
after interruption of  both CSF and neural connections to the 
spinal cord and persists when the CSF route is intact, it 
seems likely that the antt-nocicept~ve effect of footshock is 
mediated, at least partially, by CSF factor(s) released at the 
supraspmal level that descend along the subarachnoid space 
to the dorsal horns This mechamsm ms simdar to that pro- 
posed by Fu and Dewey for morphine analgesia tn mice [3]. 

The chemistry of thins anti-noc~cept~ve factor(s) ~s stdl to 
be determined A complete reversal of the front paw shock- 
produced antt-noctcept~on by naloxone indicates a possible 
role of endogenous op~o~ds This assumption ~s justified tn 
the hght of reports of the presence of  endogenous op~o~ds ~n 
the CSF [2,14]. Moreover, op~otd compounds were found to 
act at the spinal level [15] 

Because of  the ~nadequacy of the available data, it ts only 
possible to speculate which supraspinal structures are the 
source of the substances(s) that produce the antl-nocmcept~ve 
effect of stress. The putative candidate ms the pitmtary since 
~t was found to be the source of/3-endorphtn released ~n 
response to acute stress [4] Our previous results demon- 
stratmg the enhancement of stress-~nduced analgesia m ad- 
renalectom~zed m~ce also ~nd~rectly tmphcate p~tuttary sub- 
stances as possmble mediators of th~s effect [9,10] 

The decrease of  post-footshock latencmes in mice wroth a 
hgated spinal cord suggest that: (1) the stressmg procedure 
used m this study activates not only an ant~-nocmcept~ve 
mechamsm but also a reversed one, (2) facihtat~on of 
nocmcept~ve reflexes ~s exerted at the spinal level by factors 
reaching spinal s~tes through the blood stream. The s~multa- 
neous activation by stress of antt-nocicept~ve and pro- 
noc~cept~ve mechamsm has been suggested by V~dal et al 
[16] who found stress-reduced hyper-alges~c response ~n 

hypophysectomized rats. They hypothesized that this re- 
sponse was due to the elimination of pituitary analgesic sub- 
stances which compensated for a hyper-noclceptive re- 
sponse ~n intact animals. The present results support th~s 
hypothesis of dual action of a single stressor on nocicept~on. 
They further md~cate that hyper-noc~ceptlve mechamsms 
may be activated not only by todd non-noxious stressors but 
also by more severe ones. 

It ~s ~mportant to emphasize that there ms no alteration of 
nociceptive threshold tn the DURA-INTACT group im- 
medmtely after footshock, ~e., at the time when the LI- 
GATED group exhibited a decrease ~n nociceptive threshold 
latenc~es We assume that this may be due to the compensa- 
tory action of a pro-noc~cepttve mechamsm, operating also ~n 
the DURA-INTACT group, but masked by the prevailing 
antt-noc~ceptive effect of stress. 

The question arises as to what mechamsm(s) mediates the 
stress-~nduced hyper-noc~cept~on Its attenuation by 
naloxone m~ght suggest involvement of an endogenous 
op~omd system, lnterestmngly, a stmdar naloxone effect was 
found tn the case of hyper-algesias reduced by ta~l-pinch and 
prolonged intermittent footshock [11,13]. 

In conclusion, the present results provide additional evi- 
dence for a physiologic multiplicity of nociception- 
modulating mechamsms. They also support our prewous 
suggestions that these mechamsms may differ between rats 
and m~ce [10] 
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