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TELNER, J. I., F. LEPORE AND J. -P. GUILLEMOT. Effects o f  serotonin content on pain sensitivity in the rat. 
PHARMAC. BIOCHEM. BEHAV. 10(5)657-661, 1979.~In this study the role of serotonin in pain sensitivity was investi- 
gated. Brain serotonin was elevated via low and high doses of precursor tryptophan and lowered via par- 
achlorophenylalanine or lesions placed in the dorsal raphe nucleus. The effects on pain sensitivity were then assessed using 
two psychophysical pain testing procedures: (1) minimum shock intensity (threshold) which produced a conditioned escape 
response; and (2) total activity elicited by highly aversive inescapable shock. The results showed that only a large elevation 
of serotonin produced a change in escape thresholds in the direction of hypoalgesia. When total activity to a painful 
inescapable stimulus was evaluated only lowering of serotonin produced an effect, and this change was in the direction of 
hyperalgesia. The conclusion was made that serotonin does contribute to the mechanism of pain. 

Pain Serotonin Tryptophan Parachlorophenylalanine Raphe lesions 

C O N F L I C T I N G  reports have appeared recently concerning stimuli. The first mechanism involves the modulation 
a possible involvement of serotonin in pain sensitivity. Thus tering of incoming information from the periphery. A 
Tenen [19] Harvey and Lints [51, Fibiger et a/. [3] as well as ing to this model pain detection thresholds would be 
Harvey and Yunger [7] have shown that lowering serotonin ified during serotonin manipulations since the filtering 
via pharmacological or surgical means produces a significant anism has been altered. The second mechanism in 
heightening of pain sensitivity. On the other hand, Harvey et only the nature of the reaction to the stimulus. Thu~ 
al. [6] as well as Hole and Lorens [8] have shown that lesions serotonin content would not affect sensory systen 
placed in the raphe nuclei, which result in an appreciable rather the response parameters to the stimulus. In 
drop in brain serotonin, have no effect on pain sensitivity, words, aversive stimuli would produce a stronger rea 

If  serotonin is implicated in pain sensitivity, with a lower- in an animal with lowered brain serotonin content.  Ele 
ing of brain serotonin producing a heightened sensitivity to of serotonin level would be expected to produce og 
pain, then it seems plausible that increasing brain serotonin effects, although, as already stated, available data are 
via precursors might produce a decrease in sensitivity to sparse. 
pain, However,  most studies examining this possibility have The aim of the present experiment was to e~ 
shown negative results [5, 9]. Indirect evidence has demon- whether brain serotonin affects response thresholds ~ 
strated, however,  that serotonin may indeed play a role in magnitude of the response to aversive stimuli and w 
analgesia. For  example,  Samanin and Valzelli [17] produced hyperalgesia and/or hypoalgesia are both involved. I 
an augmentation of morphine analgesia by stimulation of  the ing of brain serotonin was achieved via para~ 
dorsal raphe nucleus, an area rich in serotoninergic termi- phenylalanine (PCPA) injections and dorsal raphe 1 
nals. Similarily, Sparkes and Spencer [18] found an increase (DR) [1]. Raising of  serotonin was accomplished by in 
in morphine analgesia after intraventricular administration of either a low or a high dose of the serotonin precurso 
serotonin. More direct evidence was obtained by Wada et al. tophan. Thresholds and reactivity to painful electric : 
[20] who observed a stoic response to shock in cats adminis- were evaluated using psychophysical  testing procedu 
tered the precursor,  5-hydroxytryptophan,  and by Guillemot 
el al. [41 who found a significant decrease in pain sensitivity METHOD 
in the cat after megadoses of tryptophan. Animals 

Part of the problem encountered when attempting to link 
serotonin to pain may be the aspect of  pain examined. The animals were 72 male albino rats of the SI~ 
Fibiger et al. [3] have postulated two different mechanisms Dawley strain (Canadian Breeding Farms) and weighe, 
through which serotonin could affect the reaction to painful at reception. They were housed in conventional rat 
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three rats per cage, during the training period. Food (Purina Cushman rat brain atlas [151. During the first 60 s 
Rat Chow) and water were available ad lib. The room illumi- electrode was gradually warmed up to 55°C and then 
nation was maintained on a 12 hr light-dark cycle. After the tained at this temperature for 60 sec. A group of 12 
training period the animals were housed one per cage for the operated controls received the same surgical treatm~ 
remainder of the experiment and food and water availability cept that the electrode was lowered into an area just dc 
were identical to that of the training stage, the DR and no current was passed. 

All injections were composed of drug and 5 cc of co 
Apparatus cial vegetable oil as vehicle and were administered IP. 

The pain-testing chamber consisted of a rectangular (Pfizer) in one dose of 400 mg/kg was administered 
shuttlebox, 50 cm long x 21 cm wide x 21 cm deep, con- animals, 72 hr prior to pain testing. Tryptophan (Ea 
structed of transparent Plexiglas. Metal grids (2 mm diame- was injected in one dose of 100 mg/kg (TRYI00), 

animals, one hour prior to testing. An additional groul 
ter) with ends joined to a plastic frame composed the floor, animals received two doses of 800 mg/kg trypl 
Separation between bars was 1.1 cm. Each side of the cage 
had its floor suspended by springs, attached to the roof of the (TRY800), 6 hr and then 1 hr prior to testing. Twelve a 

served as drug-control group and received 5 cc of t 
box, which lowered 1.5 cm whenever an animal was on that hicle. The schedule of injection times was partitioned 1 
particular side of the cage. The floor was divided into two trol for PCPA, TRYI00 and TRY800 iniection times. 
compartments by a hurdle consisting of a plastic cylinder Pain test tng--aversum-escape threshohl. All pain 
(4.8 cm dia.) located 4 cm above the grid. The cylinder ro- was carried out during the day hours with animals cc 
tated freely about its axis; any attempt by an animal to balanced to control for circadian differences in brain, 
straddle it to escape the shock was therefore rendered im- nin levels. Shock intensities of 0.05, 0.06, 0.08, 0.10 
possible. 0.16, 0.20, 0.25, 0.30, 0.40, 0,50.0.60, 0.80, 1.0, 1.3, 1. 

The ends of both floors were connected to microswitches, 2.5 and 3.0 mA of 5 sec duration were presented to tl 
which activated a stepper, a counter, a timer, and one of two of the shuttlebox containing the animal. Shocks were 
shock generators. Scrambled shock was delivered via two presented in ascending order, with no interval betwe, 
Grason Stadler shockers (model E1064gs), one for each side 
of the chamber. The system was set so that the shock 
was delivered only to the side of the cage which contained 
the animal at the start of each trial. During the second part of 
the experiment, the system was programmed such that the / ~ . ~  
shock was delivered to both sides of the test box simulta- 

neously and was inescapable, t ~ ; ; ~ ~ . ,  x . ~ ? ~ ,  ~ 1 The test chamber was located in a sound insulated room / /  . . . . .  " - / ' ¢ ~ . . ¢  ~ , , ~ - ~  
measuring approximately 3×3×2.5 m and illuminated by 
two 200 watt house lights affixed to the ceiling. The experi- ~ ', 
menter and the control panel were located in a room adjacent ~-, f : ,4 
to this room. The animals were continously monitored via a ~ .., ,s 
closed circuit television system. Throughout the experiment ~ 
white noise (90dB) was delivered to the shuttlebox to control ~ " '  7 for any possible distracting noises which, because of the 
soundproofing, were generally very low. ~ ~ '  5 U , 

Procedure 

Training. Training involved the animals learning an es- , ,.::.,', 
cape task. On Day 1, animals were placed in the 
shuttlebox individually and allowed to explore for five min. 
Shock (0.3 mA) was then presented on the side containing " '  ' ' ~ ~  } 1 ~ 1 3  ~ ~  , 
the animal and remained on for 60 sec. During this shock "~ • 
period the animal could escape by jumping over the hurdle 
to the other side. Twenty shock presentations with a 60_+ 10 
sec inter-trial interval were administered. This procedure " 
was repeated two days later and animals that could not main- 
tain a criterion of 15 out of 20 escapes within 5 sec were X] ~ 
eliminated and replaced by other animals. Successful a n i - ~  i ~ . ~ ~  ~ ~ , -  i ~ )  E 
mals were then randomly assigned to one of six treatment 
groups. ~, 

Treatments. Radio-frequency lesions of the dorsal raphe q / . ~  
nucleus were produced in 12 animals under sodium pen- O O 
tobarbital (Nembutal; Abbott) anaesthesia (50 mg/kg IP). A 
David Kopf tungsten cryoprobe, insulated except at the tip 
(1 mm long by 0.5 mm diameter), was guided stereotaxically 
into the dorsal raphe (DR) nucleus (A: -6.2 mm from the 
bregma: L: 0.0 mm; V: 6.5 mm below the surface of the FIG. 1. Schematic representation of a representative dorsa 
cortex) according to the coordinates of the Pellegrino and lesion. 
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To determine degree of lesion, histological slides wet 
jected on paper on which the outl ine of the raphe stru 
at the appropriate anterior-posterior  coordinates  wer, 

0.E ~ cated. The borders of the lesion were drawn on the 
i!:i!!i!!ii!i!!!!i ! which was then cut along the two borders.  The weight 
::~3~ pieces of paper  represent ing the lesions were compa 

0.5 :::::::::::::::::::::::: the combined weight of the lesioned and unlesioned pc 
::!%!i!i!i! 
i~!iii!iiiiii of  the raphe representations.  Only animals which sho, 
:::::::::::::::::: least 50% damage of the DR nucleus were kept for the s 

0.4 :::iiii!!i!iiiiiii cal analysis.  Those showing less than 5(F/b destruct im 
:::!i!i!i!i!i! el iminated and replaced by appropriately lesioned an 
!i~i!iiiiiiiii 

iiiiiiiiilili! In all, 21 animals were lesioned, of  which twelve sl 
0.3 :::::::::::::::::::::: greater than 5(1% destruction of the DR nucleus ant  

ii!iiiiiiiiii:i:i:!:i:~:i: i ~  retained for the statistical analysis. 

;:~:i:~:~:!:i :!~#~ Analvs i s  o f  Resu l t s  O, 2 ~i#iiiiiil . 
:.:.:.:.:.:.: 
.:.:,:.:.:.:. . . . : . , , . . , .  

ii~!ii!i!iii~ !!i::i::i::i::i::! ~ 
;#~;;~ ~#~ For all measures,  a one-way analysis of varianc 
ii!i!i::iiiiii employed [211 followed by a Duncan  New Multiple 

0,1 ili{{{iiiiiii: ::::i!iii!iii Test [21. 
::iiiiiii!i!il ::::::::::::::::::: To eliminate extreme scores, the median of 
iiiiiiiiiiiil !iiiii{i:iii:iiiii:{ thresholds (aversion-escape data) was defined a 
.............. threshold for individual animals.  An analysis  of the~, 

oR SHAM rRr rRv PCPA O~t dians showed a significant difference in threshold 
OO 800 among t reatment  groups,  F(5,66) =8.84, p <0.0  I. Howq 

TREATMENT GROUPS further analysis revealed that only the high t ryptophan 
FIG. 2 Mean aversion-escape thresholds for each treatment group. (TRY800) had significantly higher thresholds than aI] 

groups (p <0.01). The mean thresholds for group medi~ 
shown in Fig. 2. 

An analysis  of group means  for crossings recorded 

succeeding levels and were terminated when a crossing oc- inescapable shock (reactivity to suprathreshold sho( 
curred. The shock intensi ty that resulted in a crossing was vealed a significant difference among groups, F(5,66) 
defined as the threshold for that part icular series. In all, 11 p<0 .01 .  A further analysis  showed that the PCPA 
series were presented,  separated by a 10 min (approximate) made significantly more crossings than either the shal 
intertrial interval.  The first two series were presented to de- trol, TRYI00,  oil and TRY800 groups. The lesioned 

crossed significantly more than the TRY800 group (p < 
termine whether  t reatment  had any effect on the escape t a s k .  
Animals  which appeared to react to the shock (e.g. jump,  the oil control q?<0.05)and TRY100 groups ( p < 0 . 0 5 ) .  
squeal) but did not cross over  during high shock (over 1.3 displayed graphically in Fig. 3. 
mA) were rejected. Only one animal was el iminated from the 
testing due to its failure to shuttle. The median of the remain- 
ing nine series was defined as the animal ' s  avers ion-escape i::i::::iiiiiiiii 
threshold. 6C ::::::::: :::::::::::::: 

Pain t e s t i ng - - r eac t i v i t y  to supra thresho ld  shock .  During ::i::i::iii!i::!il 
this stage of testing the shock was programmed to remain on iiii::i::i::iii::i 
at all t imes on both sides of the test box. Test ing began 10 i!::::i!!::::::::::i 
min after the last aversion-escape trial had ended for a par- 5£ i iiiiiiiiiii!i! 
t icular animal.  High shock (0.8 mA) was present  con- i iii!iiiii!iill 

iiiiii!iiiiii t inuously for 10 min and the number  of crossings from one § 40 :::::::::::::::::::: 
compar tment  to the other  was recorded. The number  of ~ :i:i:i:!:!:!'"~ iiiii::iii::!::! 
jumps  on the same side of the cage (defined by any move- -6 i::iii::iii::i::i .............. 

: i : i : i : i : i : i :  i i i i iiii!i!il  merit of the grid floor which activated the microswitch) was ~ 30 i:i:i:i:!:!:! ....... 
" - ' . - " " "  ii i i i i i i i i i!i  

recorded as well. ~ ~::~i~::~::~::~!~ :.:.:.:.:.: ............ .:.:.:.:.:.:i:i:i:~:i:i:i 
: . : . : . : . : . : . :  :i:i:~:~:i:i ::::::::::::::  
• " - - " "  :::::::::::: : :5::: : : : : : : :  

: . : . : . : . : . :  E S U LTS ;i~i~::~::~::~::~ ::::::::::::::::::::: 
: - : . :+ : ' : ' :  !i!i!iiiiii: . . . . .  ::::::::::::::  :+:.: . : . : . : .  

Histoh).~,y 2 0  ::iiiiiiiii::ill i::iii::i::i::i i!::i::i::iii::iii 
:.~i~::~i~::~ i{i!i;~iiii ::::::::::::::::::::: 

The method of Wolf  [271 was followed for all histologies. ::iiii::::iiii::il ;iii;iiii!i ;::i::;ii::ii;ii:: 
After testing for pain sensitivity,  lesioned animals were in- iiii:#:i::~::: i:i:~:~:i:! ............... 
jected with a fatal dose of sodium pentobarbital  and then 30 ::i::i::iii::i!i::i . . . . . . . . . . . . .  i!::i!i!i::i! iiiiiiiiii!iil 

i::i::iii::i::iiii ~::~i~i~!~::~ ii!iiiiiiii perfused intracardially with isotonic saline followed by 10% :~):~i:~)ii:!iii:! iii!ii!!i!}!iii ....... 
.........,, . . . . . . .  

Formalin.  The rats were decapitated,  the brains were re- :~:~:~;5;~; ;:~:::~:~:;: ~?~i 
moved and stored in Formal in  for one week or more and then 

O R  S H A M  T R Y  ] ' R Y  R C P A  O I 1 .  

placed in a gelatin solution. Frozen sections were cut at 35/z ~ Go 8oo 
and every tenth section was conserved and stained with ere- TREATMENI GROUPS 

syl violet. A typical lesion is shown schematical ly in Fig. 1. FIG. 3 Mean number of crossings for each treatment gn 
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duce hypoalgesia by loading these animals with do 
1613 5HTP sufficient to significantly raise serotonin to abm 

of controls. These researchers used 105 mg/kg 5HTP a 
" "  flinch-jump pain assessment procedure,  while we use 

14o !!!fill!if!i! .............. doses of 800 mg/kg tryptophan and the aversion-det 
::::::::::::::::::::::::: ...... test. Moir and Eccleston [ 14] have documented the prc . . . . . . . . .  

120 :::::::::::::::::::::::: associated with using 5HTP, the most important being 
::::::::::::::::::::::: produces an abnormal distribution of serotonin in the E !:!:!:!:!:!:! 

z i!i~i~ili~i and is taken up nonspecifically and metabolized abnor 
1OO ilililiiiiiiii Furthermore Johnson et al. [10] have demonstrate  ::::::::::::::::::::::::: 

i!i:.i:.i::i:.i:.i 5HTP decarboxylation occurs in catecholamine nc 
_ ~ 80 ~ i with a depleting action on these amines. 

iii~iiiii Hole and Marsden [9] administered tryptophan al 
: : : . :  . . . .  i ! i !! ' i i~i~i  

served no effect on pain sensitivity in the rat. Howe~ 
60 ii~ii!iiii!iiiii highest dosage used in their study was 200 mg/kg wh 

:::5::::::::: .:.:.:.:.:.:. 
~:i:~:i:~:~:~ ::!::i::i::i!ii~::! consisted of two doses of 800 mg/kg. The dose-re~ 

~. 0 ::!:!:!:!:!:!: :i:i:i:i:i:~:i 
i::i::i::i::i::i::i ::::::::::::::::::::: curves for tryptophan [141 show that the lower dose u~ 

20 iiiiiiiiiiiiil i i!i!i!i!!!!!!! Hole and Marsden [9] does not produce nearly as la 
:i:.i:.i:.i:.i:.i:. iliiiiiiiiilil increase in brain 5HT and 5HIAA as do the two 800 
i~:ii:i.i.iii! iiiiiii:iiiiiii dosages. Thus it is possible that our high tryptophan al 

had brain serotonin levels that were much higher than 
oR S,AM r ,v  T,V PCPA O~ L of Hole and Marsden. This may account for the hypo; 

1 o o  8 0 0  

TREATMENT GROUPS effect observed in o u r  animals. 
Our findings with high tryptophan concur with W 

FIG. 4 Mean activity level (number of jumps) for each treatment a/.[20] as well as with Guillemot et al. [4] in our labo 
group, who found significant decreases in pain sensitivity i 

after two daily injections of  800 mg/kg tryptophan for 3 
Lastly,  our results seem to be supported by Harvey et 
who demonstrated that rats are more sensitive to a~ 
stimuli during the night hours than during the day hour: 

An analysis of the total number of jumps  (combined cros- finding may support our hypothesis that serotonin 
sings and on site jumps) revealed a significant difference volved in hypoalgesia since it has been shown that rat, 
among groups, F(5,66)=4.91, p<0.01.  A further analysis 
showed that the PCPA group jumped more freguently than significant increases in brain serotonin during the 
either the TRY100, sham vehicle, TRY800 groups (/9<0.01) compared to the night hours [16]. 
and the lesioned group (p<0.05).This is shown graphically in One criticism that can be made about our high le~ 
Fig. 4. tryptophan is that they may be simply sedating our a 

and/or producing ataxia. If this were the case, then 
DISCUSSION animals would not be able to make the appropriate 

response to the other side of the shuttlebox at the fir 
The main finding of the analysis of the aversion-escape ception of pain. However,  the results of the second pai 

thresholds was that only the high tryptophan group response to suprathreshold inescapable shock, casts 
(TRY800) displayed significantly altered pain thresholds and on this hypothesis,  since the high tryptophan group C 
in the direction of hypoalgesia. Raising serotonin content display significantly lower number of crossings or a 
with small amounts of tryptophan or lowering serotonin counts when compared to the vehicle control group 
quantity either pharmacologically with PCPA or surgically shows that tryptophan loading even at high dosages c 
via lesions in the dorsal raph6 nucleus did not significantly make animals less active or less mobile than controls, i 
alter pain sensitivity as measured by the aversion-escape other hand, high levels of tryptophan may produce n~ 
test. (It must be pointed out that since our laboratory is not high levels of serotonin but also of metabolites whic 
equipped to carry out brain assays, changes in brain seroto- have behavioral effects of their own. This howeve~ 
nin levels can only be assumed to have taken place. This problem with most psychopharmacological studies 
assumption, however,  rests on fairly solid grounds since systemic injections and we have no way of assessi: 
dosage levels and electrode lesion coordinates were based on importance of this parameter  here. 
studies which had in fact carded  out such assays under simi- The results of the second experiment,  where the ar 
lar experimental  conditions [1,14]). reactivity to inescapable high shock was examined s] 

The few published studies that do examine the effects of that lowering brain serotonin level via the use of PCP 
precursor loading strategies using tryptophan [9] or duced a significant increase in reactivity as measur 
5-hydroxytryptophan [5] show no change in pain thresholds number of crossings and activity level. Lowering 
and thus contradict  our findings. However ,  a number of serotonin level via dorsal raphe lesions produced a 
differences can be observed when comparing our experiment reactivity in these surgical animals when compared t, 
with the studies demonstrating negative findings: these in- tryptophan groups as well as to the vehicle control gr( 
volve the type of precursor used, the dosage, and the form of should be noted that although raphe lesions and PCP~ 
pain assessment procedure employed.  For  example,  Harvey deplete the brain of serotonin, PCPA is more poten 
and Lints [5] demonstrated that injection of 5HTP into ani- lowers serotonin content in the entire brain whereas 
mals lesioned in the medial forebrain bundle will raise pain lesions only deplete the striatum. This may account t 
thresholds to that of controls. However ,  they could not pro- slight difference in results between these two groups. 
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These  results  are in agreement  with those  of  Fibiger  et al. thresholds  in rats,  and that thresholds can be retun 
[3] who used a pain assessment  p rocedure  similar t o  ours.  normal  values  when t ryptophan supplements  are giv~ 
They  found that P C P A  lowered  pain thresholds  only when 13]. 
the response  to highly avers ive  shock in an inescapable  In summary ,  previous  studies as well  as the results 
shock paradigm was measured.  PCPA had no effect  on pain exper iment  implicate serotonin in the pain process.  ( 
sensit ivi ty when  avers ion-detec t ion  thresholds were  as- sults show that when  serotonin level is e levated,  s~ 
sessed. Our findings also concur  with those o f  Tenen  [19] threshold is modified in the direction o f  hypoalgesia.  
and Lints  and H a r v e y  [I1] who  found hyperalges ia  to foot serotonin level  is lowered,  sensit ivity to painful stimuli 
shock in rats only at high levels  o f  s t imulat ion after signifi- al tered,  but the response  parameters  to peripheral  
cant  lowering o f  brain serotonin,  stimulation is magnified indicating that the effect  is 

Finally our  results are in agreement  with those showing direct ion o f  hyperalgesia.  
that t ryp tophan-poor  diets produce lower  shock response 
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