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Serotonin-Induced Gnawing in Rats: 
Comparison with Tail Pinch-Induced Gnawing 
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LARSON, A A AND M H KONDZIELSKI 5erotonm-mdut ed gna~t mg m rati Cornpartson ~t tth tad ptn(h-mdut ed 
ena)~lng PHARMAC BIOCHEM BEHAV 16(3) 407-409, 1982 --The intrathecal (IT) rejection of serotonln tn the rat 
was found to produce a variety of behavioral signs of the serotomn "syndrome" as well as intense gnawing Serotonm- 
induced gnawmg is quahtatlvely similar to that evoked by tall pinch Paradoxically, tall pinch-induced gnawing has been 
previously shown to be inhibited by serotonerglc actlvlty while we found a positive dose-related correlation between the IT 
admlmstratlon of serotonm and gnawing Pretreatment with methyserglde IT completely blocked gnawing produced by 
lntrathecally injected serotonm but not that evoked by tad pmch In contrast, naloxone, reported to inhibit tad pinch- 
reduced hyperphagm, failed to affect serotomn-lnduced gnawing The parenteral rejection of haloperldol inhibited both tad 
pinch-induced and serotomn-lnduced gnawing Fadure of mtrathecally injected halopendol to inhibit serotonm-lnduced 
gnawing indicates that dopamlne mediates this behawor at a supraspmal level The ablhty of serotonm to elicit gnawing 
when rejected at the spinal cord level, but to inhibit the same behavior when evoked by tad pinch, suggest that this 
neurotransmltter plays opposite roles depending on which part of the CNS is revolved 

Gnawing Tad pinch Serotonm Dopamlne lntrathecal rejections 

IT has been established that tall pinch in the rat Induces 
gnawing and eating behavior The pressure applied typically 
does not evoke vocalization and was originally described as 
mild [3,4] However,  this gnawing behavior was subse- 
quently found to be inhibited by naloxone, and therefore 
postulated to involve the release of endogenous opiolds [ 10] 
This would suggest that a certain degree of pain or stress is 
involved in producing this behavior The gnawing behavior 
has also been shown to be inhibited by halopendol and 
pimozide [3,4] and therefore thought to be mediated by 
dopamlne iDA) Tall pinch-Induced gnawing has been shown 
to be inhibited by serotonerglc activity evoked by 
fenfluramIne [1, 2, l l ]  In contrast, we have observed qual- 
itatively similar gnawing behavior by the lntrathecal (IT) 
administration of serotonIn in rats 

The present study was designed to characterize this 
serotonln-lnduced gnawing in rats In addition, we examined 
the role of serotonin in tall pinch-Induced gnawing as well as 
the involvement of  DA In serotonIn-lnduced gnawing 
Intrathecal administration of  drugs, using permanently in- 
dwelling cannulas, allowed us to distinguish the spinal from 
suprasplnal actions of these neurotransmitters The 
possibility that tail pinch-induced gnawing involves activa- 
tion of  descending serotonergic pathways was studied using 
IT Injections of  methysergide The Involvement of a 
dopamlnerglc synapse In serotonin-induced gnawing was 
similarly investigated using intraperitoneal (IP) or IT inJec- 
tions of halopendol 

METHOD 

Sprague-Dawley albino rats weighing between 350 and 

400 g were used in this study Animals were chronically im- 
planted with intrathecal cannulas (constructed of PE10 tub- 
lng Inserted 7 cm) according to the method described by 
Yaksh and Rudy [13] An injection of saline was made to 
clear the catheter of any debris accumulated during inser- 
tion Rats were anesthetized with ether during cannulatlon 
and then allowed a minimum of 7 days to recover Dunng the 
recovery period, rats were given food and water ad lib Prior 
to the experimental procedure, all rats were allowed to adapt 
to short periods in plexlglass restrainers and familiarized 
with the experimental procedure Injections of water IT in a 
volume equal to the maximum used for any given trial re- 
sulted in gnawing in only 3 6% of the rats None of the rats 
exhibited spontaneous gnawing at the time of testing A 
minimum of one week separated drug injections for any 
given animal 

Serotonln oxalate (266 3 g/mol) was purchased from 
Sigma Chemical Co (St Louis, MO) Serotonin solutions 
were made fresh daily by dissolving the compound in water, 
making concentrations such that the maximum volume in- 
jected never exceeded 20/.tl Serotonln solutions were kept 
on ice until immediately before use Haloperldol (McNeil 
C o ,  Ft Washington, PA) was a gift from Dr A E Take- 
mori of the University of Minnesota (Minneapolis, MN) The 
compound was dissolved in 0 01 N hydrochloric acid Halo- 
perldoi was administered in a 10/~l volume when injected IT 
and a 0 1 ml/100 g volume for IP inJections Methyserglde 
maleate, a gift from Sandoz Pharmaceuticals (East Hanover, 
N J), was dissolved in water an injected IT m a volume of l0 
~l Naloxone hydrochlonde was a gift from Endo Labora- 
tories, Inc (Garden City, NY) All drugs injected IT were 
followed by a flush with 10/~l of  water 
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TABLE 1 
PERCENT OF RATS GNAWING* 

After After 160/zg 
Pretreatment Tall-Pinch Serotonm IT 

Sterile Water 74 1 55 6 

Methyserglde? 100 0 0 
(50/zg/rat IT) 

Haloperidol$ 44 4 11 1 
(2 5 mg/kg IP) 

Naloxone~ - -  44 4 
(5 mg/kg SC) 

*n=9 for each group except control Tad-Pinch where n=27 
?5 mln before testing 
$4 hr before testing 
~15 mln before testing 

9O 

so 

70 "~ 60 

5O 

10 0 

3:;o 

Log Dose Serotonin i.t. (Dg/rat) 

Gnawing was recorded as an all or none response and 
arbitrarily defined as any chewing on the ammal restrainer or 
on a wooden stick placed honzontally m the restrainer (prior 
to the rejection of any drugs) within 5 mm of an IT injection 
of serotonm or tall pinch The tall pinch simply employed a 
plastic hemostat (MacBlck Co generously supphed J E Mor- 
ley and A S Levme, VA Medical Center, Mlnneapohs, 
MN) slowly apphed 3 m from the base of the tad Rats were 
not touched or manipulated until removal of the hemostat 

Data was expressed simply as the precent of ammals that 
gnawed Where indicated, dose-response curves for seroto- 
nm, injected IT, were constructed The EDso values and their 
confidence hmlts and the slgmficance of the potency ratio 
between two EDs0 values were determined by the method of 
htchfield and Wllcoxon [9] A minimum of 8 animals were 
used at each dose and four doses tested for each dose- 
response curve 

RESULTS 

Intrathecal administration of serotonm into the lumbosac- 
ral area of the spinal cord produced intense gnawing m rats 
(Fig 1) A variety of other responses which are typically 
associated with serotonerglc actwlty, such as tremor, 
rigidity, hmdhmb abduction and straub tall. were also fre- 
quently observed Gnawing usually began shortly after the 
IT mject~on of serotonln and continued for less than 5 mln 
When quantified as an all-or-none response, serotonln 
produced a dose-related increase m the percent of rats ex- 
hlbmng this gnawing behavior 

The IT admlmstratlon of methyserglde at a dose of 50 
/xg/rat 5 mln prior to the IT rejection of 160/xg of serotonm 
completely blocked the serotonln-mduced gnawing In con- 
trast, th~s same pretreatment with methyserg~de not only 
faded to inhibit tall pinch-reduced gnawing, but actually m- 
creased the percent of rats responding to tad pinch (Table 1) 

Naloxone also appears to produce dlfferentml effects on 
the gnawing behawors elicited by either tall pinch or seroto- 
nm Pretreatment with 5 mg/kg of naloxone SC did not ap- 
pear to affect the percent of rats which gnawed m response 
to 160 mg of serotomn to injected lntrathecally (Table 1) 

An IP injection of 2 5 mg/kg of haloperldol 4 hr prior to 

FIG 1 Effect of halopendol on serotonm-lnduced gnawing m rats 
The control ED,0 obtained for serotonln (closed cwcles) did not dif- 
fer slgmficantly from that obtamed 15 mm after the IT admmlstratJon 
of I0 t~g/rat of haloperldol (X) However the IP mjecuon of 2 5 
mg/kg of haloperidol 4 hr before testing with serotonm, inhibited 
gnawing (open orcles) Each point represents the value obtained 
from a group of at least 8 rats 

testing decreased both tall pinch- as well as serotonln- 
induced gnawing (Table 1) However pretreatment with 10 
txg of haloperldol, injected directly into the spinal cord area 
via the lntrathecal cannula, did not Inhibit the gnawing be- 
havior produced 15 rain later by lntrathecally injected 
serotonln (Fig 1) 

DISCUSSION 

Intrathecal admlnstratlon of serotonln causes analgesia 
[14, 12, 8] as well as several behavioral characteristics of the 
"serotonm syndrome" hlndhmb abduction, tremor, straub 
tall and limb and axial rlgldlty [7] In addition to these ef- 
fects, the present study has demonstrated that the mtrathecal 
administration of serotontn produces gnawing in a do,e- 
related fastuon Behaviorally, this serotonln-mduced gnawing 
also appears to be indistinguishable from that produced by 
tall pinch 

Both serotonln-lnduced and tall pinch-induced gnawing 
Involve a dopamlne synapse, as shown by the decreased 
incidence of gnawing after the IP injection of haloperldol 
This is in agreement with several previous reports concern- 
lng tall pinch-induced gnawing and hyperphagm [3,4] How- 
ever the IT administration of haloperldol did not decrease 
serotonln-lnduced gnawing This suggests the involvement 
of dopamlnerglc synapses located specifically in the supras- 
plnal area, and also rules out the possibility of a simple 
antagonism of spinal serotonerglc receptors by halopendol 

The serotonln-antagonlst methyserglde, injected Intra- 
thecally, completely blocked the gnawing ehclted by the 
IT injection of serotonln This indicates that serotonln re- 
ceptors in the spmal regions are involved in the initiation of 
this behavior Intrathecally Injected methyserglde did not 
block tall pinch-induced gnawing, and may even have 
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shghtly potentmted  it (Table 1) Therefore ,  in contras t  to 
se ro tonm-mduced  gnawing,  tail p inch- induced gnawing does  
not  depend  on st imulation of  spinal serotonergtc  receptors  

A second notable dif ference be tween  tall p inch-induced 
gnawing and sero tomn- lnduced  gnawing also hes in their  
manner  of  lnltmtion The IT inject ion of  serotonin has been  
shown to produce analgesia  [8,14], and the gnawing ehclted 
does not  appear  to be inhibited by naloxone (Table l) On the 
o ther  hand, tall p inch- induced hyperphagla  is inhibited by 
prior t rea tment  with na loxone  [10], and is thought  to Involve 
a degree of  pain or  stress which causes the release o f  endog- 
enous  opiates  

Tall p inch- induced hyperphagla  has been  shown to be 
complete ly  suppressed by the serotonergIc anorect lc  agent 
fenfluramlne 12,11] A var ie ty  o f  o ther  manipulat ions,  such 
as precursor  loading and inhibition of  serotonin reuptake,  
which also result  in an increased serotonergac act ivi ty In the 
CNS,  have also been shown to inhibit gnawing behavior  [1] 
In light of  our results,  showing the product ion of  gnawing 

behav ior  by the injection o f  serotonin into the spinal cord 
area,  this neuro t ransmi t te r  appears  to have  two different and 
opposi te  actions one supraspinally and the o ther  at the spi- 
nal cord level An enhancement  of  serotonergic  act ivi ty at 
the suprasplnal level  has been shown to inhibit tail pinch- 
induced gnawing by inhibiting the release of  dopamlne  in the 
caudate  nucleus [5] The  concep t  of  a dual action of  seroto- 
nln is in agreement  with Davis  et  al  [6] who showed two 
opposi te  effects of  serotonln on the acoust ic  startle reflex, 
depending on which level of  the CNS was injected 

In summary,  both the lntrathecal  mject~on of  serotonln 
and a mechanical  tall pmch  will produce s lmdar gnawing 
behaviors ,  which appear,  in both cases,  to be medmted by 
supraspinal dopammergic  synapses Sero tonm-mduced  
gnawing reqmres  spinal serotonerglc  achvat lon ,  also known 
to cause analgesia H o w e v e r  tad pinch-reduced gnawing 
does  not depend on a spinal serotonerglc synapse and may 
actually be pain or  stress related 
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