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BEYER, C., M. CABA, C. BANAS AND B. R. KOMISARUK. Vasoactive intestinal polypeptide (VIP) potentiates the behav- 
ioral effect of substance P intrathecal administration. PHARMACOL BIOCHEM BEHAV 39(3) 695--698, 1991.--Intrathecal (IT) 
injection of 20 p.g substance P (SP) induced a behavioral syndrome consisting of scratching and biting the flanks (83% and 57%, 
respectively, of 48 rats), and distress-like vocalization (42% of 26 rats tested) in response to a previously innocuous tactile stimu- 
lus with avon Frey fiber (allodynia). These behavioral events following SP were of short latency (1-2 min) and duration (around 
10 min). Injection IT of 5 i~g, but not 1 I~g, of vasoactive intestinal polypeptide (VIP), concurrently with SP, significantly in- 
creased the frequency of both scratching and biting bouts over that produced by SP alone. VIP IT alone (1 or 5 I~g) did not 
stimulate scratching-biting, but induced allodynia in a significant proportion of rats. 

Vasoactive intestinal polypeptide Substance P Allodynia Itch Scratching Biting Rats Females 
Hyperalgesia Pain 

SUBSTANCE P (SP), a putative neurotransmitter mediating no- 
ciception [for review see (30)], is colocalized with several other 
neuropeptides, e.g.,  calcitonin gene related peptide, CGRP (29), 
enkephalins (6) and vasoactive intestinal peptide, VIP (12,13) in 
dorsal root ganglia neurons of the sacral region. The functional 
significance of this colocalization has not been fully established, 
but behavioral studies suggest that these neuropeptides modulate 
the action of SP on second order spinal cord neurons. 

Intrathecal (IT) administration of SP to rodents produces 
scratching, biting and licking of flanks and lower limbs (2, 9, 
10, 18, 22). Concurrent administration of calcitonin gene related 
peptide (CGRP), one of the neuropeptides colocalized with SP, 
potentiates and prolongs the action of SP (28) although CGRP 
alone has no behavioral effect. 

The possible interaction of VIP and SP in the spinal cord has 
not been explored, despite the colocalization of these two pep- 
tides in neurons of the sacral ganglia (12,13) and the overlap- 
ping in the distribution of their afferent terminals in the dorsal 
horn (16). Therefore, we studied the behavioral effects of the 
concurrent IT administration of VIP and SP. 

METHOD 
Subjects 

Female Sprague-Dawley rats (250-300 g) were supplied with 
food and water ad lib. They were housed individually at 23 °C 

on a reversed light:dark cycle (dark 1000-2000 h). 

Surgery 

Ovariectomy was performed to avoid possible sensory alter- 
ations due to sex steroid secretion. Under ketamine anesthesia 
(100 mg/kg IP) and xylazine (5 mg/kg IP) a 7.5 cm catheter 
(Clay Adams PE-10 tubing, Fisher Chemical, Springfield, NJ) 
was introduced into the subarachnoid IT space through an inci- 
sion in the atlanto-occipital membrane. At least one week of re- 
covery was allowed before testing (7 to 14 days of recovery). 

Treatment Groups 

Rats were injected IT with one of the following solutions: 
group 1:0.01 N acetic acid (vehicle), n = 5 ;  group 2: SP 20 Ixg, 
n=48 ;  group 3: VIP 1 I~g, n =  10; group 4: VIP 5 p,g, n =  10; 
group 5: SP 20 p .g+VIP 1 p,g, n =  10; group 6: SP 20 p~g+ 
VIP 5 Ixg, n---14. Rats were injected twice in a balanced de- 
sign, in which half of the rats initially received SP and the other 
half were allotted at random to the experimental groups. Seven 
to ten days later the treatment schedule was inverted. The dose 
of 20 p,g SP was selected from a pilot study in which an IT 
injection of 1 Ixg, 5 IJ-g or 20 Ixg was administered to groups of 
4 rats each. Only with the 20 txg dose of SP was scratching 
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behavior induced consistently in our rats. Dosages of VIP were 
selected from previous studies in this laboratory. All substances 
were dissolved in 6 Ixl 0.01 N solution of acetic acid at pH 3. 
During the performance of the IT injection rats were kept in a 
Stoelting animal holder. Drugs were delivered to the perispinal 
space with an additional 7 p,1 saline flushed from the catheter. 
The injection duration was less than one minute. Previous stud- 
ies have shown that with this injection procedure (32), drugs are 
restricted to the spinal cord at least for the first 30 min postin- 
jection. 

Behavioral Testing 

Rats were observed in a circular Plexiglas cylinder before in- 
jection. Immediately after the injection they were placed back in 
the cylinder where they remained throughout the observation pe- 
riod. Rats showing signs of motor or sensory disturbances after 
surgery were excluded from the study. 

Vocalization response to cutaneous stimulation was deter- 
mined by briefly applying pressure alternatively to the lower half 
of the dorsum, flanks and hind legs with a medium diameter von 
Frey fiber (5.5 g force; Stoelting Co., Chicago, IL). In each test 
ten stimuli were applied at approximately 5-s intervals and the 
occurrence of vocalization, scratching-biting or other motor re- 
sponses was noted. This stimulus rarely, if ever, induces vocal- 
ization in normal rats (1). 

All observations were performed by two observers, which 
were blind to the treatment. The number of bouts of 1) scratch- 
ing and 2) biting were counted on a minute-to-minute basis for 
5 min before the injection and for 60 min after the injection. 
The effect of tactile stimulation with the yon Frey fiber was 
tested immediately before injection, 1 minute following the IT 
injection and every 5 min subsequently. 

Statistics 

Data were analyzed by ANOVA and subsequent paired-com- 
parisons (Tukey's Protected T) using the GB-STAT Professional 
Statistics and Graphics Version 2.0 computer program package 
(Dynamic Microsystems, Silver Springs, MD). Statistical com- 
parisons for von Frey fiber stimulation between preinjection and 
postinjection conditions were made using the Wilcoxon test. 
Statistical comparisons for proportion of responsive subjects 
(scratching, biting) were made using a ×2 test. 

RESULTS 

Administration of the vehicle induced no overt behavioral al- 
terations, i.e., no scratching or biting. Spontaneous scratching 
behavior occurred only rarely in the predrug condition. Tactile 
stimulation with the von Frey fiber had no effect on vocalization 
in any of the five vehicle-injected rats. Similarly, as shown in 
Fig. 1, vocalization to von Frey fiber stimulation was rarely ob- 
served in the predrug condition (range from 1% to 4% of vocal- 
ization response in the various treatment groups). 

SP administration elicited significant spontaneous scratching 
in 83% (p<0.01, SP vs. vehicle) and biting in 58% (p<0.5,  SP 
vs. vehicle) of the rats (Figs. 1 and 2). Usually, spontaneous 
scratching was directed towards a skin area but in some cases 
stereotypic waving of the hind paw occurred without contacting 
the skin. SP-induced scratching was not accompanied by signs 
of overt distress, such as vocalization or abrupt motor changes. 
The scratching bouts were usually interspersed with periods of 
grooming or gentle biting of the paws or flanks. Scratching-bit- 
ing episodes appeared within the first 2 min of the injection, 
peaked at 3 rain and subsided in most rats by 20 min postinjec- 
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FIG. 1, Effect of IT injection of two dose levels of VIP (1 and 5 I~g) 
with or without the concurrent injection of SP (20 i~g) on the number of 
scratching bouts performed by the rats during the 20-rain period imme- 
diately following injection. Note the synergy between SP and VIP (5 
p,g). *p<0.05 compared to group receiving only SP. V = vehicle (n = 
5); SP (n=48); VIP 1 p,g (n= 10); VIP 5 Ixg (n= 10); SP + VIP I p~g 
(n = 10); SP + VIP 5 p,g (n = 14). 

tion. Substantial individual variations in scratching frequency in 
response to SP were observed; thus 72% of the rats that mani- 
fested scratching showed fewer than 10 bouts of scratching dur- 
ing the first 20 rain postinjection, and only 8% displayed more 
than 25 bouts during this period. Vocalization in response to von 
Frey fiber stimulation (i.e., "al lodynia")  was noted in 22 out of 
26 tested rats injected with SP. Only two of these rats vocalized 
(each only once) to this stimulus before SP administration (Fig. 
3). In five out of 26 rats injected with SP, tactile stimulation 
with the von Frey fiber consistently induced scratching directed 
to the stimulated point. This response to tactile stimulation (re- 
flex scratching) was not observed under any other control or 
predrug condition. 

VIP only, at either the 1 or 5 Ixg dose, failed to significantly 
stimulate scratching or biting (Figs. 1 and 2). However, as 
shown in Fig. 3, the high dose of VIP induced significant allo- 
dynia compared to values obtained before treatment. 

20 

E 

Z 

I -  0 c ~ g  
m ~ E  

o 
Z 

15 

10 

5 

I 
o v SP VIP VIP 

(1 i,~ (s~l) 

T R E A T M 

0I 
~+~dP SP+VlP 

(1 i~) (sJ, I) 

E N T 

FIG. 2. Effect of IT injection of two dose levels of VIP (1 and 5 I~g) 
with or without the concurrent injection of SP (20 ~g) on the number of 
bites performed by the rats during the 20-rain period immediately fol- 
lowing injection. *p<0.05 compared with substance P alone. V = vehi- 
cle; number of rats as in Fig. 1. 
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FIG. 3. Effect of IT injection of two dose levels of VIP (1 and 5 v-g) 
with or without the concurrent injection of SP (20 v.g) on the percentage 
of vocalization induced by von Frey fiber stimulation. Values obtained 
before treatment (open bars) were means of the percentage of times the 
individual rats vocalized in response to a test consisting of 10 trials with 
the von Frey fiber. Values obtained during treatment (hatched bars) in- 
dicate the mean percentage of times the rats vocalized in response to 4 
tests, i.e., 40 trims with the yon Frey fiber, performed at 5, 10, 15 and 
20 minutes following the IT injection. Values were pooled since no sig- 
nificant differences in vocalization response were noted between these 4 
postinjection tests. Note that von Frey fiber stimulation induced vocal- 
ization only rarely before the IT injections (less than 5% in any group). 
Administration of substance P and the higher dose of VIP significantly 
increased vocalization response to the mechanical stimulus. The vocal- 
ization response to von Frey fiber stimulation in the groups receiving 
VIP and substance P together did not significantly differ from values 
obtained with the peptides alone. **p<0.02, ***p<0.01. Number of 
rats as in Fig. 1. 

The concurrent administration of the high dose of VIP (5 I~g) 
but not the low dose (1 Ixg) significantly increased the effect of 
SP on spontaneous scratching (Fig. 1). This effect was due to 
both an increase in the frequency and duration of the periods 
during which the scratching bouts were manifested. Thirteen of 
14 rats injected with both SP and VIP displayed scratching, and 
42% of these rats (versus 8% in SP rats) showed more than 20 
scratching bouts within 20 min postinjection. Biting was also 
significantly increased in this group when compared with SP 
only (Fig. 2). By contrast, no synergism between VIP and SP 
was noted for the vocalizations induced by von Frey fiber stim- 
ulation (Fig. 3). 

D I S C U S S I O N  

The present results are consistent with the concept that SP 
intrathecal administration is perceived as a noxious stimulus that 
mediates itch-like sensations (1). SP also produces mild allody- 
nia, since indifferent tactile stimulation induced vocalization 
in a significant proportion of SP-injected rats, a finding in agree- 
ment with previous observations (5). The mechanisms through 
which SP stimulates allodynia are not clear, though it may in- 
volve an indirect effect. Thus SP increases the release of both 
aspartate and glutamate in the dorsal cord (28). These excitatory 
amino acids at its turn act on NMDA receptors which have been 
implicated in the production of allodynia, since NMDA antago- 
nists prevent the intense allodynia induced by IT strychnine (31). 
It has been suggested (3) that SP produces scratching by acting 
directly on motoneurons rather than by stimulating second order 

sensory neurons. Yet, the fact that SP-treated rats frequently bit 
and licked the hind limbs or flanks is not consistent with this 
interpretation, since these actions involve motoneurons located 
in neural levels above the area of  diffusion of the injected SP 
(32). Moreover, some SP-treated rats consistently responded to 
the brief von Frey fiber stimulation with scratching oriented to 
the site of the stimulus, suggesting that transmission in the af- 
ferent limb of the scratching reflex arc was facilitated by the 
peptide. Reflex scratching was not observed in control rats or 
during predrug testing. 

The finding that combined IT administration of VIP and SP 
elicited biting directed to the same site as scratching implies that 
the peptides produced a sensory state to which the rats responded 
with an organized behavior pattern. A parsimonious interpreta- 
tion is that combined intraspinal VIP and SP administration gen- 
erated a sensation of itch, whose site of origin is the spinal cord 
and not the brain or periphery. In this case, the spinal cord ap- 
pears to be a site of origin of "motivated"  behavior, in which a 
specific afferent state (e.g., " i t ch" )  is produced by an interac- 
tion between two primary afferent peptides, to which the rat re- 
sponds by generating a specific adaptive motor pattern (e.g., 
scratching). 

It is only possible to speculate on the mechanism involved in 
the SP-VIP synergy. The synergistic effect of VIP on SP behav- 
ioral actions could be simply due to a summation effect, since 
VIP also excites dorsal horn neurons driven by noxious stimula- 
tion (11). However, the finding that VIP did not stimulate 
scratching does not support this interpretation, but rather sug- 
gests that it acted as a positive neuromodulator of SP postsynap- 
tic action. VIP could modulate the action of SP at the synaptic 
level by increasing the binding affinity and/or number of SP re- 
ceptors. To our knowledge, no information exists on the possi- 
ble regulation of SP receptors by VIP, but it has been reported 
that VIP modifies the binding of serotonin to brain 5-HT recep- 
tots (26), and enhances muscarinic ligand binding in the sali- 
vary glands (19). It is known that SP acts at the cellular level 
through phospholipase-C-coupled receptors [see (15)], while VIP 
stimulates adenylate cyclase-coupled receptors [see (24)]. Al- 
though no specific studies on SP-VIP interactions on intracellu- 
lar signal transduction have been made, several reports support 
this possibility (8, 20, 21). Thus synergistic interactions between 
SP and various drugs increasing cyclic AMP levels, e.g.,  iso- 
prenoline and forskolin, have been reported in rat parotid glands 
(23). Moreover, in rat cerebral cortical slices, extremely low 
concentrations of VIP enhance the potency of carbachol (a mus- 
carinic agent using the same biochemical effector as SP) in in- 
ducing inositol phosphate accumulation (25). Recently, an 
alternative mechanism for peptide interactions has been sug- 
gested by the observation that one peptide may potentiate the 
action of another by inhibiting its breakdown. Thus CGRP, de- 
spite not having structural affinity with SP, enhances and pro- 
longs the behavioral action of IT SP (29) by inhibiting its 
degradation (17). Although the effect of VIP on SP breakdown 
has not been studied, it is probable that the synergistic effect 
can be explained by a similar, competitive, mechanism since in 
some tissues the same proteases, i.e., mast cell chymases, cleave 
both SP and VIP (4). It is also possible that VIP indirectly po- 
tentiates SP action by increasing local blood flow in the spinal 
cord, an idea supported by the existence of VIP-containing fi- 
bers innervating spinal cord blood vessels (7). This vasomotor 
mechanism has been shown to participate in the potentiation of 
the SP induced neurogenic inflammatory response by concurrent 
administration of VIP (14). Obviously, further studies should be 
done to evaluate these possible mechanisms of SP-VIP behav- 
ioral interactions at the spinal cord level. 



698 BEYER ET AL. 

REFERENCES 

1. Beyer, C.; Roberts, L. A.; Komisaruk, B. R. Hyperalgesia induced 
by altered glycinergic activity at the spinal cord. Life Sci. 37:875- 
882; 1985. 

2. Beyer, C.; Banas, C.; Gonzalez-Flores, O.; Komisaruk, B. R. 
Blockage of substance P-induced scratching behavior in rats by the 
intrathecal administration of inhibitory amino acid agonists. Phar- 
rnacot. Bioehem. Behav. 34:49t-495; 1989, 

3. Bossut, D.; Frenk, H.; Mayer, D. J. Is substance P a primary affer- 
ent neurotransmitter for nociceptive input? II. Spinalization does not 
reduce and intrathecal morphine potentiates behavioral responses to 
substance P. Brain Res. 455:232-239; 1988. 

4. Caughey, J, M.; Leidig, F.; Vino, N. F.; Nadel, J. A. Substance P 
and vasoactive intestinal peptide degradation by mast cells tryptase 
and chymase. J. Pharmacol. Exp. Ther. 244:133-137; 1988. 

5. Cridland, R. A.; Henry, J. L. Effects of intrathecal administration 
of neuropeptides on a spinal nociceptive reflex in the rat: VIP, gala- 
nin, CGRP, TRH, somatostatin and angiotensin II. Neuropeptides 
11:23-32; 1988. 

6. de Groat, W. C.; Kawatani, M.; Houston, M. B.; Erdman, S. L. 
Colocalization of VIP, substance P, CCK, somatostatin and en- 
kephalin immunoreactivity in lumbosacral dorsal root ganglion cells 
of the cat. Abstract of 5th International Washington Spring Sympo- 
sium, May 28-31, Washington, DC; 1985. 

7. Edvinsson, L.; Fahrenkrug, J.; Hanko, J.; Owman, C.; Sunder, F.; 
Uddmann, R. VIP (vasoactive intestinal peptide)-containing nerves 
of intracranial arteries in mammals. Cell Tissue Res. 208:135-142; 
1980. 

8. Enna, S. J.; Karbon, E. W. Receptor regulation: evidence for a re- 
lationship between phospholipid metabolism and neurotransmitter 
receptor-mediated cAMP formation in brain. Trends Pharmacol. Sci. 
8:21-24; 1987. 

9. Frenk, H.; Bossut, D.; Urca, G.; Mayer, D. J. Is substance P a 
primary afferent neurotransmitter for nociceptive input? I. Analysis 
of pain-related behaviors resulting from intrathecal administration of 
substance P and 6 excitatory compounds. Brain Res. 455:223-231; 
1988. 

10. Hylden, J. L.; Wilcox, J. L. Intrathecal substance P elicits a cau- 
dally directed biting and scratching behavior in mice. Brain Res. 
217:212-215; 1981. 

11. Jeftinija, S,; Murase, K.; Nedeljkov, V.; Randic, M. Vasoactive in- 
testinal polypeptide excites mammalian dorsal horn neurons both in 
vivo and in vitro. Brain Res. 243:158-164; 1982. 

12. Kawatani, M.; Erdman, S. L.; de Groat, W. C. Vasoactive intesti- 
nal polypeptide and substance P in primary afferent pathways to the 
sacral spinal cord of the cat. J. Comp. Neurol. 241:327-347; 1985. 

13. Kawatani, M.; Nagel, J.; de Groat, W. C. Identification of neu- 
ropeptides in pelvic and pudendal nerve afferent pathways to the 
sacral spinal cord of the cat. J. Comp. Neurol. 249:117-132; 1986. 

14. Khalil, Z.; Andrews, P. V.; Helme, R. D. VIP modulates substance 
P-induced plasma extravasation in vivo. Eur. J. Pharmacol. 151: 
281-287; 1988. 

15. Krause, J. E.; Hershey, A. D.; Dykema, P. E.; Takeda, Y. Molec- 
ular biological studies on the diversity of chemical signalling in ta- 
chykinin peptidergic neurons. Ann. NY Acad. Sci. 579:254-272; 
1990. 

16. La Motte, C. C. Organization of dorsal horn neurotransmitter sys- 
tems. In: Yaksh, T. L., ed. Spinal afferent processing. New York: 
Plenum Press; 1986:97-116. 

17. Le Greves, P.; Nyberg, F.; Terenius, L.; Hokfelt, T. Calcitonin 
gene-related peptide is a potent inhibitor of substance P degrada- 
tion. Eur. J. Pharmacol. 115:309-311; 1985. 

18. Lembeck, F.; Donnerer, J. Time course of capsaicin-induced func- 
tional impairments in comparison with changes in neural substance 
P content. Arch. Pharmacol. 316:240-243; 1981. 

19. Lundberg, J. M.; Hedlund, B.; Bartfal, T. Vasoactive intestinal 
polypeptide enhances muscarinic ligand binding in cat submandibu- 
lar salivary gland. Nature 295:147-149; 1982. 

20. Nishizuka, Y. The role of protein kinase C in celt surface signal 
transduction and tumour promotion. Nature 308:693--698; 1984. 

21. Nishizuka, Y. Studies and perspectives of protein kinase C. Science 
233:305-312; 1986. 

22. Piercey, M. F.; Dobry, P. J. K.; Schroeder, L. A.; Einspahr, F. J. 
Behavioral evidence that substance P may be a spinal cord sensory 
neurotransmitter. Brain Res. 210:407-412; 1981. 

23. Poat, J. A.; Cripps, H. E.; Cowburn, R.; Iversen, L. L. Synergistic 
interactions between forskolin, isoprenaline and substance P as 
secretagogues in rat parotid glands. Eur. J. Pharmacol. 144:317- 
326; 1987. 

24. Quik, M.; Iversen, L. L.; Bloom, S. R. Effect of vasoactive intesti- 
nal peptide (VIP) and other peptides on cAMP accumulation in rat 
brain. Biochem. Pharmacol. 27:2209-2213; 1978. 

25. Raiteri, M.; Marchi, M.; Paudice, P. Vasoactive intestinal polypep- 
tide (VIP) potentiates the muscarinic stimulation of phosphoinosi- 
tide turnover in cerebral cortex. Eur. J. Pharmacol. 133:127-128; 
1987. 

26. Rostene, W. M. Neurobiological and neuroendocrine functions of 
the vasoactive intestinal peptide (VIP). Prog. Neurobiol. 22:103- 
129; 1984. 

27. Salt, T. E.; Hill, R. G. Neurotransmitter candidates of somatosen- 
sory primary afferent fibres. Neuroscience 10:1083-1103; 1983. 

28. Skilling, S. R.; Smultin, D. H.; Larson, A. A. Differential effects 
of C- and N-terminal substance P metabolites on the release of 
amino acid neurotransmitters from the spinal cord: potential role in 
nociception. J. Neurosci. 10:1309-1318; 1990. 

29. Wiesenfeld-HaUin, L.; Hokfelt, T.; Lundberg, J. M.; Forssmann, 
W. G.; Reinecke, M.; Tschopp, F. A.; Fisher, J. A. Immunoreac- 
tive calcitonin gene-related peptide and substance P coexist in sen- 
sory neurons to the spinal cord and interact in spinal behavioral 
responses of the rat. Neurosci. Lett, 52:199-204; 1984. 

30. Yaksh, T. L. The central pharmacology of primary afferent with 
emphasis on the disposition and role of primary afferent substance 
P. In: Yaksh, T. L., ed. Spinal afferent processing. New York: Ple- 
num Press; 1986:165-195. 

31. Yaksh, T. L. Behavioral and autonomic correlates of the tactile 
evoked allodynia produced by spinal glycine inhibition: effects of 
modulatory receptor systems and excitatory amino acid antagonists. 
Pain 37:111-123; 1989. 

32. Yaksh, T. L.; Rudy, T. A. Chronic catheterization of the subarach- 
noid space. Physiol. Behav. 17:1031-1036; 1976. 


