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Ⅰ. INTRODUCTION

Pulpal inflammation can result from mechanical,

chemical, or bacterial insult. The initial vascular

reactions during inflammation in the dental pulp

are vasodilation and increased vascular perme-

ability. These vascular reactions are induced by

activation of sensory nerve endings of C-fiber.

This condition is called neurogenic inflammation1).

The inflammatory process in the pulp does not

differ significantly from that in other tissues in

most respects with a notable exception, the low

compliance environment2). Activation of sensory

nerve causes release of vasoactive peptides from
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its endings. These neuropeptides include sub-

stance P (SP), neurokinin A, and calcitonin gene-

related peptide. Sensory neuropeptides initiate

release of inflammatory agents such as histamine,

prostaglandins, leukotrienes and bradykinin3).

The release of inflammatory mediators results in

vasodilating arterioles, venular leakage, leuko-

cytes chemotaxis, and pain induction2). 

SP, discovered in 1931 from alcoholic extracts of

horse brain and intestine4), is widely found in the

central and peripheral nervous system. It is a

very small peptide that is composed of 10 amino

acids. Dental pulp is known to have the highest

concentration of SP outside of central nerve sys-

tem5). Existence of SP like-immunoreactivity was

confirmed in the dental pulp6).

SP-containing primary neurons perform two

functions: the transmission of sensory signals to

second-order neurons on the central side; and the

control of a variety of activities on the peripheral

side, such as vasodilation, plasma extravasation,

contraction of smooth muscles, acceleration of

mucociliary movements, and depolarization of

peripheral neurons7). Therefore it is known to play

an important part in vasoregulation: it is a strong

vasodilator and increasing vascular permeability6,8)

and also involved in nociception (pain) associated

with inflammation9).

SP showed to exert flow response on the dental

pulp8). With the use of electrical stimulation, the

vasodilation in the pulp was proposed to be

caused by liberation of sensory neuropeptides6).

Endothelium dependant NO pathway was shown

to be involved in this vasodilatory function of SP

in the dental pulp10). There is also evidence that

SP is intermittently released from nerves without

any apparent stimulation. Role of such physiologi-

cal intermittent leakage of the neuropeptide is

vasodilation that modulates sympathetic vasocon-

striction during resting basal condition. Resting

vasodilator tone due to release of SP was suggest-

ed to exist in the ferret dental pulp11),

SP is also a pain transmitter of certain primary

sensory neuron producing slow excitatory post-

synaptic potentials in second order neuron in the

dorsal horn12). Various inflammatory mediators

including SP causes pain directly by lowering the

excitability threshold, and indirectly by vasodilat-

ing arterioles, vascular leakage in venule result-

ing in edema and subsequent elevation in tissue

pressure. 

SP belongs to the tachykinin group, a family of

related peptides sharing the common carboxyl ter-

minus, Phe-X-Gly-Leu-Met-NH2
13) and its roles

are performed through its preferential interaction

with the NK1 receptor14). There are three major

mammalian tachykinins: SP, neurokinins A

(NKA) and B (NKB)15). When released by appro-

priate stimuli in peripheral organs, these neu-

ropeptides activate receptor types, NK1, NK2,

and NK3. Of the natural agonists, SP has the

highest affinity for NK1, NKA for NK2, and NKB

for NK316). NK1 agonist is already identified as SP

and it is one of the most important neuropeptide

involved in the hemodynamics and neurogenic

inflammation in the dental pulp17). 

SP antagonists have been used in studies to

define the exact physiological and pathological

roles of SP and to control the SP-induced phe-

nomenon. Studies for the roles of SP include those

for resting interstitial fluid pressure11), for the

basal blood flow of pulp and gingiva18), and for the

function of SP in pain transmission and the vas-

cular system in various organs of animals9), and

NK1 receptor antagonists were characterized17).

Studies for the control of SP-induced responses

include those in blocking the SP-induced respons-

es such as the change in the blood flow, tissue

pressure and vascular permeability11), its associat-

ed jaw-opening reflex19-21), in blocking responses

elicited by noxious stimulus9,22). These NK1 recep-

tor antagonists has been shown to be effective in

blocking peripheral inflammatory vascular

responses as well as nociception (pain) associated

inflammation. Hence, NK1 receptor antagonist is

expected to provide novel therapies for important

diseases where SP is involved23). 

In these previous studies, most of NK1 receptor

antagonists were administered intra-arterially,

intra-venously, or intra-thecally for investigating

its effects on pulpal blood flow (PBF). However,

the effect of local application of NK1 receptor
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antagonists into dentinal cavity was not defined

yet. It needs to be evaluated whether ion-

tophoretically applied NK1 receptor antagonists

can control the pulpal inflammation. Therefore,

the purpose of this study was to investigate the

influence of NK1 receptor antagonists on the PBF

when they were applied iontophoretically through

the dentinal cavity of teeth.

Ⅱ. MATERIALS AND METHODS

Animal preparation

Eleven cats with average weight of 3.4 kg were

used. Periapical radiographs were taken of the

canine teeth to ensure the maturity of the apices

and to assess the size of the pulp. Animals were

initially anesthetized with intra-muscular injec-

tion of ketamine (75 mg/kg) and acepromazine

(2.5 mg/kg), followed by intra-venous injection of

alpha-chloralose (40 mg/kg) and urethane (500

mg/kg) through the femoral vein. General anes-

thesia was maintained with supplemental anes-

thetics (4 mg/kg of alpha-chloralose and 50

mg/kg of urethane) as needed. Airway was main-

tained through the tracheostomy and a femoral

artery was cannulated for monitoring systemic

blood pressure. A lingual artery was catheterized

for the administration of drugs into the maxillary

artery. The tip of the catheter was positioned at

the junction of the external carotid and lingual

arteries to insure unimpeded blood flow of the

external carotid artery. Body temperature was

monitored with rectal thermometer and main-

tained between 36℃ and 39℃ with a heating pad.

The mandible was immobilized by intermaxillary

splinting with dental stone and a steel rod that

was anchored to a base by magnetic stand.

PBF measurement

Enamel was removed with a dental bur on the

distal surface of the crown over the cervical third

of the canine teeth ipsilateral to the catheterized

lingual artery, which was aparted from gingival

margin more than 3 mm. The laser Doppler

flowmeter probe (PF416, Perimed Co., Stockholm,

Sweden) was carefully positioned to record PBF

through the exposed dentin, which was flooded

with isotonic saline to avoid drying. The PBF was

monitored with a laser Doppler flowmetry (Periflux

4001, Perimed Co., Stockholm, Sweden). Systemic

blood pressure recording (in mmHg) and the laser

Doppler recording of PBF (in perfusion unit) were

monitored continuously and simultaneously

throughout the experiments through the computer

monitor with a physiological pressure transducer

(Harvard Apparatus Ltd., Edenbridge, Kent,

England), Digidata 1200, and Axoscope (Axon

Instruments, Inc, Foster City, CA, USA).

Administration of drugs

A lower canine ipsilateral to the catheterized

lingual artery was prepared for iontophoresis. A

class V dentinal cavity (1.5 mm in width, 2 mm

in length, 0.5 mm in depth) was prepared on the

cervical third of the labial surface of the crown

with a high-speed #701 tapered fissure bur. The

exposed dentin surface was etched with 32%

phosphoric acid for 10 sec so that it was cleaned

of debris and the dentinal tubules were open. The

iontophoretic electrode (PeriIont Microphar-

macology System, Perimed, Jarfallo, Sweden) was

placed on the tooth cavity and reference electrode

was placed on the adjacent soft tissue. Drug was

delivered using a cathodal current with 0.02�0.1

mA for 1 min. The current was calibrated at the

intensity and duration on which iontophoretic

application of saline does not alter PBF.

SP (Sigma Chem. Co., St. Louis, MO, USA)

was injected into the lingual artery at doses of

0.8�20.0 ng/kg 15 sec before or after ion-

tophoretic application of NK1 receptor antago-

nists. As a control, 0.2 mL of normal saline solu-

tion was injected into the lingual artery. The

selected drugs were given into the maxillary

artery for 40 sec, followed by a flush of 0.3 mL

isotonic saline. SP was titrated to exert maximum

effect on PBF without influencing systemic blood

pressure in order to minimize or eliminate the

systemic effect. To compare the effects of drugs on
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the pulp with and without iontophoresis, drugs

were applied to the dentinal cavity with and

without iontophoresis. In order to confirm the ion-

tophoresis function in each tooth cavity, SP was

applied iontophoretically in each animal at doses

of 59.4�742.1 μM before other drugs. For NK1

receptor antagonist, two kinds of peptide were

used: [D-Pro2, D-Trp7,9]-SP and [D-Pro2, D-Phe7,

D-Trp9]-SP (Sigma Chem. Co., St. Louis, MO,

USA)17). These NK1 receptor antagonists were

applied iontophoretically into the dentinal cavity

at doses of 0.2�3.4 mM. NK1 receptor antago-

nists were titrated to exert maximum inhibitory

effect on PBF without influencing systemic blood

pressure. As a control, normal saline solution was

applied iontophoretically into the dentinal cavity.

Effect of NK1 receptor antagonists on PBF was

tested in two ways: 1) to identify the influence of

NK1 receptor antagonists on PBF change induced

by SP, NK1 receptor antagonists were applied

iontophoretically into the tooth cavity 15 sec after

the start of intra-arterial administration of SP 2)

to identify the influence of NK1 receptor antago-

nists on PBF change which may be induced by

SP, NK1 receptor antagonists were applied ion-

tophoretically into the tooth cavity 15 sec before

the start of intra-arterial administration of SP. A

stable laser Doppler signal during the recording of

40 sec before each administration of drugs was

defined, and the maximum deviation after each

administration was used as the experimental val-

ue. The PBF values were recorded in the comput-

er until laser Doppler flowmeter readings

returned to the control level.

Statistics

All numerical data in the text and tables are

expressed as percent change from control and are

given as mean ± standard error of the mean

(SEM). The paired variables of control and exper-

imental data were compared by paired t-test and

differences with p<0.05 were considered statisti-

cally significant.

Ⅲ. RESULTS

Effect of SP administered intra-arterially on

PBF

A typical strip-chart recording of systemic blood

pressure and PBF in response to intra-arterial

administration of SP is presented in Figure 1.

Percentage changes of PBF in response to SP and

saline as control are given in Figure 2. Intra-

arterial injection of SP at the dose of 0.8�20.0

ng/kg resulted in increases of PBF by 38.9 ±

4.2% (n = 35, p < 0.05), whereas there was no

significant change of PBF with the physiologic

saline as a control.
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Figure 1. Changes in pulpal blood flow in response to the intra-arterial (i.a.) administration of normal physiologic saline

(A) and substance P (5.0 ng/kg) (B).

(A) (B)



Effect of iontophoretic application of drugs on

PBF 

Percentage changes of PBF to the dentinal

application of the drugs are given in Figure 3.

Dentinal application of SP and SP antagonist

without iontophoresis caused little effect on PBF.

However, iontophoretic application of SP at the

dose of 59.4�742.1 μM and SP antagonists at the

dose of 0.2�3.4 mM resulted in PBF increase by

17.5 ± 3.1% (n = 19) and 7.0 ± 6.3% (n=9) resp-

ectively, both of which were significantly different

from those without iontophoresis (p < 0.05).

Effect of iontophoretic application of SP an-

tagonists followed by intra-arterial adminis-

tration of SP on PBF

Percentage changes of PBF in response to ion-

tophoretic application of SP antagonists before

intra-arterial administration of SP and saline as

control are given in Figure 4. Iontophoretic appli-

cation of SP antagonists at dose of 0.2�3.4 mM

before intra-arterial administration of SP at dose

of 0.8�20.0 ng/kg resulted in increase of PBF by

10.5 ± 3.1% (n = 10) and 26.1 ± 8.0% (n = 6) in

control. There was significant difference between

SP antagonists and control (p < 0.05). As a result,

SP antagonists effectively blocked PBF increase

caused by SP.

Effect of iontophoretic application of SP an-

tagonists following intra-arterial administra-

tion of SP on PBF

A typical strip-chart recording of systemic blood

pressure and PBF in response to the iontophoretic

application of SP antagonists after intra-arterial
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Figure 2. Changes in pulpal blood flow in response to

the intra-arterial (i.a.) administration of the

substance P (SP) (0.8�20.0 ng/kg) (mean±SEM).

* Significantly different at p < 0.05.

Figure 3. Changes in pulpal blood flow in response to

dentinal application of the substance P (SP) (59.4

~742.1 μM) and its antagonists (Anta.) (0.2~3.4

mM) with (w/) and without (w/o) iontophoresis

(mean ± SEM). * Significantly different at p < 0.05.

Figure 4. Changes in pulpal blood flow in response to

the iontophoretic (i.t.p.) application of the

substance P (SP) antagonists (Anta.) (0.2~3.4

mM) followed by intra-arterial (i.a.) administration

of SP (0.8~20 ng/kg) (mean ± SEM). * Significantly

different at p < 0.05.



administration of SP on PBF is presented in

Figure 5. Percentage changes of PBF in response

to iontophoretic application of SP antagonists

after intra-arterial administration of SP and

saline as control are given in Figure 6. Ionto-

phoretic application of SP antagonists at dose of

0.2�3.4 mM after intra-arterial administration of

SP at dose of 0.8�20.0 ng/kg resulted in increase

of PBF by 11.0 ± 2.8% (n = 19) and 25.0 ± 3.8%

(n = 19) in control. There was significant differ-

ence between SP antagonists and control (p < 0.05).

As a result, SP antagonists effectively attenuated

SP-inducing PBF increase.

Ⅳ. DISCUSSION

In neurogenic inflammation, vasodilation and

increased vascular permeability is resulted from

the release of neuropeptides from sensory nerve

endings1,24-29). It is widely known that SP plays

important roles in neurogenic inflammation. SP

causes pain directly by lowering the excitability

threshold of nerve and indirectly by elevated tis-

sue pressure through vascular change in inflam-

mation2). SP also caused enhanced vasodilation in

the cutaneous circulation30,31). By Lembeck et

al.30), infusion of SP into the femoral artery

resulted in dose-dependant vasodilation and plas-

ma extravasation. Vasodilation and plasma

extravasation following antidromic stimulation of

sensory nerves are initiated by peripheral release

of SP from chemosensitive pain fibers. In the

study of Louis et al.31), topical application of mus-

tard oil caused an increase of blood flow in rat

hind paw and this increase was significantly

decreased by SP antibodies. These results suggest

that SP was involved in mediating neurogenic

inflammatory responses.

SP has been shown to increase blood flow in

dental pulp. In the study of Olgart et al.32), SP

was given as an intra-venous bolus to investigate

the enhanced vasodilation in sensory denervated

tooth pulps by SP. SP injection caused dose-

dependant increases in PBF of unilaterally dener-

vated cats and the magnitude of the responses
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Figure 5. Changes in pulpal blood flow in response to the iontophoretic application of normal physiologic saline as a

control (A) and the substance P antagonists (0.68 mM) (B) following intra-arterial (i.a.) administration of substance

P (5.0 ng/kg).

(A) (B)

Figure 6. Changes in pulpal blood flow in response to

the iontophoretic (i.t.p.) application of the

substance P (SP) antagonists (Anta.) (0.2~3.4

mM) following intra-arterial (i.a.) administration of

SP (0.8~20 ng/kg) (mean ± SEM). * Significantly

different at p < 0.05.



was several folds larger than that of control side.

In the study of Kim et al.17), intra-arterial injec-

tion of NK1 receptor agonist, [Sarcosine]-SP,

resulted in significant increase of PBF in a dose-

dependant manner. The same result was shown

in the study of Kim et al.10). This vasodilatory

function of SP in the dental pulp was confirmed

in the present study and in the previous stud-

ies10,17,32) and this finding supports that SP plays

an important role of vasodilation in neurogenic

inflammation. 

In the present study, intra-arterial administra-

tion of SP resulted in initial increase followed by

a rapid decrease of PBF. These findings may be

due to the low compliance environment of dental

pulp. Initial vasodilation of pulpal arterioles leads

to an increase in pulpal interstitial pressure,

which leads to a collapse of pulpal venules33-35). By

the study of Kim et al.8), immediately after SP

injection, PBF increased significantly, which was

followed by decrease after 30 sec of SP injection.

The same phenomenon was shown in the present

study. Basically three types of PBF responses to

drugs have been explained33). In Type I, PBF

decrease markedly with the intra-arterial admin-

istration of norepinephrine35) or 5-hydroxytripta-

mine36), with electrical stimulation of the cervical

sympathetic nerve and reflex excitation of the

sympathetic nervous system by hemorrhage and

extreme hematocrit variations33,37). This type of

flow response is due to activation of α-receptors

located in pulpal resistance vessels and the acti-

vation of sympathetic adrenergic vasoconstrictor

fibers33,34). In the type II response, PBF decreases

gradually, as after the intra-arterial infusion of

histamine. This is probably due to an increase in

capillary permeability and resultant increased tis-

sue pressure in the low compliance system of the

dental pulp. In the type III response, an initial

increase is followed by a rapid decrease. This

unusual biphasic response is caused by SP, iso-

proterenol, prostaglandin E2, and bradykinin33,35,38)

and is a result of the low compliance environment

of the pulp. In a low compliance environment of

dental pulp, due to lack of distensibility, any gain

in volume must necessarily increase the pulpal

hydrostatic tissue pressure. If the tissue pressure

rises to the level of intravascular pressure it will

compress soft-walled venule, thus counteracting

any beneficial blood flow increase during pulpal

inflammation1). In the present study, PBF was

decreased after PBF increase when SP was

administered iontophoretically. Explanation of

this phenomenon may be possible sympathetic

nerve stimulation by iontophoresis. Because

decreased PBF was recovered to control level

when the iontophoretic application was finished,

there is some possibility of the intradental sym-

pathetic nerve activation during the iontophore-

sis. 

NK1 receptor antagonists have been used to

control the SP-induced responses and showed sig-

nificant effect. Intra-oral administration of RPR

100893 showed to have some usefulness in block-

ing the pain and its associated jaw-opening reflex

in guinea pigs19), and Galanin blocked the facilita-

tion of the flexor reflex induced by C-fiber CS (a

brief conditioning electrical stimulus train)20).

Spantide II antagonized the facilitation of the flex

reflex induced by intra-thecal SP as well as by C-

fiber CS21). CP-96,345 blocked responses elicited

by noxious thermal stimulus9) and intra-venous

administration of it blocked the potential evoked

by tooth pulp stimulation in superficial layers of

the trigeminal nucleus caudalis in rabbits22). In

the tooth, close intra-arterial infusion of NK1

receptor antagonists blocked the SP-induced

responses such as the change in the blood flow,

tissue pressure and vascular permeability in fer-

ret11), and close intra-arterial injection of [D-Pro2,

D-Trp7,9]-SP, [D-Pro2, D-Phe7, D-Trp9]-SP, CP-

96, 345, and RP-67, 580 blocked effectively SP-

induced PBF increase in cat17).

There are two kinds of NK1 antagonists: pep-

tide antagonist and non-peptide one. In the pre-

sent study, two kinds of NK1 receptor antagonists

were used, which are [D-Pro2, D-Trp7,9]-SP and

[D-Pro2, D-Phe7, D-Trp9]-SP. Two aspects of the

antagonists can be considered. One is change in

PBF by antagonists themselves; the other is the

antagonistic effect of the drugs on SP function. To

be a specific pharmacological tool for any receptor
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characterization, the antagonist needs to have no

or minor effect on physiological function when it

is administered alone17), and it should effectively

block the agonistic effect on physiological func-

tion. The design of clinically useful SP antago-

nists will probably therefore require not only

improvement in antagonistic potency but also

elimination of agonistic activity39). In the study of

Kim et al.17), two kinds of peptide antagonist, [D-

Pro2, D-Trp7,9]-SP and [D-Pro2, D-Phe7, D-Trp9]-

SP and two kinds of non-peptide antagonists, CP-

96,345 and RP-67, 580 were evaluated. The

antagonist [D-Pro2, D-Trp7,9]-SP effectively atten-

uated PBF increase caused by SP without causing

any significant changes in either systemic arterial

blood pressure or PBF. The antagonists [D-Pro2,

D-Phe7, D-Trp9]-SP, CP-96,345 and RP-67,580

also effectively attenuated PBF increases caused

by SP. However, when injected alone, [D-Pro2, D-

Phe7, D-Trp9]-SP, CP-96,345, and RP-67,580

caused significant increases in PBF. Therefore,

[D-Pro2, D-Trp7,9]-SP was suggested to be the

more suitable antagonist for the study of SP and

NK1 receptor-related hemodynamic studies in the

feline dental pulp17). Use of potent selective and

bioavailable antagonists can help to define the

exact physiological and pathological role of SP19).

In the present study, intra-arterial and ion-

tophoretic applications were used to deliver drugs

to the dental pulp. Local application of various

agents to the dental pulp needs access to or close

to the dental pulp. It requires deep preparation

into the dentin and entails the risk of damage to

the pulp, which are invasive. Deep preparation in

cat dentin showed both direct effects on PBF and

indirect effects via excitation of pulpal nerves25).

On the contrary, iontophoresis is an alternative

non-invasive method that enables pharmacologi-

cal agents to selectively reach the pulp without

changing the normal conditions of the tissue, and

it should not cause any systemic effects obscuring

the true pulpal reactions40). Iontophoretic current

per se caused no or minor vasodilator effects

when the current intensity was below 100 μA.

Sympathetic vasoconstriction was obtained with

all current intensities in a current-dependant

manner. The current threshold for iontophoretic

delivery of various drugs were 20�100 μA in the

previous studies. In the present study, cathodal

current was used with the same 0.02�0.1 mA

and this current was calibrated on which ion-

tophoretic delivery of saline do not alter PBF.

When the effect on the dental pulp was compared

between with and without the use of iontophore-

sis in the present study, iontophoretic application

of SP induced a significant increase in PBF while

simple dentinal application of SP without ion-

tophoresis showed non-significant increase in

PBF. This insignificant influence of the simple

application on PBF may be due to the dentinal

resistance with continuous outward movement of

dentinal fluid through exposed dentine41). In the

study of Vongsavan et al.29), chemical compounds

such as Evans blue, Janus green and methylene

green did not penetrate into the vital pulp

through shallow dentinal cavities. Therefore, ion-

tophoresis was shown to be an effective method to

deliver drugs to the dental pulp without deep

dentin preparation or pulpal damage. 

To evaluate the vascular effect of iontophoreti-

cally applied drugs on the dental pulp, a non-

invasive monitoring technique, the laser Doppler

flowmeter assessment was used in the present

study. Laser Doppler flowmeter assessments of

iontophoretically applied vasoactive substances

were performed at different body areas in some

previous studies which include the effects of nor-

epinephrine on human finger skin circulation42),

acetylcholine on human foot skin43,44), acetyl-

choline and sodium nitrite on human foot skin45),

acetylcholine and sodium nitrite on human fore-

arm skin46), and acetylcholine and nitroprusside

on human foot skin47).

The effect of iontophoretical application of NK1

receptor antagonists was evaluated in two ways

in the present study. One was focused on the con-

trol of SP-induced vasodilation, and the other was

on the prevention of SP-inducing vasodilation. To

evaluate the effect of NK1 receptor antagonist in

controlling SP-induced PBF increase, NK1 recep-

tor antagonists were administered iontophoreti-

cally after intra-arterial administration of SP in
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the present study, which resulted in the less

increase of SP-induced PBF than control. This

finding provides evidence that iontophoretically

applied NK1 receptor antagonist can control the

SP-induced PBF increase in certain degree. To

evaluate the effect of NK1 receptor antagonist in

preventing SP-inducing PBF increase, NK1 recep-

tor antagonists were administered iontophoreti-

cally before intra-arterial administration of SP in

the present study, which resulted in the less

increase of SP-induced PBF than control. This

finding provides evidence that iontophoretically

applied NK1 receptor antagonist can prevent SP-

induced PBF increase in certain degree. These

findings in the present study using iontophoresis

showed similar findings with those studies that

used intra-oral or intra-arterial administration of

NK1 receptor antagonists in that NK1 receptor

antagonist effectively inhibited SP-induced

responses.

Therefore, the results of the present study pro-

vide evidences that the iontophoresis is an effec-

tive method to deliver drugs to the dental pulp,

and that iontophoretically applied NK1 receptor

antagonists block SP-induced vasodilation effec-

tively. The above results show the possibility of

iontophoretically applied NK1 receptor antago-

nists in the control of the neurogenic inflamma-

tion in the dental pulp.

SP has been implicated in peripheral inflamma-

tory responses and recent evidences from many

researches indicate that NK1 receptor antagonists

are effective in blocking peripheral inflammatory

responses as well as nociception associated with

inflammation9). Since the same NK1 receptor

antagonists as in the present study, [D-Pro2, D-

Trp7,9]-SP and [D-Pro2, D-Phe7, D-Trp9]-SP,

blocked not only vasodilatory function of SP but

also pain transmission when administered intra-

arterially48,49), iontophoretic application of these

antagonists through the dentinal cavity also may

inhibit the pulpal pain too. Therefore, judging

from the results of previous studies and present

study, it can be assumed that NK1 receptor

antagonists will be used in regulation of pulpal

inflammation. Further research is necessary to

evaluate the iontophoretic application of NK1

receptor antagonists in human teeth.
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