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stores of 5 - h y d r o x y t r y p t a m i n e  ~7, in which  c i rcumstance  
the  an t inoc icep t ive  act ion of morph ine  would be reduced ~s. 

Whi l s t  th is  exp lana t ion  could con t r ibu te  to the  exis- 
tence  of cross to lerance  which  we now repor t  be tween  
morph ine  and two o ther  s y m p a t h o m i m e t i c  ant ino-  
cicept ive agents,  the  s i tua t ion  is more  complex.  Whi l s t  

a m p h e t a m i n e  will increase the  ' t u rn -over '  of 5-hydroxy-  
t r y p t a m i n e  t" it  has  l i t t le  effect  on its overall  concen t ra t ion  
in con t ras t  to the  deple t ing  act ion of fenf luramine  17,20, 2t. 
In  addi t ion,  whils t  we have  repor ted  t h a t  2-aminoindane  
influences the  me tabo l i sm of 5 -hydroxy t ryp tamine ,  the  
drug does no t  affect  its concen t ra t ion  in whole brain2L 
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Zusammen/assung. Labora tor iumsm/ iuse  wurden  durch  
die Behand lung  mi t  Morph inm gegen die schmerzl in-  
dernde  Wi rkung  dieser Droge immunis ie r t .  Darauf  folgte 
N ach b eh an d l u n g  mi t  A m p h e t a m i n  oder  2-Aminoindan.  
Die Vorbehand lung  mi t  Morph ium mach t e  sowohl  gegen 
die schmerzs t i l lende  ~Virkung yon A m p h e t a m i n  als auch  
yon  2-Aminoindan  immun.  Es wird  eine ~hntiche Grund-  
lage der  schmerzs t i l l enden  Wi rkung  dieser Drogen ange- 
nolnmen.  
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A S t u d y  o n  t h e  P e r i p h e r a l  M e d i a t o r s  o f  D e n t a l  P a i n  

The fo rma t ion  of kinins by  the  local ac t iva t ion  of t issue 
proteases  m a y  con t r ibu te  to t he  p roduc t ion  of pain.  The 
role of b r adyk in in  (B) as a med ia to r  of pa in  has been 
ex tens ive ly  s tud ied  in the  skin 1 and v i s c e r a l  Recent ly ,  
it  was shown t h a t  p ros tag land ins  (PG) m a y  also contr i -  
bu te  to  the  p roduc t ion  of pain  by  sensi t iz ing the  pa in  re- 
ceptors  to  o the r  stimuli3. Af ter  the  d iscovery  of t he  block- 
ing effect  of aspir in-l ike drugs upon  the  b iosynthes i s  of 
PG 's  4, the  mechan i sm of the  analgesic effect  of these  
drugs is unders tood .  

The p resen t  s t u d y  was unde r t aken  to elucidate the  role 
of the  release of B- and  PG-like mater ia l  f rom the  t o o t h  
pulp,  due to  the  electrical  s t imula t ion  of dent ine ,  and i ts  
possible  re la t ion to  dents1 pain.  

Material and method. The adul t  dogs were anes the t ized  
by  sodium pen toba rb i t a l  (30 mg/kg,  i.v.) and  chronic 
bipolar  electrodes were imp lan ted  into the  den t ine  of an 
upper  canine t o o t h  as descr ibed previous ly  5. 

S ix teen chronical ly  bipolar  e lectrodes imp lan t ed  dogs 
were anes the t ized  wi th  sodium pen toba rb i t a l  and the  pulp  
of the  same t o o t h  was perfused wi th  Krebs '  solut ion 
t h rough  a stainless steel cannula  inser ted  in to  the  pulp,  

near  t he  free margin  of gum at  a ra te  of 0.2 to 0.5 ml/min.  
The eff luent  was collected f rom the  pe r fo ra ted  t ip  of the  
t o o t h  and cont inuous ly  added  to  the  isolated superfused,  
in cascade,  ra t  d u o d e n u m  (RD)6, ca t  j e j u n u m (CJ)7 and 
ra t  s tomach  fundus  s t r ip  (RSF) s prev ious ly  p repared  
according to  the  m e t h o d  of VANE o. The tes t  organs  were 
superfused wi th  37 ~ K reb ' s  solution, con ta in ing  a t rop ine  
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Fig. 1. Isolated, incascade, continuously superfused with Krebs' 
solution, rat duedenum (RD) and rat stomach Iundus strip (RSF). 
Responses of both assay organs to directly applied bradykinin (B), 
PGEe (P) and to the effluent of pulp during the stimulation of dentine. 
(S). TR, TrasyloI; IN, indomethaein. 
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Fig. 2. Isolated, in cascade, continuously superfused with Krebs' 
solution, eat jejunum (CJ) and rat stomach fundus strip (RSF) to 
bradykinin (B), PGEe (P) and to the effluent of pulp during the 
stimulation of dentine (S). TR, Trasylol. 
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(1 ~g/ml), m e p y r a m i n e  (1 ag/ml) and  ine thyserg ide  (0.5 
ag/ml).  CJ and RD were used for the  ident i f ica t ion  of 
B e, 7 while R S F  was used for the  de tec t ion  of PG ' s  ~~ 

I somet r ic  con t rac t ions  of t e s t  organs were recorded by  a 
Grass po lyg raph  (Model 79 C) using force-d isp lacement  
t ransducers  (Grass FT. 03). Dent ine  was s t imula ted  by  
vol tages  5- to  10-fold of sensory  th resho ld  measured  in 
conscious an imals  by  square  wave  pulses of 0.5 msec 
dura t ion  and  10 cps f r equency  (Grass s t imula tor ,  M 58 C). 
The resul ts  were eva lua ted  s ta t i s t ica l ly  using S tuden t ' s  
t-test .  

Results. The sensory  th resho ld  was  de t e rmined  and  
found to be 1.9 4- 0.4 (S.E., n = 5) volts ,  in conscious 
dogs. Superfus ion of the  ef f luent  of t o o t h  pulp  over  t he  
assay organs did no t  induce s ignif icant  responses.  W h e n  
den t ine  was electr ical ly s t imula ted ,  i t  p roduced  a bi- 
phasic  response  in RD and a con t rac t ion  in R S F  (Figure 
1). B itself, caused a re laxa t ion  in IRD and a con t rac t ion  
in IRSF. P G E  2, however ,  p roduced  a cont rac t i le  response  
in b o t h  sm oo th  muscle  p repara t ions .  W h e n  Trasylol  was 
added  to  the  perfus ion m e d i u m  of the  t o o t h  pulp  a t  the  
concen t ra t ion  of 5000 U/ml,  the  re laxa t ion  of RD and 
con t rac t ion  of a CJ due to the  s t imula t ion  of den t ine  was 
comple te ly  abolished,  bu t  the  con t rac t ion  of RD and 
R S F  did  no t  change (Figure 2). F u r t h e r  add i t ion  of 
i n d o m e t h a c i n  in to  the  perfus ion m e d i u m  at  the  concent ra-  
t ion  of 0.5 ag/ml,  caused a comple te  b lockade  in b o t h  
assay organs.  Ne i ther  Trasylol  nor  i ndomethac in  a t  the  
concen t ra t ions  used caused a change  in response  of assay 
organs to  B and  PGE- .  The e s t ima ted  a m o u n t  of B-like 
mate r ia l  was found  to be 2.0 4- 0.3 ng (n = 5) wi th in  
5 rain s t imula t ion  of den t ine  while it  was 4.5 4- 1.2 ng 
(n = 5) for PG-l ike mater ia l ,  as calcula ted depend ing  on 
the  responses  of CJ and IRSF to B and  P G E  v 

Single i.v. in jec t ion  of Trasylol  a t  the  dose of 10,000 
U/kg  caused an increase of sensory th resho ld  in conscious 
dogs. This  th resho ld  was found to  be raised to  4.0 4- 0.7 
(S.E~, n = 5) volts ,  ill 6 rain, and  to  5.0 4- 0.5 (S.E., 
n = 5) volts ,  in 40 min  af ter  in jec t ion  of Trasylol  and  
gradual ly  decreased and  reached  the  cont ro l  level wi th in  
20 rain. B o t h  m e a s u r e m e n t s  were s ignif icant ly  d i f fe rent  
compared  w i t h  t h e  control  value (p < 0.001). 

I n t r a v e n o u s  in jec t ion  of i ndomethac in  a t  the  dose of 
2 mg/kg  did no t  s ignif icant ly  change  the  sensory  thresh-  
old compared  w i t h  t he  control  values. However ,  
in jec t ion  of Trasylol  a t  the  same dose to  the  i ndometha -  
c in -p re t rea ted  (2 mg/kg  i.v.) dogs caused a h ighly  signi- 
f icant  increase in pa in  threshold .  In  th is  group, the  
e s t ima ted  value of th resho ld  vol tage  measured  10 rain 
af ter  in jec t ion  of Trasylol  was found  to be 8.7 4- 0.3 
(S.E., n = 5) volts ,  a value which  is s igni f icant ly  h igher  
t h a n  t h a t  of ob ta ined  af ter  in jec t ion  of Trasylol  alone 
(p < 0.001). 

Discussion. The s t imula t ion  of den t ine  in conscious 
dogs induces  a pa in  reac t ionS ,n ,  x2, as well as a release of 
B- and  PG-l ike mate r ia l  f rom the  t o o t h  pulp,  according  to 
the  p resen t  results .  I t  seems l ikely t h a t  the  release of B- 
and  PG-like mater ia l  f rom the  pulp  due to  the  s t imula t ion  
of den t ine  have  an i m p o r t a n t  role on the  p roduc t ion  of 
t o o t h  pain,  since bo th  local ho rmones  are known to be 

mos t  p o t e n t  pa in-producers .  Inh ib i t ion  of B-sens i t ive  
assay organs, by  the  addi t ion  of Trasytol  in to  t he  perfus ion 
medium,  indica tes  the  possible  ac t iva t ion  of t issue kalli- 
krein sys t em due to the  s t imula t ion  of dentinet3.  Again, 
inh ib i t ion  of PG-sens i t ive  assay organ by  i ndome thac in  
indica tes  the  release of PG-l ike  mater ia l  f rom t o o t h  pulp.  

In  conscious dogs, Trasylol,  b u t  no t  indomethac in ,  
s igni f icant ly  increases t h e  sensory th resho ld  induced  by  
the  s t imula t ion  of dent ine .  If  the  release of P G ' s  is 
d i rec t ly  involved in the  med ia t ion  of den ta l  pain,  t h e n  an 
increase in pain  th resho ld  due to  the  s t imula t ion  of 
den t ine  can be expec ted  af ter  i ndome thac in  p r e t r e a t m e n t .  
This  is no t  the  case according to t he  resul ts  of t he  p resen t  
inves t igat ion.  However ,  in ject ion of i ndome thac in  to- 
ge ther  wi th  Trasylol  caused a s ignif icant  rise in sensory  
t reshold  Compared wi th  t h a t  of Trasylol  alone. According 
to these  f indings,  it  Seems unl ikely t h a t  PG ' s  d i rec t ly  act  
by  s t imula t ing  sensory nerve  endings.  I t  pe rhaps  sensi- 
t izes the  nerve  endings  to t3. Such a m e c h a n i s m  has been 
shown in m a n  3 and  verif ied in dog spleen ~. On the  o the r  
hand,  B causes the  release of PG-like mate r ia l  f rom dog 
k idney  15 and dog spleen 1~ and  i ndome thac in  can effecti-  
vely  reduce th is  release. I t  is still  u n k n o w n  w h e t h e r  or 
no t  B can cause the  release of PG% in t o o t h  pulp.  The 
e labora t ion  of B-like mater ia l  f rom the  t o o t h  pulp  due to 
electrical  s t imula t ion  has recent ly  been  desc r ibed  by  
INOKI el; al. ~ which  furkher suppor t s  the  p re sen t  results .  

Zusammen/assung. Mit In -v ivo-Versuchen  wurde  an 
Hundez~Lhnen gezeigt, dass  such  in  der Zahnpu lpa  durch  
elektr ische Reizung des Dent ins  Bradyk in in  und  Pros ta -  
g l and in  freigesetzt  werden,  wodurch  s u c h  in der  Zahn-  
p u l p s  die wahrschein l ichen  per ipheren  Media toren  fiir den 
Zahnschmerz  e rmi t t e l t  wurden.  
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Zur Eindringtiefe dermal applizierter Wirkstoffe 

Die ku tane  Appl ika t ion  yon L6sungen  und  Salben zur 
Therap ie  yon Muskel-, Sehnen-  und  Gelenksaffekt ionen 
wird  h~ufig angewende t  und  zeigt  such  n ich t  se l ten  Er-  
folge. Verschiedene  L6sungsmi t t e l  werden benutz t ,  um 

die P e n e t r a t i o n  durch  die H a u t  und  die Pe rmea t ion  in 
t iefe Gewebslagen zu erleichtern.  Wi r  h a b e n  kiirzlich den 
Einf luss  yon  DMSO auf das  E ind r ingen  von  P h e n y l b u t a -  
zon und FIumethason  in die Tarsalgelenksf lhss igkei t  


