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In r e spon s e  to local  applicat ion of subs tances  with media tor  action (adrenalin,  acetylcholine,  
h is tamine)  and subs tances  blocking specif ic  r e c e p t o r s  (dihydroergotoxin,  inderal ,  a t ropine,  
and, by subcutaneous injection, diphenhydramine) together  with amethocaine ,  media tor  r e -  
cep tors  capable  of influencing one another  were  d i scovered  in the cornea.  Pha rmaco log ica l  
analys is  showed that  corneal  s e n s o r y  ne rve  endings contain two s y s t e m s  of r e c e p t o r s ,  con-  
nected by r e c i p r o c a l  inhibi tory re la t ions ,  as a r e su l t  of which they can regula te  p r o c e s s e s  of 
exci tat ion and inhibition in the s e n s o r y  ne rve  ending. 
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The co rnea  contains a f fe ren t  f ibers  and their  endings as well  as endings and f ibers  of sympathe t ic  
and pa r a sympa th e t i c  ne rves  [2, 3, 5, 6, 9]. The p r e sence  of med ia to r s  of ad renerg ic  and chol inergic  ne rves  
and also of specif ic  enzymes  par t ic ipa t ing  in the m e t a b o l i s m  of these  media to r s  has been demons t ra ted  in 
the co rnea  [16-18]. One of the functions of the autonomic nervous  s y s t e m  in the co rnea  is regula t ion of the 
functional s tate  of the endings of af ferent  ne rve  f ibers  [1, 4, 7, 8, 11-15]. 

The object  of this invest igat ion was to study re la t ions  between corneal  r e c e p t o r s .  

E X P E R I M E N T A L  M E T H O D  

Inhibition of sens i t iv i ty  was induced with amethocaine  and a s s e s s e d  by the appropr ia te  indices of an-  
e s thes i a  by R6gnier '  s method [19]. Weakening of this inhibi tory p r o c e s s  was r e g a r d e d  as the r e su l t  of the 
development  of excitat ion.  Exper imen t s  w e r e  c a r r i e d  out on the rabbi t  cornea .  The sens i t iv i ty  of the c o r -  
nea was de te rmined  with the No. 10 F r e y ' s  b r i s t l e  [10]. 

To study the ro le  of media to r  r e c e p t o r s  in the development  of inhibition and exci tat ion in afferent  
ne rve  endings subs tances  s t imulat ing and blocking t hem spec i f ica l ly  we re  used. The indicators  t hemse lves ,  
in the concentra t ions  used, did not induce anes thes ia .  All the subs tances  t e s t ed  except diphenhydramine 
were  applied to the co rnea  at in tervals  of 2 rain. Diphenhydramine was injected subcutaneously  in a dose 
of 10 m g / k g  50 rain before  inst i l la t ion of the solutions into the eyes .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Blocking musca r in ie  (M) chol inergic  r e c e p t o r s  with atropine potentiated the anesthet ic  effect  of 
amethocaine  (Fig. 1: 1, 4, 5). Excitat ion of the M-chol inergic  r e c e p t o r s  with acetylcholine reduced  the an-  
es thet ic  action of amethocaine  (Fig. 1: 1, 2, 3). The action of acetylchol ine was abolished by atropine (Fig. 
1: 3, 6). These r e s u l t s  suggest  that the s e n s o r y  ne rve  endings of the cornea  contain M-chol inergic  r e c e p -  
t o r s .  

The exci tabi l i ty  of the cornea l  M-chol inergic  r e c e p t o r s  depended on the s ta te  of the h is tamine  r e c e p -  
to r s .  For  instance,  a f t e r  p r e l i m i n a r y  blocking of the h is tamine  r e c e p t o r s  by diphenhydramine,  the effect  
of acetylchol ine (Fig. 1: 3, 7) was cons ide rab ly  reduced.  Acetylcholine thus p robab ly  exer t s  its weakening 
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Fig. 1. Anesthetic action of 0.2% amethocaine solution 
combined with substances affecting adrenergic, "hista- 
minergic, and M-cholinergic receptors.  Abscissa: 1) 
amethocaine (0.2%); 2) amethocaine (0.2%)+acetylcholine 
(0.01%); 3) amethocaine (0.2%)+acetylcholine (1%); 4) at- 
ropine (0.5%)+amethocaine (0.2%); 5) atropine (1%)+ 
amethocaine (0.2%); 6) atropine (1%)+amethocaine (0.2%)+ 
acetylcholine (1%); 7) diPhenhydramine (10 mg/kg)+ameth- 
ocaine (0.2%)+acetylcholine (1%); 8) adrenalin (0.01%)+ 
amethocaine (0.2%)+acetylcholine (0.01%); 9)amethocaine 
(0.2%) +histamine (0.1%); 10)amethocaine (0.2%) +histamine 
(0.03%); 11) diphenhydramine (10 mg/kg)+amethocaine (0.2%); 
12) diphenhydramine (10 mg/kg) +amethocaine (0.2%) + hista- 
mine (0.1%); 13) atropine (1%) +amethocaine (0.2%) +histamine 
(0.03%); 14) adrenalin (0.01%) + amethoeaine (0.2%) + 
histamine (0.1%); 15) adrenalin (0.01%) +amethocaine (0.2%); 
16) dihydroerg0toxin (0.01%)+amethocaine (0.2%); 17) dihydro- 
ergotoxin (0.01%) +adrenalin (0.01%) +amethocaine (0.2%); 18) 
atropine (0.5%) + dihydroergotoxin (0.01%) +amethocaine (0.2%); 
19) diphenhydramine (10 mg/kg) +dihydroergotoxin (0.01%) + 
amethocaine (0.2%); 20) diphenhydramine (10 mg/kg)+atropine 
(0.5%) +dihydroergotoxin (0.01%) +amethocaine (0.2%); 21) in- 
deral (0.01%) + amethocaine (0.2%); 22) inderal (0.01%) + adren- 
alin (0.01%) + amethocaine (0.2%); 23) atropine (0.5%) + inderal 
(0.01%) + amethocaine (0.2%); 24) inderal (0.01%) + dihydroer- 
gotoxin (0.01%) + amethoeaine (0.2%); 25) diphenhydramine (10 
mg/~g) + atropine (0.5%) + inderal (0.01%) + dihydroergotoxin 
(0.01%) + amethocaine (0.2%). Ordinate: indices of anesthesia. 
Vertical lines on columns show confidence limits for P = 0.05. 

Fig. 2. Relations between~- and fi-adren- 
ergic, M-cholinergic and histaminergic re -  
ceptors of the cornea and their influence on 
the zone of action of a local anesthetic. Con- 
tinuous arrows show excitatory effect of re -  
ceptors inhibitory effect of receptors on one 
another and on zone of action of anesthetic. 

and fi stand for~-  and fl-adrenergic recep-  
tors  respectively; I-l) histaminergic, C) eho- 
linergic receptor. 

effect on the anesthetic action of amethoeaine as a result  of the excitation of histamine receptors and also 
of the stimulant effect of M-cholinergic receptors on the zone of action of the local anesthetic (Fig. 2). 

Adrenalin completely prevented the manifestation of the weakening effect of aeetylcholine on ametho- 
caine anesthesia (Fig. 1: 2, 8). This action of adrenalin can be explained by its inhibitory effect on the zone 
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of action of the local  anesthet ic  through exci tat ion of a - a d r e n e r g i c  r e c e p t o r s ,  and also by its inhibitory ef-  
fect  on both h is taminerg ic  and M-chol inergic  r ecep to r s  (Fig. 2). 

Histamine g rea t ly  weakened the anesthet ic  action of amethocaine (Fig. 1: 1, 9, 10). Subcutaneous in- 
ject ion of diphenhydramine potentiated the anesthet ic  effect  of amethocaine (Fig. 1. ~ 1, 11). Histamine did 
not weaken the amethocaine anes thes ia  af ter  subcutaneous injection of diphenhydramine (Fig. 1: 9, 12). 
These exper iments  point to the exis tence  of h is taminergic  r ecep to r s  in the cornea.  The dec rease  in the 
anesthet ic  effect  of amethocaine under the influence of his tamine could be due both to the di rect  exc i ta tory  
effect of h is taminerg ic  r e cep to r s  on the zone of action of the anesthet ic  and to the increased  sensi t iv i ty  of 
the M-chol inergic  r e c e p t o r s  to the exc i ta tory  action of acetylcholine.  An inhibitory effect  of h is taminergic  
r e c e p to r s  and inhibi tory a - a d r e n e r g i c  r e cep to r s  is also a possibi l i ty  (Fig. 2). Both atropine and adrenalin,  
in fact  comple te ly  prevented  the weakening action of his tamine on amethocaine anesthes ia  (Fig. 1: 10, 13 
and 9, 14). 

Exper iments  in which a.drenalin, the a - a d r e n e r g i c  blocking agent dihydroergotoxin,  and the f i -adren-  
ergic  b locker  inderal  were  used gave evidence of the p resence  of a -  and f l - adrenerg ic  r e cep to r s  in the 
cornea  (Fig. 1: 1, 15, 16, 17, 21). Excitation of the adrenerg ic  r e cep to r s  by adrenalin caused a marked in- 
c rease  in the anesthet ic  effect  of amethocaine.  Dihydroergotoxin sharply  and inderal  modera te ly  reduced  
the anesthet ic  effect  of amethocaine.  Adrenerg ic  r e cep to r s  evidently in terconnect  with h is taminergic  and 
M-chol inergic  r e cep to r s .  Blocking the M-cholinergic  r e cep to r s  with atropine (Fig. 1: 16, 18) and the h is ta -  
minergic  r e c e p to r s  by diphenhydramine (Fig. 1: 16, 19), for instance,  reduced  the weakening action of dihy- 
droergotoxin  on amethocaine anesthesia .  Blocking M-chol inergic  r e cep to r s  with atropine r e s t o r e d  the anes-  
thetic action of amethocaine af te r  blocking of the f i - ad rene rg ic  r e cep to r s  (Fig. 1: 1, 21, 23). 

:Blocking the f i - ad rene rg ic  r e cep to r s  with inderal  reduced  the weakening action of dihydroergotoxin 
on amethocaine anesthes ia  (Fig. 1: 16, 24); the sensi t iv i ty  of the a - a d r e n e r g i c  r e cep to r s  to d ihydroergo-  
toxin was evidently reduced  under these c i rcumstances  and they were  blocked by it to a l e s s e r  degree.  
Probab ly  at the same t ime the inhibitory effect  of the f i - ad rene rg ic  r e cep to r s  on M-cholinergic  r ecep to r s  
was removed .  As a restf l t  the sys t em of M-chol inergic  r ecep to r s  and his taminergic  r ecep to r s  had an ex-  
c i ta tory  action on the cornea (Fig. 2). 

The results of these experiments suggest that corneal afferent nerve endings contain two systems of 
mediator receptors with opposite actions. One system includes the ~- and fl-adrenergic receptors, with 
synergistic relations between them. This system favors the development of inhibition. The other system 
includes M-cholinergic and histaminergic receptors, also with synergistic relations between them, but fa- 
voring the development of excitation. The two systems of receptors are connected by reciprocal inhibitory 
relations (Fig. 2). During the simultaneous blocking of all mediator receptors of the cornea, the effect of 
amethocaine is unchanged (Fig. I: i, 25). 
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