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Sympathetic postganglionic denervation of 
smooth and cardiac muscle leads to two inde- 
pendent types of supersensitivity which 
Trendelenburg has called presynaptic and 
postsynaptic ( 1 ) . Decentralization (pregan- 
glionic denervation) , however, results only in 
the postsynaptic type ( 1). Postsynaptic su- 
persensitivity is characterized by being very 
nonspecific, the sensitivity being increased to 
several unrelated agonists (1, 2 ) .  I t  has been 
suggested that postsynaptic supersensitivity 
is the result of changes in the responding 
muscle beyond the level of drug receptors 
(3-6). An essential aspect of this hypothesis 
is the consistent increase in sensitivity to ions 
such as potassium (3, 4) and calcium ( 5 ,  6 )  
which has been observed in postsynaptic su- 
persensitivity. 

Although the nictitating membrane of the 
cat is the classical organ for studies of super- 
sensitivity, an increased sensitivity to ions 
has not been clearly established in that struc- 
ture. Preliminary experiments indicated that 
denervation lowered the threshold of the nicti- 
tating membrane to potassium ( 7 ) .  However, 
subsequent experiments have indicated that 
intra-arterial potassium may stimulate the 
nictitating membrane indirectly via the re- 
lease of norepinephrine. Supersensitivity of 
the denervated nicitating membrane to bari- 
um has been reported by Schmidt and Flem- 
ing (8). However, those experiments were 
done before the complicating factor of tone 
was discovered by Langer (9).  Furthermore, 
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the possibility that barium was acting by the 
release of norepinephrine was not eliminated. 
Therefore, the experiments reported here 
were undertaken to determine the sensitivity 
to barium in the absence of tone, not only in 
denervated, but also in decentralized nictitat- 
ing membranes. In  addition, experiments 
were done with phentolamine to test the pos- 
sibility that barium might be releasing norep- 
inephrine. 

MateriaZs and Methods. Cats of 2.0 to 3.7 
kg of body weight and of either sex were 
used. The animals were divided into three 
groups: (i) controls which underwent no sur- 
gery prior to the experiment; (ii) cats in 
which the right nictitating membrane had 
been decentralized 14-21 days before the ex- 
periment; and (iii) cats in which the right 
nictitating membrane had been denervated 
14-2 1 days, Denervation was accomplished 
by surgical removal of the right superior cer- 
vical ganglion and decentralization by the 
excision of about 2 cm of the right cervical 
sympathetic nerve (preganglionic fibers). 
Anesthesia for these procedures was produced 
with pentobarbital sodium given ip in a dose 
of 35 mg/kg. 

Spinal preparations were prepared by the 
method of Burn (10) under ether anesthesia. 
Following this operation the animals were 
maintained on artificial respiration and the 
ether was discontinued. The responses of the 
right nictitating membrane were recorded 
isometrically by means of a Grass strain 
gauge and polygraph. Resting tension was 
maintained at  7.5 t 0.5 g and responses 
were measured as increases in tension above 
this level. The carotid arterial pressure was 
also recorded. Injections of barium and Z-nor- 
epinephrine bitartrate were given intra-arteri- 
ally through the cannulated central end of the 
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lingual artery into the external carotid artery, 
such that high concentrations could be deliv- 
ered directly to the nictitating membrane 
without maxked systemic effects. No injection 
was given until the nictitating membrane and 
blood pressure had recovered from the effects 
of the preceding injection. The volume of in- 
jection (0.1 ml) was constant for all injec- 
tions. Injections sf phentolamine methane- 
sulfonate were given intravenously via a fem- 
oral cannula. The doses of barium chloride 
are reported as milligrams of ba'rium per kilo- 
gram of body weight. Doses of norepineph- 
rine and phentolamine are quoted in terms of 
the free base. 

Tone (9) is the term given to the existence 
of a partial contraction in denervated or 
decentralized nictitating membranes due to 
supersensitivity to small amounts of circulat- 
ing catecholamines. Since these catechola- 
mines are the result of sympathoadrenal 
activity emanating from the spinal cord, i t  was 
eliminated in all decentralized and dener- 
vated cats either by the administration of a 
ganglionic blocking agent (chlorisondamine, 
3.0 mg/kg, iv) or by pithing the spinal cord 

Since equieffective doses of a drug on the 
nictitating membrane are log-normally dis- 
tributed, geometric means of doses producing 
a 7 g increase in tension (ED7,) were cal- 
culated (13, 14). The dose producing a 7-g 
response was calculated from each dose-re- 
sponse curve. This dose was then converted 
to its log and the mean log for each group 
was determined. The 95% confidence inter- 
val was determined for each mean log and 
the mean log values for each experimental 
group were compared to the comparable Val- 
ues of the control group by Student's t test. 
The antilogs of the mean log ED7, and its 
confidence interval yielded the geometric 
mean ED7, and its confidence intervals. The 
antagonistic effects of phentolamine were 
measured by determining the ED7, for norep- 
inephrine or barium on a nictitating mem- 
brane before and after phentolamine. A 
paired sample t test was therefore used to 
test the significance of the phentolamine 
effects. 

Results. Figure 1 presents the mean bari- 
um dose-response curves for the three groups 

(9,11,12). 
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FIG. 1. D,ose-response curves of barium in nictitat- 
ing membranes of (cats: DEN = nictitating mem- 
branes denervated 14-2 1 days before the experiment ; 
DEC = nictitating membranes decentralized 
14-21 days before the experiment. Numbers in par- 
entheses equal numbers of cats per group. Vertical 
lines are SEM. 

of cats. The curves in denewated and decen- 
tralized nictitating membranes are virtually 
superimposed and are well to the left of the 
control curve. There is, therefore, equal su- 
persensitivity to barium in both experimental 
groups. The magnitude of the increase in 
sensitivity is shown in Table I. The sensitivi- 
ty ratios indicate increases in sensitivity to 

TABLE I. ED,, Values for Barium in Control, 
Decentralized, and Denervated Nictitating Mem- 

branes. 
~ ~~ ~~~~ ~ 

Sensitivity 
Group N ED,," (mg/kg) ratiob 

Control 7 1.86 (1.40-2.48) 
Decentralized 8 0.26 (0.14-0.49)" 7.1 
Denervated 7 0.25 (0.17-0.38)" 7.4 

Geometric means with 95% confidence interval. 
Ratio (geometric mean ED,g control)/(geometric 

mean ED,g experimental). 
" Significantly different from control, 1-, < 0.001. 
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TABLE 11. Antagonism of Pheiitolamine (Ph) Versus Norepinephrine arid Barium in Dcnervated 
Nictitating Membranes. 

ED,," 

A gon i s t A' Before Ph After Phb Ratio" p 
Norepinephrined 5 9.0 (4.7-17) 760 (194-2960) 84 <0.001 
Bariume 5 0.39 (0.21-0.71) 0.48 (0.22-1.10) 1.2 0.1 

a Geometric means with 93% confidence interval. 
Dose of phentolamine = 0.6 mg/kg, iv. 
Ratio: ED,, after Ph/ED,, before Ph. 
Doses of iiorepiiiephriiie &g/kg, ia). 
Doses of barium (mg/kg, ia). 

barium of approximately 7-fold in both de- 
centralized and denervated nictitating mem- 
b r anes. 

The dose-response cuve for an agent which 
acts primarily indirectly by the release of 
norepinephrine is generally shifted to the left 
by decentralization but to the right by den- 
ervation (2). The fact that both procedures 
shift the barium curve to the left to an equal 
degree strongly suggests that barium is acting 
directly on the nictitating membrane. Nev- 
ertheless, to be absolutely certain that the 
response to barium is not mediated in part by 
the release of a small quantity of norepineph- 
rine from a few neurons remaining after 
denervation, the experiments summarized in 
Table I1 were undertaken. As shown, a dose 
of phentolamine which caused an 80-fold 
shift of the norepinephrine dose-response 
curve to the right had no significant effect on 
the ED7, of barium. I t  seems quite certain, 
therefore, that release of endogenous norep- 
inephrine plays no significant part in the 
response of the nictitating membrane to bar- 
ium. 

Discussion. Comparison of the present re- 
sults in denervated nictitating membrane 
with those of Schmidt and Fleming (8) indi- 
cate that the apparent increase in sensitivity 
to barium in the presence of tone is consider- 
ably less than the true shift (2-fold vs 
7-fold). The maximum response is also un- 
derestimated in the presence of tone (9.5 vs 
16 g ) .  This is consistent with the findings of 
Langer et d. (12) for other agents. 

These results illustrate clearly that the 
postsynaptic supersensitivi ty of the nicti tat- 
ing membrane extends to an ion whose effect 

is not mediated by the receptor for the natu- 
ral transmitter substance. It has been sug- 
gested that postsynaptic supersensitivity is 
the consequence of a change in the physiolog- 
ical events of the excitation and contraction 
process at  a point beyond the drug-receptor 
combination (3-6). Although present evi- 
dence favors a change in membrane function 
(4, 6) a change in the coupling mechanism 
between membrane activity and contraction 
is also a possibility. Supersensitivity to bari- 
um is consistent with either alternative since 
barium may have actions both on the cell 
membrane and on the coupling mechanism 
(15). The action of barium on membranes is 
particularly interesting in relation to the exist- 
ing hypothesis concerning a membrane site 
for postsynaptic supersensitivity (4).  Barium 
has been shown to decrease the resting mem- 
brane potential of smooth muscle cells (16), 
to decrease potassium conductance (17-19), 
and to displace calcium from membrane bind- 
ing sites ( 15). 

Summary. Denervation and decentraliza- 
tion of the nictitating membrane produced a 
7-fold increase in sensitivity to barium. The 
action of barium was not mediated via the 
release of endogenous norepinephrine. This 
supersensitivity to barium is consistent with 
the hypothesis that the postsynaptic form of 
supersensitivity in smooth muscle is the re- 
sult of a functional change beyond the level 
of drug receptors, perhaps in membrane 
properties. 
~~~~ ~~ ~ 
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