
Taken together, these experiments indi- 
cate that the effect of insulin on neuro- 
transmission at retina-muscle synapses 
can be explained by an action of the 
hormone on retinal cells. Whether insu- 
lin acts directly on cholinergic neurons 
or indirectly via other types of retinal 
cells, such as noncholinergic neurons or 
glial cells, remains to be determined. 
Also, the possibility that insulin may 
influence transmission at mature synap- 
ses has yet to be explored. 

In summary, insulin can regulate the 
timing of the developmental step in 
which cholinergic neurons derived from 
the rat retina acquire the ability to trans- 
mit excitatory information across synap- 
ses formed in culture. Earlier studies 
indicate that glucocorticoid hormones (4) 
and dopamine (16) also are regulatory 
signals for the maturation of cholinergic 
retinal neurons. Although the regulation. 
of neuronal development is a complex 
process, it appears possible, with the use 
of a cell culture system, to dissect and 
analyze certain ontogenetic steps. 
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The Twitch in Horses: A Variant of Acupuncture 

Abstract. The twitch procedure in horses attenuates the increase in the heart rate 
evoked by pain-inducing stimuli and the reaction of the animals to such stimuli. 
Endorphin systems are probably involved in the effectiveness of the twitch, since its 
action is blocked by naloxone and its application increases plasma concentrations of 
immunoreactive P-endorphin. The mode of action of the twitch cannot be explained 
by the generally accepted theory of divertive pain and may resemble that of classical 
acupuncture. 

Techniques for restraining horses have 
been used for many years by farmers and 
veterinarians who wanted to perform mi- 
nor procedures such as shoeing, medical 
examinations, and injections. One of the 
most popular techniques is twitching, 
which is still generally used. The twitch 
is a 20- to 100-cm 1 ~ n g  wooden stick with 
a loop of rope at the end. This loop is 
twisted rather tightly around the upper 
lip of the horse (Fig. 1). After application 
of the twitch, the horse becomes quieter, 
appears somewhat sedated, the eyelids 
drop, and its hostile attitude decreases. 
The horse's interest in its surroundings 

diminishes and it becomes difficult to 
stimulate it to walk. The tolerance and 
acceptance of pain increases. Converse- 
ly, if the loop is twisted too tightly the 
horse strikes at the twitch with its fore- 
legs, which suggests a reaction to an 
aversive stimulus. 

Information concerning the mecha- 
nism underlying the effectiveness of the 
twitch is scarce. Several hypotheses 
have been proposed to explain its mode 
of action: (i) the attention of the horse is 
distracted, (ii) the pain induced by the 
pressure on the upper lip leads to a 
decreased perception and awareness of 
pain produced by treatments performed 
on another part of the body, and (iii) the 
horse becomes insensible to painful stim- 
uli (1). The generally accepted explana- 
tion is based on a combination of the lirst 
two and is described as "divertive pain" 
(1-5). It is suggested that the twitch 
activates pain receptors evoking a feel- 
ing of pain with the result that the per- 
ception of other painful stimuli decreases 
or is even absent. However, horses do 
not react to the twitch as they do to 
painful stimuli, but are instead more or 
less sedated and quiet. Moreover, 
wounds in the upper lip have less influ- 
ence on food intake than wounds in other 
parts of the body. 

For these reasons, we propose that the 
effect of the twitch is not due to divertive 
pain but to activation of a system that is 
capable of decreasing pain perception, 
awareness, or both. The mechanism of 
the twitch seems to resemble that of 
classical acupuncture in that it stimulates 

Fig. 1. The twitch procedure in horses. mechano-receptors in the skin. The 
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twitch may, like acupuncture needles, Table 1. Number of horses responding in each behavioral category and heart rate in response to 
result in activation of a pain-decreasing painful stimuli in the presence or absence of the twitch. The behavioral response was judged on 

mechanism. The effect of acupuncture is a four-point scale, on which 0 indicated no reaction; 1, local muscular twitching and a slightly 
rigid posture; 2, avoidance of the painful stimuli, looking around, and moving away; and 3, 

partly by that fierce reaction, lashing out, or trying to escape. S.E.M., standard error of the mean. 
this vrocedure results in release of en- 
dorphins (6). These substances may also Behavioral reaction Heart rate 

Condition - (beats per be mediators for some or all effects of the 0 1 2 3 X * S.E.M. minute) 
twitch. 

In order to test this suggestion we Without twitch 2 17 14 4 1.54 k 0.13t 47.9 * 0.8$ 
have determined the effect of painful With twitch 19 17 1 0* 0.51 * 0.090 38.5 i 0.9**11 

stimuli in horses. The reaction of the *x2(3) = 29.0, P i 0.001. "~(36) = 11.6, P < 0.001. +Twitch first, 1.56 ? 0.14; twitch second, 
animals was judged on a fourmpoint scale 1.50 i 0.27. $Twitch first, 48.4 i 1.0; twitch second, 46.8 i 1.5. §Twitch first, 0.44 i 0.10; twitch 
- . .  second, 0.70 i 0.21. IITwitch first, 38.5 t 1.1; twitch second, 38.4 i 1.4. 

(Table 1). Heart rate was monitored in 
order to have a more objective measure, 
since it is representative of the disposi- 
tion of the animals and is also influenced 
by morphinelike substances. 

The first experiment was carried out 
with 37 horses (19 males and 18 females; 
average age, 6.5 years). Heart rate was 
determined before, during, and after ap- 
plication of the twitch. During the 5- 
minute twitching procedure, ten painful 
stimuli were applied with a sharp needle 
to the skin alongside the spinal column 
and the shoulders at a frequency of one 
per second. The reaction of the horses 
was recorded and heart rate was mea- 
sured immediately after the stimuli were 
delivered. After 40 minutes, this proce- 
dure was repeated without the use of the 
twitch. In ten of the horses this sequence 
was reversed. As no statistically signifi- 
cant differences in the two sequences 
were observed with respect to test 
scores (Table 1) and heart rate, the re- 
sults were combined. 

The test scores revealed that the 
twitch procedure significantly lowered 
the reaction of the animals to painful 
stimuli (Table 1). When using the twitch, 
heart rate decreased by 8 percent. The 
rate returned to basal values after appli- 
cation of the painful stimuli. Without the 
twitch the heart rate increased by 22 
percent (Fig. 2A) under the influence of 
the painful stimuli. The difference in 
heart rate in the presence and absence of 
the twitch was statistically significant 

(Table 1). The percentage changes in 
heart rate b) due to the painful stimuli in 
the absence of the twitch was related to 
the reaction of the horses ( x )  as assessed 
with the four-point grading system [lin- 
ear regression analysis: y = a + bx: 
a = 13.8 1 2.7 (standard deviation); 
b = 5.6 * 1.6 (standard deviation); 
r = 0.51, P < 0.011. Thus, heart rate ap- 
pears to be a reliable index for measuring 
the reaction of horses to painful stimuli. 

To determine whether endorphin sys- 
tems are concerned in the mechanism of 
the twitch, the morphine anatagonist nal- 
oxone (0.3 mg per kilogram of body 
weight) and a placebo (saline) were in- 
jected intravenously 5 minutes before 
the application of the twitch in a double- 
blind test of seven horses. Apart from 
the intravenous injection, this experi- 
ment was done exactly as before. The 
effect of the twitch on heart rate was 
completely absent in horses treated with 
naloxone. Moreover, in these horses the 
painful stimuli increased heart rate to a 
point that did not differ significantly from 
the values in the first experiment without 
the twitch (Fig. 2B). This result indicates 
that the effect of the twitch on heart rate 
is mediated by endorphins in the body 
and that these endorphins can influence 
the heart rate of horses. 

To determine whether endorphins are 
released when the twitch is applied, 
blood samples were taken from nine 

horses before application, 3 minutes af- 
ter application, and 30 minutes after re- 
moval of the twitch. Plasma was extract- 
ed with acid-acetone (7). Endorphins in 
the extract were separated from other 
material by chromatography over Sep- 
Pak C-18 columns. Subsequently, the 
immunoreactive p-endorphin was mea- 
sured by radioimmunoassay. The plasma 
concentrations of immunoreactive p-en- 
dorphin ranged from 100 to 500 pglml. 
During the twitch procedure, the plasma 
concentrations increased with 81 i. 33 
percent (mean i. standard error of the 
mean) of basal values [t(8) = 2.46, 
P < 0.051. Thirty minutes after removal 
of the twitch, they had returned to base- 
line values (2 * 31 percent higher than 
basal values). Repeated sampling did not 
significantly change the plasma concen- 
trations of immunoreactive P-endorphin 
(decrease with 8 k 18 percent of basal 
values at the second sampling). Thus, 
shortly after applying the twitch immu- 
noreactive p-endorphin was elevated in 
plasma, indicating that the twitch proce- 
dure may indeed activate the endorphin 
systems in the body. Whether plasma P- 
endorphin is responsible for the effec- 
tiveness of the twitch procedure remains 
to be shown. 

Concerning the mode of action of the 
twitch procedure, our data indicate that 
divertive pain cannot serve as a plausible 
explanation for this phenomenon, be- 

Twitch Pain stimuli Nalo: - 
Fig. 2. Changes in heart rate (means * standard error of the mean) ,: 
produced by painful stimuli in the absence or in the presence of the 2 
twitch in horses. Values are expressed as percentages of individual 2 
basal values (0 minutes), (A) Heart rate was determined in 37 horses ; 
before and after painful stimuli in the absence (0) for presence (0) of 
the twitch; basal heart rate was 39.2 * 0.8 and 38.8 * 0.9 beats per 
minute, respectively. *Different from basal values [t(36) = 6.69, 
P < 0.0011. ?Different from heart rate without the twitch 2 
[t(36) = 11.6, P < 0.0011. (B) Naloxone (0) or placebo (0) was 
injected into seven horses (cross-over design) before the twitch was 
applied and painful stimuli delivered. *Different from naloxone treat- L 
ment [t(6) = 2.71, P < 0.051. **Different from naloxone treatment 5 
[t(6) = 2.96, P < 0.0251. s 
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cause there was no sign that this proce- 
dure indeed leads to pain. The horses 
appeared to be sedated and heart rate 
was reduced by the twitch, whereas 
painful stimuli activated horses and in- 
creased heart rate. It is more likely that 
mechanisms involved in pain relief, such 
as endorphin systems, are activated by 
the twitch procedure. Because both anal- 
gesia and sedation are observed after 
applying the twitch, this procedure may 
be comparable to neuroleptic-analgesia 
and may be regarded as a Western exam- 
ple of acupuncture. 
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Control of Extracellular Potassium Levels by Retinal 
Glial Cell K+ Siphoning 

Abstract. EfJEux of K+ from dissociated salamander Miiller cells was measured 
with ion-selective microelectrodes. When the distal end of an isolated cell was 
exposed to high concentrations of extracellular K+, e@ux occurred primarily from 
the endfoot, a cell process previously shown to contain most of the K+ conductance 
of the cell membrane. Computer simulations of K+ dynamics in the retina indicate 
that shunting ions through the Miiller cell endfoot process is more effective in 
clearing local increases in extracellular K+ from the retina than is diffusion through 
extracellular space. 

Local changes in extracellular potassi- 
um ion concentration, [K'],, are pro- 
duced within the central nervous system 
as part of normal neuronal activity (I). 
These changes can affect neuronal activi- 
ty by altering cellular resting potentials. 
Astrocytic glia are thought to attenuate 
changes in local [K'I, by a process 
known as "K+ spatial buffering" (2, 3). 
In this process, local increases in [Kt], 
are accompanied by K+ influx into astro- 
cytes. An equal amount of K+ exits from 
these cells or from cells electrically cou- 
pled to them in regions where [K'], is 
lower, thus transferring K+ away from 
the sites of initial increase. 

We have suggested that the retinal 
Muller cell, a specialized astrocyte that 
spans nearly the entire width of the reti- 
na, buffers changes in retinal [K'], (4, 
5). We have shown that amphibian Mull- 
er cells are almost exclusively permeable 
to K+ (6) and that 94 percent of the total 
K+ conductance in these cells occurs in 
the Muller cell endfoot, a process lying 
adjacent to the vitreous humor (4). This 
highly asymmetric K+ conductance dis- 
tribution may make the process of K+ 
spatial buffering more powerful than has 
been recognized. For example, nearly all 
of the K +  current entering Muller cells 
from regions of increased [K*], within 
the retina may leave the Muller cell 

endfoot process at the vitreo-retinal bor- 
der. Thus, the vitreous would function as 
a large potassium sink. 

We now present experimental evi- 
dence of extracellular K+ buffering by 
Muller cells which utilizes this asymmet- 
ric conductance distribution. Dissociat- 
ed Muller cells from the salamander Am- 
bystoma tigrinum were prepared and 
maintained as described (4). The distal 
end of the Muller cell surface was ex- 
posed to increased [K'], by pressure- 
ejecting an 85 mM KC1-Ringer solution 
from an extracellular pipette (approxi- 
mately 3 pm in tip diameter). Perfusate 
near this ejection pipette was drawn into 
a suction pipette (30 pm in diameter) to 
limit the spread of K+ from the ejection 
site to other areas of the Miiller cell 
membrane. Single-barreled (7) K+-selec- 
tive microelectrodes [8 pm in diameter, 
filled with Corning resin 477317 (a)] were 
used to measure [K'l, near different 
regions of the dissociated Muller cell 
surface (Fig. lA, sites a through d). 

The results of one experiment are 
shown in Fig. 1B. At the distal end of the 
dissociated Muller cell (Fig. lA ,  site a), 
the site of K+ ejection, we measured an 
increase in [K'], to 40 mM (Fig. lB,  
trace a). When the Kt-selective micro- 
electrode was moved from the ejection 
site to sites b and c (Fig. lA), much 

Fig. 1. Measurement of K+  
efflux from a dissociated Am- 
bystoma tigrinum Miiller cell. 

A (A) Schematic of a dissociated 
20 cell showing location of K+ 
l o  ejection and suction pipettes 6 

Eject ion  2.5 and the four positions of the 
pipet te  ,. ion-selective microelectrode 

(a through d). (B) Voltage rec- 
5 ords from the ion-selective mi- 

,O croelectrode made at the loca- 
tions indicated in (A). The on- .- I 

set and duration of a 50-msec 
2.60 pressure pulse applied to the 
2.66 ejection pipette is indicated at 
2,60 the bottom. Traces b,  c, and d - are expanded vertically rela- - tive to trace a. The concentra- 

100 msec tion scales (mM) were deter- 
mined by calibrating ion-selec- 
tive pipettes in a series of K+ 
solutions. 
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