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A cybernetic view on wind-up
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Summary Wind-up is described traditionally as a frequency dependent increase in the excitability of spinal cord
neurons, evoked by electrical stimulation of afferent C-fibers. Different kinds of wind-up have been reported, but
wind-up of AB fibers in hyperalgesic states has gained little attention. In this paper, we present a cybernetic view on AB
fiber wind-up and consider the involved molecular mechanisms as feedback and feedforward processes. Furthermore,
our previous hypothesis, the sprouting phenomenon, is included in this view. Considering the proposed model, wind-up
in hyperalgesic states might leave out in three different ways: (1) blocking the NMDA receptors by increasing
extracellular Mg?*, 2) blocking the receptors and channels that contribute to Ca?* inward current, and 3) blocking the
AP fibers by local anesthetics. It seems that wind-up may be inhibited more effectively by using these three blocking
mechanisms simultaneously, because in this case, the feedback process (main controller), the feedforward process
(trigger), and AB stimulation (trigger) would be inhibited concurrently.

Wind up may aggravate the pain in clinical hyperalgesic situations such as post-surgical states, some neuropathic
pains, fibromyalgia syndrome, and post-herpetic neuralgia. Surely, clinical studies are needed to validate the
effectiveness of our abovementioned suggestions in relieving such clinical pains.
© 2006 Elsevier Ltd. All rights reserved.

of chronic pain, among which central sensitization
has received great attention in recent years. The
experimental models used to explore mechanisms

Introduction

Rational treatment of chronic pain depends on in-

creased understanding of the pathophysiological
mechanisms underlying the various characteristics
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of central sensitization include the study of wind-
up in animals and temporal summation of pain in
humans. Temporal summation of repeated painful
stimuli has been regarded as a psychophysical cor-
relate of wind-up in humans [4].

Wind-up is described traditionally as a frequency
dependent increase in the excitability of spinal
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cord neurons, evoked by electrical stimulation of
afferent C-fibers. Although it has been studied over
the past 30 years, there are still uncertainties
about its physiological meaning [5].

Several authors have reviewed the electrophysi-
ological and behavioral data indicating a significant
role of NMDA receptor in wind-up [3,16]. There are
two main molecular mechanisms involved in this
regard:

(a) Thompson et al. [13] have proposed that during
repetitive stimulation, each stimulus would find
the cell at a more depolarized membrane
potential and this may contribute to the
removal of the Mg?* block from the NMDA
receptors. The progressive release of the Mg?*
block would further increase the intracellular
calcium [13].

(b) Chen and Huang [2] have proposed a secondary
amplification mechanism dependent upon Ca®*
entry via the NMDA ionophore or other Ca?*
channels during the depolarization. An increase
in intracellular Ca?>* would activate protein
kinase C (PKC) and this in turn, would increase
further the efficacy of NMDA receptors [2,5].

It is worth noting that different kinds of wind-up
have been proposed by researchers. The wind-up of
dorsal horn neurons is usually evoked by C-fiber and
occasionally by Ad-fiber stimulation [9]. A novel
type of wind-up has been evoked by the stimulation

of AP fibers in hyperalgesic states induced by
peripheral injury or inflammation [14]. A new
hypothesis of A wind-up claims that, after nerve
injury or inflammation for at least 20 h, A fibers
sprout to more superficial lamina where they may
contact nociceptive neurons [7].

Using these mechanisms, we conclude a new
hypothesis, which mainly focuses on A wind-up.

The hypothesis

Our hypothesis, trying to examine wind-up with a
cybernetic point of view, consists of three parts:

1) As shown in Fig. 1, considering the wind-up
events as a control system, the mechanism
(a) (proposed by Thompson) may be regarded
as a feedforward process. This mechanism, as
well as the activation of AMPA receptors,
causes Ca®* entry into the dorsal horn neu-
rons. In cybernetics, feedforward is usually
for triggering and predicting [6].

2) In Fig. 1, the mechanism (b) (proposed by
Chen and Huang) may be considered as a posi-
tive feedback, because increment of cytosolic
Ca’" affects the NMDA receptors and opens
them more, and consequently more Ca®*
would flow inward. In cybernetic view, a posi-
tive feedback causes instability of system
[15].
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Figure 1

Block diagram of wind-up from cybernetic point of view (a) is the feedforward process, and (b) is the

feedback. The sprouting of Ap fibers is shown by dashed arrows.
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3) Since in hyperalgesic states, AP fibers proba-
bly sprout towards the C fibers, Ap fiber stim-
ulation activates C fibers and simultaneously
triggers mechanism (a). C fibers in turn acti-
vate both feedback and feedforward loops.
In other words, sprouting strongly activates
the whole system.

We think that all above mechanisms coopera-
tively produce the wind-up and omitting each of
them can noticeably affect the pain intensity.

Consequences of the hypothesis

Considering the proposed model, wind-up in hyper-
algesic states might leave out in three different
ways:

1) Blocking the NMDA receptors by increasing
extracellular Mg?*. Some experimental stud-
ies have shown evidences about pain relief
by this method [1,10].

2) Blocking the receptors and channels that con-
tribute to Ca®* inward current. Some experi-
mental researches indicate the importance
of this analgesic method [8,11].

3) Blocking the triggering system (Ap fibers) in
order to suppress the whole system. To do
so, we need local anesthetics that block cuta-
neous stimulations. Similar experiments have
done by Herrero et al. [5], which applies lido-
caine directly into the spinal cord.

It seems that wind-up may be inhibited more
effectively by using the three blocking mechanisms
simultaneously, because in this case, the feedback
process (main controller), feedforward process
(trigger), and AP stimulation (trigger) would be
inhibited concurrently.

Wind up may aggravate the pain in some clinical
hyperalgesic states induced by peripheral injury or
inflammation. For example, studies have indicated
the presence of wind up in post-surgical states,
some neuropathic pains, fibromyalgia syndrome,
and post-herpetic neuralgia [12]. Certainly
experimental researches are needed to validate
the benefits of our suggestions in relieving such
clinical pains.

References

[1] Bhatia A, Kashyap L, Pawar DK, Trikha A. Effect of
intraoperative magnesium infusion on perioperative anal-
gesia in open cholecystectomy. J Clin Anesth 2004;16(4):
262-5.

[2] Chen L, Huang LYM. Protein kinase C reduces Mg block of
NMDA-receptor channels as a mechanism of modulation.
Nature 1992;356:521-3.

[3] Dickenson A. Mechanisms of central hypersensitivity: excit-
atory amino acid mechanisms and their control. In: Dick-
enson A, Besson JM, editors. The pharmacology of pain.
Berlin: Springer-Verlag; 1997. p. 167—210.

[4] Eide PK. Wind-up and the NMDA receptor complex from a
clinical perspective. Eur J Pain 2000;4:5—17.

[5] Herrero JF, Laird JM, Lopez-Garcia JA. Wind-up of spinal
cord neurons and pain sensation: much ado about some-
thing? Prog Neurobiol 2000;61(2):169—203.

[6] Heylighen F, Joslyn C. Cybernetics and second-order
cybernetics. In: Meyers RA, editor. Encyclopedia of physical
science and technology. New York: Academic Press; 2001.

[7] Hoseini SS, Hoseini MS, Gharibzadeh Sh. Sprouting phenom-
enon, a new model for the role of A-f fibers in wind up. Med
Hypotheses 2006;66(4):805—7.

[8] Miljanich GP. Ziconotide: neuronal calcium channel blocker
for treating severe chronic pain. Curr Med Chem
2004;11(23):3029—40.

[9] Price DD, Hull CD, Buchwald NA. Intracellular responses of
dorsal horn cells to cutaneous and sural nerve A and C fiber
stimuli. Exp Neurol 1971;33:291—-309.

[10] Seyhan TO, Tugrul M, Sunger MO, Kayacan S, Telci L,
Pembeci K, et al. Effects of three different dose regimens
of magnesium on propofol requirements, haemodynamic
variables and postoperative pain relief in gynaecological
surgery. Br J Anaesth 2006;96(2):247—52.

[11] Silverman R, Bendick PJ, Wasvary HJ. A randomized,
prospective, double-blind, placebo-controlled trial of the
effect of a calcium channel blocker ointment on pain
after hemorrhoidectomy. Dis Colon Rectum 2005;48(10):
1913—6.

[12] Staud R, Vierck CJ, Cannon RL, Mauderli AP, Price DD.
Abnormal sensitization and temporal summation of second
pain (wind-up) in patients with fibromyalgia syndrome. Pain
2001;91(1—-2):165—75.

[13] Thompson SWN, King AE, Woolf CJ. Activity-dependent
changes in rat ventral horn neurons in vitro; summation of
prolonged afferent evoked postsynaptic depolarizations
produce an NMDA sensitive windup. Eur J Neurosci
1990;2:638—49.

[14] Thompson SWN, Dray A, Urban L. Injury-induced plasticity
of spinal reflex activity: NK1 neurokinin receptor activation
and enhanced A- and C-fiber mediated responses in rat
spinal cord in vitro. J Neurosci 1994;14:3672—87.

[15] Weinberg GM. An introduction to general systems thinking.
Wiley Series on Systems Engineering and Analysis; 2001.

[16] Willis WD, Sluka KA, Rees H, Westlund KN. Cooperative
mechanisms of neurotransmitter action in central nervous
sensitization. Prog Brain Res 1996;110:151—66.

Available online at www.sciencedirect.com

sc.ENcE@p.“m



	A cybernetic view on wind-up
	Introduction
	The hypothesis
	Consequences of the hypothesis
	References


