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For a list of all of the model parameters and their default values that we use in the

simulations of our model [see Eq (1)], see S1 Table. (By the NMDA receptors in Table

1, we refer to those of the projection neuron population P.) We note that the values for

the weight parameters (gPrePost) are not a unique set of weights but a result of modeling

choices as concerns the firing rates of the afferent fibers during baseline and stimulus

(see Section 1.2). We base these choices on experimental data reported in [2, 5].

Similarly, we choose the parameters representing the sensitivity, half-activation

threshold, and the maximum of the response functions (i.e., α, β, and max,

respectively), as well as the intrinsic time scales (τ) of the neuronal populations and the

NMDA receptors, in order to mimic experimental results as reported, e.g., in [4].

The intrinsic time constants for the E and I populations are chosen to mimic the

synaptic time constants used in previous studies, see Table 1 in [4]. The time constant

for the P population is chosen to be significantly faster than both E and I such that

the response of the P population reflects the inputs from each individual fiber group, as

was seen experimentally in [2, 3] and our model replicated in Figure 6. The time scale

for NMDA was chosen from [1], and lengthened to replicate the frequency effects of

wind up, see Figure 8.

As concerns the weights gPrePost scaling interactions between the populations, many

of these parameters are interdependent and the effect of changing just one is not

immediately obvious. We will explain, to the best of our ability, the reasoning behind
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each choice and which parameters are more sensitive than others. First, notice that in

Figure 12 we perform a sensitivity analysis on the weight from the I2 interneuron

population to the P population. This is an example of a parameter that, with all other

weights held constant, the effect on the firing of the P population can be explicitly

shown. Other weights are more interdependent. For example, consider the weight from

the Aβ-fibers to the I population, gAβI . Changes in this weight will increase the firing

rate of the I population, and thus allow more inhibition onto the P population. This

effect can be mediated, and even cancelled out, by simply decreasing the weight from

the I population to the P population, gIP .

One of the constraints used in determining the values of the weights are that each

population must have a nonzero firing rate when the fibers are activated; in particular,

we require that the P neurons have a firing rate close to the painful threshold of 25 Hz

when the C-fibers are activated (i.e., that we are indeed eliciting a painful response).

This in itself leads to a range of values for the weights from the incoming fibers to each

population, gAδP , gAβP , gAβI , gCE . Then, we must choose the weights between the

populations such that we get qualitatively similar responses for each phenomenon. For

pain inhibition, the weights along the pathway from the Aβ-fibers to the I population

to the P population, gAβI , gIP are narrowed down. And for wind-up, the weights along

the pathway from the C-fibers to the E population and from the E population to the P

population, gCE and gEP , and along the pathway from the C-fibers to the P

population, gCP , are narrowed down to qualitatively capture wind-up and its frequency

effects. Finally, all of these weights must work together to ensure that the firing rate of

the P population in response to C-fiber activation is above 25 Hz and follows the

experimentally-observed modulation of its percent mean across the day. The main

objective is to find a set of weights that captures all three experimental phenomena:

pain inhibition, wind-up, and daily modulation of pain sensitivity. Then, keeping all

weights fixed, we apply the model to the phenomenon of neuropathy and investigate a

mechanism underlying the inversion of the daily rhythm in pain sensitivity.

We note that due to this dependence of one weight on another, it is difficult to

specify all possible combinations of weights that will yield similar results. We emphasize

that these weights have limited biophysical interpretation and thus cannot be

experimentally measured. We state that small changes to the weights will not greatly
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affect these results and that we make no substantive claim that the values for these

weights reflect actual synaptic currents. Instead, we focus on the conclusion that by

finding a set of weights that can produce a model that qualitatively matches multiple

experimental measurements of activity and phenomena in the spinal cord, we can use it

to make predictions about the rhythmic activity of the neurons in DH under

neuropathic conditions.
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