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Minocycline reduces hyperpolarization-activated current in rat substantia gelatinosa

neurons
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Abstract: Objective To investigate the effect of minocycline on hyperpolarization-activated current (I.) in the substantia
gelatinosa (SG) neurons in rat spinal dorsal horn. Methods In vitro spinal cord transverse slices were prepared from
3-5-week-old male Sprague-Dawley rats. Using whole-cell patch clamp technique, I, currents were recorded before and after
bath application of minocycline (1-300 umol/L) to the SG neurons. Results . currents were observed in nearly 50% of the
recorded neurons, and were blocked by I, blocker CsCl and ZD7288. Minocycline rapidly and reversibly reduced the
amplitude of I, and decreased the current density in a concentration-dependent manner with an ICs, of 34 pmol/L. Conclusion
Minocycline suppresses the excitability of SG neurons through inhibiting the amplitude and current density of I, and thereby

contributes to pain modulation.
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Fig.1 Morphologic features and representative I;/sag in SG neurons of rat spinal cord. A: IR-DIC and Meta-Fluo images
showing the SG and the position of the recording electrode on a SG neuron in a spinal transverse slice. Ac is the same cell
revealed by intracellular dialysis with neurobiotin 488 10 min after whole-cell configuration. B: Voltage sag of SG neuron
evoked by a series of hyperpolarizing current steps under current-clamp mode. C: I, currents activated by 1000 ms
hyperpolarizing voltage steps from -60 to -130 mV in -10 mV increment.
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Fig.2 CsCl and ZD7288 inhibited I, in SG neurons. A: Representative current traces of I, measured in ACSF (left), in the
presence (middle) and washout (right) of 10 pmol/L ZD7288 for the time indicated. B: Bar graphs showing the effect of
ZD7288 on I, inhibition (1=5). C: Representative current traces of I, measured in ACSF (left), 3 min after addition of 1 mmol/
L CsCl (middle), or after washout of CsCl (right). D: Bar graphs showing the effect of CsCl on I, inhibition (1#=5). In this and
subsequent figures, vertical lines accompanied by bars indicate SEM; *P<0.05; **P<0.01; ***P<0.001; n.s.: No significant
difference.
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Tab.1 Effect of NiCl,, 4-AP, TEA and BaCl, on I, amplitude
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n Pre-application(pA) Post-application(pA)
NiCl, 5 31.43+6.97 30.63+6.79
4-AP 4 39.16+7.19 38.86+7.70
TEA 3 34.13+6.46 34.81+7.28
BaCl. 3 55.45+21.05 55.83+20.76
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Fig.3 Minocycline (40 pmol/L) significantly inhibited I, in SG neurons. A: Representative superimposed I, traces at -130 mV in
the absence (red), presence (purple), and washout (green) of minocycline (40 pumol/L, 3 min) showing that minocycline-induced
I, inhibition was reversible. B: Time course of the effect of minocycline on I, amplitude. C: Summary of I, amplitude before,
during and after exposure to minocycline (n=11, P<0.001). D: Plot of . current density versus membrane potential; the current
density (at -130 mV, -120 mV, -110 mV and -100 mV) was significantly decreased compared with the control (n=11).
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Fig.4 Minocycline inhibited . of SG neurons in a concentration-dependent manner. A: Superimposed I
traces at -130 mV before (red) and after application of minocycline at different concentrations (blue: 40
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umol/L; green: 100 umol/L), and washout (gray). B: Dose-response curve for the effects of minocycline
on I.. The curve was fitted by Hill equation (IC5=34 umol/L): y=Iw./(1+ICs/x), where x is minocycline
concentration (in umol/L). Each point represents the average of 3 to 14 cells.
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Fig.5 Morphology of rat SG neurons and properties of I, in 5 types of SG neurons. A: Representative confocal images showing the
morphology of SG neurons which were classified as: islet, vertical, central, radial, and unclassified. Bar=50 um. B: Histogram

showing numbers of neurons showing I, or not with respect to cell morphological classification. C: Histogram showing t values

(obtained at -130 mV) in the 5 types of rat SG neurons. Dashed inset in C showed representative I, currents with different t values.
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