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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 34.15.

Tema guceprauii:

1. OcobauBOCTi PyHKLIOHYBAaHHS [IOTEHLiaJIKePOBAHUX KaJblli€eBUX KaHaJiB T-THUIly Ta BaHIJIOINHUX peLenTopiB
TRPV1 npu pisHux Tunax nepu@epuyHoi giabetTudHoi Heliponarii y mypis

2. Peculiarities of functioning of T-type voltage-gated calcium channels and vanilloid receptors TRPV1 under
different types of peripheral diabetic neuropathy in rats.

Pedepar:

1. Incepraliito prUCBsIYEHO BUSIBIEHHIO MEXaHi3MiB, 1110 JIe>KaTh B OCHOBI PO3BUTKY Pi3HUX TUIIIB J1iabe TUYHOI
Heliponarii, siKi MaHi(peCTyI0TbCsl HasIBHICTIO TEPMIYHOI rinoasnresii, rinepasnresii Ta Hopmasresii (He3amiHeHOI
6071b0BOI YyTINBOCTI). BcTaHoBEHO crienudiuHe peMmonenoBaHHs KaHaiiB TRPV] ta nintuny Cav3.2 KanblieBUX
KaHasiB T-Tumy B MajInx, 4yTJIMBUX [10 Karcailuny, IB4-no3ntnsHux HelipoHax JKI' (HenenTuaeprivHux
TEPMOHOLMLENTUBHUX HelpoHax C-TUIly) IIpY KOXKHOMY i3 3a3HaYeHUx TUIiB Helponartii: (1) rinepasnresis
XapaKTEePU3y€EThCsl ONHOYACHUM NOCUIeHHIM QyHKUii KaHasniB TRPVI1 ta Cav3.2; (2) rinoanresis acouilioBaHa 3
OJIHOYACHUM T0CJ1abeHHIM (PYHKIIi KaHaliB 060X TUIIIB; (3) HOpMaIresis oB'sA3aHa i3 nocuneHHIM QYHKIL|i

kanasiB Cav3.2 ta nocnabneHHsm ¢yHkuii kanasnis TRPVI1. BikonHuit ctpym T-KaHasiB JOCTOBIPHO BULIMH NIpU



rinepasresii Ta HopMmasresii y IOPiBHSIHHI 3 KOHTPOJIEM Ta MOXKE pPOOUTU BHECOK y mHigsuileny [Ca2+]i y criokoi npu
rinepaJresii, a TAKOXK BIVIMBATU Ha 30YIJIUBICTb LMX HeMPOHiB. KiII0uoBi cj10Ba: CTPENTO30TOLMHIHIYKOBaHUN
niabet (CT3-giabeT), nopcanbHOKOpiHLeBuil ranraii (JKT'), meTy-kaeMIl, KalbLiMeTpisl, KajbllieBUI TPaH3UEHT,
Cav3.2, rinepasnresis, rinoasnresis, HopMairesis.

2. This study is devoted to revealing of mechanisms underlying development of different types of peripheral
diabetic neuropathy manifested by presence of thermal hyperalgesia, hypoalgesia and normalgesia (unchanged
pain sensitivity). Using rats of the same age with thermal hyper-, hypo- and normalgesia developed at the same
duration of streptozotocin-induced diabetes (STZ-diabetes) it has been established that differences in thermal
pain sensitivity are associated with specific remodeling of TRPV1 channels and T-type voltage-gated calcium
channels (T-channels) and their Ca2+ signaling in small IB4-positive capsaicin-sensitive DRG neurons known to be
nonpeptidergic thermal C-type nociceptive neurons involved in development and maintenance of neuropathic
pain. In the current study it is found that hyperalgesic (18%), hypoalgesic (25%) and normalgesic (57%) animals are
simultaneously present in the same population of rats with 6-7 weeks of STZ-diabetes. No difference is observed in
blood glucose levels and weight between diabetic rats with different thermal pain sensitivity suggesting that this
difference is unlikely due to a different metabolic state of the experimental animals. Using isolectin B4 (IB4) for in
vitro labeling of nonpeptidergic neurons, it is shown that there is no significant redistribution between C-type
nociceptors of strongly IB4-positive, weakly IB4-positive and IB4-negative classes between hyperalgesic,
hypoalgesic and normalgesic animals. The IB4-positive small DRG neurons are the most abundant and constitute
73£6%,76 +7 %, 78 = 8 %, 76 + 7 % of control, hyperalgesic, hypoalgesic and normalgesic groups,
correspondingly. Thus observed differences in thermal pain sensitivity are unlikely due to elimination of this
specific neuronal class or redistribution between nonpeptidergic and peptidergic primary nociceptors. It is
demonstrated in small IB4-positive capsaicin-sensitive DRG neurons (that are the focus of this study) that TRPV1-
mediated currents and respective [Ca2+]i transients are significantly (p < 0.01) decreased under hypoalgesia and
normalgesia (correspondingly, by 43 + 15 % and 48 + 12 % for peak current density and by 67 + 8% and 67 + 7% for
amplitude of transients) and significantly increased under hyperalgesia (by 45 + 11% for peak current density and
by 112 + 11 % for amplitude of transients) as compared to control. Thus TRPV1-mediated signaling is significantly
and oppositely altered under hyperalgesia versus hypoalgesia and normalgesia implying TRPV1 channels in
differences in thermal pain sensitivity. It is revealed in the same small IB4-positive capsaicin-sensitive DRG
neurons that peak current density via T-channels is significantly (p < 0.05) decreased under hypoalgesia and
normalgesia (correspondingly, by 43 + 15 % and 48 + 12 %) and significantly increased under hyperalgesia (by 45 +
11%) as compared to control. Amplitudes of respective [Ca2+]i transients are significantly (p < 0.05) increased in all
diabetic groups: by 66 * 24 % under hyperalgesia, by 55 + 18% under hypoalgesia and by 88 + 18% under
normalgesia as compared to control indicating differential changes of Ca2+-regulating systems associated with
hyperalgesic, hypoalgesic and normalgesic peripheral diabetic neuropathy. The voltage dependence and kinetics of
activation as well as kinetics of inactivation of T-channels are found unaffected in diabetic rats. At the same time,
there is ~7 mV shift in steady state inactivation of T-channels towards depolarization in hyperalgesic, hypoalgesic
and normalgesic groups as compared to control. This shift underlies T-channels' upregulation under hyperalgesia
and normalgesia and partially compensate their downregulation under hypoalgesia in the range of resting
membrane potentials (~-60 mV) despite of unchanged T-channels' functional expression under hyperalgesia and
almost twofold lower functional expression under hyperalgesia and normalgesia as compared to control. T-
channels window current is increased up to 0.5 pA under hyperalgesia versus 0.1 pA in control at the resting
membrane potentials contributing up to 50 nM to increased resting [Ca2+]i level (230 + 20 nM versus 72 + 11 nM in
control). Pharmacological properties of T-channels in the studied neurons, specifically strong blocking effects of
amiloride (500 M), nickel (50 M) as well as potentiation by L-cysteine (100 M), are not different between control
and neuropathic groups, suggesting that Cav3.2 isoform majorly (~80% of current amplitude) contributes in
control as well as hyperalgesic, hypoalgesic and normalgesic animals. All in all, in this study it is revealed that
under peripheral diabetic neuropathy in rats with 6-7 weeks of STZ-diabetes: (1) thermal hyperalgesia is associated
with cooperative upregulation of Cav3.2 channels and TRPVI; (2) thermal normalgesia is associated with



upregulation of Cav3.2 channels and downregulation of TRPV]; (3) thermal hypoalgesia was associated with
cooperative downregulation of Cav3.2 channels and TRPVI1. In summary, our results demonstrate that specific and
simultaneous alterations in functioning of Cav3.2 T-type and TRPV1 channels in nonpeptidergic thermal C-type
nociceptive neurons are associated with different types of peripheral diabetic neuropathy. Our results provide a
better understanding of potential molecular mechanisms underlying the variety of pain syndromes induced by
type 1 diabetes. Keywords: streptozotocin-induced diabetes (STZ-diabetes), dorsal root ganglion (DRG), patch
clamp, calcium imaging, calcium transients, Cav3.2, hypoalgesia, normalgesia, hyperalgesia.
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