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Analgesic Effect of Intrathecal 2R, 6R—-HNK on Neuropathic Pain in Female Mice
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Abstract: [ Objective] To investigate the analgesic action and mechanism of intrathecal 2R, 6R—hydroxynorketamine
(2R, 6R-HNK) on spared nerve injury (SNI)-induced chronic neuropathic pain (CNP) in female mice.[Methods] SNI
was used to establish acute and chronic CNP models in female mice. The mice were randomly divided into different groups
with administration of vehicle, 2R, 6R—HNK or S—ketamine (10 mg/kg intraperitoneal injection/i.p. or 7, 21 pmol/L intra-
thecal injection/i.t.) at 3 weeks after or 30 min/1 d before operation (n = 3 — 7 mice/group). The curative or preventive ef-
fect of 2R, 6R-HNK was evaluated by mechanical paw withdrawal threshold (PWT) and the analgesic efficiency. Finally,
immunofluorescence and RT-PCR of dorsal root ganglion (DRG) and spinal dorsal horn (SDH) were used to explore the
possible mechanisms. [ Results] Compared with vehicle, intrathecal injection of 2R, 6R—HNK largely reversed SNI-in-
duced bilateral mechanical allodynia in a delayed—and-dose—dependent way. Among them, 21 pmol/L 2R, 6R-HNK
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reached its maximum analgesic efficiency (75.32+7.69) % at 2 d. Pre—intrathecal delivery of 2R, 6R—HNK also delayed

the development of bilateral mechanical hypersensitivity 2 — 3 d induced by SNI. Mechanically, 2R, 6R-HNK reversed

not only the abnormal excitability of neurons in bilateral DRG and superficial SDH, but also the upregulation of calcitonin

gene—related peptide (CGRP) and brain—derived nerve growth factor (BDNF) in DRG.[ Conclusion] Intrathecal adminis-

tration of 2R, 6R—HNK exerts an analgesic effect against CNP, probably via suppressing abnormal neuronal excitability in

ascending pain pathway as well as down-regulating CGRP and BDNF expression in DRG neurons.

Key words: neuropathic pain; 2R, 6R-hydroxynorketamine (2R, 6R-HNK) ; dorsal root ganglion; calcitonin

gene—related peptide (CGRP)
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2 x TSINGKE Master qPCR Mix (SYBR Green
I, BB AW 22 Wl ) ; 2R, 6R-HNK 3 % £
(SML1873, Sigma % A ) ; Donkey anti-Mouse IgG
Alexa Fluor—647 (A31571, Life Technologies 7 Fl ) ;
Donkey anti-Rabbit IgG Alexa Fluor-555 (A31572,
Life Technologies N s Evo M=MLV RT Premix for
qPCR ( 3 B #i5 4E ¥ /A 7] ) 5 Mouse anti—-CGRP
(ab81887, Abcam 23 F] ) ; qPCR 51 ¥ (T4 A ) ;
Rabbit anti—c—Fos (2250, CST /A ] ) ; Rabbit anti—p—
ERK (4370, CST/A\F] ) ; Triton X—=100(Sigma 23 A] ) 5
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von—Frey 24 2% ( Aesthesio, Danmic 2 ] ) 3 3838 7¢
G #4% (EVOS FL, Thermo A F)) 3 SEB 9 G E =
PCR £ % (CFX 96 touch3, BIO-RAD 24 #)) .
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GCCTTTGGATACCGG) , Calea (L U7 51 ¥ -
AAGGGAGCACGTGTTATGGT, F {if 51 ¥ . TC-
CATTCTGAATTGAGGGTGGG) Fl CaleB( L-1iF5 14«
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SR H Tukey’s multiple comparisons test #£47 P
Wit 3. P £dE K FH GraphPad Prism WA 8.3.0
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Intrathecal vs Intraperitoneal HNK on Ipsi-side Intrathecal vs Intraperitoneal HNK on Contr-side

—o— SNI+saline —o—  SNI+7 umol/L HNK —o—  SNI+10 mg/kg HNK
—o— Sham+saline  —— SNI+21 pmol/L HNK
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Von-Frey test showed that the decreases in the ipsilateral (Ipsi-) and contralateral (Contr—) paw withdrawal thresholds (PWT) induced by SNI were
reversed by intrathecal (7, 21 wmol/L, 10 pL) or intraperitoneal (10 mg/kg) 2R, 6R-HNK (HNK) at 3—w after surgery. Blue triangles indicated the time
point of drug appliance. n = 5 or 7. All data were shown by means + SEM, and were analyzed by two—way ANOVA followed by Tukey's multiple compar-
isons test. Ipsi PWT: F = 81.44, P < 0.000 1; Contr PWT: F = 44.07, P < 0.000 1. n = 5 or 7. 1)P < 0.05, 2)P < 0.01, 3)P < 0.001, 4)P < 0.000 1 be-
tween SNI+saline and SNI+10 mg/kg HNK, 5)P < 0.05, 6)P < 0.000 1, 7)P < 0.01 between SNI+saline and SNI+7 wmol/L. HNK, 8)P < 0.05, 9)P <
0.000 1, 10)P < 0.01 between SNI+saline and SNI+21 wmol/L HNK, 11)P < 0.05, 12)P < 0.001, 13)P < 0.000 1, 14)P < 0.01 between SNI+10 mg/kg
HNK and SNT+21 pmol/L HNK, 15)P < 0.000 1, 16)P < 0.05, 17)P < 0.01 between SNI+7 pmol/L HNK and SNI+21 pwmol/L HNK.

El1 #HM2R, 6R-HNKXf SNIE SR EVMERIER HAE AL R TS ER R
Fig.1 Intrathecal 2R, 6R—HNK produced a more significant delayed analgesic effect on SNI-induced mechanical allodyn-

ia than intraperitoneal injection

Intrathecal HNK vs Ket on Contr-side

Intrathecal HNK vs Ket on Ipsi-side
—o— 7 umol/L Ket+SNI

—o— saline+SNI —o— 7 umol/L HNK+SNI

—o— salinetSham  —— 21 pmol/L HNK+SNI —o— 21 umol/L Ket+SNI
1.54 1.57
&n on
= 1.0 = 1.01
= =
) e
2054 £ 05
O
0.0 0.0 Y T T 7 : . -
Bas 1d 2d 3d 4d 5d 6d 7d
Time after SNI A Time after SNI B

Von-Frey test showed that pre—intrathecal administration of 2R, 6R—HNK rather than S—ketamine (Ket) at the same dosages (7, 21 pmol/L) de-
layed SNI-induced acute mechanical pain. 2R, 6R—HNK, S-ketamine or saline was intrathecally delivered 30 min before SNI. Red triangles showed
sham operation or SNI delivered to left sciatic nerve. n = 5. All data were shown by means + SEM, and were analyzed by two—way ANOVA followed by
Tukey’s multiple comparisons test. Ipsi PWT: F = 25.78, P < 0.000 1; Contr PWT: F = 13.07, P < 0.000 1. n = 5. 1)P < 0.000 1, 2)P < 0.01, 3)P < 0.05
between saline+SNI and 7 wmol/L HNK+SNI, 4)P < 0.000 1, 5)P < 0.01, 6)P < 0.001 between saline+SNI and 21 wmol/L HNK+SNI, 7)P < 0.000 1, 8)
P <0.05,9)P < 0.01 between 7 pmol/L, HNK+SNI and 21 pwmol/L HNK+SNI.

2 FSEBHMIES 2R, 6R-HNK FELE SNIE S MM R RIE AR~ £
Fig. 2 Pre—intrathecal injection of 2R, 6R—HNK delayed the induction of neuropathic pain by SNI

SNI 75 5 1) 7 1 p—ERK 5 c—Fos 23K i 3 N (P < PLE A 5 520 CORP A R IA A 56 . Ty vt
0.001; [&13), XELZ5RFKY] N 2R, 6R-HNK g R WK (814 A), CGRP # #LFE L FE DRG
i EHEAI R AT AL 38 s A e 2 T bR 2ot SEHUNERMZ I . 5 p-ERK P c—Fos %

JE T A AR . {553 —8U) S , SNIAR 5 3 h Bf CGRP AXAE [R) 1]
24 TS M ES 2R, 6R-HNK # %I SNI 3| #2189 DRG ik B EM £Z (P <0.000 1, B4 A,B),{H
DRG #£ 5T CGRP 3R i% 18/ FNAE XU A BE T £ 1 )2 B9 Fh HX i AR A ek b 3

POk FRATEWLEES N 2R, 6R—HNK F4E BZ(P<0.0001, E4C,D), %3044 05 hE
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Representative images and quantification of the number of p~ERK" or ¢-Fos* cells in dorsal root ganglion (DRG) or spinal dorsal horn (SDH). A-B:
3 h after SNI, bilateral 14 DRG, X10; C-D: 3 h after SNI, bilateral L4 ~ 5 SDH, X10. Fig. 3 showed that 2R, 6R-HNK pretreatment 1 d before surgery
suppressed the increases of p~ERK expression in the bilateral DRGs and ¢—Fos expression in lamina [ ~ Il of SDHs at 3 h after SNI. All data were
shown by means + SEM, and were analyzed by two—way ANOVA followed by Tukey’s multiple comparisons test for each group (F = 68.17, P < 0.000 1
in B; F =184.0, P <0.000 1 in D). n = 3, 2 slices/mouse. 1)P < 0.000 1 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 2)P < 0.000 1 between sa-
line 1 d+SNI 3 h and 21 pmol/L. HNK 1 d+SNI 3 h, 3)P < 0.001 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 4)P < 0.000 1 saline 1 d+SNI3 h
and 21 pmol/L HNK 1 d+SNI 3 h, 5)P < 0.000 1 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 6)P < 0.000 1 between saline 1 d+SNI 3 h and
21 pmol/LL HNK 1 d+SNI 3 h, 7)P < 0.000 1 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 8)P < 0.001 between saline 1 d+SNI 3 h and 21
pmol/L HNK 1 d+SNI 3 h.
3 WSEEAES 2R, 6R-HNK 1] SNI S S69_E1TH 5@ B AT it B4
Fig. 3 Intrathecal pretreatment of 2R, 6R—HNK inhibited SNI-induced neuronal hyperexcitability in the ascending pain
pathway
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Representative images and quantification of the number of CGRP" cells in DRG or average fluorescence intensity of CGRP* nerve endings in SDH.

A-B: 3 h after SNI, bilateral L4 DRG, X20; C-D: 3 h after SNI, bilateral L4 ~ 5 SDH, X10. Fig. 4 showed that only CGRP upregulation in ipsilateral

DRGs at 3 h after SNI was inhibited by 2R, 6R-HNK applied at 1 d before surgery. All data were shown by means + SEM, and were analyzed by two—

way ANOVA followed by Tukey’s multiple comparisons test for each group (F = 40.32, P < 0.000 1 in B; F = 363.8, P < 0.000 1 in D). n = 3, 2 slices/

mouse. 1)P < 0.000 1 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 2)P < 0.01 between saline 1 d+SNI 3 h and 21 pmol/L HNK 1 d+SNI 3 h, 3)

P < 0.000 1 between saline 1 d+Sham 3 h and 21 pwmol/LL HNK 1 d+SNI 3 h, 4)P < 0.000 1 saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 5)P < 0.000 1

between saline 1 d+Sham 3 h and 21 wmol/LL HNK 1 d+SNI 3 h, 6)P < 0.000 1 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 7)P < 0.000 1 be-

tween saline 1 d+Sham 3 h and 21 pmol/LL HNK 1 d+SNI 3 h.

4 TRSEEMEST 2R, 6R-HNK #1%5 SNI %S DRG #1425 CGRP KX in
Fig.4 SNI-induced CGRP overexpression in DRG neurons was suppressed by pre—intrathecal 2R, 6R—-HNK
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A, C: PCR eycle quantification (Cq) value of Calea, 8 mRNA in bilateral sham L4 DRGs or L4 ~ 5 SDHs; B, D: RT-PCR analysis of Calca, 8 and
Bdnf mRNA in bilateral DRGs and SDHs at 3 h after surgery. Fig. 5 A=B showed that Calca mRNA was dominant in DRG, and the elevated mRNA lev-
els of contralateral Bdnf and bilateral Calca at 3 h after SNI were reversed by intrathecal 2R, 6R-HNK; Fig. 5 C-D showed that, although Calca mRNA
was still dominant, such effects of 2R, 6R—HNK didn’t take place in SDH. All data were shown by means + SEM, and were analyzed by two—way ANO-
VA followed by Tukey’s multiple comparisons test for each group (F = 1421, P < 0.01 in A; F = 23.79, 7.872, 9.536, P < 0.000 1, 0.001, 0.001 in B;
F=71.69, P <0.000 1 inC). n=6. )P < 0.05 between Ipsi Calca and B, 2)P < 0.05 between Contr Calea and B, 3)P < 0.05 between saline 1 d+Sham
3 h and saline | d+SNI 3 h, 4)P < 0.000 I saline 1 d+SNI 3 h and 21 wmol/L HNK 1 d+SNI 3 h, 5)P < 0.05 between saline 1 d+Sham 3 h and 21 pwmol/
L HNK [ d+SNI 3 h, 6)P < 0.05 between saline | d+Sham 3 h and saline 1 d+SNT 3 h, 7)P < 0.01 between saline 1 d+SNI 3 h and 21 wmol/L HNK 1 d+
SNI 3 h, 8)P < 0.01 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 9)P < 0.001 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h, 10)P <
0.000 1 between saline 1 d+SNI 3 h and 21 pmol/L HNK 1 d+SNI 3 h, 11)P < 0.000 1 between Ipsi Calca and 8, 12)P < 0.000 1 between Contr Calce

and B, 13)P < 0.05 between saline 1 d+Sham 3 h and saline 1 d+SNI 3 h.
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Fig. 5 The increases of Cgrp and Bdnf mRNA in DRG by SNI were reversed by 2R, 6R—-HNK
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