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Comparative research on the mechanical allodynia in diabetic peripheral neuropathy *
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Abstract Objective: To identify the difference between diabetic peripheral neuropathy (DPN) with and
without mechanical allodynia (MA) in rat model. Methods: Two rat models of DPN were established, one
was made by intraperitoneal injection of streptozotocin (STZ), the other was STZ injection plus insertion
of sciatic nerve latex tube (STZ + latex tube). Two corresponding control groups were respectively set
up. Nociceptive behaviors were tested weekly. At the 4 th week, each experimental group was further
divided into MA positive (MA+) group and MA negative (MA-) group. The morphometric analysis
of sciatic nerves and quantification of myelin basic protein (MBP) were conducted. The number of
c-Fos-immunoreactive neurons in both dorsal root ganglion (DRG) and spinal dorsal horn (DH) were
measured. Results: More rats developed DPN in STZ + latex tube group (51/60) than STZ only group
(10/20) (P < 0.05). The demyelination in MA+ subgroups were more serious than those in MA- subgroups
(manifested by morphological changes and increased MBP expression). More NF-200 positive neurons
in DRG were c-Fos-immunoreactive in the MA+ subgroups than those in the MA- subgroups (P < 0.05).
The number of c-Fos-immunoreactive neurons in both superficial (I-II) and deeper (III-V) laminae of spi-
nal DH in the MA+ subgroups were larger than those in the MA- subgroups (P < 0.05). Conclusion: The
impairment of primary myelinated fibers and the activation pattern of neurons in both DRG and spinal DH
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are the characteristics to distinguish the presence of MA in DPN rats.

Keywords mechanical allodynia; diabetic peripheral neuropathy; dorsal root ganglion; spinal dorsal horn;

neuropathic pain
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AR A R R0 AL O B A O Sk Y,
X FH B IR 12 B 2% (Streptozotocin, STZ, 3% [F Sigma)
JIG s 5 4H (60 mg/kg) EE LB SRR, 5 A i I
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KA BEN S TR EH KRB v 4 H, —
2H 3 1ok B R A7 A 2R T s v T 4L (60 mg/kg) FE ST IR
AR (72 = 60), —4LTEBLIERE 25 A AL FL
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threshold, MWT) K #44f J& S S8 AR (thermal with-
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Fig. 1 Grouping and quantity of the rats

Group 1: Zg¥%f I 4H (control group), control group with vehicle-injection and sham operation;

Group 2: FUIBE X2 (control group with latex tube), control group with vehicle-injection and nerve encircled;
Group 3: 2§V S UM I 9 5 HE A P 41 (STZ-MA-), experimental group with STZ-injection and sham operation,

absence of MA;

Group 4: Z5WE S HUBIE i 36 B BB SH PE 4 (STZ-MA+), experimental group with STZ-injection and sham operation,

presence of MA;

Group 5: ZyWiF o 45 & FLIR B B NHLIR P 58 HE B 40 (STZ + latex tube-MA-), experimental group with STZ-

injection and nerve encircled, absence of MA;

Group 6: Z¥iA it 4 A LB BN UM IR e B B FH P 40 (STZ + latex tube-MA+), experimental group with STZ-

injection and nerve encircled, presence of MA.
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4. Western blot 5256
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AT AT AR V) F (20 pm), X35 3 AT B U A
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DRG V] Jr: 81 E %8 BB M %%, Image Pro
Plus # 4 i} # NF-200 5 c-Fos. CGRP 5 c-Fos
PR A o B

JEREY) Fr: e RS FM%E, Image Pro Plus
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E 5 X * # z G2: Control group with latex tube
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(]
£ O T T G5: STZ + latex tube-MA-
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*P<0.05, 51 4MLL: 'P<0.05, 52 4MItk: “P<0.05, 53 44L: P<0.05, 55 4MLL.
Fig. 2 Nociceptive behavioral results and the expression of myelin basic protein (MBP) in sciatic nerve of each group at the 4" week

(A) The mechanical withdrawal threshold; (B) The thermal withdrawal latency; (C, D) Western blot analysis of the expres-
sion of myelin basic protein (MBP) in sciatic nerve; (C) Electrophoresis bands; (D) Standardized MBP expression.
*P < 0.05, compared with group 1; “P < 0.05, compared with group 2; “ P < 0.05, compared with group 3; 'P < 0.05, com-

pared with group 5.
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Table 1 Morphometric data of peripheral nerve fibers in all groups.

415

BHELTEHTE AL EARIAR AR e iR

i gt CHEPRBIRITR RO

Groups MF density2 MF axon';ll area MF ﬁbeg area MF g-ratio UA agea UA density2
(number/mm”) (um”) (um”) (um”) (number/mm”)
1 7627+ 140 25.8+2.25 61.31+3.3 0.5140.08 0.76+0.04 8,2637+£5372
2 7455+152 26.4+2.32 57.8+3.1 0.54+0.13 0.68+0.05 7,7382+4726
3 5028 +168* 2244222 46.5+2.7* 0.57+0.14 0.434+0.02* 5,3426£4871*
4 4406 117*%4 23.5+2.36 333%2.1%4 0.74£0.24* 2 0.4740.03* 5,8594 £4572*
5 4770+ 148* 23.7+3.25 40.8+2.3% 0.62+0.22* 0.4710.04* 5,4373 £4106*
6 3872£116* 23.6+2.84 29.5+ 1.6 0.76 £0.23* 0.42+0.02* 4,8960+3684*

*P<0.05, 514 P <005, 5240t “P<005, 534t P<0.05 5540,
*#P < 0.05, compared with group 1; “P < 0.05, compared with group 2; “* P < 0.05, compared with group 3; P < 0.05, compared with group 5.
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G1: Control group

G2: Control group with latex tube
G3: STZ-MA-

G4: STZ-MA+

G5: STZ + latex tube-MA-

G6: STZ + latex tube-MA+

(A-F) (KIRFRE 1~60 . SWAEXTIRA (A, B) MHEL, SS2IG4H (C-F) b WA R 2 FEE A i S 3 R o 20 28 MR 22
MUl v AR S a4 (D, F) EEBA A (C, E) MBS v 5635 (0 i BE 0 78, B2 I B 25 a0. W, k.
HATKFoR B RELT4E, ATk KRTCRELT4E. LLBIR =2 flk

Fig. 3 Electron micrographs of sciatic nerve in each group

(A-F) Showed groups 1-6 in turn. The morphologies of sciatic nerves in two control groups (A, B) were almost intact and
normal. Abnormal morphological structures of both myelinated (arrow head) and unmyelinated fibers (thin arrow),
presenting as dense and collapse configuration and different degree of myelin impairments, could be noted in the
experimental subgroups (C-F). More serious demyelination were found in MA + groups (D, F) than in MA-groups (C, E),
accompanied by disorder, edema and disarray of myelin sheath. Scale bar =2 pm
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FRic) [ CGRP BH M 28 0 H0E 7R WU M i B8
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G6: STZ + latex tube-MA+
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Gl G2 G3 G4 G5 G6 Gl G2 G3 G4 G5 G6

SR F S 2 e S8 4 RS - 41K B DRG 9 c-Fos 5 NF-200 3 CGRP H &A1,

(A) %% DRG M NF-200 5 c-Fos Jt 4Lt 0L, w] WA S i 20 i A7 A2 AN A UL ) NF-200 5 c-Fos JEeizee (1
#ik) . LA 4. 6 HE%: (B) %41 DRG N CGRP 5 c-Fos JLYffit, ] W& S0 20 A7 7E A [FI BRI NF-200
5 CGRP Q& e (HEBEHTL) 5 (C) MUME TGt R. R =100 fik

*P<0.05, 51 4MLL: 'P<0.05, 52 4MItL: ©P<0.05, 53 4U4: P<0.05, 55 4MLL.

Co-expression of c-Fos and NF-200 or CGRP in DRG by immunofluorescence double staining

(A) In two control groups, almost no immunofluorescent labeling of c-Fos protein was noted in NF-200" DRG neurons. In
contrast, the immunofluorescent labeling of c-Fos protein could be seen in NF-200" DRG neurons of the other four experi-
mental groups, and more double labeled neurons were observed in MA + groups (group 4 and 6) than in MA- groups (group
3 and 5); (B) In the two control groups, there was almost no immunofluorescence labeling of c-Fos protein in CGRP™ DRG neu-
rons, while in the other four experimental subgroups, there was a large number of immunofluorescence labeling of c-Fos protein
in CGRP" DRG neurons; (C) Statistical results of immunofluorescence double stained neurons. Scale bar = 100 pm

*P < (.05, compared with group 1; “P < 0.05, compared with group 2; 4P <0.05, compared with group 3; P <0.05, com-
pared with group 5.
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G 200 - [ Laminae I-Il [ Laminae IlI-V
2 G1: Control group
g G2: Control group with latex tube
3 G3: STZ-MA-
o G4: STZ-MA+
L G5: STZ + latex tube-MA-
° G6: STZ + latex tube-MA+
G1 G2 G3 G4 G5 G6 G1 G2 G3 G4 G5 G6
B 5 CRAR RS AT K B BT R R R (1D KBGRNZ (11-V) N c-Fos FITEMIZE T
(A-F) BIRF RS 1~6 4. ST (A, B) MILL, & SL B4 (C-F) IH R S BURBUZE WA AEA R BUR 1) c-Fos
FHAE A2 70, DLEE 4.6 41 (D, E) J5 2 (G) & 4K BUA BE W MR VBURIUZ N c-Fos FHIE M & e Si it 45 2R .
ELAI R = 100 ik
<005, 514 'P<005, 524Utk “P<005, 53414tk P<005, 55 4.
Fig. 5 c-Fos positive neurons in the superficial lamina (I-IT) and deeper lamina (III-V) of spinal DH were detected by immunohistochemistry

(A-F) showed groups 1-6 in turn. When compared with the control groups (A, B), various c-Fos positive neurons could
be noted in both superficial and deeper laminae in all experimental groups (C-F), with larger number of c-Fos positive
neurons in group 4 and group 6 (D, E); (G) Statistical results of the number of c-Fos positive neurons in the superficial and
deeper layers of spinal DH in each group. Scale bar = 100 pm

*P < 0.05, compared with group 1; “P < 0.05, compared with group 2; “ P < 0.05, compared with group 3; 'P < 0.05, com-
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pared with group 5.
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AHE S L4 XM 2 o0 (NF-200 BHPED 1Y30E
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- ElPRIFEI -
#mE SARS-CoV-2 RIRERE I HAERERIERSE

HAT, HiE# SARS-CoV-2 51 K ) COVID-19 157E 4 3RELE . K2 % SARS-CoV-2 4L R I i ¢ 3
R RPIRGEREIR, e REWCRI PR S S . SR, AT — 0 43 T I R I ARIE PR AL A IR e ) 52 B 12 1)
Feth e . IR LLRR IR IR G 20 R G R H G i AR KR N AE. 2021 4F 1 H, S WA S8 M 32K % Rajesh
Khanna 5255 % K R FRIE, SARS-CoV-2 i EER IR (spike) & AT LARH BT L A 2 A KK F -A (vascular
endothelial growth factor-A, VEGF-A) 5 H Sk ——# & 4 £ 81 -1 (neuropilin-1 receptor, NRP-1) [¥] 254 K%
BURIER, R 2R 8 A AT B R0 R 1 Y AT R R 1 i 2 Fa M B TR Rl 2 — o 9 1 VRA I R B A AE
VEGF-A/NRP-1 3@ ¥ ER, BEFCN A B e AT 1 BRI S e W B sie e, &5 R R R b A8 B 40 R ik e
KTt NRP-1 52 4 &t m. BB 5] (microelectrode array, MEA) i3 15 HRAHZE ST (dorsal root
ganglion, DRG) # £ TG L, AR B VEGF-A 4b B 0] 225 34 11l DRG #4148 70 1) H TS, T 12 3008 ] 4
FIZRE AN S1 45 kykak NRP-1 #1551 EG00229 FrfHlr. #E—51& A5 /i, VEGF-A Fljl 55 H
fE NRP-1 FAFFESLFZS AL, Rk = #F I REse 45 NRP-1 4h & . 4RI R & E &7 nT DU 5 530 i
VEGF-A/NRP-1 {5 5 M WAT AWE? B 78N 5173l 17 K S /275 PBS. VEGF-A. VEGF-A+ Il R 8 H &l
VEFG-A+EG0029, KIIES VEGF-A 2 AR K BBUAE 2 BIE, a5 i R, RESURIEM . MRl R E
(188 EG00229 5 VEGF-A JRAvESES, AT CLAHWT VEGF-A (1 iR ak s, R BIHI 98 8 ([ 7T LUA %5 NRP-1 41
HFIR A VEH, BT VEGF-A/NRP-1 5 Sl B (W BURIEH . it —2 1 fif VEGF-A 84610 F iR sz i 2
JCHIPLE], F 70N G 4 40 B S A £H 0 56 R B VEGF-A 1] 5528 B I £ S ) Na'™ Al Ca*" HLIf, 2 & IR
JRARZE T0 H R M4 1 R ik J5 FLIR (spontaneous excitatory postsynaptic current, sEPSC) [, B 38 55 AR [m)
BEY AN TC A VR AL it o B 408 AT DA o) 5% £ 1 B NRP-1 04610 77103 [ 9 7 P BEL DT ok e 2 SRR 1]
HI 5 E A 3 VEGF-A/NRP-1 {5 5l 0 N il B 7l 8 B 808, AT VEGF-A % DRG #1270 [ Bik
ER . BRI GUUERT, 7215995 BRI A0 OR B AP 4245145 (spared nerve injury, SNI) A7 f, VEGF-A 3 A]
PL5| 2 H 324K VGFR2 (epidermal growth factor receptor 2) Y1175 A7 & HOTARER L, 110 4 P VAR 5 30l 9 25 (1 ] DARRAIG
VEGFR2-Y 1175 BAt, HAEMBIE T s 4 S RE, KIESURIEN . S Lnd, 20 F 3R it 2 9
AR P38 TH 5 (1) VEGF-A, FI{EA T NRP-1, @4 i) — REIGEL B, T Na' JEIE A Ca™ JiEig
P, SHEGFEZ ML oL, MR, H—2% SARS-CoV-2 J&4e# i TR 1 5 VEGF-A 74
NRP-1, JT#k VEGF-A/NRP-1 i 51 M EURIER, it 2 5 TR IRBE IR G 1T

(Moutal A, et al. SARS-CoV-2 spike protein co-opts VEGF-A/neuropilin-1 receptor signaling to induce analgesia. Pain, 2021,
162(1):243-252. AL RF A AR T, 28 3% KB RO
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