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Role of peripheral nerve demyelination in diabetic neuropathic pain *
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Abstract Objective: To investigate the characteristics of diabetic neuropathy in the peripheral nerves and
compare the differences in diabetic animals with or without pain. Methods: Diabetes mellitus was induced
in SD rats and C57BL/6 mice. The animals received i.p. treatment of streptozotocin (STZ) and sodium citrate
buffer as control. Mechanical withdrawal threshold was examined before and after treatment. Animals that
received STZ treatment were further divided into groups of STZ-pain and STZ-nonpain. Demyelination of the
sciatic nerves and relative protein were detected by Electron Microscope and immunofluorescence six weeks
later. Results: (1) STZ treatment resulted in 78% (46/59) of mice developed high blood glucose (> 13.8 mM),
of which 56% with significantly decreased threshold and 22% remained no change to the mechanical stim-
ulation. In rats, 95% (76/80) developed high blood glucose (> 16.6 mM), of which 43.8% with significantly
decreased threshold and 51.3% remained no change to the mechanical stimulation. Those animals (5% in rats
and 22% in mice) without hyperglycemia did not show changes in mechanical sensitivity; (2) The electric mi-
croscope showed that the g-ratio of the sciatic nerves was significantly increased and the thickness of myelin
decreased in STZ-pain, but not STZ-nonpain mice. Meanwhile, expression of MPZ and MAG as well as the
myelin basic protein (MBP) genes involved in myelination of the nerves was decreased in STZ-pain animals.

Conclusion: Demyelination of the peripheral nerves plays an important role in the pathogenesis of diabetic
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neuropathic pain.
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Table 1 Incidence of STZ-induced hyperglycemia and mechanical allodynia in rats and mice

B i L e L 9 e LA JC e MHE I T
Total number Animals with Animals with hyperglycemia Animals with hyperglycemia Animals without
of animals STZ- hyperglycemia and STZ-pain and STZ-nonpain hyperglycemia and without pain
/IR Mice 59 46 (78%) 33 (56%) 13 (22%) 13 (22%)
K Rats 80 76 (95%) 35 (43.8%) 41 (51.3%) 4 (5%)
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STZ 5 T HIWE PR B R U BB 538 (X =SEM)

(A-C) STZ 5 3 A/ A E FEMC (A); MAETH= (B); HUBIRRE FF% (C); (D-F) STZ -3 K BAKEFE(K (D)
MKETEE (B): HUBORBIME NBE (F). sh¥cE: WERWEIL S A EE L 1, WA 12 A

*P<0.05, **P<0.01, S5XfRAMLIL: "P<0.05, “P<0.01, 5 STZ-nonpain ZLAH L

STZ-induced hyperglycemia and mechanical hypersensitivity (x +=SEM)

(A-C) STZ-induced decreases of weight (A); Elevation level of blood glucose (B); Mechanical allodynia (C) in
mice; (D-F) STZ-induced loss of weight (D); Elevation of blood glucose (E); Mechanical allodynia (F) in rats. Number
of animals in each of the STZ-treatment group are shown in Table 1. Additional animals used as control are shown in the
figures, 72 =12 in each group.

*P < 0.05, ¥*P < 0.01, compared with group control; “P < 0.05, “P < 0.01, compared with group STZ-nonpain.
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L IRAAHEL, STZ-pain 4141 STZ-nonpain 20 (&6 HHE FEAIFEAK, H STZ-pain MG )E & B #E KT STZ-nonpain
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*P<0.05, **P<0.01, SXEAMIL; P<0.05, "P<0.01, 5 STZ-nonpain 4LAH Lt

Fig. 2 STZ-induced demyelination of the sciatic nerves in STZ-pain mice (X =SEM)
(A) Calculation of g-ratio, g-ratio = di/do (di = inner diameter of myelinated fibers; do = outer diameter of myelinated
fibers, including myelin sheath); (B) Morphology of the sciatic nerves taken on day 42 after STZ injection; (C) g-ratio of
the sciatic nerves in STZ-pain group was higher than that in STZ-nonpain group, which was not altered compared with
the control; (D) g-ratio of axons with different diameters; (E) Diameters of axons did not change after STZ treatment; (F)
Diameters of myelinated fibers significantly decreased in STZ-pain, but not in STZ-nonpain mice; (G) Compared with
the control, thicknesss of myelin decreased in both STZ-pain and STZ-nonpain mice with thinner myelin (1.00 pm) in
STZ-pain mice than in STZ-nonpain mice (1.16 pm). Number of fibers counted in each of the groups: Control (7z = 240);
STZ-nonpain (72 = 160); STZ-pain (72 = 193). Axons were collected from 3 different mice in each group.
*P < 0.05, ¥*P < 0.01, compared with group control; “P < 0.05, “P < 0.01, compared with group STZ-nonpain.



* 502 -

STZ-nonpain 21 ( UL & 2F, 2G). KBk, STZ 5 &
PRI i UM B0/ 0 B PR A8 o 22 A Y 35 TR
BB, (HIAESIRAMAETC R AL

3. STZ 753 I PR #H1 28 3 FEL 1 0 Y A5 1 (1 Al
B PR 2 BB A O R 1 RIA RIS

i ¥ 1% 5 1 (myelin basic protein, MBP) J&—
Tol'e SR AE R A 28 28 420 SR o 24 Ff R A0 JE o 22 B
G BERH AR ), X HEEE Y GRS AR .
A R OR, STZ i )5 5 42 K, STZ-pain
A STZ-nonpain 4 [*) MBP & H R & & F i (I
K 3A, 3B) » SXIHEAIMEL, STZ-pain 41/ MBP
FIEIKF T FEIT 41%, STZ-nonpain 21 MBP A

A

Control

STZ-nonpain

MBP

C D
1.54 1.54
MPZ MAG
s s
1 - 1 1
DEC 1.0 s QE: 1.0
(0] Q
D D
c c
® (0]
S S
- 0.59 o 0.5
<) (9]
[T [T
0 0

T
Control STZ-nonpain STZ-pain

T
Control STZ-nonpain STZ-pain

i [E] & 55 2% % & Chinese Journal of Pain Medicine 2021, 27 (7)

J220% (UL 3B) &

B&E#H 2 A PO (myelin protein zero, MPZ) J2& 41
BESH I — PP R E LM A5y, MPZ BEF IR &5
SYHE HH T B RV R ) B A . RS AH BB R A
(myelin associated glycoprotein, MAG) 7E4MN&E 14 &
girp d i A RIE R, B S RERE AR FIEE R Ak gy
T A AR AR i R KR E T b/ . STZ 5
F 1) STZ-pain /) i AL # 242 MPZ #1 MAG 1] mR-
NA & & />, 1 STZ-nonpain 2H IF LA (LH
3C, 3D) . SOXI10 fE NREFKIFRIL > T, STZ i
S EmpE &R, H mRNA RIEFEAMNE (LHE
3E) o LR B RREY, MBP & T FELL & MPZ #

B

]
o
|

STZ-pain 1

)
N
o
|
*

sk

w
o
L

N
o
L

Mean intensity (pixel

-
o
!

T
Control STZ-nonpain STZ-pain

SOX 10

0.5+

Fold change mRNA

T
Control STZ-nonpain STZ-pain

B3 STZ 7S 000E R 405 B R /N R AL 4R 22 MBP. MPZ Fll MAG KX (x £SEM)

(A) A2 MBP ) 9555 0; (B) MBP S e e Gt it 8. 1 STZ JR 58 42 K, STZ 15 3 W R Bl 0 A4 1 o
£ MBP Kik Fill, HPRALN MBP RIiA/K T FFEL 40%, BFRT AL (C) STZ-pain /MR AL B L EE
¥4 A PO (MPZ) 1) mRNA /KF 23 FF: (D) STZ-pain /R AUEERIHI KR A (MAG) ) mRNA £ILFEK; (B)
STZ 5% J5, SOX10 1) mRNA AP, &4 3 MEAR AR, 5 =50 pm
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Fig. 3 STZ-induced alteration of expression of MBP, MPZ, and MAG in the sciatic nerves in STZ-pain mice (X £SEM)
(A) Immunofluorescence of MBP; (B) Immunofluorescence of MBP was decreased in hyperglycemic animals on day 42
after STZ injection. MBP in STZ-pain mice significantly decreased, compared with STZ-nonpain; (C) MPZ mRNA de-
creased in STZ-pain sciatic nerves, compared with STZ-nonpain; (D) MAG mRNA decreased in STZ-pain, compared with
STZ-nonpain; (E) SOX10 mRNA kept unchanged in all groups. Number of samples: 72 = 3 in each of the groups. Scale
bar =50 pm
*P < 0.05, ¥*P < 0.01, compared with group control; “P < 0.05, “P < 0.01, compared with group STZ-nonpain.
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