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occurring in both type 1 and type 2 diabetes mellitus patients, which often results in patients suffering from severe
hyperalgesia and allodynia. Up to now, the clinical therapeutic effect of DPN is still unsatisfactory. Metformin is an
anti-diabetic drug that has been safely and widely used for the treatment of type 2 diabetes for decades. Studies
have shown that metformin can improve pain caused by DPN, but its effects on the nerve conduction velocity and
morphology of the sciatic nerve of DPN, and the mechanism for improving DPN are not clear. Therefore, the STZ-
induced model of type 1 DPN in SD rats was used to study the effects of metformin on DPN, and to preliminarily
explore its mechanism in this study. All animal experiments were carried out with approval of the Experimental
Animal Welfare Ethics Committee of the Institute of Materia Medica (Chinese Academy of Medical Sciences and
Peking Union Medical College). After the model was established successfully, STZ diabetic rats were randomly
divided into a model group and a metformin treatment group, and 10 normal SD rats were selected as the normal
control group, and the rats were intragastrically administered for 12 weeks. The results showed that metformin
significantly reduced blood glucose, glycosylated hemoglobin, food consumption and water consumption in STZ
rats. Metformin markedly increased the motor nerve conduction velocity and mechanical stabbing pain threshold,
prolonged the hot plate latency threshold, and improved the pathological morphological abnormalities of the sciatic
nerve in STZ rats. In addition, metformin increased the content of glutathione (GSH), enhanced the activities of
antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT), and reduced the content of malondialdehyde
(MDA) in serum and sciatic nerve of STZ diabetic rats, as well as regulating the expression of genes related to
oxidative stress in the sciatic nerve. Metformin obviously reduced the levels of pro-inflammatory factors such as
tumor necrosis factor a (TNF-a), interleukin (IL)-14 and IL-6 in the serum in STZ rats, and inhibited the gene
expression of these inflammatory factors in the sciatic nerve. In summary, metformin significantly increased nerve
conduction velocity, improved sciatic nerve morphological abnormalities and pain in DPN rats, which may be related
to its effect in improving oxidative stress and reducing inflammation.
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Table 1 The primer sequences for real-time quantitative PCR. Nrf2: Nuclear factor erythroid 2-related factor 2; HO-1: Heme oxygenase-1;

NQOI: NADPH quinone oxidoreductase 1; GPX/: Glutathione peroxidase 1; SODI: Superoxide dismutase 1; CAT: Catalase; /L-6. Inter-

leukin-6; /L-1f: Interleukin-1p; TNF-a.: Tumor necrosis factor a; NLRP3: NOD-like receptor thermal protein domain associated protein 3;

Caspasel: Cysteinyl aspartate specific proteinase 1; /L-10: Interleukin-10

Primer Forward primer 5'-3’ Reverse primer 5'-3’
Nrf2 TTTGTAGATGACCATGAGTCGC TGTCCTGCTGTATGCTGCTT
HO-1 TCTGCAGGGGAGAATCTTGC TTGGTGAGGGAAATGTGCCA
NQO!I ATTGTATTGGCCCACGCAGA GATTCGACCACCTCCCATCC
GPx1 GCTCACCCGCTCTTTACCTT TGGAACACCGTCTGGACCTA
SOD1 AGGGCGTCATTCACTTCGAG CCTCTCTTCATCCGCTGGAC
CAT TCACCTGAAGGACCCTGACA TCCATCTGGAATCCCTCGGT
IL-6 AGCGATGATGCACTGTCAGA GGAACTCCAGAAGACCAGAGC
IL-18 GATGACGAGCGACTGTTCCA TGGTAACCGCTCAGGTGTTG
TNF-a TTGAACCAAGCATCACGGGT TCGCCAGTCCTAACATCAGC
NLRP3 ACCACTGCTTACTTCCCCCT GCAGACCAGAATTCCCCAGG
Caspasel GACCGAGTGGTTCCCTCAAG GACGTGTACGAGTGGGTGTT
IL-10 CCTCTGGATACAGCTGCGAC GTAGATGCCGGGTGGTTCAA
p-actin GCAGGAGTACGATGAGTCCG ACGCAGCTCAGTAACAGTCC
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Figure 1 Metformin (Met) improved glucose metabolism and nerve conduction velocity in rats with streptozotocin (STZ) -induced

diabetes. A: Motor nerve conduction velocity (MNCV); B: Postprandial
Alc (HbAlc); E: Average food intake in rats; F: Average water intake in
in rats; I: Area under curve (AUC) in OGTT of the rats. n = 10, x + s.
(Mod) group. Met: 200 mg-kg™'

blood glucose; C: Fasting blood glucose; D: Glycated hemoglobin
rats; G: Body weight in rats; H: Oral glucose tolerance test (OGTT)
P < 0.01 vs normal (Nor) group; P < 0.05, P < 0.01 vs model
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2 e H Kk 4 ¥ B8 1 (glutathione peroxidase 1,
GPX1).CAT . #% & 7 E2 #H < A F 2 (nuclear factor E2
associated factor 2, Nrf2). NADPH [ % 1k it J& fiff -1
(NADPH quinone oxidoreductase 1, NQO1). IfiL 4. & Jili
4F-1 (heme oxygenase-1, HO-1) 1 SOD1 ik B & [%
X (B 4A~F). 1M Met 3 i1 STZ K B AL H 1 28 o 2 [A]
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Table 2 Metformin improved nociceptive thresholds in rats with STZ-induced diabetes. n = 10, x £ 5. *P < 0.01 vs Nor group; ""P < 0.01

vs Mod group
Group Dose/me kg’ Withdrawal threshold/g Withdrawal latency/s
6" week 10" week 6" week 10" week
Nor - 44.0+2.2 429+1.9 21.6+1.8 239+22
Mod - 273 +2.6" 31.7+2.7% 13.3+1.0" 16.2 +1.8%
Met 200 36.8+2.1" 37.2+15" 17.2+2.17 19.9+1.8"

Toluidine ¢
blue

Mod

AR o .
NG

a5
¢ :ﬂ

Figure 2 Metformin attenuated the morphological changes in the sciatic nerve of rats with STZ-induced diabetes. Images A—C show the

hematoxylin-eosin (HE)-stained section of sciatic nerve at magnification of 200% in Nor group (A), Mod group (B) and Met group (C).

Images D-F show the toluidine blue-stained section of sciatic nerve at magnification of 200x in Nor group (D), Mod group (E) and Met

group (F). n = 4. Met: 200 mg-kg™
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Figure 3 Effects of metformin on the levels of oxidative stress markers in rats with STZ-induced diabetes. A: Serum glutathione (GSH)
levels; B: Serum superoxide dismutase (SOD) activities; C: Serum catalase (CAT) activities; D: Serum malondialdehyde (MDA) levels; E:
GSH levels in the sciatic nerve; F: SOD activities in the sciatic nerve; G: CAT activities in the sciatic nerve; H: Glutathione peroxidase
(GSH-PX) activities in the sciatic nerve; I: MDA levels in the sciatic nerve. n = 10, x £ 5. "P < 0.05, P < 0.01 vs Nor group; P < 0.05,
“P<0.01 vs Mod group. Met: 200 mg-kg'
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Figure 4 Metformin regulated the expression of genes related to oxidative stress in the sciatic nerve of rats with STZ-induced diabetes.
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The relative mRNA levels were normalized to the levels of the f-actin mRNA and the fold change in the expression of each mRNA was
calculated using the 2 %%method. A: GPX1; B: CAT; C: Nrf2; D: NQO-1; E: HO-1; F: SOD1. n =4-5, x +5. P < 0.05, P < 0.01 vs Nor
group; "P < 0.05 vs Mod group. Met: 200 mg-kg'
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Figure 5 Metformin attenuated systemic and sciatic nerve inflammation in rats with STZ induced diabetes. A: Serum TNF-a levels; B:
Serum IL-14 levels; C: Serum IL-6 levels; Relative TNF-a (D), IL-14 (E), IL-6 (F), NLRP3 (G), caspasel (H) and IL-10 (I) mRNA expres-
sion. n =4-5,x 5. "P<0.05, P < 0.01 vs Nor group; "P < 0.05, “P < 0.01 vs Mod group. Met: 200 mg-kg’

J# H TNF-a. IL-18 AT IL-6 1) & & B B [ (B SA~C),
A& B $1 22 H TNF-a IL-18IL-6 . NLRP3 1 caspasel (]
FE R I8 0 B B (B 5D~H), IL-10 [ 3& K 2 ik 1 B
B (K51, BLE S5 SRR W], Met A G i 410 41 HLAK
A A A 22 () JOIE Jse MRy 1 DPN A A=

g

DPN J& 4l BRI f5 # W BO BRI I RORE 22—, 2]
AR ST AN 2 T BOEUB, 7™ E R Bl PR R A4
R . HA, ImK LA X DPN R JT 2590 A IEBE Ik
JE I 0 1) 751 BT RPN e 2 IR ] 1 A 2, dx
Ly AE RS A4 A R o, o 2 1B B A1 L B B
b AR RN . B, BV SR ROR T
DPN 54 . Met 2 I PR £ T30 97 2 ROB% FR I 14—
25, A7 W ST R W] E BE 203 DPN AR A, H
Fe FLAE T R A R0 i XL 17 7 25 B TR 44 D, 3 2
] HL4% 20 DPN AR K bn AR FIPLEI I AT 2 P
LA, B Met o4 3% DPN ) 24 B2 A HT K 38 76 4 F AL 1
X ¥ e Folfn PR3 MUAE A B B R . STZ & — M & Ik
AL 1, BERS S PEBOR B p AR, 3 BB
B MLRE A g MURERE , )02 FH R TE BB PR R o A
) i LB IR 25 TR 8 TR R DPN Bl 4 A6 A 2 A Y

H A MNCV FEAI 5% 97 BUK W Na-K - ATP Fig 75 P B AIG
25 DPN B W5 A0[RI BARIG i F P  BE A
S8 FL0F oA 2% 5 25 VAR X BN, BT DA At 7 V21 B
f) DPN #5715 5 U7, R, AHE AR I STZ % S
SD K R JE B () DPN #5584, 2% 82 11 IR B 25 24 Met
(200 mg-kg™") 12 J&, %t STZ K i DPN # 5% 1§ b it 5
Wi, 45 3 B Met A e o 1 5 S8 A0 D BORN 28 95 S 0
T 2 3% STZ K i DPN.

DPN B AR b 55 WL BRI S REAE A B 3
PRI LD IB RS VUL 80 R 4, = B L2 HBLULIA
YR R AL I B 2 AU, T E R PR P KRR AR R
) BRI R BUR S N . B Met & TS
B STZ A R DPN, 52 s e 4 SRS 1)
ALk 30 e o L R AR I R R AL, L S 5 445 o et
SE VP DPN 448 b5 MNCV, F 5 Ak 5 1 £ 30847 e 4y
BTo G5 RAEIR: Met 1] I 35 X035 STZ K BRI LR B
AR 745 FAR—E U, A N ik, Met BA S 88
STZ K B MNCV, 23 A& fi 2 i L & 7, R
Met X} STZ K B DPN SERA — & FEITEH . il
B A2 1 BN 2 BOBE PR3 R 3 PR AR IR 46 B R TR, & If
BERF G20 () K K RS 5 DPN B I G, — 7
THT, e 0L 3 IR 33 48 SR s 7 PR A 2 T I T s £ ¢
KIEWIIITE &, WG 2 JC B i . NS i i A 2 1



FORAR TN 1T PR K R LA 5 A R S B LA TR © 393 -

fitf C & 1%, ML BE DPN [ & 4 5 K ™. 5 —J7
THT, o7 485 e IR 2 {72 i3 B 22 7] 60 W A N 4 22 7, 0 260 B
TEAPEE 0 AR = A2 i 2 I R % A 7 D TE 4 L Y R
L X AR A e it — 0 S AR RN B TR
A2 JISE, AT B AR A J Aok 26 AN ) [X 35 B 1 R e A% R
(&5 R T RE, 2E T A B T DPN [k Y, w5
f, H RGP B4t % DPN A I o 75 S0 1 p 7 4%
PRI — eV A . ] DL, 5 ) o A VR T AN 4E
2% DPN e A AT sk i) — 2 o T 7E AT 7, Met 1
3B STZ K BRI o IR i IR % W i 2 % o, 5 oAt
WFFIRIE A — B 7R Met 22 R = b — E R T
FIT DPN 553 .

Tt 702 B, R 25 vy B (2 3 AL A4 7= A i 22 g v
4 (reactive oxygen species, ROS), 7l #f — J itk &
J5 \DNA A% BR 1) 25 74 UL S s Hofh 5 DPN R 4 7
A K HIME Tl K, TS 4R ThRe kg,
[ A MNCV, M M {2 3 DPN ) & Je®), M4 & 48t
ROS i 5 (4 £ 3 7 SUKPY, H DPN #4127t (1 440 B
BCE ), IPE 5] ROS PR A 2 iR 1 A
@ 71 5 1AL B AL 2 E BRI @ PLAEE B
BRSSP A A B VS MEBRAG . HLIA YR RS AL IR
SR P £ BRI ARG, R A FEH— RS
Pt S8 A0 J5 R0 B S A B A B, 451 i SOD  GSH-PX Al
GSH®". SOD #2& fr # 4 }fd . 52 ROS 12 3 1) = ZHL A
1ol 2 —, FEEAE ALY B B B AR R
SRS EA A . GPX I AB R S — 4,
P B BEH K 7R A AL AL )5 . GSH
A BE A BT 0 TR PG, R 4 i N S AR
JE RN P 3 R T R, A2 K 22 B L B P 4 A K
180 R 25 B AT R P YR B AR AL TR BB — TE B 2R Y. A
2 M B AR kS 2 T B0 B 2 B0 2
I 51 R AR I Ak R A, R 3E MDA 77 28, i (i ik
DPN [13E & o AHIE 50 & I Met RE 34558 STZ K BRAL A4 Al
AL 2 TR B S AL RS 1, PRI MDA & &, X Tl RE 2
Met X% DPN (LR AL 2 — o ilk— B RIS Met 117
A B 2 S AL BRI ML, 5 A 4 28 H Nef2/HO- 1
FERAEMKIEIRIE. 45 REY, Met X% 12 A
REEFFIEH —EMIHATIEN. (HiTHEHLIEL
A R, AN AE S R JZ T AT 04, J5 2B A /it — 0 F
Western blot ¢ % 33 2H Ak 55 7 V48 & KPRk 756
IIE, DABA i Met 2038 EAL R BOR 75 5 1Z8 78 B 9%

BEAb, % E J B A2 5] S DPN f S B RN 2 — .
VA BF AR WATE 1 B9RE PRI K B A0 A #h 4 o B g4
it V52 3 0 4 G B 5 4 e, 7 2 BLWE R db/db /) B
b, R B A e 4 v W A 9 S 8 o, I L AT

RE 5 BRI G B A 20 £ 4R IR il A0 1 )P (2 6 4
i ] 1 o 20 A v o R R 2 38 e 22 0 A L AR
A B A 7| 4 7 e R 2 2 4 i 1 — R
LB AN, B FU R B f 2 45 0 J5 SRE BRI T IL-18 & &1 vy
L HE BB A NP2 0 R R R IR 2 350 TL-6 18
Tk 39 Ty 8 SRR B BB M LB S, 6 T DL
WOEAS 5 7 S AV S B0E R 7 35 5 1l % Sk 1Y 58 DPN
(4 20 BRI . HE N B4 4 1K) TNF- 5 68 B
AR HE DPN [k 4 5 R R, B 53R W, 5 B A4 BUpE IR
93 71N B B, TNF-a m B FRTRE PRI /) BRUTE 75 8 BBURR R
FEFIMNCYV J7 [ 54 K A28 A, 111 FH TNF-o W AT
AT LMK STZ 75 5/ B MNCV A& UK, A&
F 7T % B Met B 2 &K STZ K BRI TNF-a IL-18
HVIL-6 1 2 &, I 0] A b 282 3 8 58 i ik [R] f 3
k. Fi4h, NLRP3 5 % 5E [ B % YIAH O, 765 & 99 1)
RAERBESRAGEE(EH. NLRP3 (8455 £ Fp 4k
PR R Py Y L, 38 e #E 5 T BT caspasel, g i
IL-18 A IL-18 MBI ) e &5 43 b, 2010 5 e — &R 51 %
i S P4 Sun FEPIVRIE AT R 3 A ik e ) i 4 ) STZ
K B A iR 28 TR B 4RI B 1 AE A H 5 FI/NLRP3
B 42T k3% DPN. Zheng PO 78 R I, 41 50 K H iE
1 5 AMPK/NLRP3 38 42 5 57 B JR 99 14 4o 22 95 2tk
PN o AW FT K I Met 7T FE AR STZ K B AL B #if 48
NLRP3 il caspasel ] 5 K 215, #2785 Met 4035 2 F )
] fie 5 4 NLRP3 S e % 1R & A6 G oK, (HAR T
FUAX PR S R 2 TH AR T, S5 SR 7 IR N AL, B
Met 0 % 9iE [ % 5 NLRP3 FEK 5 o

2i L RTIA, Met AT DL BH (5 2038 STZ A KR A4 B JR 9
DR, 18 AR o BRI, A A 0 AR 1B, 32
A F A SR EE, ORI ETE A e, L
il T e -5 RS ATLAR B AL 0 28 1 S A SR 98 i 2 v
A%, A 2 N E Met FI T DPN By ¥4 fiLVA )T #2
BEE TSI -

{2 Bk R G5 A R R S
FEYR 28O BT R VR ZE RN ER IR P B AT A 0%
SEUS T AT B R A B M AR BT DS 2R B ik IR 5

"

SEIG R ERE
FIT S ARAEE 5 A AFELEAR AT R 25 vh 5 o
References

[1]  Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045:
results from the International Diabetes Federation Diabetes Atlas,
9th edition [J]. Diabetes Res Clin Pract, 2019, 157: 107843.

[2] Yang J, Zhao Z, Yuan H, et al. The mechanisms of glycemic



\

394 - Zj%E %4 Acta Pharmaceutica Sinica 2023, 58(2): 386-395

(3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

variability accelerate diabetic central neuropathy and diabetic
peripheral neuropathy in diabetic rats [J]. Biochem Biophys Res
Commun, 2019, 510: 35-41.

Ye D, Fairchild TJ, Vo L, et al. Painful diabetic peripheral
neuropathy: role of oxidative stress and central sensitisation [J].
Diabet Med, 2022, 39: €14729.

Lv Z, Guo Y. Metformin and its benefits for various diseases [J].
Front Endocrinol (Lausanne), 2020, 11: 191.

Xiao WX, Luo YD, Chen JG, et al. Progress in the pleiotropic
activity of metformin [J]. Acta Pharm Sin (%% 224}), 2021, 56:
3385-3391.

Melemedjian OK, Asiedu MN, Tillu DV, et al. Targeting adenosine
monophosphate-activated protein kinase (AMPK) in preclinical
models reveals a potential mechanism for the treatment of neuro-
pathic pain [J]. Mol Pain, 2011, 7: 70.

Ludman T, Melemedjian OK. Bortezomib and metformin
opposingly regulate the expression of hypoxia-inducible factor
alpha and the consequent development of chemotherapy-induced
painful peripheral Mol Pain, 2019, 15:
1744806919850043.

Inyang KE, Szabo-Pardi T, Wentworth E, et al. The antidiabetic

neuropathy [J].

drug metformin prevents and reverses neuropathic pain and
spinal cord microglial activation in male but not female mice [J].
Pharmacol Res, 2019, 139: 1-16.

Cao XJ, Wu R, Qian HY, et al. Metformin attenuates diabetic
neuropathic pain via AMPK/NF-xB signaling pathway in dorsal
root ganglion of diabetic rats [J]. Brain Res, 2021, 1772: 147663.
Lin JY, He YN, Zhu N, et al. Metformin attenuates increase of
synaptic number in the rat spinal dorsal horn with painful diabetic
neuropathy induced by type 2 diabetes: a stereological study [J].
Neurochem Res, 2018, 43: 2232-2239.

Labuzek K, Liber S, Suchy D, et al. A successful case of pain
management using metformin in a patient with adiposis dolorosa
[J]. Int J Clin Pharmacol Ther, 2013, 51: 517-524.

Zhao B, Zhang Q, Liang X, et al. Quercetin reduces inflamma-
tion in a rat model of diabetic peripheral neuropathy by regulating
the TLR4/MyD88/NF-«B signalling pathway [J]. Eur J Pharma-
col, 2021, 912: 174607.

Wang X, Li Q, Han X, et al. Electroacupuncture alleviates
diabetic peripheral neuropathy by regulating glycolipid-related
GLO/AGEs/RAGE axis [J]. Front Endocrinol (Lausanne), 2021,
12: 655591.

Los DB, Oliveira WH, Duarte-Silva E, et al. Preventive role of
metformin on peripheral neuropathy induced by diabetes [J]. Int
Immunopharmacol, 2019, 74: 105672.

Selvarajah D, Kar D, Khunti K, et al. Diabetic peripheral neuro-
pathy: advances in diagnosis and strategies for screening and early
intervention [J]. Lancet Diabetes Endocrinol, 2019, 7: 938-948.
Djouhri L, Malki MI, Zeidan A, et al. Activation of Kv7 channels

with the anticonvulsant retigabine alleviates neuropathic pain

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

behaviour in the streptozotocin rat model of diabetic neuropathy
[J]. J Drug Target, 2019, 27: 1118-1126.

Wang M, Xie M, Yu S, et al. Lipinl alleviates autophagy disorder
in sciatic nerve and improves diabetic peripheral neuropathy [J].
Mol Neurobiol, 2021, 58: 6049-6061.

Ma J, Yu H, Liu J, et al. Metformin attenuates hyperalgesia and
allodynia in rats with painful diabetic neuropathy induced by
streptozotocin [J]. Eur J Pharmacol, 2015, 764: 599-606.

Xie J, Song W, Liang X, et al. Jinmaitong ameliorates diabetic
peripheral neuropathy in streptozotocin-induced diabetic rats by
modulating gut microbiota and neuregulin 1 [J]. Aging, 2020,
12: 17436-17458.

Dewanjee S, Das S, Das AK, et al. Molecular mechanism of
diabetic neuropathy and its pharmacotherapeutic targets [J]. Eur
J Pharmacol, 2018, 833: 472-523.

Addepalli V, Suryavanshi SV. Catechin attenuates diabetic auto-
nomic neuropathy in streptozotocin induced diabetic rats [J].
Biomed Pharmacother, 2018, 108: 1517-1523.

Hu X, Zhang X, Jin G, et al. Geniposide reduces development
of streptozotocin-induced diabetic nephropathy via regulating
nuclear factor-kappa B signaling pathways [J]. Fundam Clin
Pharmacol, 2017, 31: 54-63.

Eftekharpour E, Fernyhough P. Oxidative stress and mitochon-
drial dysfunction associated with peripheral neuropathy in type 1
diabetes [J]. Antioxid Redox Signal, 2021, 37: 578-596.
Friedman J. Why is the nervous system vulnerable to oxidative
stress? [M]// Gadoth N, Gobel H. Oxidative Stress and Free
Radical Damage in Neurology. Clifton: Humana Press, 2011:
19-27.

Schmeichel AM, Schmelzer JD, Low PA. Oxidative injury and
apoptosis of dorsal root ganglion neurons in chronic experi-
mental diabetic neuropathy [J]. Diabetes, 2003, 52: 165-171.
Pang L, Lian X, Liu H, et al. Understanding diabetic neuropathy:
focus on oxidative stress [J]. Oxid Med Cell Longev, 2020,
2020: 9524635.

Zhang XY, Jing S, Yu CY, et al. Anwulignan alleviates liver
damages in exhausted mice by activating Nrf2 [J]. Acta Pharm
Sin (2524 244R), 2021, 56: 2230-2240.

Taysi S, Tascan AS, Ugur MG, et al. Radicals, oxidative/nitrosa-
tive stress and preeclampsia [J]. Mini Rev Med Chem, 2019, 19:
178-193.

Shinouchi R, Shibata K, Hashimoto T, et al. SMTP-44D improves
diabetic neuropathy symptoms in mice through its antioxidant
and anti-inflammatory activities [J]. Pharmacol Res Perspect,
2020, 8: e00648.

Chen J, Liu W, Yi H, et al. MicroRNA-155 mimics ameliorates
nerve conduction velocities and suppresses hyperglycemia-
induced pro-inflammatory genes in diabetic peripheral neuropathic
mice [J]. Am J Transl Res, 2019, 11: 3905-3918.

Samaddar S, Koneri R. Polyphenols of marine red macroalga



FORAR TN 1T PR K R LA 5 A R S B LA TR

395

[32]

[33]

Symphyocladia latiuscula ameliorate diabetic peripheral neuro-
pathy in experimental animals [J]. Heliyon, 2019, 5: e01781.
Dominguez E, Mauborgne A, Mallet J, et al. SOCS3-mediated
blockade of JAK/STAT3 signaling pathway reveals its major
contribution to spinal cord neuroinflammation and mechanical
allodynia after peripheral nerve injury [J]. J Neurosci, 2010, 30:
5754-5766.

Yamakawa I, Kojima H, Terashima T, et al. Inactivation of
TNF-a ameliorates diabetic neuropathy in mice [J]. Am J Physiol
Endocrinol Metab, 2011, 301: E844-E852.

[34]

[35]

[36]

Cui HR, Li PY, Li YM, et al. Inhibitory effect and mechanism of
deoxyschizandrin on NLRP3 inflammasome [J]. Acta Pharm Sin
(Z5240), 2017, 52: 80-85.

Sun Q, Wang C, Yan B, et al. Jinmaitong ameliorates diabetic
peripheral neuropathy through suppressing TXNIP/NLRP3 inflam-
masome activation in the streptozotocin-induced diabetic rat
model [J]. Diabetes Metab Syndr Obes, 2019, 12: 2145-2155.
Zheng T, Wang Q, Bian F, et al. Salidroside alleviates diabetic
neuropathic pain through regulation of the AMPK-NLRP3 inflam-
masome axis [J]. Toxicol Appl Pharmacol, 2021, 416: 115468.



