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Wentong Huoxue Ointment ameliorates diabetic peripheral neuropathy by
regulating PERK-elF2« pathway—-mediated endoplasmic reticulum stress
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(Abstract] Objective To investigate the effects of Wentong Huoxue (WTHX) Ointment on the endoplasmic reticulum stress
signaling pathway in the sciatic nerve of rats with diabetic peripheral neuropathy (DPN), and to explore its potential mechanism
of action in alleviating diabetes—induced peripheral neuropathy. Methods Sixty SD rats were used in the study, and 10 rats
were randomly selected as the blank group and given basic diet by using the random number table method.The other rats
were given high sugar and high—fat diet for 6 weeks, and streptozotocin was injected intraperitoneally to establish the diabetes

model. After the model was established, the rats were given high sugar and high—fat diet for 8 weeks. When the sensory or
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motor conduction velocity of sciatic nerve in both lower limbs slowed down by more than 11%, it was judged as the DPN rat
model. DPN rats were randomly divided into five groups: model group, model + blank cream group, model + Wentong Huoxue
cream low—dose group (WTHX low—dose group), model + Wentong Huoxue cream medium dose group (WTHX medium dose group),
model + Wentong Huoxue cream high—dose group (WTHX high—dose group), 10 rats in each group, with drug intervention for
4 weeks. In this experiment, the general conditions of rats in each group were observed, and blood glucose levels were
measured before and after treatment. After treatment completion, the hot plate tail —flick test was performed. Pathological
changes in the sciatic nerve were observed under light microscopy, and ultrastructural changes in the sciatic nerve and
gastrocnemius muscle were examined under electron microscopy. The protein expression levels of p—PERK, PERK, p-ell2aq,
elF2a, ATF4, CHOP, and Caspase-3 in the sciatic nerve were detected by Western blot. Cell apoptosis in the sciatic nerve
was assessed using the TUNEL method. Results Compared with the blank group, the model group showed reduced thermal
sensitivity and prolonged tail-flick latency (P<0.001). Significant pathological and ultrastructural changes were observed in the
sciatic nerve and gastrocnemius muscle. The expression levels of p—PERK, p-elF2a, ATF4, CHOP, and Caspase—3 proteins
were significantly upregulated (P<0.001). Compared with the model group, the low—, medium—, and high—dose WTHX groups
exhibited shortened tail-{flick latency (P<001) and significantly ameliorated pathological damage and ultrastructural disorders in the
sciatic nerve and gastrocnemius muscle. The high—dose WTHX group significantly downregulated the expression levels of p-—
PERK, p—elF2a, ATF4, CHOP, and Caspase-3 proteins in the sciatic nerve (P<0.01), thereby alleviating endoplasmic reticulum stress.
Conclusion WTHX Ointment exerts dual protective effects on nerves and muscles in DPN by regulating the PERK/elF2a/
ATF4/CHOP pathway to inhibit endoplasmic reticulum stress—related apoptosis.

(Keywords) diabetic peripheral neuropathy; Wentong Huoxue Ointment; endoplasmic reticulum stress; apoptosis; PERK/
elF2a/ATF4/CHOP pathway
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Fig.2 Pathological changes of the sciatic nerve in rats of each group (HE, %200, scale bar=50 pm)
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Fig.4 Ultrastructural images of the gastrocnemius muscle in rats of each group (x10 000, scale bar=2 pm)
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Fig.6 Test of neuronal apoptosis in the sciatic nerve of rats in each group by TUNEL assay (TUNEL, x50, scale bar=20 pm)



2026 455 46 4

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn 471

IXBEAR ) 2R IA W A, 20 TR B AT
LR RS R WA ok WTHX B8 B 5B 5 A
%EF%HR A AL R T I L VAT 451 25 L
Vﬁﬁéﬂzhﬁiﬂ% PR TE R, X R RN IR
{ﬁmzL B n] A i A ) PERK/elF2a/ATF4/CHOP
%%iffsﬁé,vaz%wﬁ VA% S i 08 e N =
QR 1AL E Rl 2 Al LT T ILA R A2 Y ) B
W19, BB DPN i&%ﬁt?%ﬁﬂ@%ﬁﬁ%ﬁo

2 LRTR  RE TS M FLEARIT R A 2503, &
HAEH ?ﬁiﬂ* ¥R07 , 3 3L M PERK/elF2a/ ATF4/

CHOP 3 % 10 1 A3 Joic ) SO 30 O 08 2, e i 2 2 o
25 HLAR XXE%TN’EPH o

S ik

(1] S8PIFx, ey, R R M 200
“FHER, 2023, 13(6): 9013-9022.
FRL, XI5, MR R B R SR AR AL 5 IRYT: ROl R
S5 shZS[]. PR ZE, 2024, 16(6): 604-610.
o, HALAEL, BRI, S OBEIRI ) FER A LR AR AL
SR HERD]. R E PR AR, 2025, 31(3): 164-171.

WU H, ZHANG Y, LIANG J, et al. Lithium chloride induces

ARSI HE L. IR IR S

2

—

3

—_

4

—_

apoptosis by activating endoplasmic reticulum stress in pancre-
atic cancer{J]. Translational Oncology, 2023, 38: 101792.
R, WA, T . RS LR AT RN R
ERARITRONER()]. e R BE 2 SCHk B 2%k, 2016, 3(58):
1165311654, 1656.

75 . TRE N P AT LR RO R R M 5 2R
H I RIT RGBS C SN K2 D). & ATE: B
SREBERIR:, 2020.

RVE, ORRRR, DR, A R MLPLE O bR R R A
WK B VEGF KA T s mal]. shagd ek, 2018,
33(9): 4130-4133.

[5

[t}

[6

—

17

—

8

—

YIN C, LV J, HUANG S, et al. Therapeutic targets in diabetic
peripheral neuropathy: Heat shock proteins[J]. Frontiers in En-
docrinology, 2025, 16: 1729488.

R, M W, ARFIE, SRR L 2 R R S
IR B AL T 25 P-38MAPK FUSZIA[J]. HSEIEEEIZY, 2020,
31(8): 1824-1827.

[10] T =, WL, iz, 55 REMZIK S 00K % 50w
X B 55 IR 8 IR B SURR N B SRR SR LR D], TP ISR R A
2020, 58(28): 51-54, 58.

[9

—

(1] T, 1B 38, ERk, 5 BRI R NP EIAR S IE
RG], IR T EZY R AEAR, 2020, 40(9): 1119-1122.

[12] Bt M, RFRHE, LT, B NSRS 22 AR AT
PERET. HERPEEZE, 2025, 18(3): 635-641.

[13] FJRZE, Wik, 2 B 0Bk sy M2 AE HI B o
JRJ]. ¥ BEAFBEFR, 2024, 41(1): 88-94, 100.

(14] 245, @USA, ROCH, 4. BB A pl o A2 B4R R
SRR PEZGAEIR, 2023, 51(5): 111-114.

[15] 4R353%, 75 4k W R, 5. PSR PG EE T 5T

H TR AR (Q-marken) TN ASHT[]. THARLFEA -
rhEEZG IR, 2023, 25(7): 2535-2548.

[16] 3k i, 3k £0, 2 T, S WAL A2 B T A B
S SR K HL T A R W (K T A3 )], RAR PR 5P R
2023, 35(10): 1794-1807.

(17] FHRE, 7 F5, T 2. MRk oy S 2 AR H B o
B PEZEE, 2022, 39(12): 86-89.

(18] AB3Ci, SCITF. BRI S 5 25 B A TS e R )]
Jedalr Rl

[19] KUMAR PANDEY V, MATHUR A, FAREED KHAN M, et al.

2021, 60(15): 5-10, 75.

Endoplasmic reticulum stress induces degradation of glucose
transporter proteins during hyperglycemic hepatotoxicity: Role of
PERK-elF2a-ATF4 axis[J]. European Journal of Pharmacology,
2022, 926: 175012.

[20] MUSTAPHA S, MOHAMMED M, AZEMI A K, et al. Current
status of endoplasmic reticulum stress in type I diabetes[J].
Molecules, 2021, 26(14): 4362.

[21] HUGHES A, OXFORD A E, TAWARA K, et al. Endoplasmic
reticulum stress and unfolded protein response in cartilage
pathophysiology; contributing factors to apoptosis and osteoarthri-
tis[J]. International Journal of Molecular Sciences, 2017, 18(3):
665.

[22] GUNDU C, ARRURI V K, SHERKHANE B, et al. GSK2606414
attenuates PERK/p —elF2o/ATF4/CHOP axis and augments mi-
tochondrial function to mitigate high glucose induced neurotox-
icity in N2A cells[J]. Current Research in Pharmacology and
Drug Discovery, 2022, 3: 100087.

[23] HUANG M, LI Z X, CHEN J, et al. Extracts of Bauhinia
Championii alleviate acute neuronal injury after ischemic
reperfusion by improving endoplasmic reticulum stress—mediated
neuronal apoptosis[J]. Current Medical Sciences, 2022, 42(3):

483-490.
(RSB # %)



