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Piperlongumine protects mice against diabetic cardiomyopathy by allevia-
ting inflammation

ZHUANG Fei'?, LIANG Guang’, QIAN Jian-chang’ , ZHENG Chao’
("' The Second School of Medicine, *The Second Affiliated Hospital, *School of Pharmaceutical Sciences, Wenzhou Medical
University, Wenzhou 325035, China. E-mail: wallbb_1022@ 163. com)

[ABSTRACT] AIM: To investigate the effect of piperlongumine (PL) on myocardial injury and fibrosis in diabe-
tic cardiomyopathy (DCM) models. METHODS: To imitate cardiomyocytes in a high glucose environment, H9C2 cells
were stimulated by high glucose (33 mmol/L) , and then the cells were divided into control group, high glucose group, low
dose (2.5 wmol/L) of PL group and high dose (5 wmol/L) of PL group. The mRNA levels of inflammatory cytokines
tumor necrosis factor-oo (TNF-a) and interleukin-6 (I1.-6) , and the protein levels of pro-fibrotic markers including trans-
forming growth factor-B ( TGF-B) and collagen IV were determined. C57BL/6 mice were randomly divided into control
group, type 1 diabetes mellitus group, low dose (2.5 mg/kg) of PL group and high dose (5 mg/kg) of PL group. The
mice were intraperitoneally injected with streptozotocin at dose of 50 mg/kg for 5 consecutive days. The fasting glucose le-
vels higher than or equal to 12 mmol/L meant the establishment of type 1 diabetes mellitus. The treatment with PL was ini-
tiated. The fasting blood glucose was detected every 2 weeks. After echocardiography at the 13th week, the mice were killed
after anesthesia at the 13th weekend. The blood was collected to measure the serum levels of creatine kinase isoenzyme MB

(CK-MB) and lactate dehydrogenase (LDH). The heart tissues were prepared with formaldehyde for 24 h, and was em-
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bedded in paraffin for pathological sectioning. HE staining and Sirius red staining were conducted. The morphological chan-

ges were observed under microscope. RESULTS:; In the H9C2 cell model induced by high glucose, the mRNA expression

levels of TNF-a and IL-6, as well as the protein expression levels of TGF-B and collagen IV were significantly higher than

those in control group. The above indexes were decreased after PL treatment (P <0.05). PL alleviated the disorder of bas-

ic structure, and cardiac fibrosis in the DCM mice. After the administration of PL, the serum levels of CK-MB and LDH

were decreased significantly (P <0.05). CONCLUSION: PL is a potential cardioprotective agent in treatment of DCM as

it can inhibit inflammation and mitigate the diabetic myocardial injury.
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Table 1. The sequences of the primers for qPCR

Name The primer sequence (5°-3") Product (bp)
TNF-a  Forward; TACTCCCAGGTTCTCTTCAAGG 103
Reverse: GGAGGCTGACTTTCTCCTGGTA
1.6 Forward; GAGTTGTGCAATGGCAATTC 127
Reverse; ACTCCAGAAGACCAGAGCAG
B-actin  Forward; AAGTCCCTCACCCTCCCAAAAG 98
Reverse; AAGCAATGCTGTCACCTTCCC
3 XEFE

3.1 mpaiss HOC2 4HjussF: T84 10% it Il
1,1 x10° U/L 8 E M 100 mg/L 455 £ 1) DMEM
(% 1 g/L D-glucose ) [ 40 il 55 3% ¥, 37 C 5%
CO, MyTE 3 FRAE h B 7%, BRI M. 1 200 M %5 32
HEKZE 70% ~80% RV A #E47 525

3.2 MTT sk4eml tm it id 5 B K AR 804 K
i HOC2 ZM i LA EEFL 5 000 A~ 4F0F 96 FLAR, 15 41
FRLWG BE F5 I ACAS [] ¥ B2 46 B2 1 PLJBE 75 48 h, Fifi
JE A MTT, FEE 355 SR A P Ak S0 F 4 ~6 h, 3¢
FHEFRIE A 150 WL DMSO, F B bR ACAS: I 4% L
490 nm fIRIEEE (A) {40 B AH X 3E 1 5 ) B
2 240 LW O BE Y LU AR R 3R, LI THSE T PL A 2
Bl (1C5) o

3.3 qPCR %3 TRIzol A5 il 4 20, 4K Uk HH
A5 FNEEL K TCK LBy B R 215 RNA, S 1]
TP SRR AR UL ] A AT 0 B ok R AR
¢DNA, 4T qPCR, qPCR & Z 4 10 wL:cDNA ik
1 ul, | FiEB144 0.25 ul,SYBR %k 5. 25 pl,
Malizk 3.25 plo WA H:95 °C 3 min;95 °C 7
$.55 C 10 .72 °C 15 s, THE 40 MEH, DA B-actin
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Figure 1. The ICy, of PL for the viability of HOC2 cells.
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Figure 2. PL attenuated HG-induced cardiac inflammation in the HOC2 cells. The mRNA expression of TNF-a and IL-6 was detected
by qPCR. Mean +SD. n=3. ** P <0.01 vs control group; *P <0.05, *P <0.01 vs HG group.
2 PL A% 5455 S8 HOC2 AR E B FH) mRNA /K



1.2 PL iS4 H 7469 HOC2 e ot et
HOC2 4 AW PL BiLAb Bl , ARELEE TR 48 h,
e S SPIECE SN LT B i g S

- 991 -

TGF-B }% collagen IV ) 3K (P <0.01) ,PL b3 )5
Pk TR, IR EHA (P <0.01) , WLE 3,

HG (33 mmol/L)

Control

PL (umol/L)
25 5

Collagen IV |»

— -

TGF-B

i " e

GAPDH l— — —

E 1.0
sk
n, _
g 0.8 T
E 0.6 T _'#_
= 0.4
% s
= 0.2
5)
O O T T T
Control 2.5 5
PL (umol/L)

HG (33 mmol/L)

2.0+
an s
2 151 -li
5
a 1.0 i
S 054 - o
i [ ]
00 T T T
Control 25 5
PL (umol/L)
HG (33 mmol/L)

Figure 3. PL alleviated HG-induced cardiac fibrosis. The protein levels of collagen IV and TGF-B were determined by Western blot.
Mean +SD. n=3. ** P <0.01 vs control group; *P <0.05, *P <0.01 vs HG group.
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Figure 4. PL didn’ t change the weight and blood glucose (BG) levels in STZ-induced TIDM mice. Mean =SD. n =5.
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Figure 5. PL alleviated disorder of basic structure ( HE staining, x200) and cardiac fibrosis ( Sirius red staining, x200) in the dia-

betic cardiomyopathy mice.
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Table 2. Echocardiographic data (Mean +SD. n=5)

Index Control TIDM TIDM +PL (2.5 mg/kg)  TIDM +PL (5 mg/kg)
IVSd (mm) 0.67 +0.03 0.71 £0.01** 0.68 +0.01" 0.67 +0.01%

FS (%) 45.20 £1.84 36.38 £1.14"" 40.06 £1.08 40.28 £1.06

EF (%) 83.56 + 1.64 72.33£1.53" 76.88 +0.87" 78.25 + 1. 34"
ICT (ms) 14.50 £ 1.69 26.00 £1. 14" 21.00 +0. 68" 18.67 +3.33

Et (ms) 40.83 +1.64 55.83 +1.25" 50.33 +2.33 47.00 +3. 63"

IVSd: diastolic interventricular septal thickness;

FS: fraction shortening; EF: ejection fraction; ICT: isovolumic contraction time;

Et: ejection time; IRT: isovolumic relaxation time. ** P <0.01 ws control group; P <0.05, *P <0.01 vs TIDM group.
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Figure 6. PL mitigated myocardial injury in TIDM mice. Serum CK-MB and serum LDH were examined. Mean £SD. n=5.

0. 01 vs control group; P <0.01 vs TIDM group.
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