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Abstract
Background: Aloin	has	cardioprotective	effects,	however,	its	cardioprotective	role	in	
sepsis remains unclear. This study aimed to analyze whether aloin could prevent sep-
sis-related myocardial damage and explore the underlying mechanisms by examining 
the	expression	of	long-noncoding	RNA	(lncRNA)	SNHG1	and	microRNA-21	(miR-21).
Methods: The	 interaction	of	SNHG1	with	miR-21	was	 identified	by	dual-luciferase	
reporter	assay.	The	levels	of	SNHG1	and	miR-21	were	measured	by	real-time	quan-
titative PCR. The cardioprotective function of aloin was assessed in a sepsis animal 
model, which was induced by cecal ligation and puncture, and in a myocardial in-
jury cell model in H9C2 cells stimulated by lipopolysaccharide. Myocardial injury bio-
marker levels and hemodynamic indicators in mice model were measured to evaluate 
cardiac function. The viability of H9C2 cells was assessed by cell counting kit-8 assay. 
Inflammatory	cytokine	levels	were	examined	by	an	ELISA	method.
Results: Decreased	SNHG1	and	increased	miR-21	were	found	in	sepsis	patients	with	
cardiac	dysfunction,	and	they	were	negatively	correlated.	Aloin	significantly	attenu-
ated myocardial damage and inflammatory responses of mice model, and increased 
the	viability	and	suppressed	inflammation	in	H9C2	cell	model.	In	addition,	SNHG1	ex-
pression was upregulated and miR-21 expression was downregulated by aloin in both 
mice	and	cell	models.	Moreover,	in	mice	and	cell	models,	SNHG1/miR-21	axis	affected	
sepsis-related myocardial damage, and mediated the cardioprotective effects of aloin.
Conclusion: Our findings indicated that aloin exerts protective effects in sepsis-re-
lated myocardial damage through regulating cardiac cell viability and inflammatory 
responses	via	regulating	the	SNHG1/miR-21	axis.
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1  |  INTRODUC TION

Sepsis is defined as a severe and potentially fatal organ dysfunc-
tion	 caused	 by	 an	 inadequate	 or	 dysregulated	 host	 response	 to	
infection,1 with high morbidity, mortality and treatment costs. The 
heart is known to be one of the most vulnerable target organs in 
sepsis. It was first reported in 1951 by Waisbren that sepsis can 
lead to myocardial depression, characterized by impaired systolic 
function, cardiac enlargement and decreased ejection fraction.2 
An	 important	 feature	 of	 sepsis	 is	 an	 excessive	 inflammatory	 re-
sponse, and a particularly intense inflammatory response leads 
to a disruption of the homeostasis of the cardiovascular system.3 
Unfortunately, there are still few effective treatments for sep-
sis-related myocardial damage.

Aloin	 (also	known	as	barbaloin),	one	of	 the	major	bioactive	 in-
gredients	obtained	from	Aloe	vera	(as	a	Chinese	herbal	medicine),4 
has been shown to possess important anti-inflammatory,5,6 anti-tu-
mor7 and cardioprotective functions.8,9	Additionally,	a	study	by	Lee	
et al. has reported the ameliorative effect of aloin on sepsis induced 
renal injury.10 However, whether aloin also exerts protective effects 
against myocardial damage induced by sepsis still unclear. Therefore, 
in view of the significant cardioprotective effects of aloin, this study 
aimed to explore whether aloin can alleviate sepsis-related myocar-
dial damage. In addition, this study also focused on the mechanism 
of aloin function.

An	 increasing	 number	 of	 studies	 have	 pointed	 out	 that	 drug	
may	play	biological	effects	by	regulating	the	non-coding	RNAs	sys-
tem.11	Non-coding	RNAs	are	RNAs	that	 lack	the	potential	to	en-
code	proteins,	such	as	microRNAs	(miRNAs)	and	long	non-coding	
RNAs	(lncRNAs),	which	can	be	involved	in	multiple	biological	pro-
cesses and regulate physiological and developmental processes. 
It has been reported that miR-21 mediates the improvement of 
osteopenic disorders by aloin.12 miR-21 shows significantly upreg-
ulated levels in sepsis and is implicated in the dysfunction of var-
ious organs induced by sepsis, including cardiac dysfunction,13–15 
becoming an area of intensive investigation in sepsis related dis-
eases.	 LncRNA	 SNHG1	 is	 one	 of	 the	 ceRNAs	 found	 as	 miR-21,	
which can competitively bind to miR-21 to cause decrease in its 
levels.16,17	Recently,	a	study	has	pointed	out	 that	SNHG1	has	an	
important role in relieving sepsis-related myocardial injury,18 and 
the	cardioprotective	function	of	SNHG1	has	attracted	great	inter-
est.19,20	Therefore,	we	speculated	that	SNHG1/miR-21	axis	might	
be related with sepsis-related myocardial damage, and aloin may 
play	 a	 role	 in	 sepsis-related	myocardial	 damage	 by	 the	 SNHG1/
miR-21 axis.

Therefore, on the basis of confirming the relationship between 
SNHG1	 and	miR-21,	 this	 study	 explored	 the	 role	 of	 aloin	 and	 the	
SNHG1/miR-21	 axis	 in	 sepsis-related	 myocardial	 damage,	 and	 re-
vealed the molecular mechanism of aloin function by analyzing the 
relationship between the axis and aloin. This study may provide evi-
dence for a promising natural drug for the prevention and treatment 
of sepsis-related myocardial damage.

2  |  METHODS AND MATERIAL S

2.1  |  Serum samples from sepsis patients

Blood samples from 48 patients with sepsis admitted to Shengli 
Oilfield Central Hospital from 2018 to 2019 were collected in 
this study, and the serum was obtained from blood by centrifuga-
tion	 1500 × g	 at	 4°C	 and	 stored	 at	 −80°C	 for	 further	 use.	Among	
these	 sepsis	 patients,	 28	 patients	 had	 cardiac	 dysfunction	 (CD)	
and the patients included 28 males and 20 females with an aver-
age	 age	 of	 56.75 ± 11.23 years.	 The	 patients	were	 diagnosed	with	
sepsis according to the Third International Consensus Definitions 
for	Sepsis	and	Septic	Shock	(Sepsis-3).21 Patients' inclusion criteria 
were	 (a)	 age ≥ 18 years	and	 (b)	no	history	of	 cancer	or	hematologi-
cal	malignancy.	The	patients	were	excluded	 if	 they	 (a)	 died	within	
24 h	of	admission;	(b)	were	treated	with	immunosuppression	within	
6 months;	(c)	were	infected	with	human	immunodeficiency	virus	and	
(d)	were	pregnant	or	in	lactation.	In	addition,	the	serum	samples	of	
48 healthy volunteers, who underwent physical examination in our 
hospital and matched with sepsis patients in both age and sex, were 
collected	 as	 healthy	 control	 (including	 27	 males	 and	 21	 females,	
aged	57.26 ± 11.81 years	old).	The	healthy	volunteers	had	no	history	
of sepsis or malignancy and was confirmed by physical examination 
to have no significant abnormalities. The study was approved by the 
Ethics Committee of Shengli Oilfield Central Hospital and each pa-
tient provided written informed consent.

2.2  |  Sepsis animal model constructed using cecal 
ligation and puncture (CLP)

The	C57BL/6	mice	(n = 100,	aged	8–10 weeks)	were	purchased	from	
the	Shanghai	Animal	Center	(Shanghai,	China).	The	animal	experi-
ments were performed following the National Institutes of Health 
Guidelines	 for	 Animal	 Care,	 and	 were	 approved	 by	 the	 Shengli	
Oilfield Central Hospital. The sepsis mice model was constructed 
by	CLP	surgery	as	described	previously.22 Briefly, mice were first 
anesthetized by inhalation of 5% isoflurane, and then a small inci-
sion was made in their anterior abdomen. The cecum was exposed 
and	ligated	1 cm	proximal	to	the	end	of	the	cecum.	Then,	the	cecum	
was	punctured	twice	with	a	sterile	23-gauge	needle.	Afterwards,	
the cecum was placed back into the abdominal cavity and the inci-
sion was closed. Sham-operated mice did not receive cecal ligation 
or puncture, and the rest of the treatment procedures were the 
same	as	those	in	the	sepsis	mice	model.	After	surgery,	mice	were	
injected	with	1 mL	normal	saline	for	fluid	resuscitation.

2.3  |  H9C2 cell culture and LPS induction

A	myocardial	 cell	 line	H9C2	was	purchased	 from	 the	Cell	Bank	of	
the	Chinese	Academy	of	Science	 (Shanghai,	China).	The	cells	were	



    |  3 of 11PENG et al.

cultured	 in	 Dulbecco's	 modified	 Eagle's	 medium	 (DMEM)	 supple-
mented	with	10%	fetal	bovine	serum	(FBS;	Gibco,	CA,	USA)	at	37°C	
under 5% CO2. Before further experiments, H9C2 cells were rou-
tinely	subcultured	to	80%	fusion.	H9C2	cells	were	stimulated	for	6 h	
using	1 μg/mL	LPS	to	construct	in	vitro	model	to	mimic	the	myocar-
dial damage during the development of sepsis.

2.4  |  Dual-luciferase reporter assay

The	 StarBase	 platform	 (http:// starb ase. sysu. edu. cn/ index. php)	 was	
used	 to	 predict	 the	 binding	 sites	 of	miR-21	 and	 SNHG1,	 and	 then	
dual-luciferase reporter assay was used to verify their direct bind-
ing.	The	wild-type	(WT)	sequences	of	SNHG1	containing	the	biding	
site	of	miR-21	and	the	mutant-type	(MUT)	sequences	of	SNHG1	were	
cloned	into	the	luciferase	reporter	vector	pmirGLO	vector	(Promega,	
Madison,	WI,	USA).	Then,	SNHG1-WT	or	SNHG1-MUT	vectors	were	
co transfected with miR-21 mimic or mimic NC into H9C2 cells using 
Lipofectamine	3000	reagent	(Invitrogen,	Carlsbad,	USA).	Forty-eight	
hours after transfection, relative luciferase activity was confirmed uti-
lizing	the	dual-luciferase	reporter	assay	system	(Promega).	The	firefly	
luciferase activity was normalized to Renilla	luciferase	activity.	All	pro-
cedures were performed based on the instructions of manufacturers.

2.5  |  RNA extraction and real-time quantitative 
PCR (RT-qPCR)

Total	 RNA	 was	 extracted	 from	 the	 serum	 of	 participants,	 heart	
tissues	 of	 mice	 and	 H9C2	 cells	 using	 TRIzol	 reagent	 (Invitrogen,	
Carlsbad,	CA,	USA).	A	NanoDrop	2000	 (Thermo	Fisher	Scientific,	
Waltham,	MA,	USA)	was	utilized	to	verify	RNA	purity	and	concen-
tration.	Subsequently,	a	PrimeScript	RT	reagent	Kit	(TaKaRa,	Otsu,	
Shiga,	Japan)	was	used	for	reverse	transcription	of	RNA	to	synthe-
size	 cDNA.	The	RT-qPCR	was	performed	using	 a	 7500	Real-Time	
PCR	System	(Applied	Biosystems,	USA)	with	SYBR	green	I	Master	
Mix	kit	(Invitrogen,	Carlsbad,	CA,	USA)	to	detect	the	expression	of	
SNHG1	and	miR-21.	The	thermocycling	conditions	were	as	follows:	
95°C	for	10 min	and	followed	by	40 cycles	of	95°C	for	30 s,	60°C	for	
20 s	and	72°C	for	30 s.	GAPDH	and	U6	were	used	as	internal	con-
trols	for	SNHG1	and	miR-21.	Their	expression	levels	were	calculated	
using the 2−ΔΔCt method.23	 Following	were	 the	primer	 sequences:	
SNHG1	 forward	 5’-CCTAA	AGC	CAC	GCT	TCTTG-3′,	 reverse	 5’-
TGCAG	GCT	GGA	GAT	CCTACT-3′; miR-21 forward 5′–3′, reverse 
5′–3′;	GAPHD	forward	5’-CAAGG	TCA	TCC	ATG	ACA	ACTTTG-3′, re-
verse	5’-GTCCA	CCA	CCC	TGT	TGC	TGTAG-3′;	U6	forward	5’-CTCGC	
TTC	GGC	AGC	ACA-3′,	reverse	5’-AACGC	TTC	ACG	AAT	TTGCGT-3′.

2.6  |  Experimental group design and treatments

The	 aloin	 (>97%,	dissolved	 in	0.5%	DMSO)	was	purchased	 from	
Sigma-Aldrich	 (St.	 Louis,	 MO,	 USA).	 The	 mice	 were	 randomly	

divided	 into	 ten	 groups	 (n = 10/group):	 (1)	 sham	 group	 (mice	 re-
ceived	 sham	 operation);	 (2)	 CLP	 group	 (mice	 received	 CLP	 op-
eration);	 (3)	 CLP + vehicle	 group;	 (4)	 CLP + aloin	 group;	 (5)	
CLP + pcDNA3.1	 group;	 (6)	 CLP + pcDNA3.1-SNHG1	 group;	
(7)	 CLP + mimic	 NC	 group;	 (8)	 CLP + miR-21	 mimic	 group;	 (9)	
CLP + aloin	+	 si-SNHG1	 group;	 (10)	 CLP + aloin	+ miR-21 mimic 
group.	 At	 12	 and	 50 h	 after	 CLP	 surgery,	 the	mice	 in	 groups	 (3)	
and	 (4)	 were	 administered	 with	 aloin	 (12.4 mg/kg)	 and	 vehicle	
(equal	volume)	by	intravenous	injection,	respectively.	The	mice	in	
groups	(5),	(6),	(7)	and	(8)	were	treated	with	the	indicated	vectors,	
respectively,	 including	 pcDNA3.1,	 pcDNA3.1-SNHG1,	 mimic	 NC	
and	miR-21	mimic,	 by	 tail	 vein	 injection	 after	CLP	 treatment.	 In	
groups	(9)	and	(10),	the	mice	received	si-SNHG1	and	miR-21	mimic,	
respectively, by tail vein injection after fluid resuscitation follow-
ing	the	CLP	treatment.	All	above	vectors	were	synthesized	by	the	
GenePharma	(Shanghai,	China).	Three	days	after	CLP	surgery,	car-
diac function was checked and blood samples were retained.

The	 H9C2	 cells	 were	 also	 divided	 into	 ten	 groups:	 (1)	 con-
trol	 group	 (received	 no	 treatment);	 (2)	 LPS	 group	 (received	 LPS	
treatment);	 (3)	 LPS + vehicle	 group;	 (4)	 LPS + aloin	 group;	 (5)	
LPS + pcDNA3.1	 group;	 (6)	 LPS + pcDNA3.1-SNHG1	 group;	 (7)	
LPS + mimic	NC	group;	(8)	LPS + miR-21	mimic	group;	(9)	LPS + aloin	
+	si-SNHG1	group;	(10)	LPS + aloin	+ miR-21 mimic. Two hours be-
fore	LPS	(1 g/mL,	6 h)	treatment,	cells	in	(3)	group	were	treated	with	
400 μM	aloin	and	cells	in	(4)	group	were	treated	with	equal	volume	
of	vehicle.	In	the	groups	(5),	(6),	(7)	and	(8),	cells	were	transfected	
with	 the	 indicated	 vectors,	 respectively,	 using	 Lipofectamine	
3000	(Thermo	Fisher	Scientific,	Inc.)	before	LPS.	The	cells	in	the	
(9)	 and	 (10)	 groups,	 except	 receiving	 aloin	 treatment,	 were	 also	
transfected	with	the	indicated	vectors	using	Lipofectamine	3000	
(Thermo	Fisher	Scientific,	Inc.).	The	cell	transfection	vectors	were	
obtained	from	GenePharma	(Shanghai,	China).

2.7  |  Evaluation of myocardial damage

To reflect the situation of myocardial damage in mice, the ultra-
sound examination, hemodynamic analysis as well as detection 
of myocardial damage markers were performed on mice. The 
left	 ventricular	 ejection	 fraction	 (LVEF)	 was	 calculated	 using	
Doppler	 echocardiography	 (GEL-400).	 The	MedLab6.0	 software	
in	 HRV&BRS	 (FDP-1)	 analysis	 system	was	 used	 to	 examine	 and	
calculate the maximum rate of rise/fall of left ventricle pressure 
(±dp/dtmax).	 An	 enzyme-linked	 immunosorbent	 assay	 (ELISA)	 kit	
(Bioscience,	 San	Diego,	 CA,	USA)	was	 used	 to	measure	 the	 lev-
els	of	serum	cardiac	troponin	I	(cTnI)	and	brain	natriuretic	peptide	
(BNP).

2.8  |  Enzyme-linked immunosorbent assay (ELISA)

In	 addition	 to	 detecting	 the	 levels	 of	 cTnI	 and	 BNP,	 the	 ELISA	 kit	
(Beyotime,	 Shanghai,	 China)	 was	 also	 used	 to	 analyze	 the	 levels	 of	
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proinflammatory	factor	IL-1β	and	TNF-α in the blood of mice and the 
supernatant of H9C2 cells following the protocols of manufacture. In 
brief, specific antibodies were coated onto 96-well microtiter plates. 
The samples to be tested were added into plates and incubated at 
room	temperature	for	2 h.	After	washing	with	wash	buffer	for	5	times,	
the plates were added with biotinylated antibodies at room tempera-
ture	 for	 1 h.	 Then,	 HRP-conjugated	 streptavidin	 was	 added	 in	 the	
plates	 for	 20 min	 at	 room	 temperature.	 Color	 development	 reagent	
TMB	was	added	and	incubated	for	20 min	away	from	light	after	5	times	
of	washing.	After	that,	the	absorbance	at	450 nm	was	measured.

2.9  |  Cell counting kit (CCK)-8 assay

Cell	Counting	Kit-8	(CCK-8)	assay	was	utilized	to	assess	the	viabil-
ity	of	H9C2	cells.	H9C2	cells	were	seeded	into	96-well	plates	(5000	
cells/well)	 and	 incubated	 at	 37°C.	 After	 24 h	 of	 incubation,	 10 μL	
CCK-8	reagent	was	added	into	the	cells	and	all	the	cells	were	incu-
bated	for	an	additional	2 h.	At	last,	the	optical	density	(OD)	values	of	
all	plates	were	detected	at	450 nm	using	a	microplate	analyzer	(Bio-
Rad	Laboratories,	Inc.)	to	reflect	H9C2	cell	viability.

2.10  |  Statistical analysis

The	results	of	data	analysis	were	expressed	as	mean ± SD.	SPSS	22.0	
(SPSS	Inc.,	Chicago,	IL)	and	GraphPad	Prism	7.0	software	(GraphPad	

Software,	 Inc.,	 USA)	 were	 used	 for	 the	 statistical	 analyses.	 The	
distribution	 of	 data	was	 checked	using	Kolmogorov–Smirnov	 test.	
Differences between two groups and among multiple groups were 
compared	 by	 unpaired	 Student's	 t	 test	 and	 one-way	 ANOVA	 fol-
lowed by Tukey's post hoc test, respectively. Pearson correlation 
coefficient	was	 used	 to	 evaluate	 the	 correlation	 between	 SNHG1	
and miR-21 in patients with sepsis. p < 0.05	was	considered	statisti-
cally significant.

3  |  RESULTS

3.1  |  Deregulated expression of the 
SNHG1/miR-21 axis in sepsis patients

Through StarBase platform prediction, a putative binding site of miR-
21	was	identified	in	the	3’-UTR	of	SNHG1	(Figure 1A).	Subsequently,	
the	interaction	between	miR-21	and	SNHG1	was	confirmed	by	a	dual-
luciferase	 reporter	 assay.	 Relative	 luciferase	 activity	 of	 SNHG1-WT	
was significantly suppressed following the overexpression of miR-21 
in	 H9C2	 cells	 (p < 0.05),	 whereas	 there	 were	 no	 significant	 differ-
ences	in	the	relative	luciferase	activity	of	SNHG1-MUT	in	H9C2	cells	
(Figure 1B).	In	addition,	SNHG1	expression	was	decreased	(p < 0.001,	
Figure 1C)	and	miR-21	expression	was	increased	(p < 0.001,	Figure 1D)	
in	sepsis	patients	compared	with	that	in	healthy	volunteers,	and	SNHG1	
was found to be negatively correlated with miR-21 in sepsis patients 
(r = −0.515,	p < 0.001;	 Figure 1E).	Moreover,	 SNHG1	expression	was	

F I G U R E  1 Aberrant	expression	of	the	SNHG1/miR-21	axis	in	sepsis	patients.	(A)	The	putative	binding	site	between	miR-21	and	SNHG1	
were	predicted	by	StarBase	platform.	(B)	miR-21	upregulation	significantly	inhibited	the	relative	luciferase	activity	in	SNHG1-WT	group	
in	H9C2	cells.	(C,D)	SNHG1	and	miR-21	expression	levels	in	healthy	controls	(n = 48)	and	sepsis	patients	(n = 48).	(E)	Negative	correlation	
between	SNHG1	and	miR-21	was	found.	(F,G)	SNHG1	and	miR-21	expression	levels	in	sepsis	patients	with	(n = 28)	and	without	CD	(n = 20).	
*p < 0.05,	***p < 0.001	versus	Controls	or	healthy	controls	or	non-CD	patients.	CD,	cardiac	dysfunction;	MUT,	mutant-type;	WT,	wide-type.
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also	decreased	(p < 0.001,	Figure 1F)	and	miR-21	expression	was	also	
increased	(p < 0.001,	Figure 1G)	in	sepsis	patients	with	CD	compared	
with that sepsis patients without CD.

3.2  |  Aloin alleviates myocardial damage and 
inflammation in sepsis mice induced by CLP

By	 CLP	 treatment,	 we	 observed	 the	 increased	 levels	 of	 cTnI	 and	
BNP,	 decreased	 LVEF	 and +dp/dtmax and increased –dp/dtmax	 (all	
p < 0.01,	Figure 2A–D),	demonstrating	the	myocardial	damage	of	mice.	
Additionally,	 the	 concentrations	 of	 IL-1β	 and	 TNF-α were elevated 
in	mice	 treated	 by	CLP,	which	 demonstrated	 that	 the	 inflammatory	
responses	of	mice	were	activated	 (both	p < 0.001,	Figure 2E,F).	The	
above findings indicated that the sepsis mice model with myocardial 
damage was successfully constructed. What is more important is that 

aloin treatment decreased the cTnI, BNP and –dp/dtmax, increased the 
LVEF	 and +dp/dtmax,	 and	 decreased	 IL-1β	 and	 TNF-α in sepsis mice 
model	(all	p < 0.01,	Figure 2).	Thus,	aloin	improved	the	myocardial	dam-
age and inflammatory responses of sepsis mice model.

3.3  |  Aloin protects against LPS-induced cell injury 
in H9C2 cells

For	H9C2	cells,	the	cell	viability	was	markedly	inhibited	and	the	se-
cretion	of	IL-1β	and	TNF-α	was	markedly	promoted	by	LPS	stimula-
tion	(all	p < 0.001,	Figure 3),	suggesting	that	impaired	myocardial	cell	
model	was	 constructed	 by	 LPS	 stimulation.	More	 importantly,	 for	
H9C2	cells	receiving	LPS	stimulation,	the	cell	viability	was	increased	
(p < 0.001,	 Figure 3A),	 and	 the	 inflammatory	 cytokine	 levels	were	
decreased	by	aloin	treatment	(all	p < 0.001,	Figure 3B,C).

F I G U R E  2 (A,B)	The	myocardial	
damage markers cTnI and BNP were 
increased	by	CLP	in	mice,	but	was	reduced	
by	aloin	treatment	in	CLP-treated	mice	
model.	(C,D)	CLP	treatment	had	inhibitory	
effects	on	LVEF	and +dp/dtmax, and had 
promotion effects on –dp/dtmax, but 
aloin	alleviated	these	effects.	(E,F)	CLP	
treatment	increased	the	levels	of	IL-1β 
and	TNF-α in mice, and the effects of 
CLP	on	mice	were	alleviated	by	aloin.	
**p < 0.01,	***p < 0.001	versus	Sham	
group; ##p < 0.01,	###p < 0.001	versus	CLP	
group.	BNP,	brain	natriuretic	peptide;	CLP,	
cecal ligation and puncture; cTnI, cardiac 
troponin	I;	IL-1β, interleukin 1β;	LVEF,	
left	ventricular	ejection	fraction;	TNF-α, 
tumor necrosis factor alpha.
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3.4  |  Regulatory effects of aloin on the 
expression of the SNHG1/miR-21 axis

To further investigate the potential molecular mechanism of aloin's 
drug	action,	 the	 relationship	of	 the	SNHG1/miR-21	axis	with	aloin	
was	 studied.	We	observed	 that	 SNHG1	 expression	was	 promoted	
and miR-21 expression was inhibited by aloin in the mice model 
(all	 p < 0.001,	 Figure 4A,B)	 and	 H9C2	 cell	 model	 (all	 p < 0.001,	
Figure 4C,D).

3.5  |  Influences of the SNHG1/miR-21 axis on 
sepsis-related myocardial damage in vivo and in vitro

The	 expression	 of	 SNHG1	was	 increased	 by	 pcDNA3.1-SNHG1,	
and miR-21 expression was increased by miR-21 mimic in sepsis 

mice	model	 (all	p < 0.001,	Figure 5A,B).	SNHG1	upregulation	sig-
nificantly improved myocardial damage and inflammation in mice 
model	that	evidenced	by	the	decreased	cTnI,	BNP,	−dp/dtmax, in-
creased	LVEF	and +dp/dtmax,	and	reduced	IL-1β	and	TNF-α levels 
(all	p < 0.001,	 Figure 5C–H).	 By	 contrary,	miR-21	upregulation	 in	
mice model significantly aggravated myocardial damage and in-
flammation	that	evidenced	by	increased	cTnI,	BNP,	−dp/dtmax, de-
creased	LVEF	and +dp/dtmax,	and	increased	IL-1β	and	TNF-α levels 
(all	p < 0.01,	Figure 5C–H).	As	shown	in	Figure 5I,J,	SNHG1	was	up-
regulated	by	pcDNA3.1-SNHG1,	and	miR-21	was	upregulated	by	
miR-21	mimic	in	H9C2	cell	model	(all	p < 0.001).	SNHG1	upregula-
tion promoted, and miR-21 upregulation inhibited the viability of 
LPS-induced	H9C2	cells	 (all	p < 0.001,	Figure 5K).	The	 inflamma-
tion	of	LPS-induced	H9C2	cells	was	inhibited	by	SNHG1	upregu-
lation,	 and	was	 promoted	 by	miR-21	 upregulation	 (all	 p < 0.001,	
Figure 5L,M).

F I G U R E  3 Aloin	protected	H9C2	cells	against	LPS-induced	cell	injury.	(A)	LPS	suppressed	the	viability	of	H9C2	cells,	but	aloin	promoted	
the	cell	viability	of	LPS-induced	H9C2	cells.	(B,C)	The	IL-1β	and	TNF-α	levels	of	H9C2	cells	were	increased	by	LPS,	and	these	effects	of	LPS	
were alleviated by aloin. ***p < 0.001	versus	Controls;	###p < 0.001	versus	LPS	group.	IL-1β, interleukin 1β;	LPS,	lipopolysaccharide;	TNF-α, 
tumor necrosis factor alpha.

F I G U R E  4 Aloin	regulated	the	expression	of	SNHG1	and	miR-21.	(A–D)	Aloin	could	upregulated	SNHG1	expression	but	downregulated	
miR-21 expression in the mice model and cell model. ***p < 0.001	versus	Sham	group	or	controls;	###p < 0.001	versus	CLP	group	or	LPS	
group.	CLP,	cecal	ligation	and	puncture;	LPS,	lipopolysaccharide.
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3.6  |  SNHG1/miR-21 axis mediates the 
cardioprotective role of aloin in sepsis

In	the	mice	model	receiving	aloin,	SNHG1	expression	was	reduced	by	
si-SNHG1,	and	miR-21	expression	was	increased	by	miR-21	mimic	as	
well	as	SNHG1	downregulation	(all	p < 0.001,	Figure 6A).	The	cTnI,	BNP,	
−dp/dtmax,	IL-1β	and	TNF-α	were	upregulated,	and	the	LVEF	and +dp/
dtmax	were	downregulated	by	both	SNHG1	downregulation	and	miR-
21	upregulation	in	aloin-treated	mice	model	(all	p < 0.01,	Figure 6B–E),	
suggesting	 the	mediating	 role	 of	 SNHG1/miR-21	 axis	 in	myocardial	
damage	and	inflammation	of	mice	model.	As	presented	in	Figure 6F, in 
H9C2	cell	model	receiving	aloin,	the	si-SNHG1	transfection	inhibited	
the	expression	of	SNHG1,	and	the	miR-21	mimic	and	SNHG1	down-
regulation	promoted	the	expression	of	miR-21	(all	p < 0.001).	SNHG1	
downregulation and miR-21 upregulation both reduced the cell viabil-
ity and increased the levels of inflammatory factors of aloin-treated 
cell	model	(all	p < 0.001,	Figure 6G,H),	suggesting	that	SNHG1	and	miR-
21 mediated the role of aloin in sepsis cell model.

4  |  DISCUSSION

CLP	surgery	has	been	widely	used	 to	 induce	sepsis	animal	mod-
els.24 Many previous studies have analyzed sepsis associated 

myocardial	 damage	 by	 using	 CLP	 induced	 animal	 models.	 For	
example, a study by Sang et al. has investigated the potential of 
miR-214-3p in sepsis-induced myocardial damage using mice that 
underwent	CLP	surgery.25 The protective effects of dexmedeto-
midine on sepsis-induced myocardial injury were studied in a male 
mice	model	of	CLP.26	In	the	current	study,	we	also	used	CLP	sur-
gery to successfully construct a sepsis mice model, which could 
be demonstrated by aggravated myocardial damage and inflamma-
tory	response.	In	addition,	LPS-induced	H9C2	cells	were	routinely	
used as a cell model of sepsis myocardial damage.27,28 In this study, 
a myocardial cell model of sepsis was successfully constructed, as 
evidenced by reduced cell viability and increased inflammation in 
H9C2 cells.

Accumulating	evidence	has	indicated	that	many	bioactive	prod-
ucts of Chinese herbal medicine have attracted attention due to 
their great therapeutic potential in various human diseases, includ-
ing	 sepsis	 and	 its	 associated	 complications.	 For	 example,	 naringin	
can attenuate the inflammatory responses and myocardial injury 
induced	 by	 sepsis	 by	 regulating	 the	 PI3K/AKT/NF-κB pathway.29 
Xu et al. have provided evidence that shenfu injection, a Chinese 
herbal medicine, can prevent sepsis induced myocardial injury via 
the inhibition of myocardial apoptosis.30 Matrine, as a bio-active 
agent of several Chinese medical herbs, can improve sepsis-associ-
ated cardiac dysfunction by increasing cardiac myoblast viability and 

F I G U R E  6 The	cardioprotective	role	of	aloin	in	sepsis	was	mediated	by	the	SNHG1/miR-21	axis.	(A)	The	si-SNHG1	decreased	SNHG1	
expression	and	miR-21	mimic	and	SNHG1	increased	miR-21	expression	in	the	aloin-treated	mice	model.	(B–E)	The	cTnI,	BNP,	−dp/dtmax,	IL-1β 
and	TNF-α	of	aloin-treated	mice	model	were	increased,	and	the	LVEF	and +dp/dtmax	of	aloin-treated	mice	model	were	decreased	by	SNHG1	
downregulation	and	miR-21	upregulation.	(F)	The	si-SNHG1	decreased	SNHG1	expression,	and	miR-21	mimic	and	SNHG1	downregulation	
increased	miR-21	expression	in	aloin-treated	cell	model.	(G,H)	In	aloin-treated	cell	model,	the	cell	viability	was	decreased	and	the	
inflammatory	cytokines	(IL-1β	and	TNF-α)	levels	were	increased	by	SNHG1	downregulation	and	miR-21	upregulation.	**p < 0.01,	***p < 0.001	
versus	CLP + aloin	group	or	LPS + aloin	group.	BNP,	brain	natriuretic	peptide;	CLP,	cecal	ligation	and	puncture;	cTnI,	cardiac	troponin	I;	IL-1β, 
interleukin 1β;	LPS,	lipopolysaccharide;	LVEF,	left	ventricular	ejection	fraction;	TNF-α, tumor necrosis factor alpha.
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inhibiting inflammatory responses.31 In this study, we demonstrated 
that aloin could attenuate myocardial damage and inflammatory re-
sponses	in	a	mice	model	of	sepsis.	In	addition,	in	the	LPS-stimulated	
H9C2 cells, aloin increased myocardial cell viability and decreased 
the levels of inflammatory cytokines, further indicating the cardi-
oprotective effects of aloin in sepsis. Notably, the cardioprotective 
effects of aloin have been found in arsenic trioxide-induced myocar-
dial membrane damage8 and doxorubicin-induced cardiotoxicity.9 In 
addition, aloin has been reported to mitigate sepsis-related inflam-
matory responses and organ injury.10 Thus, aloin may function as a 
potential natural drug for sepsis-related myocardial damage through 
increasing myocardial cell viability and decreasing inflammatory 
responses.

More and more studies have highlighted the role of non-cod-
ing	 RNAs	 in	 organ	 injury,	 including	 myocardial	 injury,	 in	 sepsis.	
For	 instance,	 lncRNA	 taurine	 up-regulated	 gene	 1	 (TUG1)	 has	
been shown to attenuate the acute lung injury induced by sep-
sis	 through	 miR-34b-5p	 and	 GRB2	 associated	 binding	 protein	 1	
(GAB1).32 miR-193-3p alleviates myocardial damage and inflam-
mation of mice with sepsis by targeting signal transducers and 
activators	of	 transcription	3	 (STAT3).33	A	study	by	Sun	et	al.	has	
shown	that	lncRNA	KCNQ1OT1	regulates	myocardial	damage	and	
inflammatory	 responses	 during	 sepsis	 via	 the	 miR-192-5p/XIAP	
axis.27	 LncRNA	 nuclear	 enriched	 abundant	 transcript	 1	 (NEAT1)	
can regulate sepsis-induced myocardial cell injury and inflamma-
tion via targeting miR-144-3p.34	Of	note,	SNHG1	and	miR-21	have	
been found to be related to sepsis-related cardiac diseases.14,18 In 
this	study,	SNHG1	could	directly	bind	to	miR-21.	Notably,	SNHG1	
has	been	found	to	act	as	a	ceRNA	for	miR-21	and	bind	to	miR-21	in	
the previous studies.16,17	 In	addition,	downregulated	SNHG1	and	
upregulated miR-21 were observed in sepsis patients and sepsis 
patients with CD, which was consistent with previous studies.14,18 
Moreover,	 the	expression	of	SNHG1	and	miR-21	 in	mice	and	cell	
models could be regulated by aloin, which has a protective effect 
on	myocardial	damage	caused	by	sepsis.	Furthermore,	SNHG1	up-
regulation could improve the myocardial damage and inflammation 
in mice model, and enhanced the viability and inflammation of cell 
model. Nevertheless, the effect of miR-21 upregulation on myo-
cardium	was	opposite	to	that	of	SNHG1.	Therefore,	the	SNHG1/
miR-21 axis may be correlated with the progression of sepsis-re-
lated myocardial damage.

Increasing studies have emphasized the role of non-coding 
RNAs	in	the	therapeutic	mechanisms	of	different	drugs,	including	
active	components	of	traditional	Chinese	medicines.	For	instance,	
through	decreasing	miR-132	expression,	luteolin	can	alleviate	LPS-
induced bronchopneumonia injury in vitro and in vivo.35 Song et al. 
have	 found	 that	 gracillin	 can	 improve	LPS-induced	acute	 cardiac	
injury in mice through inhibiting apoptosis and inflammation by 
regulating miR-29a.36 Sevoflurane has been reported to protect 
cardiomyocytes from hypoxia/reperfusion injury through the 
LINC01133/miR-30a-5p	axis.37	The	study	by	Liu	et	al.	has	revealed	
that matrine exerts protective effects in sepsis-associated cardiac 
dysfunction by modulating the PTENP1/miR-106b-5p axis.31 The 

use of aloin for cardiac disease treatment is currently increasing, 
however,	 its	 function	 through	 regulation	 of	 non-coding	 RNAs	 is	
poorly studied. Notably, there has a study reporting that the ame-
liorative effects of aloin on osteopenic disorders were mediated 
by miR-21.12 In the present study, considering the relationship 
of	 SNHG1/miR-21	 axis	 with	 aloin	 and	 the	 important	 role	 of	 the	
SNHG1/miR-21	axis	on	sepsis-related	myocardial	damage	in	in	vivo	
and	in	vitro	models,	we	further	explored	whether	the	SNHG1/miR-
21 axis could modulate the effects of aloin. This study found that 
overexpression of miR-21 significantly reversed the cardioprotec-
tive effects of aloin on sepsis. Importantly, a study by Zhang et al. 
has shown that miR-21 mediated the effects of natural drug hyper-
oside on sepsis-associated cardiac dysfunction.15 Therefore, we 
concluded that the cardioprotective effect of aloin in sepsis might 
be	mediated	by	miR-21.	For	SNHG1,	its	downregulation	markedly	
reversed the protective effects of aloin against sepsis-induced 
myocardial	damage.	Taken	together,	the	SNHG1/miR-21	axis	might	
be involved in the cardioprotective effects of aloin against sep-
sis-induced myocardial damage.

This	study	 is	the	first	to	explore	the	role	of	SNHG1/miR-21	axis	
in the effect of aloin in sepsis-induced myocardial damage. However, 
this	study	had	some	limitations.	At	first,	the	study	sample	was	small;	
thus, a large cohort is needed in further studies. Second, the target 
genes of miR-21 that may be involved in sepsis-induced myocar-
dial damage were not analyzed in this study, and further studies to 
comprehensively understand the action mechanism of aloin in sep-
sis-induced myocardial damage are warranted. It has been found that 
miR-21 controls sepsis-associated cardiac dysfunction via regulating 
SH3	 domain-containing	 protein	 2	 (SORBS2).14 In addition, miR-21 
can	target	A20	to	mediate	septic	shock.38 Thus, we speculated that 
SORBS2	and	A20	may	play	a	role	in	sepsis-induced	myocardial	dam-
age	as	targets	of	miR-21.	Further	studies	are	necessary	to	explore	that	
whether	SNHG1/miR-21	mediated	the	function	of	aloin	through	tar-
geting	SORBS2	and	A20.

In conclusion, the findings of this study demonstrate that the 
SNHG1/miR-21	axis	is	aberrantly	expressed	in	sepsis	patients	with	
CD. In addition, aloin may alleviate the sepsis-related myocardial 
damage through facilitating cardiac cell viability and inhibiting in-
flammatory	 responses	 by	 regulation	 of	 the	 SNHG1/miR-21	 axis.	
Therefore, aloin may be a promising agent for the therapy of sep-
sis-related myocardial damage. This study may contribute to the 
development of novel strategies for the therapy of sepsis-related 
myocardial damage.
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