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Abstract: Reactive oxygen species (ROS) generation has been suggested to play a vital role in the initiation and pro-
gression of diabetic cardiomyopathy, a major complication of diabetes mellitus. Recent studies reveal that spermine
possesses proliferative, antiaging and antioxidative properties. Thus, we hypothesized that spermine could decrease
apoptosis via suppressing ROS accumulation induced by high glucose (HG) in cardiomyocytes. Cultured neonatal rat
ventricle cardiomyocytes were treated with normal glucose (NG) (5 mM) or HG (25 mM) in the presence or absence
of spermine for 48 h. The cell activity, apoptosis, ROS production, T-SOD and GSH activities, MDA content and GSSG
level were assessed. The results showed that HG induced lipid peroxidation and the increase of intracellular ROS
formation and apoptosis in primary cardiomyocytes. Spermine could obviously improve the above-mentioned chang-
es. Western blot analysis revealed that spermine markedly inhibited HG-induced the phosphorylation of p38/JNK
MAPKs and JAK2. Moreover, spermine had better antioxidative and anti-apoptotic effects than N-acetyl-L-cysteine
(NAC). Taken together, the present data suggested that spermine could suppress ROS accumulation to decrease
cardiomyocytes apoptosis in HG condition, which may be attributed to the inhibition of p38/JNK and JAK2 activation
and its natural antioxidative property. Our findings may highlight a new therapeutic intervention for the prevention
of diabetic cardiomyopathy.
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Introduction opathy: (1) cardiac metabolic disturbances [4];
(2) ROS accumulation [5]; (3) calcium signaling
abnormality [6]; (4) mitochondria dysfunction

[7]; and (5) chronic low-grade inflammation in

Diabetic cardiomyopathy was initially put for-
ward by Rubler et al to illuminate cardiac mus-

cle dysfunction in patients with diabetes who
had no other coronary artery diseases [1].
Diabetic cardiomyopathy is one of lethal com-
plications in people with diabetes. Moreover,
more than 80% diabetic patients are or will be
suffered from diabetic cardiomyopathy. Thus,
this situation has been the great concern of the
worldwide [2]. In recent years, many data indi-
cate that hyperglycemia is a causal factor of
diabetic cardiomyopathy, one of the major car-
diac complications in diabetic patients [3, 4].
Some hypotheses have been proposed to
explain the pathogenesis of diabetic cardiomy-

the heart [8]. According to these pathogeneses,
many therapies were carried out, such as sup-
plying myocardial energy substrate and improv-
ing microvascular perfusion [9], inhibiting car-
diac inflammation [10], antioxidant treatment
[11] or some regents as statins which could not
only lower the lipid in cardiovascular diseases
[12], but also have antioxidative property [13,
14]. However, the treatment effect of these
drugs on diabetic cardiomyopathy is always not
satisfactory. Hence, exploring new drugs is very
essential for scientific workers. Spermine is one
kind of polyamines that have a wide distribu-
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tion, furthermore, possess various functions in
mammalian cells, including antioxidative, anti-
cancer, antiaging, regulating cell proliferation,
maintaining cell membrane stability, nucleic
acid structure and stability and ion channels
function, etc. [15, 16]. Thus, we assume that
spermine may be an antioxidant to treat dia-
betic cardiomyopathy. But whether spermine
has an advantage over other antioxidants
needs further investigation.

Materials and methods
Antibodies and reagents

Cell culture medium-Dulbecco modified Eagle
medium and fetal bovine serum (FBS) were
purchased from Hyclone Laboratories, Inc
(HyClone, Logan, UT, USA). Cell-counting kit
(CCK-8) was purchased from Dojindo Labo-
ratories (Mashiki-machi, Kumamoto, Japan).
2'7’-dichlorodihydrofluorescin diacetate (DCFH-
DA), Hoechst33342, N-acetyl-L-cysteine (NAC),
p38 MAPK (mitogen activated protein kinase)
inhibitor-SB203580, JNK (c-Jun N-terminal
kinase) inhibitor-SP600125, the Janus kinase
(JAK2) inhibitorrAG490 were obtained from
Beyotime Institute of Biotechnology (Shanghai,
China). Malondialdehyde (MDA), total superox-
ide dismutase (T-SOD), glutathione (GSH) and
oxidation glutathione (GSSG) detection kits
were purchased from Nanjing Jiancheng Bio-
engineering Institute (Nanjing, China). The
Annexin V-FITC Apoptosis Detection Kit was
obtained from 4A Biotech, Inc (Beijing, China).
Cleaved caspase-3/9, p38, p-p38, JNK and
p-JNK antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA). Bcl-
2, cytochrome C, JAK2 antibodies were
obtained from Proteintech Group, Inc (Wuhan,
China). P-JAK2 antibody was obtained from
ABclonal, Inc (Boston, USA). STAT3 (signal
transducer and activator of transcription 3),
p-STAT3 antibodies were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). All
second antibodies were obtained from
Zhongshan Golden Bridge Biotechnology
(Beijing, China).

Experimental protocols

The following experimental treatments were
performed (n=3): (1) normal glucose (NG) (5
mM). (2) NG with spermine (5 uM). (3) HG (25
mM). (4) HG with spermine (5 uM): pretreat-

15538

ment with 5 yM spermine for 1 h before HG
condition. Here, the dose of spermine in the
study was confirmed through preliminary exper-
iments with CCK-8 assay. In order to investi-
gate signaling pathways of which spermine
abated HG-induced ROS production, we
devised the following groups: (5) HG and the
kinases inhibitors (SB203580, the inhibitor of
p38 MAPK, 10 uM; SP600125, the inhibitor of
INK, 10 uM; AG490, the inhibitor of JAK2, 100
MM) or with spermine, preincubation with the
inhibitor for 30 min or with spermine for 30 min
before HG treatment. These pathways had
been reported to be involved in HG-induced
ROS generation in the mammal cells [17, 18].
To further indentify the antioxidantive activity of
spermine, we added another two groups: (6)
HG+NAC (a ROS scavenger, a well-known anti-
oxidant, 5 uM) or with spermine, preincubation
with NAC or with spermine for 30 min before HG
treatment.

Cardiomyocytes culture

The primary cardiomyocytes were separated
from one day to three days old Sprague-Dawley
rats’ ventricles (The laboratory animal center of
Harbin Medical University) by trypsin-EDTA
method, briefly [17]. Then, primary ventricular
cardiomyocytes were cultured in DMEM con-
taining 10% FBS, 100 g/ml penicillin, 100 g/ml
streptomycin, and 2 mM glutamine with low glu-
cose (5 mM). Before the treatment, every other
day, the cardiomyocytes’ medium was changed.

CCK-8 assay

CCK-8 assay was performed to analyze the cell
viability of primary cardiomyocytes in HG condi-
tion. The primary cardiomyocytes were planted
into 96 well-plates with a density of 2x104/200
pland divided into four groups, as above experi-
mental protocols. After 48 h, the cell medium
with FBS was removed. Then the cells were
washed with phosphate buffer solution (PBS)
twice, and added the CCK-8 agent and DMEM
free FBS cocktail (1:10) 100 ul every well for 1
h in the dark at 37°C before measuring 0D450
value.

Hoechst33342 and Annexin V/PI staining

The primary cardiomyocytes were planted into
35 mm culture dishes with 5x10%/ml. After
treated as previous protocols, the cells were
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washed with PBS for three times. Then the ce-
lls were stained with 5 mg/L Hoechst33342
for 20 min at 37°C in the dark. Next, the cells
were washed with PBS for three times to
remove Hoechst33342 stain. The cell nuclei
were observed and visualized by an inverted
fluorescence microscope. The number of apop-
totic nuclei was calculated in 10 randomly
selected areas for each experimental group.
The data were expressed as the percentage of
apoptotic cells relative to the total number of
cells (apoptotic cells/total cells x100%). Images
(x200 magnification) were captured.

Meanwhile, cell apoptosis was also assessed
by the Annexin V/PI staining apoptosis kit ac-
cording to the manufacturer’s instructions.
Following indicated treatments as mentioned
above, the cells were digested with trypsin
free of EDTA and centrifuged at 1000 rpm for 5
min. Then the cells were washed twice with
cold PBS and suspended in 100 yl 1x binding
buffer at a density of 1x10° cells/ml. Sub-
sequently, 5 pyl Annexin V for 15 min and 10 pl
propidium iodide (Pl) for 5 min were added to
incubate the cells in dark at room tempera-
ture (RT). Cellular fluorescence was measured
by flow cytometry analysis. Annexin V/FITC and
propidium iodide double stain were used to
evaluate the percentages of apoptosis. Annexin
V- and PI cells were used as controls. Annexin
V* and PI' cells were designated as early apop-
totic and Annexin V* and PI* cells displayed as
late apoptotic. Annexin V- and PI* cells repre-
sented necrotic.

MDA and total SOD, total GSH and GSSG assay

The samples were obtained from the medium
supernatant of primary cardiomyocytes (200 pl
every sample) treated as above designed. The
SOD, GSH activity and MDA and GSSG levels
were measured by colorietric analysis using a
spectrophotometer with the associated detec-
tion Kits.

Measurement of intracellular ROS

The peroxide-sensitive fluorescent probe-DC-
FH-DA was used to measure intracellular ROS
production and accumulation. After treated
as above mentioned, primary cardiomyocytes
were washed with DMEM for three times, incu-
bated for 20 min at 37°C in DMEM with free
FBS containing 10 yM DCFH-DA to label intra-
cellular ROS, and then washed again. DCFH-DA
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was detected by fluorescence microscope (ex-
citation wavelength: 488 nm, emission wave-
length: 510 nm). Images (x200 magnification)
were captured randomly.

Western blot assay

After designated treatments, cell extracts we-
re prepared with RIPA lysis buffer with PMSF
(99:1) for 30 min and centrifuged at 14,000% g
for 15 min at 4°C. Total protein in the superna-
tant was quantified using a BCA protein assay
kit according to the manufacturer’s instruc-
tions. Protein samples (50-100 ug per lane)
were subjected to 8-15% SDS-polyacrylamide
gel electrophoresis and transferred to nitrocel-
lulose filter membrane. The membranes were
blocked with 5% skim milk in TBST (TBS con-
taining 0.05% Tween-20) for 1 h at RT, incubat-
ed with primary antibody overnight at 4°C,
washed with TBST three times for every 10
min, and then incubated with the secondary
alkaline phosphatase (AP)-labeled antibodies
for 1 h at RT. The bands were visualized by
enhanced chemiluminescence reagents. The
results were quantified by Quantity One Soft-
ware. The antibody sources and dilutions us-
ed were as follows: antibodies against p38
(1:1000), p-p38 (1:1000), JNK (1:1000), p-JNK
(1:1000), cleaved-caspase3 (1:1000), cleaved-
caspase9 (1:1000), bcl-2 (1:12000), cytochro-
me ¢ (1:1000), JAK2 (1:1000), p-JAK2-Y1007
(1:500), STAT3 (1:1000), GAPDH (1:1000) and
AP-conjugated secondary mouse, rabbit ant
goat antibodies (1:1000).

Statistical analysis

Quantitative data were reported as the mean +
standard error of mean (SEM) from at least
three independent experiments. Comparisons
were performed by Student’s t test or one-
way analysis of variance (ANOVA) followed by
Tukey’s multiple comparison test with Prism
5.00 software. Values that reached a P<0.05
level of significance were considered statisti-
cally significant.

Results
Identification of primary cardiomyocytes

To guarantee the accuracy of the study, primary
cardiomyocytes were identified. First, after pri-
mary cardiomyocytes separated successfully,
under an inverted microscope, cells appeared
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Figure 1. Primary cardiomyocytes were identified. A.
Cultured primary cardiomyocytes presented positive
o-actin stain (green) and DAPI stain for nuclei (blue)
with fluorescence microscopy (x400). B. a-actin ex-
pression in primary cardiomyocytes was determined.

many shapes-spindle-shaped, triangular, irreg-
ular star-shaped and rhythmic beat after 2
days. Second, when the cells were cultured for
4 days, more than 90% cells were stained posi-
tive for a-actin (green) with immunofluores-
cence assay (DAPI stained for nuclei (blue)),
which could further confirm that the cells were
cardiomyocytes (Figure 1A) [19]. Image (x400)
was obtained randomly. Finally, a-actin expres-
sion measured by western blot assay was visi-
ble in primary cardiomyocytes (Figure 1B).

Spermine ameliorated cell injury in HG-treated
primary cardiomyocytes

To explore the effect of spermine on HG-induc-
ed cytotoxicity in primary cardiomyocytes, the
CCK-8 assay was performed. As presented in
Figure 2A, the cells 25 mM glucose (HG) for
48 h obviously caused a decrease of cell viabil-
ity, compared with NG (5 mM) group (P<0.01).
However, pretreatment of 5 uM spermine for 1
h dramatically reverted the decrease of cell
viability induced by HG in primary cardiomyo-
cytes (P<0.01).

To further confirm the influence of spermine on
HG-treated primary cardiomyocytes, Hoechst-
33342 staining and flow cytometry analysis
were used. As evidenced in Figure 2B, primary
cardiomyocytes’ nuclei stained by Hoechst-
33342 in HG condition showed apoptotic phe-
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notypes compared with NG group [20]. More-
over significant differences were observed
between the cells subjected to HG and NG.
However, the cell apoptosis rate was consider-
ably decreased by pretreatment with spermine
(P<0.05).

Flow cytometry analysis is used to detect ph-
osphatidylserine (by Annexin V staining) expo
sed on the outer cell membrane in combina-
tion with nuclear PI staining, which is external-
ized in cells undergoing apoptosis [21]. As
observed in Figure 2C, the Annexin V-positive
events (the early and late apoptosis) in HG
group (28.9+1.47%) were increased, compared
with NG group (13.4+1.2%) (P<0.001). However,
pretreatment  with spermine in pri-
mary cardiomyocytes (21.9+3.15%), the apop-
tosis rate reached a comparable attenuation
with HG group (P<0.05).

In the study, according to the results of
Hoest3342 staining and Annexin V staining,
the apoptosis rate was a little difference in
NG group. We speculated that the analysis of
Hoest33342 staining was more subjective.

Spermine affected HG-induced alterations
of cytochrome c release, bcl-2 and cleaved
caspase3/9 protein expressions in primary
cardiomyocytes

As shown in Figure 2, spermine declined HG-
induced apoptosis in primary cardiomyocytes.
HG group displayed an obvious increase of
cytochrome c in the cytosolic (cyto-Cyt C) frac-
tion compared with the NG group. In parallel
with this, mitochondrial cytochrome ¢ (mt-Cyt
C) showed a slight decreasing level (Figure
3A). However, the anti-apoptotic protein bcl-2
was significantly decreased (P<0.05) (Figure
3B). Meanwhile, HG notably promoted the acti-
vation of both caspase3 and caspase9 in pri-
mary cardiomyocytes. Interestingly, preincuba-
tion with spermine, as expected, inhibited the
HG-induced cytochrome c release into the cy-
tosol, increased bcl-2 expression, and abol-
ished the activation of caspase3/9 (P<0.05)
(Figure 3B).

Spermine reduced ROS generation in HG treat-
ed primary cardiomyocytes

It is well-known that ROS overproduction could
impair cell [22]. The increase of ROS was due
to both decreased or inadequate antioxidant
and increased production in diabetic kidney
disease [23]. So, first, whether spermine could
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increase antioxidative activity, we examined
T-SOD, MDA, GSH and GSSG in HG-treated pri-
mary cardiomyocytes. After 48 h treatment, the
total superoxide dismutase (T-SOD) activity in
medium supernatant was markedly decreased
in HG group compared to NG group (P<0.05)
(Figure 4A), as well as the ratio of GSH/T-GSH
(Figure 4C). Conversely, the increases of MDA
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Figure 2. Effects of spermine on HG-induced primary
cardiomyocytes injury. A. The cell viability of primary
cardiomyocytes. B. Primary cardiomyocytes apop-
tosis induced by HG detected by Hoechst33342
staining with fluorescence microscopy, quantitative
analysis the apoptosis rate of four groups by nuclei
counting. C. The apoptosis of primary cardiomyo-
cytes in HG condition was determined by flow cytom-
etry. Data are presented as means + SEM; "P<0.05
vs. control group (NG or HG group ); ""P<0.01 vs.
control group (NG or HG group); *"P<0.001 vs. con-
trol group (NG or HG group ).
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contents, the index of lipid peroxidation, was
also confirmed (P<0.05) (Figure 4B), consistent
with GSSG/T-GSH ratio (P<0.05) (Figure 4D). Of
interest, those changes were significantly ame-
liorated by spermine supplementation (P<0.05).
Second, as shown in Figure 4E, treatment with
HG for 48 h contributed to a marked elevation
in accumulation of intracellular ROS in primary
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Figure 3. Effects of spermine on HG-induced cytochrome C release, bcl-2 decrease, and caspases activation in
primary cardiomyocytes. A. Protein levels of cyto-Cyt C, mt-Cyt C in the NG, NG+SP, HG, HG+SP groups, as evaluated
by western blot assay. GAPDH was used as a loading control for total cell lysate. Hsp60 was used as a loading for mi-
tochondria (mt) protein. B. Protein levels of bcl-2 and cleaved caspase-3/9 in the four groups assessed by western
blot assay. Quantification of cyto-Cyt C, mt-Cyt C, bcl-2, and cleaved caspase-3/9 expression compared with control
protein. Data are presented as means + SEM; n = 3 per group; “P<0.05 vs. control group (NG or HG group); “"P<0.01
vs. control group; “**P<0.001 vs. control group.

cardiomyocytes (P<0.001), compared with NG
group. Nevertheless, pretreatment with sperm-
ine prior to HG exposure significantly attenuat-
ed intracellular ROS levels (P<0.01). Images
(x200) were obtained, 10 random pictures for
each group.
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Spermine suppressed activation of p38/JNK
and JAK2 to decrease ROS generation in pri-
mary cardiomyocytes in HG condition

It was reported that p38/JNK and JAK2/STAT3
pathways could be activated by ROS in HG con-

Int J Clin Exp Pathol 2015;8(12):15537-15549
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Figure 4. Effects of spermine on T-SOD, MDA, GSH, GSSG changes and ROS generation in HG-treated primary
cardiomyocytes. A. T-SOD activity; B. MDA content; C. GSH/T-GSH ratio; D. GSSG/T-GSH ratio. All parameters were
detected by the corresponding kits. E. DCFH-DA staining followed by photofluorography was carried out to observe
intracellular ROS levels. The mean fluorescence intensity (MFI) of DCFH-DA staining of four groups in right panel
was quantitative analysis with Image-Pro Plus software. Data are presented as mean + SEM. “P<0.05, "*P<0.01,

**P<0.001 vs. control group (NG or HG group).

dition [24-27]. However, p38/JNK and JAK2/
STAT3 pathways were also relative to ROS gen-
eration induced by HG [17, 18]. Here, to detect
the corresponding mechanism of spermine
on inhibiting excessive oxidative stress induced
by HG, some upstream pathways of inducing
ROS generation-p38/JNK and JAK2/STAT3 pa-
thways were investigated. According to treat-
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ments for investigating relative signaling path-
ways mentioned above, as shown in Figure
5A-C, the protein expressions of phosphoryla-
tion p38 (p-p38), p-JNK, p-JAK2, p-STAT3 were
significantly increased in HG group, while sper-
mine-pretreatment apparently decreased the
expressions of p-p38, p-JNK, p-JAK2, p-STAT3
(P<0.05), as well as pathway inhibitors (P<

Int J Clin Exp Pathol 2015;8(12):15537-15549
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Figure 5. Effects of spermine on activation of p38, JNK, JAK2 and STAT3 in HG-treated primary cardiomyocytes.
A. Western blot analysis of p-p38 and p38. B. Western blot analysis of p-JNK and JNK. C. Western blot analysis of
p-JAK2, JAK2 and p-STAT3 and STAT3. The statistical bar graph (right panel) showed the comparison of phospho-
kinase levels that had been normalized to the total kinases levels. D. Primary cardiomyocytes were pretreated with
p38 inhibitor SB203580, JNK inhibitor SP600125, and JAK2 pathway inhibitor AG490 or with spermine in HG condi-
tion and intracellular ROS level was measured. Data are presented as the means + SEM; n = 3 per group; “P<0.05,
"P<0.01, ""P<0.001 vs. NG group; *P<0.05, #P<0.01, ##P<0.001 vs. HG group.

0.05). To explore the relationship between ele-
vated ROS generation and p38/JNK and JAk2/
STAT3 activation, the ROS production was
assessed when the special pharmacological
inhibitors (SB203580, SP600125 and AG490)
or with spermine were given to the cells in HG
condition. It was found that pretreatment of the
cells with pharmacological inhibitors of p38,
JNK and JAK2 pathways, respectively, blocked
intracellular ROS accumulation induced by
HG (P<0.05), as well as spermine (Figure 5D).
However, compared pharmacological inhibitors
and spermine group to pharmacological inhibi-
tors group, there was a little decrease on ROS
accumulation.

Spermine possessed better protective proper-
ties compared with NAC

To verify the antioxidative activity of spermine,
we contrasted it to a well-known antioxidant-
NAC [28]. First, we confirmed that ROS overpro-
duction could induce cell apoptosis, as report-
ed [24]. Here, we examined cleaved caspase3
expression. As shown in Figure 6A, NAC obvi-
ously decreased cardiomyocytes apoptosis
induced by HG through scavenging ROS, com-
pared with HG group (P<0.05). It revealed that
ROS could lead to cell apoptosis with the redu-
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ctio ad absurdum. Moreover, we found that
spermine possessed better anti-apoptotic
effect than NAC in HG-treated cardiomyocytes
(P<0.05). Second, through examining ROS pro-
duction, as shown in Figure 6B, spermine had
better anti-oxidantive effect than NAC. When
NAC and spermine were coexisting, the protec-
tive effects were more changeable than NAC
group in HG condition, slightly ameliorative
compared with spermine group in HG situation.
This suggested that spermine and NAC might
be synergistic action. Otherwise they may de-
crease ROS accumulation through different
patterns or scavenging different types of ROS.
Third, as shown in Figure 6C, when NAC was
added, we observed that the phosphorylation
of kinases was decreased in HG situation.
However, this change in spermine group was
more mutative than NAC group in HG condition.
Moreover, the changes of phosphorylation pro-
tein expressions in HG with spermine group, HG
with NAC group, and HG with NAC and spermine
group were consistent with ROS examination.

Discussion

In this study, spermine could decrease cardio-
myocytes apoptosis induced by HG. It is widely-
known that HG could lead to ROS overproduc-

Int J Clin Exp Pathol 2015;8(12):15537-15549
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Figure 6. Examine the protective effect of spermine through comparing with
NAC (a well-known antioxidant). A. the anti-apoptotic effect comparison with
spermine and NAC. Cells were pretreated as described, and then the protein
expression of cleaved caspase3 was examined. B. the antioxidantive effect
comparison with spermine and NAC. Cells were pretreated as described, and
then intracellular ROS level were analyzed. C. spermine inhibited the activa-
tion of p38/JNK and JAK2 pathways to decrease ROS generation, not only

scavenged ROS to suppress p38/
JNK and JAK2 pathways as NAC.
Data are presented as the means
+ SEM; n = 3 per group; "P<0.05,
“*P<0.01. control group (HG or
HG+NAC group).

tion, resulting in excessive
oxidative stress. We found
that spermine could signifi-
cantly attenuate the expres-
sions of phosphorylation form
of these kinases (p38/JNK,
and JAK2) to decrease ROS
accumulation, consistent with
their special inhibitors. And
compared with NAC, a ROS
scavenging agent, spermine
exerted better antioxidative
effect and anti-apoptotic
effect. It has been reported
that spermine is nature anti-
glycation agents, inhibits
advanced glycation end prod-
ucts (AGEs) formation in dia-
betes mellitus [29]. Thus,
spermine may decrea-
se detrimental products-AGEs
formation, and then alleviate
cardiomyocytes injury in HG
condition.

Some scientific workers re-
ported that spermine could
promote apoptosis or delay/
resist apoptosis, depending
on cell types [30]. In some
physiologic apoptosis prog-
ress, spermine exerts protec-
tive effects on promoting ap-
optosis [31]. In contrast, in
pathological condition, sper-
mine could delay or prevent
cell apoptosis [32]. Here, it
was probable that spermine
could decrease cardiomyo-
cytes apoptosis induced by
HG due to its special protec-
tive effects. However, further
studies are needed to clarify
this point. In the other hand,
spermine could act as antioxi-
dant due to its high content of
positive charges amine [33,
34]. Spermine is not only an
antioxidant, but also essen-
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decrease of ROS could sup-
press the phosphorylation of
p38/JNK MAPK and JAK2
conversely, as shown in Figure
7. Thereby, there may be a
positive feedback to reduce
ROS accumulation. Moreover,
if spermine is metabolized in

| P38MAPK | | JNKMAPK | |

JAK2

‘ the cells, this feedback func-

STAT3

ROS

tion maybe still work. But this
viewpoint needs further inves-
tigated. Thus, the antioxida-
tive property of spermine may
be more effective and more
targeting. The present study
has several limitations. Firstly,
it should be emphasized that

accumulation

cardiomyocyte apoptosis

Figure 7. Diagram representing the proposed mechanism of antioxidative
activity of spermine on HG induced ROS generation in cardiomyocytes. HG
induced cardiomyocytes apoptosis by p38 mitogen-activated protein kinase
(MAPK), JNK MAPK, and JAK2 pathways to increase ROS generation. Sperm-
ine could inhibit ROS production through reducing the activity of three path-
ways and scavenge ROS directly to decrease cardiomyocytes apoptosis.

tial for organization the structure and function
of chromatin [35]. In the present work, when
spermine was added, ROS generation was sig-
nificantly decreased. It is possible that sperm-
ine neutralizes negative charges due to its posi-
tive charges amine. It was reported that sperm-
ine had a profound effect on lipoperoxidation,
did not affect enzymatic activity [32]. In con-
trast, in the present study, when HG-treated
cardiomyocytes were in presence of spermine,
the lipoperoxidation level was decreased and
the antioxidantive enzymatic activity (T-SOD
and GSH) was increased. Here, spermine could
increases enzyme scavenger to scavenge ROS.

In addition, NAC, a thiol-containing radical sc-
avenger and glutathione precursor, is a broad-
spectrum and short-term ROS scavenger [36].
Moreover, NAC could not affect pathways
directly, as all known. In present work, we found
that spermine could significantly inhibited the
phosphorylation of kinases expressions, com-
pared with NAC. We suspected that spermine
could inhibit the activation of p38/JNK MAPK
and JAK2 to decrease ROS formation, and the

15547

these experiments were per-
formed with primary cardio-
myocytes in vitro. Thus, our
observations cannot be fully
speculated to the in vivo envi-
ronment. Secondly, we
focused on only three path-
ways of inducing ROS accu-
mulation, but other pathways
may also have a role. Further
studies are required in the
future.

Conclusion

The most important findings of this study dem-
onstrate the antioxidative activity of spermine
was more advantage over NAC. Spermine could
not only scavenge ROS to decrease HG-induced
cardiomyocytes injury via its natural property,
but also inhibit p38/JNK MAPKs and JAK2
pathways to decline ROS formation. Therefore,
spermine may be a new and effective antioxi-
dant to treat diabetic cardiomyopathy.
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