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Abstract
Background: Diabetes is a serious global health concern which severely affected public health as well as
socio-economic growth worldwide. Scutellarin (SCU), a bioactive �avonol is known for its e�cacious
action against a range of ailments including cardiovascular problems. The present study conducted to
�nd out possible protective effect and its associated mechanisms of SCU on experimental type 2
diabetes-induced cardiac injury.

Methods: Type 2 diabetes was induced by treating animals with high fat diet for 4 weeks and a single
intraperitoneal dose (35 mg/kg body weight) of streptozotocin and diabetic animals received SCU (10 or
20 mg/kg/day) for 6 weeks.

Results: SCU attenuated type 2 diabetes-induced hyperglycemia, body weight loss, hyperlipidemia,
cardiac functional damage with histo-pathological alterations and �brosis. SCU treatment to type 2
diabetic mice exacerbated oxidative stress, in�ammatory status and apoptosis in heart. Furthermore, the
underlying mechanisms for such mitigation of oxidative stress, in�ammation and apoptosis in heart
involved modulation of Nrf2/Keap1 pathway, TLR4/MyD88/NF-κB mediated in�ammatory pathway and
intrinsic (mitochondrial) apoptosis pathway, respectively.

Conclusions: The current �ndings suggest that SCU is effective in protecting type 2 diabetes-induced
cardiac injury by attenuating oxidative stress and in�ammatory responses and apoptosis and it is also
worth considering the e�cacious potential of SCU to treat diabetic cardiomyopathy patients.

1. Introduction
Diabetes is a major global health concern which severely affected public health as well as socio-
economic growth worldwide. As per estimates of International Diabetes Federation, the estimates cases
of diabetes were 451 million in 2017 with unimaginable predicted rise to 693 million by 2045 (Cho et al.,
2018). Diabetes affects multiple organs and tissues and cause complications including cardiovascular
diseases (CVDs) (Melendez-Ramirez et al., 2010). Cardiovascular disease (CVDs) is a chronic disease
with the highest morbidity and mortality (costing 17.9 million deaths every year) across the globe. Even
though the etiology for this occurrence is not fully understood evidence suggests that diabetes has been
considered as prime factor for CVDs (Dunlay et al., 2019).

Diabetes-induced pathological changes in the myocardium are intricate involving biochemical and
molecular alterations in oxidative stress, in�ammation and apoptotic mechanisms of heart and
eventually lead to serious cardiac events (Rajesh et al., 2010; Soares Felício et al., 2016; Boudina and
Abel, 2010; Palazzuoli and Nuti, 2010; Althunibat et al., 2019). Heart being an active organ is under severe
stress during hyperglycemic condition, which after exposure experiences reduction in antioxidant
defenses, elevated free radical’s/lipid peroxidation levels (Althunibat et al., 2019). Previously studies
reported the positive correlation between reactive oxygen species and pro-in�ammatory cytokine levels
which affects left ventricular function (Al-Rasheed et al., 2017; Tschope et al., 2005). Earlier reports also
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highlighted the involvement of ROS in provoking internal (mitochondrial) apoptotic pathway in diabetic
heart (Othman et al., 2017). Additionally, hyperglycemia-mediated oxidative stress instigates
in�ammatory and apoptotic pathways (Roslan et al., 2017; Gong et al., 2019).

On the other hand, Scutellarin (5,6,7,4’-tetrahydroxy�avone-7-O-β-glucuronide), the main component in the
extract of herb Erigeron breviscapus, which has been in traditional Chinese medicine use for decades
mainly for effective actions against brain and heart related ailments (Wang and Ma, 2018). The medical
claim that was attributed to this extract was ant-oxidant activity based on evaluation of many assays
(Wang et al., 2008). In recent years, the focus has been shifted towards �nding the e�cacy and
mechanism of action of Scutellarin (SCU). SCU is well known for its protective potential against
neurotoxicity (Guo et al., 2013), diabetic nephropathy (Xu et al., 2013; Liu et al., 2019), diabetic
retinopathy (Long et al., 2019; Mei et al., 2019), diabetes-induced testicular damage (Long et al., 2015)
and diabetes-induced liver injury (Wang et al., 2020) through its antioxidant (Wu and Jia, 2019) and anti-
in�ammatory (Wang et al., 2016) actions. Previously, studies reported that SCU protects doxorubicin-
induced acute cardiotoxicity (Sun et al., 2017), isopranaline-induced myocardial infarction (Huang et al.,
2018) and ischemia–reperfusion (I/R)-induced myocardial injury (Wang et al., 2016). Also, SCU was
proved to be effective by alleviating interstitial �brosis and cardiac dysfunction of infarct rats (Pan et al.,
2011). Furthermore, preclinical safety evaluation of SCU by acute and sub-acute studies revealed minimal
toxicity or non-toxicity in rodents (Li et al., 2011).

By considering diabetes-induced cardiac complications and SCU safety and e�cacy potential, the present
study is planned and executed to explore possible protective effects and mechanisms of SCU against
cardiac injury in well-established experimental type 2 diabetes (high fat diet/STZ) mice model.

2. Methodology

2.1. Drugs and Chemicals
Scutellarin (SCU) and Streptozotocin (STZ) were selected as the test chemicals for the present study and
purchased from Sigma Chemical Company (St. Louis, MA, USA) and other chemicals (highest grade)
were bought from local commercial suppliers.

2.2. Animals
Adult healthy male Swiss mice (22 ± 03 g) were procured and allowed to acclimatize for 07 days before
being used for the present study. Animals were submitted to ophthalmological and detailed clinical
examination during acclimatization. Also, growth of animals was monitored regularly and the animals
displaying poor growth were not included in the study. The mice were housed in polypropylene cages by
using sterilized corn cob for bedding purpose and allowed ad libitum access to reverse osmosis
autoclaved water and standard rodent feed. The rats were maintained in an automatic controlled well-
controlled laboratory conditions (temperature 23 ± 2°C; 12-hour light and 12-hour dark cycle, humidity 50 
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± 10%). The animal experiment procedure was reviewed and approved by a panel of Institutional Animal
Ethical Committee members.

2.3. Induction of Experimental Type 2 diabetes
To induce experimental type 2 diabetes in mice, animals were supplied with ad libitum access to high fat
diet (58% energy from fat) for four weeks and given a single intraperitoneal injection of STZ (35 mg/kg
body weight) in a citrate buffer of pH 4 (Cai et al., 2019). Later one week of STZ injection, animals
exhibiting hyperglycemia i.e., fasting blood glucose level > 12.5 mmol/L were considered as type 2
diabetic animals and further used for the research.

2.4. Experimental Design
One-week after adaptation period, a total of 40 animals were randomly categorised into four groups of 10
in each of group 1: Normal control group - received vehicle; group 2: type 2 diabetes group; group 3:
diabetic mice received 10 mg Scutellarin/ kg body weight; and group 4: diabetic mice received 20 mg
Scutellarin/ kg body weight mg/kg bw of Scutellarin) for 6 weeks.

Scutellarin was dissolved in 5% DMSO and distilled water (1:9). The dosage of scutellarin was based on
earlier study (Xu et al., 2020).

2.5. Determination of body weight and blood glucose levels
Weekly body weights measured using calibrated weighing balance and fasting blood glucose levels were
monitored once in a week using a glucometer (Accu-Check, Roche, Germany).

2.6. Biochemical analysis
At the end of study, blood samples from the control and experimental mice were withdrawn via
intraocular puncture using mild ether anaesthesia. Blood samples were allowed to clot at room
temperature for atleast 40 minutes and sera were separated by centrifuging samples at 3500 rpm for 15
minutes. The serum concentrations of total cholesterol (TC), triglycerides (TG), high density lipoprotein
(HDL), and low density lipoprotein (LDL) were analyzed using automatic Beckman Coulter analyzer.

Analyses of serum concentrations of CK-MB, Troponin and BNP were based on ELISA kit method. Hearts
were quickly separated after euthanizing animals, blotted free of blood, weighed wet to the nearest
milligram by using an electronic balance and further used for histopathological, biochemical and
molecular analyses. Left cardiac portion was used for biochemical and molecular analyses, while right
cardiac portion was �xed in 10% neutral formalin saline for histopathological studies.

2.7. Histopathology
For histological study, hearts �xed in neutral buffer saline were taken out and trimmed off excessive
tissue, processed in tissue processor with increasing series of alcohol washes, embedded in para�n
blocks, cut into 5 µm thick sections using microtome, and sections were placed on adhesive slides and
stained with Periodic acid-schiff (PAS) and Masson’s trichrome stains. Then, the sections were examined



Page 5/26

under Olympus phase contrast microscope (Tokyo, Japan) and digital images were captured by
microscope camera (Nikon Coolpix 5400, Nikon, Japan).

2.8. Immuno-histochemistry
To perform immunohistochemistry, heart sections from all the animals were depara�nized, rehydration,
antigen retrieved, blocked the endogenous peroxidase activity with 0.3% H2O2 and incubated for 14 hours
at 4°C with primary antibodies (Abcam, Cambridge, MA, USA) such as NRF2, Keap1, IKB β, NFK β, TNF-α,
BCL-2, and Caspase-3 at a dilution of 1:200 in 5% bovine serum albumin. After three PBS washes,
sections were incubated with appropriate secondary antibody for 1 hour and were stained and
counterstained with 3'-Diaminobenzidine and haematoxylin, respectively. Also, negative control was also
kept to ensure antibody speci�city by using normal rabbit serum instead of primary antibody to con�rm
the speci�city.

2.9. Oxidative and anti-oxidative status in the heart
Oxidative stress parameters such as lipid peroxidation products (level of thiobarbuturic acid reactive
substances as a measure of malondialdehyde levels) and protein carbonyls and anti-oxidant enzyme
activities such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione
S-transferase (GST) in 10% heart tissue homogenates samples were measured with commercially
available kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) as per supplier kit protocol.
Protein content in the enzyme source was estimated by Bradford protein assay kit (Sigma Company, St.
Louis, MO, USA).

2.10. Quantitative reverse transcription polymerase chain
reaction (PCR) analysis
Immediately after removing out hearts from control and experimental animals, total RNA was extracted
using Fermentas RNA isolation kit. The purity and the concentration of isolated RNA were quanti�ed with
nanodrop (NanoVue Plus Spectrophotometer, GE Health care Life Sciences, USA) and reverse transcribed
with the help of cDNA synthesis kit. Real Time quantitative PCR was conducted by using SYBR Green
PCR master mix kit (Invitrogen, Karlsruhe, Germany). The relative mRNA expressions of genes were
quanti�ed by normalizing with β-actin. The following primer sets were used for the reactions.

Nrf2 Forward 5’- GAAAAAGAAGTGGGCAACTGTGG-3’;

Reverse 5’- GGTGGGATTTGAGTCTAAGGAGGT-3’;

Keap 1 Forward 5’- TGCCCCTGTGGTCAAAGTG-3’;

Reverse 5’- GGTTCGGTTACCGTCCTGC-3’;

Nqo1 Forward 5’- GGTATTACGATCCTCCCTCAACATC-3’;

Reverse 5’-GAGTACCTCCCATCCTCTCTTCTTC-3’;
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Ho-1 Forward 5’-GAGTGGGGCATAGACTGGGTT-3’;

Reverse 5’-GCTGGTGATGGCTTCCTTGTA-3’;

Tlr4 Forward 5’-TTCATGTCGTGTTCTCATG-3’;

Reverse 5’- TGCGCTCGCATCATGTTC-3’;

MYD88 Forward 5′- GCAAAGAACATGGTCCGATA-3′;

Reverse 5′-CGTCAGTCTGTAGGTATG-3’;

Nf-kb Forward 5’-TCAGGAAGAGGTTTGGATGC-3’;

Reverse 5’-AGCCCCTAATACACGCCTCT-3’;

IκB-α Forward 5’-GGTGTTTGAATGTATTGCTGG-3’;

Reverse 5’- AGGCTGTTTGGCTGAGGT-3’;

IL-6 Forward 5’-GGACCAAGACCATCCAATTC-3’;

Reverse 5’-ACCACAGTGAGGAATGTCCA-3’;

TNF α Forward 5’-GCCTCTTCTCATTCCTGCTTG-3’,

Reverse 5’-CTGATGAGAGGGAGGCCATT-3’;

Bax Forward 5’-CCCAGAGGCGGGGTTTCA-3’;

Reverse 5’-GGAAAAAGACCTCTCGGGGG-3’;

Bcl-2 Forward 5’-TGAACTGGGGGAGGATTGTG-3’;

Reverse 5’-AAATCAAACAGAGGCCGCAT-3’;

Caspase-3 Forward 5’-TGGGTGCTATTGTGAGGCGG-3’;

Reverse 5’-GCACACCCACCGAAAACCAG-3’;

Caspase- 9 Forward 5’- GACTCTTCCTGGTCTTACCATATT-3’;

Reverse 5’- CTGCTATTGCAAGGACCCAATT-3’;

Cyt-c Forward 5’-CGTTGTGCCAGCGACTAAAAA

Reverse 5’-GATTTGGCCCAGTCTTGTGC-3’;
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Parp-1 Forward 5’-GAAGCCACAGCTAGGCATGA-3’;

Reverse 5’-CGCCACTTCATCCACTCCAT-3’;

β-actin Forward 5’ –CCACACCCGCCACCAGTTCG-3’ ;

Reverse 5’-TACAGCCCGGGGAGCATCGT-3’;

2.11. Statistical analysis

Results were expressed as mean ± S.D. of ten determinants. Values of p < 0.05 were considered
statistically signi�cant using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test in
SPSS version 21 (SPSS, Chicago, IL).

3. Results
3.1. Effect of Scutellarin on bodyweight, blood glucose levels and serum lipid pro�le in high fat diet and
low dose of STZ induced diabetic mice

Figure 1A shows the weekly body weights in control and experimental animals. Signi�cant higher (p < 
0.05) in body weights of HFD-fed mice was observed when compared to normal diet fed mice. After
induction of diabetes, signi�cant body weight loss was seen in diabetic mice in comparison to control
mice, while, signi�cant decrease in body weight losses was observed in 10 (p < 0.05) or 20 (p < 0.05) mg
SCU/ kg body weight treated mice when compared to diabetic mice.

The results of this study revealed diabetic mice experienced hyperglycemia through signi�cant (p < 0.05)
rise in FBG levels compared to normal controls. However, FBG levels in diabetic animals treated with SCU
(10 or 20 mg/kg bw) for 6 weeks showed signi�cant (p < 0.05) improvement in the form of decreased
levels of glucose levels when compared to diabetic controls (Fig. 1B).

Lipid metabolic alterations in diabetic mice were evidenced from the study through signi�cant increase in
serum total cholesterol (TC) (p < 0.05) (Fig. 1C), triglycerides (TG) (p < 0.05) (Fig. 1D), LDL (p < 0.05)
(Fig. 1F), and signi�cant reduction in levels of serum HDL (p < 0.05) (Fig. 1E) with respect to control mice.
Whereas, treatment with SCU 10 or 20 mg/kg bw to diabetic mice for 6 weeks signi�cantly (p < 0.05)
curbed the dyslipidemia in diabetic mice.

3.2. Effect of Scutellarin on serum cardiac markers in high fat diet and low dose of STZ induced diabetic
mice

To know the protective effect of SCU against diabetes-mediated cardiac injury, we analyzed the levels of
serum cardiac markers such as Troponin (Fig. 1G), CK-MB (Fig. 1H) and BNP (Fig. 1I) levels. The �ndings
revealed that diabetic mice exhibited cardiomyocyte-injury by signi�cantly (p < 0.05) elevating CK-MB,
Troponin and BNP levels in diabetic mice compared to normal controls. Conversely, SCU (10 or 20
mg/kgbw) administration to diabetic mice for 42 days showed signi�cant (p < 0.05) improvement in
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cardiac function by decreasing CK-MB, Troponin, and BNP levels when compared to only diabetic control
group without SCU treatment.

3.3. Effect of Scutellarin on histopathology of heart in high fat diet and low dose of STZ induced diabetic
mice

Histological analyses of PAS (Fig. 2A) and Masson-trichrome (Fig. 2B) stained sections con�rmed the
cardioprotective effect of SCU in type 2 diabetes-induced myocardial injury. Control mice showed usual
morphological features of heart with normal myocardial �bers. While, the diabetic heart sections showed
extensive damage in myocardium through presence of necrotic myocytes, vacuolation and in�ltration of
in�ammatory cells with interstitial �brosis. However, SCU (10 or 20 mg/kg bw) treatment for 6 weeks
ameliorated diabetes-induced histopathological alterations and myocardial �brosis in heart.

3.4. Effect of Scutellarin on oxidative status in high fat diet and low dose of STZ induced diabetic mice

Herein, diabetic mice exhibited oxidative stress in hearts through signi�cant (p < 0.05) elevation in MDA
(Fig. 3F) and protein carbonyl (Fig. 3E) levels along with signi�cant (p < 0.05) reduction in antioxidant
defence enzyme activities such as SOD (p < 0.05) (Fig. 3A), CAT (Fig. 3B), GPx (Fig. 3C) and GST (Fig. 3D)
compared to respective levels and enzyme activities in hearts of control mice. Nevertheless, these
alterations were attenuated after treating diabetic animals with SCU at doses 10 or 20 mg/kg (p < 0.05)
for 42 days.

To know the molecular mechanisms behind antioxidant property of SCU, a battery of genes and protein
distribution levels were estimated by RT-PCR and immune-histochemsitry, respectively. The results
revealed downregulated mRNA expression of Nrf2 (Fig. 4A), Nqo-1 (Fig. 4C), and Ho-1 (Fig. 4D) with
upregulated Keap1 (Fig. 4B) mRNA expression in diabetic hearts of mice compared to same expression in
normal healthy mice. While, diabetes-induced and SCU-treatment for 42 days signi�cant ameliorated the
alterations observed in antioxidant genes of only diabetic mice hearts.

Furthermore, Immuno-histochemistry studies supported the results of RT-PCR through reduced Nrf2
protein distribution (Fig. 4E), and elevated Keap-1 protein distribution (Fig. 4F) in heart of diabetic mice.
Whereas, 10 or 20 mg/kg bw SCU treatment for 42 days has resulted in an elevated protein distribution of
Nrf2 protein with lessened Keap-1 protein distribution.

3.5. Effect of Scutellarin on in�ammatory markers in cardiac tissue of high fat diet and low dose of STZ
induced diabetic mice

The relative mRNA expression levels of in�ammatory markers such as Tlr4 (Fig. 5A), Myd88 (Fig. 5B), Nf-
κb 1 (Fig. 5C), Il 6 (Fig. 5E) and TNf-α (Fig. 5F) were upregulated and mRNA expression level of IkBβ
(Fig. 5D) was decreased in hearts of HFD/STZ-induced mice when compared with normal control
animals. Conversely, diabetes-induced and SCU (10 or 20mg/kg bw) treated mice showed signi�cant (p < 
0.05) alleviation in expression levels of the selected in�ammatory markers in hearts.
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Additionally, protein distribution levels of NF-Kβ (Fig. 6A) and TNF α (Fig. 6C) were increased and protein
distribution of IkBβ (Fig. 6B) was decreased in immuno-histochemistry sections of diabetic heart when
compared to normal control mice. Conversely, SCU (10 or 20 mg/kg bw) treatment resulted in marked
improvement in in�ammatory protein distribution pro�le.

3.6. Effect of Scutellarin on apoptosis markers in cardiac tissue of high fat diet and low dose of STZ
induced diabetic mice

Apoptotic pro�le was revealed by RT-PCR and immune-histochemistry experiments. There was an
upregulation in gene expression of Bax (Fig. 7A), Cyt-c (Fig. 7C), Caspase-9 (Fig. 7D), Caspase-3 (Fig. 7E)
and Parp 1 (Fig. 7F) and downregulation in gene expression of bcl-2 (Fig. 7B) in cardiac tissue of
hyperglycaemic mice in comparison with normoglycemic i.e., non-diabetic mice. While, either 10 or 20
mg/kg SCU treatment to diabetic mice has shown signi�cant improvement in apoptotic pro�le.

In addition, protein distribution level of pro-apoptotic protein i.e., caspase-3 (Fig. 8A) was increased with
reduction in protein distribution level of Bcl2 (Fig. 8B) in cardiac tissue of diabetic mice. Whereas,
treatment with either 10 or 20 mg/kg SCU resulted in marked improvement in apoptotic status.

4. Discussion
Diabetes-mediated cardiac injury has been considered as a main cause of heart failure and death in
diabetic patients. Epidemiological studies have shown that diabetic patients are exposed to 2- to 5-fold
increased risk of developing cardiac abnormalities compared with non-diabetics. On the other hand,
Phenolic compounds possess cardio-protective potential through its modulatory effects on oxidative
stress and in�ammatory responses involved in cardiovascular diseases. SCU, a well-known polyphenolic
�avonoid, is the major effective ingredient of breviscapine, which is extensively being used in the
treatment of various ailments including cardiovascular diseases (Tang et al., 2014; Zhang et al., 2005).
However, the effect of SCU against type 2 diabetes-induced cardiac complications is still not yet unveiled.
Taking this into consideration, the present study is designed to elucidate the possible role and
mechanisms of SCU in experimentally (HFD/STZ)-induced type 2 diabetes rat model. The results of this
study revealed SCU attenuates type 2 diabetes-induced cardiac complications through its modifying
effects on oxidative stress (Nrf2/Keap1/ARE pathway), in�ammation (TLR4/MyD88/NF-κB pathway)
and apoptosis (mitochondrial-dependent pathway). These �ndings indicate that SCU could be used an
alternative therapy to treat and/or prevent type 2 diabetes-induced diabetic cardiac complications.

The results of present study revealed that weekly body weights of type 2 diabetic mice were signi�cantly
reduced in comparison with counterpart non-diabetic mice suggesting burning up of proteins and fatty
acids as an energy source because of unavailability of carbohydrates for energy needs. The decreased
body weights in diabetic animals were already reported in earlier studies (Al-Rasheed et al., 2017; Al-
Rasheed et al., 2016). While, treatment of diabetic animals with SCU (10 and 20 mg/kg body weight) for 6
weeks has resulted in signi�cant increase in body weights indicating consumption of carbohydrates for
energy needs. The maintenance of high levels of blood glucose is a characteristic feature of type 2
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diabetic animals (Liu et al., 2019; Hudish et al., 2019; Gomez-Banoy et al., 2019). Similarly, the present
�ndings have revealed presence of high levels of blood glucose levels throughout the study in diabetic
animals when compared to that of control animals. However, signi�cant glycemic control was observed
in 10 and 20 mg SCU/ kg bodyweight treated mice in comparison with untreated diabetic mice
demonstrating the hypoglycaemic e�cacy of SCU (Liu et al., 2019).

In type 2 diabetics, the prevalence of hyper-lipidemia is reported (Matsuzaka and Shimano, 2020), which
later leads cardiovascular diseases (Burkhardt, 2019). Under normal biological condition, insulin
stimulates lipoprotein lipase to make fatty acids and glycerol from triglycerides, the formed triglycerides
are stored as fuel or can serve as energy source (Matsuzaka and Shimano, 2020; Burkhardt, 2019). Earlier
it was reported that insulin resistance or its de�ciency, which generally happens during diabetic condition
can inactivate lipoprotein lipase and thereby shoots up triglyceride levels (Quispe et al., 2016). Low
density lipoproteins transport cholesterol from liver to other tissues of body (Ference et al., 2019), and
high density lipoproteins transport endogenous cholesterol from other tissues to liver for metabolization
and excretion (Trajkovska and Topuzovska, 2017). In the present investigation, alterations in lipid
metabolism of diabetic mice are evidenced by signi�cant increase in serum total cholesterol, LDL, and
triglycerides, and signi�cant decrease in the levels of HDL when compared with non-diabetic mice.
Considering the fact that hyperlipidemia increases the risk of diabetes-mediated cardiovascular
compications, control of dyslipidemia is a key to protect cardiovascular health (Warraich and Rana,
2018). Earlier it was scienti�cally proved that polyphenols are effective in lowering serum lipids thereby
prevent the development of cardiac diseases and its complications (Cheng et al., 2017; Othman et al.,
2017). However, in this study administration of 10 or 20 mg SCU/ kg bw for 6 weeks curbed the lipid
metabolic alterations in diabetic mice, which is an indication of hypolipidemic action of SCU. The results
are well supported by observations of Liu et al. (2019) who reported alleviation of dyslipidemia in db/db
mice after treating animals with SCU.

Evaluation of cardiac functional biomarkers has been considered as a powerfool tool to �nd out cardiac
injury and institute therapy to myocardial damage. Analysis of serum cardiac injury biomarkers such as
CK-MB, troponin and BNP is of utmost important as myocardial damage leaks these biomarkers into
bloodstream (Aydin et al., 2019; Jacon and Khan, 2018). In the present study, myocardial damage in
diabetic mice is evidenced from increased levels of CK-MB, troponin and BNP in serum. Similar increase
in serum levels of CK-MB, troponin and BNP in serum was earlier reported in diabetic animals (Zhang et
al., 2019). Alleviation of myocardial damage by means of signi�cant decrease in serum levels of CK-MB,
troponin, and BNP was observed in diabetic mice treated with SCU (10 and 20 mg/kg bw) compared to
only diabetic mice demonstrating cardio-protective potential of SCU. Considering the role of lipid
metabolic alterations in aggravating diabetes heart injury (Al Hroob et al., 2019), the cardio-protective
potential of SCU could be attributed to its anti-hyperlipidemic effect. Earlier it was also reported that
brevicapine treatment results in reversal of cardiac dysfunction in diabetic cardiamyopathy rats (Wang et
al., 2010).
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A large number of scienti�c evidances pointed out that oxidative stress phenomenon plays a signi�cant
role in the development of type 2 diabetes-induced complications including cardiac complications (Zych
et al., 2019; Bigagli and Lodovici, 2019). Oxidative stress occurs when there is an overproduction of pro-
oxidants relative to antioxidant defences (Shari�-Rad et al., 2020). In hyperglycaemic condition, an
increased mitochondrial glucose oxidation results in release of large amount of reactive oxygen species
into cytoplasm thereby ROS outweighs the antioxidant defences, and the resulting oxidative stress can
negatively impact the cardiomyocytes (Pitocco et al., 2013). In this study, increased levels of levels of
MDA and protein carbonyls and decreased activities of antioxidant enzymes such as SOD, CAT, GPx and
GST were observed indicating elevated oxidative stress in cardiac tissues of diabetic mice. The �ndings
are in consonance with the earlier study of Althunibat et al. (2019), who reported elevated levels of MDA
and protein carbonyls with reduced activities of antioxidant defenses in diabetic heart. Conversely,
diabetic mice treated with SCU (10 or 20 mg/kg body weight) presented with attenuated oxidative stress
and boosted antioxidant defence system when compared to only diabetic animals without SCU
treatment. In agreement with this, SCU amerliorated ISO-induced myocardial infarction through marked
improvement in antioxidant defence system and reduction in oxidative status (Huang et al., 2018).

Additionally, we suspected activation of other cytoprotective proteins might be helping in antioxidant
potential of SCU. In this context, Nuclear factor erythroid 2-related factor 2 (Nrf2), a ubiquitous
transcriptional factor presents in present in various organs and tissues including heart (Chen et al., 2018)
which is involved in the regulation of various antioxidant defenses to protect against oxidative damage
(AL Haithloul et al., 2019; Jimenez et al., 2018). During normal biological conditions, Nrf2 is tightly
coupled by Keap1 (Kelch-like ECH-associated protein 1) in the cytoplasm, which facilitates its
proteosomal degradation (Furukawa and Xiong, 2005). Under stimulated conditions, Nrf2 uncouples from
Keap-1 and translocates to nucleus to activate various genes to protect cells against oxidative stress
(Taguchi et al., 2011). In the current study, gene and protein distribution analyses of Nrf-2/Keap-1
signalling pathway by RT-PCR and immune-histochemistry, respectively, revealed that signi�cant down
regulation of Nrf2 (mRNA and protein), Nqo-1 (mRNA), and Ho-1(mRNA) genes and upregulation of
Keap1 (mRNA and protein) were observed in cardiac tissue of diabetic mice. The present �ndings are in
line with earlier reports of Wen et al. (2019). Interestingly, the current study results also revealed an
upregulated gene (Nrf2, Nqo-1 and Ho-1) and protein (Nrf2) expression with downregulated Keap-1 mRNA
and protein expression in diabetic mice treated with 10 or 20 mg SCU/kg body weight in comparison with
only diabetic mice. In accordance, SCU showed reno-protective effects in db/db mice through modulation
of Nrf2/HO-1 signaling pathway (Liu et al., 2019). These �ndings suggest that SCU can attenuate
diabetes-induced cardiac injury through attenuation of oxidative stress and boosting of antioxidant
defense system.

Several studies have claimed a strong correlation between oxidative stress and in�ammation, which have
been considered as critical mediators in the pathogenesis of cardiac injury in diabetes (Althunibat et al.,
2019; Roslan et al., 2017). Among the various in�ammatory pathways, TLR-mediated NF-kB pathway
plays a pivotal role in the regulation of in�ammatory responses (Hu et al., 2020; Shen et al., 2020). Upon
activation, TLR signalling is carried through myeloid differentiation primary-response protein 88 (MyD88)
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and inhibitor-kB (IkB) kinase, which degrades inhibitor of NF-kB i.e., Inhibitor-κB (IκB), thereby translocate
NF-kB into nuclueus to activate various in�ammatory cytokines including IL-6 and TNF- α (Suryavanshi
and Kulkarni, 2017). In this study, the relative mRNA expression and protein distribution of in�ammatory
mediators (mRNA expression: Tlr4, Myd88 and NF-kB; protein distribution: NF-kB) and in�ammatory
cytokines (mRNA expression: IL-6 and TNF- α; protein distribution: TNF- α) were elevated with reduced
mRNA expression and protein distribution of in�ammatory inhibitor i.e., IkB in cardiac tissue of type 2
diabetic mice. Previously, studies also demonstrated the involvement of TLR4/MYD88/NF-kB signaling
pathway in provoking in�ammation and cardiac injury to promote in�ammation and cardiac injury in
diabetic animals (Youssef et al., 2021; Lu et al., 2021). In contrast, treatment of diabetic mice SCU (10 or
20mg/kgbw) for 42 days resulted in signi�cant attenuation in mRNA expression and protein distribution
levels of selected in�ammatory markers. Supporting to this data, earlier Huang et al. (2018) reported the
anti-in�ammatory effect of SCU through its inhibition of NF-kB translocation from cytoplasm to nucleus
and by reducing in�ammatory cytokine levels. These results indicate the anti-in�ammatory action of SCU
through its suppression of TLR4/MyD88/NF-κB pathway, thereby limiting the in�ammatory responses.

Plethora of scienti�c evidences revealed that several mechanisms including oxidative stress and
in�ammation instigate apoptosis (Althunibat et al., 2019; Gong et al., 2019). The activation of apoptosis
involves sequence of events such as promotion of pro-apoptotic factors (Bax), deactivation anti-
apoptotic proteins (Bcl2), destabilization of mitochondrial membrane, leakage of cytochrome c (cyt c)
and further activation of caspase 9, caspase 3 and Parp1, which eventually end up in cell by activating
caspase-3-activated DNase-mediated DNA fragmentation (Alari� et al., 2017; Yang et al., 2017). Type 2
diabetic mice in this study showed upregulated mRNA expression of apoptotic factors such as Bax, cyt c,
caspase 9, caspase 3 and Parp1 with downregulated expression of Bcl2 in cardiac tissue. Gene
expression studies were also re�ected in immune-histochemistry studies through an increased protein
distribution of caspase-3 and decreased protein distribution of Bcl2 in cardiac tissue of diabetic mice.
The observations in the present study are in agreement with earlier �ndings (Lu et al., 2021; Badalzadeh
et al., 2015). SCU (10 or 20 mg/kg body weight) downregulated Bax, cyt-c, caspase-9, caspase-3 and
parp-1 and increased Bcl2 in diabetic heart. This anti-apoptotic effect of �setin against hyperglycemia-
mediated activation of the mitochondrial pathways of apoptosis was supported by previous in vivo
studies. Previously studies reported the anti-apoptotic protective effect of SCU against I/R (In vitro) and
ISO (In vivo)-induced myocardial injury (Wang et al., 2016; Huang et al., 2018).

Additionally, supporting biochemical and molecular alterations observed in this study, the diabetic heart
sections showed extensive damage in the myocardium by means of necrosis, vacuolation and in�ltration
of in�ammatory cells. Additionally, interstitial �brosis was observed in cardiac muscle �bres of HFD/STZ-
induced mice. The observed hisopathological changes are supported earlier studies reporting histological
and �brotic changes in diabetic heart (Al-Rasheed et al., 2017; Othman ett al., 2017). While, SCU treatment
minimised pathological changes in myocardium and attenuated myocardial �brosis in diabetic animals.
Earlier reports also observed amelioration of histopathological alterations and �brosis after treating
diabetic animals with SUC (Huang et al., 2017; Zhou et al., 2014; Pan et al., 2011). The observed effects
might be due to its anti-oxidant, anti-in�amamtory and anti-apoptotic potential of SCU.
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In conclusion, type 2 diabetes (HFD/STZ)- induced cardiac injury through signi�cant alterations in
metabolic parameters, lipid pro�le, cardiac functional parameters, oxidative and anti-oxidative status,
in�ammatory mediators and effectors and apoptotic pro�le. Moreover, treatment of type 2 diabetic mice
with SCU at dose levels of 10 and 20 mg/kg body weight signi�cantly attenuated metabolic, lipidemic
and cardiac functionality markers. Furthermore, the perturbations occurred in oxidative stress,
in�ammation and apoptosis in type 2 diabetic heart were effectively attenuated by SCU due to activation
of Nrf2/Keap1/ARE pathway and suppression of TLR/MYD88/NF-kB pathway and mitochondrial
apoptotic pathway, respectively. However, clinically relevant translational studies are further warranted to
further validate the e�cacy of SCU for the treatment and/or prevention of diabetes-induced cardiac injury.

Declarations
Acknowledgements

The authors would like to thank all the research staff of Xuzhou Medical University, the Second People's
Hospital in Kashgar, the First People's Hospital in Kashgar and Heilongjiang University of Traditional
Chinese Medicine who worked on this research. 

Authors’ contributions

YH, AM and RQ designed that study and critical revision of the manuscript for important intellectual
content. YH, AM, RC, Abudukadier.Mijiti and ZG carried out the laboratory analysis. ZG, MA and ZW
analyzed the data and interpretation. YH and AM wrote the �rst draft of the manuscript. RQ editing �nal
manuscript and funding. All authors contributed to the �nal version of the manuscript. All authors read
and approved the �nal manuscript.

Funding

This research was supported by grants First A�liated Hospital of Heilongjiang University of Traditional
Chinese Medicine (Grant No. 24587)

Availability of data and materials

Not applicable.

Ethics approval and consent to participate

The study was approved by the Ethics Committee of First A�liated Hospital of Heilongjiang University of
Traditional Chinese Medicine (No. DXBY2020).  

Consent for publication

No personal data is noted herein.



Page 14/26

Competing interests

The authors declare that they have no con�ict of interest.

Author details

1Department of Endocrinology, Xuzhou Municipal Hospital A�liated to Xuzhou Medical University,
Xuzhou Jiangsu, 221000, China

2Department of Cardiac electrophysiology group the Second People's Hospital in Kashgar, Kashgar,
Xinjiang, 844000, China

3Department of Emergency Medicine, The First People's Hospital in Kashgar, Kashgar,Xinjiang, 844000,
China

4Department of Emergency, First A�liated Hospital of Heilongjiang University of Traditional Chinese
Medicine, Haerbin, Heilongjiang, 150040, China

References
Al Hroob, A.M., Abukhalil, M.H., Hussein, O.E. and Mahmoud, A.M., 2019. Pathophysiological mechanisms
of diabetic cardiomyopathy and the therapeutic potential of epigallocatechin-3-gallate. Biomedicine &
Pharmacotherapy, 109, pp.2155-2172.

Alari�, S., Ali, H. and Saad Alkahtani, M.S.A., 2017. Regulation of apoptosis through bcl-2/bax proteins
expression and DNA damage by nano-sized gadolinium oxide. International journal of nanomedicine, 12,
p.4541.

ALHaithloul, H.A., Alotaibi, M.F., Bin-Jumah, M., Elgebaly, H. and Mahmoud, A.M., 2019. Olea europaea
leaf extract up-regulates Nrf2/ARE/HO-1 signaling and attenuates cyclophosphamide-induced oxidative
stress, in�ammation and apoptosis in rat kidney. Biomedicine & Pharmacotherapy, 111, pp.676-685.

Al-Rasheed, N.M., Al-Rasheed, N.M., Hasan, I.H., Al-Amin, M.A., Al-Ajmi, H.N. and Mahmoud, A.M., 2016.
Sitagliptin attenuates cardiomyopathy by modulating the JAK/STAT signaling pathway in experimental
diabetic rats. Drug design, development and therapy, 10, p.2095.

Al-Rasheed, N.M., Al-Rasheed, N.M., Hasan, I.H., Al-Amin, M.A., Al-Ajmi, H.N., Mohamad, R.A. and
Mahmoud, A.M., 2017. Simvastatin ameliorates diabetic cardiomyopathy by attenuating oxidative stress
and in�ammation in rats. Oxidative medicine and cellular longevity, 2017.

Althunibat, O.Y., Al Hroob, A.M., Abukhalil, M.H., Germoush, M.O., Bin-Jumah, M. and Mahmoud, A.M.,
2019. Fisetin ameliorates oxidative stress, in�ammation and apoptosis in diabetic cardiomyopathy. Life
sciences, 221, pp.83-92.



Page 15/26

Aydin, S., Ugur, K., Aydin, S., Sahin, İ. and Yardim, M., 2019. Biomarkers in acute myocardial infarction:
current perspectives. Vascular health and risk management, 15, p.1.

Badalzadeh, R., Mokhtari, B. and Yavari, R., 2015. Contribution of apoptosis in myocardial reperfusion
injury and loss of cardioprotection in diabetes mellitus. The Journal of Physiological Sciences, 65(3),
pp.201-215.

Bigagli, E. and Lodovici, M., 2019. Circulating oxidative stress biomarkers in clinical studies on type 2
diabetes and its complications. Oxidative medicine and cellular longevity, 2019.

Burkhardt, R., 2019. Hyperlipidemia and cardiovascular disease: new insights on lipoprotein (a). Current
opinion in lipidology, 30(3), pp.260-261.

Cai, H., Chen, S., Liu, J. and He, Y., 2019. An attempt to reverse cardiac lipotoxicity by aerobic interval
training in a high-fat diet-and streptozotocin-induced type 2 diabetes rat model. Diabetology & metabolic
syndrome, 11(1), p.43.

Chen, Q.M. and Maltagliati, A.J., 2018. Nrf2 at the heart of oxidative stress and cardiac
protection. Physiological Genomics, 50(2), pp.77-97.

Cheng, Y.C., Sheen, J.M., Hu, W.L. and Hung, Y.C., 2017. Polyphenols and oxidative stress in
atherosclerosis-related ischemic heart disease and stroke. Oxidative medicine and cellular
longevity, 2017.

Cho, N. H. et al. IDF Diabetes atlas: global estimates of diabetes prevalence for 2017 and projections for
2045. Diabetes Res. Clin. Pract. 138, 271–281 (2018).

Dunlay, S.M., Givertz, M.M., Aguilar, D., Allen, L.A., Chan, M., Desai, A.S., Deswal, A., Dickson, V.V.,
Kosiborod, M.N., Lekavich, C.L. and McCoy, R.G., 2019. Type 2 Diabetes Mellitus and Heart Failure: A
Scienti�c Statement From the American Heart Association and the Heart Failure Society of America: This
statement does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline
update. Circulation, 140(7), pp.e294-e324.

Ference, B.A., Kastelein, J.J., Ray, K.K., Ginsberg, H.N., Chapman, M.J., Packard, C.J., Laufs, U., Oliver-
Williams, C., Wood, A.M., Butterworth, A.S. and Di Angelantonio, E., 2019. Association of triglyceride-
lowering LPL variants and LDL-C–lowering LDLR variants with risk of coronary heart disease. Jama,
321(4), pp.364-373.

Furukawa, M. and Xiong, Y., 2005. BTB protein Keap1 targets antioxidant transcription factor Nrf2 for
ubiquitination by the Cullin 3-Roc1 ligase. Molecular and cellular biology, 25(1), pp.162-171.

Gómez-Banoy, N., Guseh, J.S., Li, G., Rubio-Navarro, A., Chen, T., Poirier, B., Putzel, G., Rosselot, C., Pabón,
M.A., Camporez, J.P. and Bhambhani, V., 2019. Adipsin preserves beta cells in diabetic mice and
associates with protection from type 2 diabetes in humans. Nature medicine, 25(11), pp.1739-1747.



Page 16/26

Gong, D.J., Wang, L., Yang, Y.Y., Zhang, J.J. and Liu, X.H., 2019. Diabetes aggravates renal ischemia and
reperfusion injury in rats by exacerbating oxidative stress, in�ammation, and apoptosis. Renal
failure, 41(1), pp.750-761.

Guo, L.L., Guan, Z.Z., Huang, Y., Wang, Y.L. and Shi, J.S., 2013. The neurotoxicity of β-amyloid peptide
toward rat brain is associated with enhanced oxidative stress, in�ammation and apoptosis, all of which
can be attenuated by scutellarin. Experimental and Toxicologic Pathology, 65(5), pp.579-584.

Hu, N., Wang, C., Dai, X., Zhou, M., Gong, L., Yu, L., Peng, C. and Li, Y., 2020. Phillygenin inhibits LPS-
induced activation and in�ammation of LX2 cells by TLR4/MyD88/NF-κB signaling pathway. Journal of
ethnopharmacology, 248, p.112361.

Huang, H., Geng, Q., Yao, H., Shen, Z., Wu, Z., Miao, X. and Shi, P., 2018. Protective effect of scutellarin on
myocardial infarction induced by isoprenaline in rats. Iranian journal of basic medical sciences, 21(3),
p.267.

Hudish, L.I., Reusch, J.E. and Sussel, L., 2019. β Cell dysfunction during progression of metabolic
syndrome to type 2 diabetes. The Journal of clinical investigation, 129(10), pp.4001-4008.

Jacob, R. and Khan, M., 2018. Cardiac biomarkers: what is and what can be. Indian journal of
cardiovascular disease in women WINCARS, 3(4), p.240.

Jimenez, R., Toral, M., Gómez-Guzmán, M., Romero, M., Sanchez, M., Mahmoud, A.M. and Duarte, J.,
2018. The role of Nrf2 signaling in PPARβ/δ-mediated vascular protection against hyperglycemia-induced
oxidative stress. Oxidative medicine and cellular longevity, 2018.

Li, X., Wang, L., Li, Y., Bai, L. and Xue, M., 2011. Acute and subacute toxicological evaluation of scutellarin
in rodents. Regulatory Toxicology and Pharmacology, 60(1), pp.106-111.

Liu, Y., Wang, J., Zhang, X., Wang, L., Hao, T., Cheng, Y. and Wang, D., 2019. Scutellarin exerts
hypoglycemic and renal protective effects in db/db mice via the Nrf2/HO-1 signaling pathway. Oxidative
medicine and cellular longevity, 2019.

Long, L., Li, Y., Yu, S., Li, X., Hu, Y., Long, T., Wang, L., Li, W., Ye, X., Ke, Z. and Xiao, H., 2019. Scutellarin
prevents angiogenesis in diabetic retinopathy by downregulating VEGF/ERK/FAK/Src pathway
signaling. Journal of diabetes research, 2019.

Long, L., Wang, J., Lu, X., Xu, Y., Zheng, S., Luo, C. and Li, Y., 2015. Protective effects of scutellarin on type
II diabetes mellitus-induced testicular damages related to reactive oxygen species/Bcl-2/Bax and reactive
oxygen species/microcirculation/staving pathway in diabetic rat. Journal of diabetes research, 2015.

Lu, Q., Zheng, R., Zhu, P., Bian, J., Liu, Z. and Du, J., 2021. Hinokinin alleviates high fat diet/streptozotocin-
induced cardiac injury in mice through modulation in oxidative stress, in�ammation and
apoptosis. Biomedicine & Pharmacotherapy, 137, p.111361.



Page 17/26

Lu, Q., Zheng, R., Zhu, P., Bian, J., Liu, Z. and Du, J., 2021. Hinokinin alleviates high fat diet/streptozotocin-
induced cardiac injury in mice through modulation in oxidative stress, in�ammation and
apoptosis. Biomedicine & Pharmacotherapy, 137, p.111361.

Matsuzaka, T. and Shimano, H., 2020. New perspective on type 2 diabetes, dyslipidemia and non‐
alcoholic fatty liver disease. Journal of diabetes investigation, 11(3), pp.532-534.

Mei, X., Zhang, T., Ouyang, H., Lu, B., Wang, Z. and Ji, L., 2019. Scutellarin alleviates blood-retina-barrier
oxidative stress injury initiated by activated microglia cells during the development of diabetic
retinopathy. Biochemical pharmacology, 159, pp.82-95.

Melendez-Ramirez, L.Y., Richards, R.J. and Cefalu, W.T., 2010. Complications of type 1
diabetes. Endocrinology and Metabolism Clinics, 39(3), pp.625-640.

Othman, A.I., El-Sawi, M.R., El-Missiry, M.A. and Abukhalil, M.H., 2017. Epigallocatechin-3-gallate protects
against diabetic cardiomyopathy through modulating the cardiometabolic risk factors, oxidative stress,
in�ammation, cell death and �brosis in streptozotocin-nicotinamide-induced diabetic rats. Biomedicine &
Pharmacotherapy, 94, pp.362-373.

Pan, Z., Zhao, W., Zhang, X., Wang, B., Wang, J., Sun, X., Liu, X., Feng, S., Yang, B. and Lu, Y., 2011.
Scutellarin alleviates interstitial �brosis and cardiac dysfunction of infarct rats by inhibiting TGFβ1
expression and activation of p38‐MAPK and ERK1/2. British journal of pharmacology, 162(3), pp.688-
700.

Pitocco, D., Tesauro, M., Alessandro, R., Ghirlanda, G. and Cardillo, C., 2013. Oxidative stress in diabetes:
implications for vascular and other complications. International journal of molecular sciences, 14(11),
pp.21525-21550.

Quispe, R., Martin, S.S. and Jones, S.R., 2016. Triglycerides to high-density lipoprotein–cholesterol ratio,
glycemic control and cardiovascular risk in obese patients with type 2 diabetes. Current Opinion in
Endocrinology, Diabetes and Obesity, 23(2), pp.150-156.

Rajesh, M., Mukhopadhyay, P., Bátkai, S., Patel, V., Saito, K., Matsumoto, S., Kashiwaya, Y., Horváth, B.,
Mukhopadhyay, B., Becker, L. and Haskó, G., 2010. Cannabidiol attenuates cardiac dysfunction, oxidative
stress, �brosis, and in�ammatory and cell death signaling pathways in diabetic cardiomyopathy. Journal
of the American College of Cardiology, 56(25), pp.2115-2125.

Roslan, J., Giribabu, N., Karim, K. and Salleh, N., 2017. Quercetin ameliorates oxidative stress,
in�ammation and apoptosis in the heart of streptozotocin-nicotinamide-induced adult male diabetic
rats. Biomedicine & Pharmacotherapy, 86, pp.570-582.

Boudina, E.D. Abel, Diabetic cardiomyopathy, causes and effects, Rev. Endocr. Metab. Disord. 11 (2010)
31–39.



Page 18/26

Shari�-Rad, M., Anil Kumar, N.V., Zucca, P., Varoni, E.M., Dini, L., Panzarini, E., Rajkovic, J., Tsouh Fokou,
P.V., Azzini, E., Peluso, I. and Prakash Mishra, A., 2020. Lifestyle, oxidative stress, and antioxidants: Back
and forth in the pathophysiology of chronic diseases. Frontiers in physiology, 11, p.694.

Shen, Z., Yang, C., Zhu, P., Tian, C. and Liang, A., 2020. Protective effects of syringin against oxidative
stress and in�ammation in diabetic pregnant rats via TLR4/MyD88/NF-κB signaling
pathway. Biomedicine & Pharmacotherapy, 131, p.110681.

Soares Felício, J., Cavalcante Koury, C., Tavares Carvalho, C., Felício Abrahão Neto, J., Barbosa Miléo, K.,
Pontes Arbage, T., Dias Silva, D., Ferreira de Oliveira, A., Soares Peixoto, A., Bentes Figueiredo, A. and Kely
Campos Ribeiro dos Santos, A., 2016. Present insights on cardiomyopathy in diabetic patients. Current
diabetes reviews, 12(4), pp.384-395.

Sun, X.P., Wan, L.L., Yang, Q.J., Huo, Y., Han, Y.L. and Guo, C., 2017. Scutellarin protects against
doxorubicin-induced acute cardiotoxicity and regulates its accumulation in the heart. Archives of
pharmacal research, 40(7), pp.875-883.

Suryavanshi, S.V. and Kulkarni, Y.A., 2017. NF-κβ: a potential target in the management of vascular
complications of diabetes. Frontiers in pharmacology, 8, p.798.

Taguchi, K., Motohashi, H. and Yamamoto, M., 2011. Molecular mechanisms of the Keap1–Nrf2 pathway
in stress response and cancer evolution. Genes to cells, 16(2), pp.123-140.

Tang, H., Tang, Y., Li, N., Shi, Q., Guo, J., Shang, E. and Duan, J.A., 2014. Neuroprotective effects of
scutellarin and scutellarein on repeatedly cerebral ischemia–reperfusion in rats. Pharmacology
Biochemistry and Behavior, 118, pp.51-59.

Trajkovska, K.T. and Topuzovska, S., 2017. High-density lipoprotein metabolism and reverse cholesterol
transport: strategies for raising HDL cholesterol. Anatolian journal of cardiology, 18(2), p.149.

Tschope, C., Walther, T., Escher, F., Spillmann, F., Du, J., Altmann, C., Schimke, I., Bader, M., Sanchez‐Ferrer,
C.F., Schultheiss, H.P. and Noutsias, A.M., 2005. Transgenic activation of the kallikrein‐kinin system
inhibits intramyocardial in�ammation, endothelial dysfunction, and oxidative stress in experimental
diabetic cardiomyopathy. The FASEB journal, 19(14), pp.2057-2059.

Wang, L. and Ma, Q., 2018. Clinical bene�ts and pharmacology of scutellarin: a comprehensive
review. Pharmacology & therapeutics, 190, pp.105-127.

Wang, M., C. Xie, R.L. Cai, X.H. Li, X.Z. Luo and Y. Qi. Studies on antioxidant activities of breviscapine in
the cell-free system. Am. J. Chin. Med. 36: 1199–1207, 2008.

Wang, M., Zhang, W.B., Zhu, J.H., Fu, G.S. and Zhou, B.Q., 2010. Breviscapine ameliorates cardiac
dysfunction and regulates the myocardial Ca 2+-cycling proteins in streptozotocin-induced diabetic
rats. Acta diabetologica, 47(1), pp.209-218.



Page 19/26

Wang, Y., Fan, X., Fan, B., Jiang, K., Zhang, H., Kang, F., Su, H., Gu, D., Li, S. and Lin, S., 2020. Scutellarin
Reduce the Homocysteine Level and Alleviate Liver Injury in Type 2 Diabetes Model. Frontiers in
Pharmacology, 11, p.2079.

Wang, Z., Yu, J., Wu, J., Qi, F., Wang, H., Wang, Z. and Xu, Z., 2016. Scutellarin protects cardiomyocyte
ischemia–reperfusion injury by reducing apoptosis and oxidative stress. Life sciences, 157, pp.200-207.

Wang, Z., Yu, J., Wu, J., Qi, F., Wang, H., Wang, Z. and Xu, Z., 2016. Scutellarin protects cardiomyocyte
ischemia–reperfusion injury by reducing apoptosis and oxidative stress. Life sciences, 157, pp.200-207.

Warraich, H.J. and Rana, J.S., 2018. Diabetic dyslipidemia: Epidemiology and prevention of
cardiovascular disease and implications of newer therapies. Current cardiology reports, 20(12), pp.1-7.

Wen, W., Lin, Y. and Ti, Z., 2019. Antidiabetic, antihyperlipidemic, antioxidant, anti-in�ammatory activities
of ethanolic seed extract of Annona reticulata L. in streptozotocin induced diabetic rats. Frontiers in
endocrinology, 10, p.716.

Wu, H. and Jia, L., 2019. Scutellarin attenuates hypoxia/reoxygenation injury in hepatocytes by inhibiting
apoptosis and oxidative stress through regulating Keap1/Nrf2/ARE signaling. Bioscience reports, 39(11).

Xu, L.J., Chen, R.C., Ma, X.Y., Zhu, Y., Sun, G.B. and Sun, X.B., 2020. Scutellarin protects against
myocardial ischemia-reperfusion injury by suppressing NLRP3 in�ammasome
activation. Phytomedicine, 68, p.153169.

Xu, X.X., Zhang, W., Zhang, P., Qi, X.M., Wu, Y.G. and Shen, J.J., 2013. Superior renoprotective effects of
the combination of breviscapine with enalapril and its mechanism in diabetic
rats. Phytomedicine, 20(10), pp.820-827.

Yang, Y., Zong, M., Xu, W., Zhang, Y., Wang, B., Yang, M. and Tao, L., 2017. Natural pyrethrins induces
apoptosis in human hepatocyte cells via Bax-and Bcl-2-mediated mitochondrial pathway. Chemico-
biological interactions, 262, pp.38-45.

Youssef, M.E., Abdelrazek, H.M. and Moustafa, Y.M., 2021. Cardioprotective role of GTS-21 by attenuating
the TLR4/NF-κB pathway in streptozotocin-induced diabetic cardiomyopathy in rats. Naunyn-
Schmiedeberg's Archives of Pharmacology, 394(1), pp.11-31.

Zhang, L., Guo, Z., Wang, Y., Geng, J. and Han, S., 2019. The protective effect of kaempferol on heart via
the regulation of Nrf2, NF‐κβ, and PI3K/Akt/GSK‐3β signaling pathways in isoproterenol‐induced heart
failure in diabetic rats. Drug development research, 80(3), pp.294-309.

Zhou, H., Chen, X., Chen, L., Zhou, X., Zheng, G., Zhang, H., Huang, W. and Cai, J., 2014. Anti-�brosis effect
of scutellarin via inhibition of endothelial–mesenchymal transition on isoprenaline-induced myocardial
�brosis in rats. Molecules, 19(10), pp.15611-15623.



Page 20/26

Zhu, L., Wei, T., Gao, J., Chang, X., He, H., Luo, F., Zhou, R., Ma, C., Liu, Y. and Yan, T., 2015. The
cardioprotective effect of salidroside against myocardial ischemia reperfusion injury in rats by inhibiting
apoptosis and in�ammation. Apoptosis, 20(11), pp.1433-1443.

Zych, M., Wojnar, W., Borymski, S., Szałabska, K., Bramora, P. and Kaczmarczyk-Sedlak, I., 2019. Effect of
rosmarinic acid and sinapic acid on oxidative stress parameters in the cardiac tissue and serum of type 2
diabetic female rats. Antioxidants, 8(12), p.579.

Figures

Figure 1

Effect of Scutellarin on body weight, heart weight, serum lipid pro�le and serum cardiac markers in high
fat diet and low dose of STZ induced diabetic mice. (A): Bodyweight; (B): Blood glucose levels; (C) Total
Cholesterol (TC) (D): Triglyceride (TG). (E): High density lipoprotein (HDL); (F): Low density lipoprotein
(LDL); (G): Troponin; (H): Creatinekinase-MB (CK-MB); (I): Brain natriuretic peptide (BNP). NC: Normal
control mice; DM: Diabetes mellitus; DM+10 Scutellarin: Diabetic mice treated with 10 mg/kg/bw of
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Scutellarin; DM+20 Scutellarin: Diabetic mice treated with 20 mg/kg/bw of Scutellarin. Data are Mean ±
SEM (n=6). * p < 0.05 versus NC, and # p < 0.05 versus DM.

Figure 2

Effect of Scutellarin on histopathological changes in high fat diet and low dose of STZ induced diabetic
mice. (A): Periodic acid-schiff (PAS); (B): Masson trichrome. NC: Normal control mice; DM: Diabetes
mellitus; DM+10 Scutellarin : Diabetic mice treated with 10mg/kg/bw of Scutellarin; DM+20 Scutellarin:
Diabetic mice treated with 20mg/kg/bw of Scutellarin. Scale bar: 100µm. Magni�cation: 40X.  



Page 22/26

Figure 3

Effect of Scutellarin on oxidative stress and antioxidant enzyme levels in cardiac tissue of high fat diet
and low dose of STZ induced diabetic mice. (A): SOD; (B): CAT; (C): GPx; (D): GST; (E): Protein carbonyl;
(F): Lipid peroxidation products malondialdehyde (MDA). NC: Normal control mice; DM: Diabetes mellitus;
DM+10 Scutellarin : Diabetic mice treated with 10mg/kg/bw of Scutellarin; DM+20 Scutellarin: Diabetic
mice treated with 20 mg/kg/bw of Scutellarin. Data are Mean ± SEM (n = 6). *p < 0.05 versus NC, and
^p < 0.05 versus DM.

Figure 4

Effect of Scutellarin on relative mRNA expression of antioxidant enzymes in high fat diet and low dose of
STZ induced diabetic mice. Relative mRNA expression of (A): Nrf2; (B): Keap 1; (C): Nqo1; (D): Ho-1; (E):
Immunostaining of NRF2; (F): Keap1. NC: Normal control mice; DM: Diabetes mellitus; DM+10 Scutellarin
: Diabetic mice treated with 10mg/kg/bw of Scutellarin; DM+20 Scutellarin: Diabetic mice treated with
20mg/kg/bw of Scutellarin. Data are Mean ± SEM (n = 6). *p < 0.05 versus NC, and ^p < 0.05 versus DM.
Scale bar: 100µm. Magni�cation: 40X.
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Figure 5

Effect of Scutellarin on in�ammatory markers in cardiac tissue of high fat diet and low dose of STZ
induced diabetic mice. mRNA expression of (A): Tlr4, (B): Myd88; (C): Nf-kb1; (D): Ikbβ; (E): Il-6; (F): TNF-α.
NC: Normal control mice; DM: Diabetes mellitus; DM+10 Scutellarin : Diabetic mice treated with
10mg/kg/bw of Scutellarin; DM+20 Scutellarin: Diabetic mice treated with 20mg/kg/bw of Scutellarin.
Data are Mean ± SEM (n = 6). *p < 0.05 versus NC, and ^p < 0.05 versus DM.
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Figure 6

Effect of Scutellarin on in�ammatory markers in cardiac tissue of high fat diet and low dose of STZ
induced diabetic mice. Immunostaining of (A) NFKβ; (B) IkBβ (C)TNF-α. NC: Normal control mice; DM:
Diabetes mellitus; DM+10 Scutellarin: Diabetic mice treated with 10mg/kg/bw of Scutellarin; DM+20
Scutellarin: Diabetic mice treated with 20mg/kg/bw of Scutellarin.. Scale bar: 100µm. Magni�cation:
40X.
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Figure 7

Effect of Scutellarin on apoptosis markers in cardiac tissue in cardiac tissue of high fat diet and low dose
of STZ induced diabetic mice. Relative mRNA expression of (A): Bax; (B): Bcl-2; (C): Cytc; (D): Caspase-9;
(E): Caspase-3; (F): Parp 1; NC: Normal control mice; DM: Diabetes mellitus; DM+10 Scutellarin : Diabetic
mice treated with 10mg/kg/bw of Scutellarin; DM+20 Scutellarin: Diabetic mice treated with 20mg/kg/bw
of Scutellarin. Data are Mean ± SEM (n = 6). *p < 0.05 versus NC, and ^p < 0.05 versus DM.  
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Figure 8

Effect of Scutellarin on apoptosis markers in cardiac tissue in cardiac tissue of high fat diet and low dose
of STZ induced diabetic mice. Immunostaining of (A) Caspase-3 (B) BCL-2. NC: Normal control mice; DM:
Diabetes mellitus; DM+10 Scutellarin : Diabetic mice treated with 10mg/kg/bw of Scutellarin; DM+20
Scutellarin: Diabetic mice treated with 20mg/kg/bw of Scutellarin. Scale bar: 100µm. Magni�cation: 40X.


