
 

 

281 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 2, 2021 

DOI: 10.6919/ICJE.202102_7(2).0035 

Jujuboside a Regulates MAPK and AKT Siganling Pathways in the 
Treatment of Diabetic Myocarditis 

Yangyang Liu 

College of pharmacy, Xuzhou Medical University, Xuzhou, 221009, China. 

 

Abstract 

At present, there is no effective treatment for diabetic myocarditis, so actively looking 
for effective treatment drugs is of great significance to improve the quality of life and 
prolong the life span of patients. Based on previous studies, we believe that Jujuboside A 
has regulatory effects on MAPK and Akt signaling pathways, and has a certain health care 
effect on diabetes, so it is a promising drug component. Therefore, this experiment 
mainly used annexin V / PI and Western blog to explore the mechanism of Jujuboside A 
in the treatment of diabetic myocarditis, and provide theoretical and experimental basis 
for its application in the actual treatment of diabetic myocarditis, and provide new ideas 
for looking for new prevention and treatment drugs. 
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1. Introduction 

In recent years, the prevalence of diabetes in the world has increased significantly. The rising number 

of diabetic patients leads to a higher incidence rate of diabetes related complications. However, 

people have not been aware of the severity of diabetic complications and paid attention to it. [1] 

Among them, diabetic cardiomyopathy caused by cardiomyocyte withering is one of the main causes 

of death in diabetic patients. [2] At present, several pathophysiological bases of diabetic myocarditis 

have been proposed, including the existence of hyperglycemia, nonenzymatic glycosylation of 

macromolecules (such as proteins), energy metabolism disorders, mitochondrial damage and 

dysfunction, impaired calcium treatment, reactive oxygen species formation, inflammation, 

cardiomyocyte apoptosis, and cardiac dysfunction caused by cardiac hypertrophy and fibrosis.[3] In 

recent years, more and more studies have shown that the expression of p38 MAPK is abnormal in the 

cardiovascular system (including the heart) in experimental and clinical diabetes. P38-MAPK has the 

ability to promote or inhibit the translation of target genes, so inhibition of p38-MAPK activation in 

transgenic animal models or its drug inhibitors can prevent the development of DCM. Therefore, 

taking p38 -MAPK as a new diagnostic index and therapeutic target of DCM is of great significance 

for improving the clinical treatment strategy of diabetic myocarditis. [4] At present, there is no 

effective treatment for diabetic myocarditis, so it is necessary to actively search for effective drugs to 

improve the quality of life and prolong the life span of patients. 

Jujuboside A is one of the main components of semen Ziziphi Spinosae, and its effective component 

is flavonoids. Current studies have shown that Jujuboside A has sedative effect, can reduce the 

spontaneous activity of mice, and antagonize the central excitatory effect of amphetamine in a dose-

dependent manner. [5] Jujuboside A also decreased the content of total cholesterol and low density 

lipoprotein, and increased the content of high density lipoprotein,which is associated with the 

characteristics of diabetes. [6-7] Moreover, the scientists found that Jujuboside can decrease MAPK 

and AKT signaling pathways to protect cardiomyocyte. [8] 
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Based on the above studies, we think that JUA was able to treat diabetic cardiomyopathy by 

modulating MAPK and AKT signaling pathways. I predict that increasing amounts of treatment with 

jujube A inhibits apoptosis of mouse diabetic cardiomyocytes and decrease MAPK and AKT signal 

pathways to protect cardiomyocyte. 

In the work , we used annexin V / PI and Western blog to explore the mechanism of Jujuboside A in 

the treatment of diabetic myocarditis. This will provide a new idea for the treatment of diabetic 

myocarditis. 

2. Method 

2.1 Establishment and grouping of Diabetic nephropathy animal models 

Male C57BL6J mice (about 10 weeks old) were injected with streptozotocin (dissolved in 0.1 mol/l 

Sodium Citrate buffer before use, Ph 4.4) into the abdominal cavity once per 60 mg/kg to induce 

diabetes. Fasting Blood Glucose was measured 3 days later, if the blood sugar is higher than 13.88 

MMOL/L, the model is successful. 

Set a group of 10 normal mice as a control group, and then divided the diabetic mice into 3 groups: 

Jujuboside a low-dose Group, jujuboside a high-dose group and diabetic model group. Each group 

contains ten mice too. The low and high therapeutic doses were 10mg/kg and 35mg/kg respectively, 

and the suspension of 1% sodium carboxymethyl cellulose was administered orally once a day for 12 

weeks. The normal group and DM model group were given 1% sodium carboxymethyl cellulose by 

volume. 

2.2 Observe the apoptosis of Cardiac myocytes in mice by annexin v/PI method. 

Apoptosis was detected by annexin V-FITC / PI apoptosis detection kit (Thermo Fisher Scientific, 

Inc.). After treatment, the cells were harvested by trypsin method, washed twice with cold PBS, 

centrifuged at 1200xg for 10 minutes at 4 ℃ C. Cells were resuspended in were centrifuged at 1,200 

x g for 10 min at 4˚C. Cells were resuspended in 100 µl 1X  binding buffer and were transferred to 

a sterile flow cytometry glass tube. Subsequently, 5 µl Annexin V-FITC and 5 µl propidium iodide 

were added and incubated at room temperature (25˚C) in the dark for 15 min. Finally, according to 

the manufacturer's agreement, flow cytometry (Beckman Coulter, Inc., brea, CA, USA) was used for 

detection, and FCS Express software (version 3.0; denovo software, Glendale, CA, USA) was used 

to analyze the data.[9,10] 

2.3 Western blot analysis 

Proteins were extracted from cells using Biochain Institute, Inc., Newark, CA, USA, and quantified 

using BCA protein analysis kit according to the manufacturer's protocol. The protein (20μg) was 

separated by 12% SDS-PAGE and transferred to the nitrocellulose membrane (pierce; Thermo Fisher 

Scientific, Inc.). Then, superblock T20 (TBS) was used to block the buffer (CAT). 37536, pierce, 

USA) was cultured at room temperature for 2.5 hours, and then incubated overnight with specific 

primary antibodies against JNK (1:1000), p-JNK (1:1000), p38 (1:1000), p-p38 (1:1000), Akt 

(1:1000), p-Akt (1:2000) at 4 ℃ C for night. Then they were incubated with secondary antibody 

(1:15000) at room temperature for 1 h. Then, the imprint was visualized and analyzed by using Li cor 

biotechnology. The imprinting was normalized to GAPDH and semi quantitated using ImageJ version 

2.1.4.7 software (National Institutes of health, Bethesda, Maryland, USA). 

3. Result 

3.1 Supplemental Tables and Figures 

In normal cells, phosphatidylserine was only distributed in the inner side of the lipid bilayer of the 

cell membrane. In the early stage of apoptosis, the membrane phosphatidylserine (PS) turned from 

the inside to the outside of the lipid membrane, which was earlier than the cell shrinkage, chromatin 

concentration, DNA fragmentation and the increase of cell membrane permeability. 
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Annexinv is a phospholipid binding protein with high affinity to phosphatidylserine. Therefore, 

annexinv can bind to the cell membrane of early apoptotic cells through phosphatidylserine exposed 

outside the cells. Therefore, annexinv was used as one of the sensitive indicators to detect early 

apoptosis. 

Propidium iodide (PI) is a kind of nucleic acid dye, which can not pass through the whole cell 

membrane. However, due to the increased permeability of cell membrane, PI can make the nucleus 

red through the cell membrane. Therefore, if annexin V is used in combination with PI, the cells in 

different apoptosis stages can be distinguished. 

Thus flow cytometry analysis shows that: normal cells: annexin V - FITC (-); PI (-); early apoptotic 

cells: annexin V - FITC (+); PI (-); late apoptotic cells: annexin V - FITC (+); PI (+); mechanical 

necrosis: annexin V - FITC (-); PI (+). 

Observe the cardiomyocytes of normal mice by annexin V/PI double staining method, and record the 

distribution proportion of normal cells, apoptotic cells and necrotic cells. Then take them as control 

group. 

There will be three possible results. 

The first result showed that after treatment with Jujuboside A, the early and late apoptotic cells in the 

samples decrease, and the effect was more obvious with the increase of drug dosage. Therefore, it 

can be concluded that Jujuboside A can effectively reduce the number of cardiomyocytes withered 

due to diabetic myocarditis.(Table1) 

The second result showed after treatment with Jujuboside A, the number of early and late apoptotic 

cells in the samples do not change. Therefore, it can be concluded  that Jujuboside A had no obvious 

effect on diabetic myocarditis.(Table2) 

The third result showed after treatment with Jujuboside A, the number of early and late apoptotic 

cells increase, and the effect was more obvious with the increase of drug dosage. Therefore, it can be 

concluded that Jujuboside A it can’t change MAPK and AKT signal pathways 

 

Table 1 The first possible result of the apoptosis of Cardiac myocytes in mice by annexin v/PI 

method 

Group annexin V - FITC PI 

Normal - - 

No JUA DM ++ ++ 

Low JUA DM + + 

High JUA DM + - 

Table 2 The second possible result of the apoptosis of Cardiac myocytes in mice by annexin v/PI 

method 

Group annexin V - FITC PI 

Normal - - 

No JUA DM ++ ++ 

Low JUA DM ++ ++ 

High JUA DM ++ ++ 

Table 3 The third possible result of the apoptosis of Cardiac myocytes in mice by annexin v/PI 

method 

Group annexin V - FITC PI 

Normal - - 

No JUA DM ++ ++ 

Low JUA DM +++ +++ 

High JUA DM +++ ++++ 

Note. “+” represents a significant increase in the number of the cells. “-” represent not significantly 

different from the control group. 
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3.2 Effect of Jujuboside A on signal target 

Based on the first case mentioned above, it is necessary to further clarify the signal pathway of JUA 

to play its anti apoptotic effect, and to study the effect of JUA on the activation of MAPK and Akt. 

As p-JNK and p-p38 are closely related to MAPK, the decrease of p-JNK and p-p38 can effectively 

reduce the expression of MAPK. So the activation of MAPK can be judged by measuring the two 

enzyme. 

The decrease of p-JNK and p-p38 can effectively reduce the expression of MAPK, so the activation 

of MAPK can be judged by measuring the two enzyme. 

There will be four possible results. 

The first result showed that after treatment with Jujuboside A, the expression of p-JNK, p-p38 and p-

AKT decrease significantly. It can be concluded that Jujuboside A can effectively reduce the number 

of cardiomyocytes withered due to diabetic myocarditis by decreasing MAPK and AKT signal 

pathways to protect cardiomyocyte. (Table4) 

The second result showed that after treatment with Jujuboside A, the expression of p-JNK, p-p38 and 

p-AKT do not change. It can be concluded that Jujuboside A can effectively reduce the number of 

cardiomyocytes withered due to diabetic myocarditis but it has nothing to do with MAPK and AKT 

signal pathways. (Table5) 

The third result showed that after treatment with Jujuboside A, the expression of p-JNK and p-p38 

decrease but that of p-AKT do not change. It can be concluded that Jujuboside A can effectively 

reduce the number of cardiomyocytes withered due to diabetic myocarditis only by decreasing MAPK  

signal pathways. (Table6) 

The forth result showed that after treatment with Jujuboside A, the expression of p-JNK and p-p38 

do not change but that of p-AKT decrease. It can be concluded that Jujuboside A can effectively 

reduce the number of cardiomyocytes withered due to diabetic myocarditis only by decreasing AKT 

signal pathways. (Table7) 

 

Table 4 The first possible result of Western blot analysis 

Group p-JNK p-p38 p-AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM ++ ++ ++ 

High JUA DM + + + 

 

Table 5 The second possible result of Western blot analysis 

Group p-JNK p-p38 p-AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM +++ +++ +++ 

High JUA DM +++ +++ +++ 

 

Table 6 The third possible result of Western blot analysis 

Group p-JNK p-p38 p-AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM ++ ++ +++ 

High JUA DM + + +++ 
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Table 7 The forth possible result of Western blot analysis 

Group p-JNK p-p38 p-AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM +++ +++ ++ 

High JUA DM +++ +++ + 

 

3.3 Final result 

There are six possible results:  

(1) The first result completely coincides with the previous hypothesis. Jujuboside A can indeed 

decrease the MAPK and AKT signal pathway to reduce cardiomyocyte apoptosis, and the effect was 

more obvious with the increase of drug dosage. (Table8) 

(2) The second result partially coincides with the previous hypothesis. Jujuboside A can indeed 

decrease the MAPK signal pathway to reduce cardiomyocyte apoptosis, and the effect was more 

obvious with the increase of drug dosage. (Table9) 

(3) The third result partially coincides with the previous hypothesis. Jujuboside A can indeed decrease 

the AKT signal pathway to reduce cardiomyocyte apoptosis, and the effect was more obvious with 

the increase of drug dosage. (Table10) 

(4) The forth result partially coincides with the previous hypothesis. Jujuboside A can indeed reduce 

cardiomyocyte apoptosis, and the effect was more obvious with the increase of drug dosage. but it 

can’t change MAPK and AKT signal pathways. (Table11) 

(5) The fifth result is not consistent with the previous hypothesis. Jujuboside A can’t reduce 

cardiomyocyte apoptosis. 

(6) The sixth conclusion is completely contrary to the previous hypothesis. Jujuboside A can’t reduce 

cardiomyocyte apoptosis, but increases it instead. 

 

Table 8 The first possible result of the effect of jujuboside A on MAPK and AKT signal pathway 

Group Cardiomyocyte apoptosis MAPK AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM ++ ++ ++ 

High JUA DM + + + 

 

Table 9 The second possible result of the effect of jujuboside A on MAPK and AKT signal pathway 

Group Cardiomyocyte apoptosis MAPK AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM ++ ++ +++ 

High JUA DM + + +++ 

 

Table 10 The third possible result of the effect of jujuboside A on MAPK and AKT signal pathway 

Group Cardiomyocyte apoptosis MAPK AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM ++ +++ ++ 

High JUA DM + +++ + 
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Table 11 The forth possible result of the effect of jujuboside A on MAPK and AKT signal pathway 

Group Cardiomyocyte apoptosis MAPK AKT 

Normal - - - 

No JUA DM +++ +++ +++ 

Low JUA DM ++ +++ +++ 

High JUA DM + +++ +++ 

 

3.4 Discussion 

To sum up, there may be five results according to the different effects of jujuboside A and its control 

on signal pathway. 

Possible Results 1 is that jujuboside A can indeed regulate the MAPK and AKT signal pathway to 

treat diabetic myocarditis. This result is consistent with previous studies investigating JUA’s effect 

on cardiomyocytes in diabetic myocarditis. We should further study the other reasons of the inhibitory 

effect of Jujuboside A on heart failure, and find other more suitable target cells, so as to lay a 

foundation for clinical research in the future. 

Possible Results 2 is that Jujuboside A can indeed regulate the MAPK signal pathway to treat diabetic 

myocarditis. It may be that some component of Jujuboside A influences the phosphorylation 

mechanism, resulting in the activation of Akt signaling pathway. Finding this unknown component 

may have a profound impact on the pharmacological action of Jujuboside A. It is necessary to do 

some research in the future to explore this unknown component. (The activation mechanism of Akt 

is shown in Figure 1)  

Possible Results 3 is that Jujuboside A can indeed regulate the AKT signal pathway to treat diabetic 

myocarditis. It has been shown that Jujuboside A can regulate MAPK signaling pathway, but it is 

rarely used as a treatment for diabetic myocarditis. The possible reason for this is that some hormones 

caused by diabetes increase the expression of enzymes, which makes the regulation of Jujuboside 

ineffective. It is important find a drug to inhibit blood glucose and Jujuboside a. JUA mainly protects 

myocardial cells, and the drug reduces the effect of diabetes in the future. 

Possible Results 4 is that Jujuboside A can indeed treat diabetic myocarditis, but it has nothing to do 

with MAPK and AKT signal pathways. If this happens, the possibilities which mentioned above 

assumed by both results should be present. Therefore, it is very important to further study the 

pharmacological mechanism of JUA and explore the therapeutic target of diabetic myocarditis.  

Possible Results 5 is that JJujuboside A can’t reduce cardiomyocyte apoptosis. It’s necessary start 

from these two targets to find new drugs to treat diabetic myocarditis in the future. 

Possible Results 6 is that Jujuboside A can’t reduce cardiomyocyte apoptosis, but increases it instead. 

This is contrary to our hypothesis. It may be related to the special mechanism of diabetes, and further 

research is needed. 

 

Figure 1 Activation method AKT signal transduction pathway 
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4. Conclusion 

To sum up, according to the hypothesis, this paper conducted an in-depth study on the effect of 

Jujuboside A on diabetic myocarditis. This study provides a feasible molecular explanation of JUA 

inhibiting apoptosis in diabetic myocarditis, which is a new treatment option to prevent diabetes 

induced heart failure. Of course, further studies are needed to elucidate the exact mechanism of JUA's 

protective effect on cardiomyocytes in diabetic myocarditis. 
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