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ABSTRACT 

Ginsenoside is a triterpenoid saponin extracted from Panax ginseng forms the active ingredient in ginseng, widely used in clinical 

practice as the main component of injections, granules, common tablets, dispersible tablets, capsules, and mixtures; thus, it has 

become a target of extensive research. They have been emerged to support antidiabetic efficacy for ginsenosides ascribe to their 

antioxidant, anti-inflammatory, and anti-hyperglycemic activities. A meta-analysis showed that ginseng reduced fasting blood 

glucose in patients. Ginseng also exerted antidiabetic effects as a supplemental treatment. Ginseng extracts significantly improved 

glucose tolerance, improved in plasma glucose and insulin levels.. Besides, studies on ginsenosides in pharmaceutical preparations 

have also been limited. Therefore, this review dominantly discusses the roles and mechanisms of ginsenosides in the intervention of 

blood glucose elevation, as well as the current clinical trials on ginsenosides pharmacology. The elucidation of molecular 

mechanisms and clinical trials at diabetic status could facilitate ginsenosides application in herbal medicines 
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INTRODUCTION 
According to International Diabetes Federation (IDF) report 

published on 21 December 2018, there were approximately 425 

million people lived with diabetes worldwide. By 2045-2048, the 

number is expected to rise to an estimated 650 million (Cho et al., 

2018). Diabetes mellitus (DM) is a multifactorial and chronic 

endocrine disorder which is characterized by insulin resistance, 

β-cell impairment, and glucolipid metabolism disorder [1-3]. 

Conventional available drugs for diabetes and related 

complications, such as metformin and thiazolidinediones (TZDs), 

have been associated with a variety of side effects and 

discomforts, making herbal medicines become potential 

candidates in diabetes remedy. In ancient China, ginseng was 

used to treat Xiao Ke disease whose symptoms were described as 

polydipsia, polyuria, overeating but losing energy that is 

extremely consistent to diabetic symptoms in modern [4-7]. 

 

 Although peptidoglycan and glycan (ginsenans) components 

have been demonstrated to express pharmacological activities, 

ginsenoside forms main component present in ginseng root [8, 9]. 

Ginseng root has long been used for health promotion, prevention 

of certain chronic diseases, and anti-aging intervention. The 

steroidal structure forms the main reason of its diverse 

pharmacological activities which enables ginsenoside to interact 

with cell membranes which controls bioactivity at the 

transcription level [10-12]. Recent studies have revealed that 

ginsenosides play roles in the treatment of diabetes and its 

complications dominantly through improving insulin resistance, 

regulating glucolipid homeostasis, preventing oxidative stress 

and inflammatory responses. In addition, antiangiogenesis, anti-

apoptotic, and hepatoprotective properties have also been 

documented for their antidiabetic indication [13-16]. However, 

insufficient exploration of those unascertained ginsenoside 

monomers obstacle our understanding on the medicinal value of 

the majority ginsenosides [17] 

 

Brief Introduction of Ginsenoside: types and components 

Panax Ginseng (P. ginseng), dry roots belong to family 

Araliaceae, have been employed as crude medicine for the 

treatment of lack of stamina, body fatigue, cardiovascular disease 

or certain chronic diseases for lonf period of time. Species of 

ginseng are classified into four types based on diverse origins: 

Panax ginseng (China, Korea), Panax quinquefolius (America, 

Canada), Panax notoginseng (China, Japan), and Panax japonicas 

(Japan) [18]. The main active ingredients in ginseng consist of 

ginsenosides, polysaccharides, polypeptides, flavonoids, amino 

acid, volatile oils, and vitamins, among which ginsenoside is the 

most important component. Ginseng roots have long been 

employed to extract active ingredients, just as they are used in 

traditional Chinese medicine (TCM) and dietary supplements. 

Recently, flowers, seeds, stem and leaves from P. ginseng, P. 

quinquefolius or P. notoginseng are investigated to exert potent 

pharmacological activities as well [19-21]. Comparison of 

pharmacological effects between various ginseng ingredients 

from different sources is shown in Table 1. Ginsenoside can be 

universally separated into three types: protopanaxadiol (PPD, 

such as Rb1, Rb2, Rb3, Rc, Rg3, Rh2, Rd, and compound K,) 

type, protopanaxatriol (PPT, such as Re, Rg1, Rg2, Rf, Rh1, etc.) 
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type and oleanolic acid type (such as Ro, Ri, Rh3). Both PPD type 

and PPT type ginsenosides belong to tetracyclic triterpene 

saponins due to the similarity of their parent nuclei, while 

oleanolic acid type ginsenosides belong to pentacyclic 

triterpenoid saponins for their particular structure. Interestingly, 

most ginsenosides with antidiabetic effects are PPD or PPT type 

saponins, which remind us of the significance of tetracyclic 

triterpene parent nuclei. It is noteworthy that compound K (CK), 

the main intestinal metabolite of PPD saponin, is of great 

significance for clinical monitoring [22-25] 

 

 Antidiabetic mechanisms of ginsenoside DM can be generally 

divided into type I (T1DM), type II (T2DM), gestational diabetes 

mellitus (GDM) and other specific types due to different causes 

(“(2) Classification and diagnosis of diabetes,” 2015). T1DM is 

known for a primary insulin deficiency caused by β-cell 

dysfunction, which is to some extent related to genetic factors and 

always appears in children and youth. Here, T2DM is being 

featured by insulin resistance and obesity forms leading external 

cause of T2DM. Since diabetes is characterized by insulin 

resistance, β-cell dysfunction, and glucolipid metabolism 

disorder, therapeutic approaches should be involved in improving 

insulin resistance, accelerating glucose and lipid metabolism 

normalization, and protecting β-cell from oxidative stress and 

inflammatory responses injury. Nowadays, insulin injection is the 

most common method for T1DM patient treatment because innate 

insulin deficiency could not be cured completely, while oral 

hypoglycemic agents such as metformin, TZDs, and acarbose 

along with an appropriate diet and weight control are monitored 

under T2DM therapy. Nevertheless, adverse drug reactions 

including hypoglycemia, gastrointestinal stimulation, and edema, 

etc. have been reported [26-30]. Herbal medicines emerge as 

potential candidates against diabetes are known to bring about 

fewer adverse effects than chemical or biochemical drugs, and 

ginseng is a well-known elector. Various antihyperglycemic 

mechanisms have been detected for ginsenosides from cell and 

animal models 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Proposed model for Ginsenosides to improve insulin resistance through  reduc- tion of hepatic glucose production 

and lipid accumulation via AMPK or Akt signaling pathways. AMPK, 5′-AMP-activated protein kinase; ACC, acetyl-CoA 

carboXylase; CREB, cAMP  response   element-binding  protein; 

 
Effect on insulin resistance Insulin resistance is a leading cause 

of T2DM that makes the body lack of sensitivity to insulin. 

Mitochondria play a pivotal role in liver, skeletal muscle and 

adipose tissue since these tissues are targets of insulin in glucose 

metabolism [31-37]. Insulin is known to decrease blood glucose via 

binding to insulin receptor, which in turn leads to IRS-1 

activation, and subsequently caused phosphorylation of 

downstream pathway involving PI3K and Akt substrates. 

Here,the activation of IRS-1 is possibly triggered by 

phosphorylation of tyrosine residues or dephosphorylation of 

serine residues of IRS-1 [38-40]. Consequently, “phosphorylation of 

IRS-1” is an inapposite word to describe IRS-1 activation. Liver 
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is a key target organ for insulin and is of remarkable significance 

in the regulation of insulin resistance. Ginsenosides improve 

insulin resistance in liver mainly through two aspects including 

modulation of hepatic glucose production and lipid accumulation 

in transcriptional level. The Ser/Thr kinase Akt, also known as 

protein kinase B (PKB), acts as a crucial signal in insulin 

dysfunction [41-43]. GSK3β, FOXO1, and PGC-1α are three main 

substrates of Akt that involved in liver glucose production. Akt 

activation dependent on its upstream signal PI3K activation and 

activated Akt is well-known for participating in insulin 

metabolism primarily by means of two methods: (i) Translocating 

GLUTs (notably GLUT4) to the cell membrane, which causes 

glucose uptake improvement. (ii) Promoting phosphorylation on 

glycogen synthase kinase 3 (GSK3β) so as to enhance glycogen 

synthesis leading to hepatic glucose production attenuated 

ultimately (Fig. 1). In addition, FOXO, a key family of 

transcription factors that regulate glucose homeostasis and insulin 

responsiveness, is negatively regulated by Akt/PKB. Effects of 

ginsenosides on Akt-induced attenuation of glucose production 

and their activities in lipid accumulation would be discussed later. 

It is well-established that insulin resistance of skeletal muscle 

plays a crucial role in T2DM. The antidiabetic effect of 

ginsenosides in skeletal muscle is produced by promoting glucose 

uptake. G-Rg5 prevented insulin resistance in muscle through 

inhibition of protein kinase C (PKC) which was ascribed to the 

reduction of diacylglycerols (DAGs) and ceramides [43-47]. G-Re 

reversed insulin resistance of muscle glucose transport in an 

insulin-dependent manner and that was mainly associated with 

GLUT4 translocation. Rather than mediate insulin-dependent 

signaling (such as IRS-1 or Akt), G-Rc was known for its ability 

to activate AMPK/p38 MAPK (an insulin-independent signaling 

pathway), which contributes to glucose uptake promotion in the 

C2C12 myoblasts [48] in recent years, adipocyte has turned out to 

be a hotspot in investigating the mechanism of insulin resistance. 

Ginsenosides ameliorate insulin resistance in adipose tissues 

primary through adjustment of glucose transport and 

adipogenesis. G-Rg3 and G-Re increased glucose uptake and 

glucose transport via IRS-1/PI3K pathway in 3T3-L1 adipocytes. 

G-Rb2 was documented to improve insulin resistance via 

downregulating phosphorylation of IRS-1 serine residues and 

upregulating phosphorylation of Akt. Moreover, G-CK and G-

Rg1 enhanced glucose uptake and GLUT4 translocated to cell 

membrane through activation of AMPK and PI3K pathways [49]. 

Ginsenosides have been confirmed to ameliorate insulin 

resistance in liver, skeletal muscle, and adipocytes via multiple 

signaling pathways. However, it has been observed that oral GRe 

therapy could not prominently improve insulin resistance or β-

cell function in humans with impaired glucose tolerance (IGT) or 

newly diagnosed T2DM. Taking together, ginsenosides only 

express effects on glucose transport or insulin resistance under 

insulin-stimulated, and low oral bioavailability may be the main 

reason for its poor efficacy. Therefore, most data from studies 

conducted in animals elucidated that ginsenosides show 

antidiabetic effects were given an injection 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The mechanism of ginsenosides in- volved in adipogenesis and glucose uptake on adipocytes. C/EBPα, 

CCAAT/enhancer- binding protein α; IRS-1, insulin receptor substrate 1; PI3K, phosphatidylinositol 3- kinase; GLUT, 

glucose transporter; PPAR-γ, peroxisome proliferator-activated receptor γ; STAT, Janus kinase (JAK)-signal trans- ducer 

and activator of transcription. 
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Improving glucose tolerance and glucose homeostasis  
Glucose tolerance is regarded as another evaluation index of 

diabetes: it demonstrated the ability of the organism to regulating 

blood glucose level. IGT and/or impaired fasting glucose (IFG) is 

commonly referred to as prediabetes. Since IGT is one of the chief 

risk factors for T2DM, improving glucose tolerance tends to be a 

key measure for the prevention and treatment of diabetes. Glucose 

homeostasis depends on the balance between levels of insulin and 

glucagon, and glucagon elevates glucose output mainly attributes 

to gluconeogenesis. Ginsenosides improve glucose homeostasis 

generally through inhibiting hepatic glucose production and 

accelerating glucose uptake in skeletal muscle and adipose 

tissues. Both increased glycogen synthesis and decreased 

gluconeogenesis can reduce hepatic glucose production. 

Gluconeogenesis is a way of increasing blood glucose which 

leads to hyperglycemia. In addition to being regulated by insulin, 

glucagon and glucocorticoid, hepatic gluconeogenesis is also 

controlled by a series of transcription factors, through which the 

signal is eventually fed back to two key enzymes of 

gluconeogenesis: PEPCK and G6Pase. AMPK, a well-known 

serine/threonine kinase, was confirmed to be a pivotal target 

during the gluconeogenic program. Current hypoglycemic agents 

in the clinic such as metformin and TZDs are both AMPK 

activators. As a key transcription factor of phosphoenolpyruvate 

carboxykinase (PEPCK) and glucose-6-phosphatase (G6Pase), 

CREB can hardly activate its target gene expression unless 

combine with CRTC2 (also known as TORC2) to form 

CREB⋅CRTC2 complex. G-Rg2 suppressed hepatic glucose 

production via promoting AMPK activation, which thereby 

induced SHP gene expression and GSK3β phosphorylation. The 

inner mechanism is that SHP directly interacts with CREB, 

leading to disruption of CREB⋅CRTC2 complex, which 

consequently suppresses the activation of PEPCK and G6Pase 

(Fig. 1). Besides, G-CK has been detected to repress 

gluconeogenesis by inhibiting the expression of PPAR-γ 

coactivator-1α (PGC-1α). Moreover, G-Rg1 promotes Akt 

phosphorylation and facilitating Akt binding to FOXO1 to 

decrease transcription of PEPCK and G6Pase so as to decrease 

hepatic gluconeogenesis.[51-53] 

 

Modulating lipid metabolism The sterol regulatory element 

binding protein (SREBP) is a key regulator of lipid homeostasis. 

There are three isoforms of SREBPs, SREBP-1c involves in fatty 

acid (FA) oxidation, whereas SREBP-2 is in charge of cholesterol 

synthesis [54]. G-Rg3 was found to activate AMPK and suppress 

SREBP-2, subsequently downregulated HMGCR expression to 

inhibit hepatic lipid accumulation. G-Rb2 regulated lipid 

accumulation via restoring autophagy through the induction of 

SIRT1 and activation of AMPK. G-CK also regulates lipid 

metabolism by AMPK/ PPAR-α pathway. AMPK also controls 

lipid metabolism through inhibiting adipogenesis, promoting both 

FA oxidation and lipolysis. Acetyl-CoA carboxylase (ACC) and 

3-hydroxy-3-methyl glutaryl coenzyme A reductase (HMGCR) 

were two earliest discovered AMPK targets that were ratelimiting 

enzymes in the synthesis of FA and cholesterol, respectively. In 

summary, AMPK activation is closely associated with lipid 

metabolism, activated AMPK will not only inhibit SREBPs 

cleavage and nuclear translocation but also promote the 

expression of CPT1 (a key enzyme in FA β-oxidation), thereby 

suppress ACC and HMGCR expression, resulting in FA synthesis 

restraint and FA oxidation stimulation. Additionally, G-Rg3 

ameliorated hepatic steatosis via downregulation of 

STAT5/PPARγ pathway, while G-Rg1 suppressed lipogenesis 

through increasing C/EBP homologous protein-10 (CHOP10) 

and subsequently reducing C/EBP transcription, indicating the 

significance of PPAR-γ and C/EBP in lipid accumulation [55] (Fig. 

2). In fact, G-Rc was found to directly induced lipolysis in 

adipocytes and downregulated PPAR-γ and C/EBP (Yang & Kim, 

2015), and G-Rg2 decreased the expression of PPAR-γ, C/EBPα, 

and SREBP1-c by inducing phosphorylation of AMPK as well  In 

lipolysis, AMPK performs a controversial role with groups 

reported either inhibition, activation, or no effect. AMPK was 

considered to inhibit lipolysis via direct phosphorylating 

hormone-sensitive lipase (HSL) or blocking HSL activation. In 

contrast, suggested that red ginseng extracts effectively activated 

HSL so that induces lipolysis in (white adipose tissue) WAT and 

FA oxidation in (brown adipose tissue) BAT. Overall, the data 

above indicate that AMPK plays a fundamental part in the 

modulation of glucolipid metabolism. [56, 57] 
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Fig 3. Ginsenosides generate antioxidant and anti-inflammatory activities through reduction of ROS production or activation 

of Nrf2, resulting in either inhibition of β-cell apoptosis or suppression of NF-кB and AP1 pathways. AP1, activator protein 1; 

Bax, Bcl- 2-associated X protein; Bcl-2, B-cell lym- phoma 2; HO-1, heme oxygenase-1; IL-1β, 

interleukin-1β;  NF-κB,  nuclear  factor-кB; 

Nrf2, nuclear factor erythroid 2-related factor 2; ROS, reactive oxygen species; TNF- α, tumor nuclear factor-α 

 

3.4. Effect on beta-cell injury  

Glucose-stimulated insulin secretion is the main task assigned to 

pancreatic beta-cell, and overproduction of ROS in mitochondrial 

refers to the critical cause which leads to beta cells dysfunction. 

G-Rb1 was documented to protect β-cell against diabetic injury 

through modulation of oxidative stress, inflammation, autophagy, 

and apoptosis. Oxidative stress (OS) derives from an imbalance 

between the generation of ROS and its scavengers, and was 

deemed to be a driver in the pathogenesis of insulin resistance). 

OS can activate sorts of transcription factors, among which 

nuclear factor-kappa B (NF-κB), activator protein 1 (AP1), and 

nuclear factor erythroid 2-related factor 2 (Nrf2) are probably the 

most important three pathways in diabetic inflammatory 

responses (Choudhury, Ghosh, Gupta, Mukherjee, & 

Chattopadhyay, 2015). Accumulating lines of evidence have 

unraveled that activation of Keap1-Nrf2 system conduces to the 

inhibition of DM through protecting pancreatic β-cells against 

oxidants and inflammation, as well as suppressing the progression 

of insulin resistance [58] Notoginsenoside R1 exerted an inhibitory 

effect of oxidative stress via Nrf2–HO-1 signaling in advanced 

glycation end products (AGEs)-induced db/db mice and HK-2 

cells. The up-regulation of Nrf2 system also suppressed NLRP3 

inflammasome activation. By the way, aside from OS alone, 

researchers in recent years believe in OS closely interconnected 

with ER stress to induce βcell apoptosis as well as inhibit insulin 

biosynthesis and secretion more likely. Recently it has become 

clear that inflammation can be initiated by FA, inflammatory 

cytokines, OS and ER stress, which were associated with two key 

intracellular inflammatory pathways, JNK-AP1 and IKKβNF-κB. 

Low-grade inflammation emerges as a driver of both insulin 

resistance and glucose dysfunction. G-Rd inhibits iNOS and 

COX-2 expression via repressing NF-κB[59]. G-Rg1 suppresses 

pro-inflammatory cytokines IL-1β and TNF-α release, which 

highlight the anti-inflammatory potential of ginsenosides. G-Rc 

can not only repress TNF-α, IL-6, and IFN but also attenuate IRF-

3 and AP-1 pathways. Additionally, G-Rb1 and G-CK ameliorate 

insulin resistance by inhibition of NLRP3 inflammasome 

activation. The relationship between NF-κB and Nrf2 pathways 
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on stress and inflammation responses has been investigated in 

previous studies). Nrf2 has been shown to negatively regulate 

NFκB pathway (Fig. 3). Moreover, activated NF-κB in return 

stimulated Nrf2 activation as a protective anti-inflammatory 

mechanism via GTPbinding protein RAC1. Briefly, transcription 

factors and signaling pathways involved in stress and 

inflammatory responses coordinately to maintain homeostasis of 

intracellular free radicals. Autophagy also plays a crucial role in 

maintaining β-cell physiology, especially in the maintenance of 

mitochondria and ER. In addition, abnormal β-cell autophagy 

contributes to the progression of diabetes; hence, induction of 

autophagy may be a benefit for diabetes inhibition. For instance, 

G-Rg2 activated autophagy thereby prevented high-fat diet-

induced insulin resistance through AMPK/ULK1 or 

AMPK/mTOR pathway. GRb1 suppressed cell apoptosis via 

enhancing autophagy.[60-61] 

 

CONCLUSION 
 Apoptosis is a typical form of β-cell death in DM. Under its 

pathological state, the up regulation of Bax/Bcl-2 and/or caspase 

3/9 will lead to β-cell apoptosis. Numerous literatures 

demonstrated that JNK pathway is of remarkable significance in 

the process of β-cell apoptosis. This is not unexpected for JNK 

which is activated by a variety of stimulating factors, including 

free fatty acid (FFA), cytokines (especially TNF-α) and extra- or 

intracellular ROS. G-CK treatment attenuated caspase-3 activity 

and protected β-cell from apoptosis via suppression of JNK 

activation, and ROS bridges the linkage between AMPK and JNK 

pathways. Moreover, in contrast to apoptosis, pyroptosis is 

another form of cell programmed death that requires the function 

of caspase-1, associated with anti-inflammatory responses. 

Ginsenosides have been proved to suppress inflammatory 

responses by inhibition of NLPR3. It was also confirmed that 

ginsenosides inhibit caspase-1 leading to decrease secretion of 

proinflammatory cytokines, such as IL-1β and IL-18. Besides, 

further studies are needed to verify the effects of ginsenoside on 

pyroptosis of β cell 

 

 REFERENCES 
1. Classification and diagnosis of diabetes. (2015). Diabetes 

Care, 38 Suppl, S8–Ahmadian, M., Abbott, M. J., Tang, T., 
Hudak, C. S., Kim, Y., Bruss, M., Sul, H. S. (2011). 

Desnutrin/ATGL is regulated by AMPK and is required for a 

brown adipose phenotype. Cell Metabolism, 13(6), 739–748.  

2. Attele, A. S., Wu, J. A., & Yuan, C. S. (1999). Ginseng 
pharmacology: Multiple con- stituents and multiple actions. 

Biochemical Pharmacology, 58(11), 1685–1693.  

3. Baek, S. H., Shin, B. K., Kim, N. J., Chang, S. Y., & Park, J. H. 

(2017). Protective effect of ginsenosides Rk3 and Rh4 on 
cisplatin-induced acute kidney injury in vitro and in vivo. 

Journal of Ginseng Research, 41(3), 233–239.  

4. Bai, L., Gao, J., Wei, F., Zhao, J., Wang, D., & Wei, J. (2018). 

Therapeutic potential of ginsenosides as an adjuvant treatment 
for diabetes. Frontiers in Pharmacology, 9, 423.  

5. Bellezza, I., Mierla, A. L., & Minelli, A. (2010). Nrf2 and NF-

kappaB and their concerted modulation in cancer 

pathogenesis and progression. Cancers (Basel), 2(2), 483–

497.. 
6. Besseiche, A., Riveline, J. P., Gautier, J. F., Breant, B., & 

Blondeau, B. (2015). Metabolic roles of PGC-1 alpha and its 

implications for type 2 diabetes. Diabetes & Metabolism, 

41(5), 347–357.. 
7. Brownlee, M. (2001). Biochemistry and molecular cell biology 

of diabetic complications.Nature, 414(6865), 813–820.  

8. Chakrabarti, P., English, T., Karki, S., Qiang, L., Tao, R., Kim, 

J., ... Kandror, K. V. (2011).SIRT1 controls lipolysis in 
adipocytes via FOXO1-mediated expression of ATGL.Journal 

of Lipid Research, 52(9), 1693–1701.  

9. Chen, G., Li, H., Zhao, Y., Zhu, H., Cai, E., Gao, Y., Zhang, L. 

(2017a). Saponins from stems and leaves of Panax ginseng 
prevent obesity via regulating thermogenesis, li-pogenesis and 

lipolysis in high-fat diet-induced obese C57BL/6 mice. Food 

and Chemical Toxicology, 106(Pt A), 393–403.  

10. Chen, W., Wang, J., Luo, Y., Wang, T., Li, X., Li, A., ... Liu, B. 
(2016). Ginsenoside Rb1 and compound K improve insulin 

signaling and inhibit ER stress-associated NLRP3 in- 

flammasome activation in adipose tissue. Journal of Ginseng 

Research, 40(4) 
11. Chen, Y. B., Wang, Y. F., Hou, W., Wang, Y. P., Xiao, S. Y., Fu, 

Y. Y., ... Zheng, P. H.(2017b). Effect of B-complex vitamins on 

the antifatigue activity and bioavailability of ginsenoside Re 

after oral administration. Journal of Ginseng Research, 41(2), 
209–214.  

12. Cho, H. M., Kang, Y. H., Yoo, H., Yoon, S. Y., Kang, S. W., 

Chang, E. J., & Song, Y. (2014).Panax red ginseng extract 

regulates energy expenditures by modulating PKA de- pendent 
lipid mobilization in adipose tissue. Biochemical and 

Biophysical Research Communications, 447(4), 644–648.  

13. Cho, N. H., Shaw, J. E., Karuranga, S., Huang, Y., Fernandes, 

J. D. D. R., Ohlrogge, A. W., & Malanda, B. (2018). IDF 
Diabetes Atlas: Global estimates of diabetes prevalence for 

2017 and projections for 2045. Diabetes Research & Clinical 

Practice, 138, 271.  

14. Choudhury, S., Ghosh, S., Gupta, P., Mukherjee, S., & 
Chattopadhyay, S. (2015). 

Inflammation-induced ROS generation causes pancreatic cell 

death through mod- ulation of Nrf2/NF-kappaB and 

SAPK/JNK pathway. Free Radic Res, 49(11), 1371–1383.  
15. Chu, J. M., Lee, D. K., Wong, D. P., Wong, R. N., Yung, K. K., 

Cheng, C. H., & Yue, K. K.(2014). Ginsenosides attenuate 

methylglyoxal-induced impairment of insulin sig- naling and 

subsequent apoptosis in primary astrocytes. 
Neuropharmacology, 85, 215–223.  

16. Cross, D. A., Alessi, D. R., Cohen, P., Andjelkovich, M., & 

Hemmings, B. A. (1995).Inhibition of glycogen synthase 

kinase-3 by insulin mediated by protein kinase B.Nature, 
378(6559), 785–789.  

17. Cuadrado, A., Martin-Moldes, Z., Ye, J., & Lastres-Becker, I. 

(2014). Transcription factors NRF2 and NF-kappaB are 

coordinated effectors of the Rho family, GTP-binding protein 
RAC1 during inflammation. Journal of Biological Chemistry, 

289(22), 15244–15258.  

18. Czaja, M. J. (2010). JNK regulation of hepatic manifestations 

of the metabolic syndrome. Trends in Endocrinology and 
Metabolism, 21(12), 707–713.  

19. Dai, S., Hong, Y., Xu, J., Lin, Y., Si, Q., & Gu, X. (2018). 

Ginsenoside Rb2 promotes glucose metabolism and attenuates 

https://doi.org/10.36713/epra2013


                                                                                                                                               ISSN (Online): 2455-3662 
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 9| Issue: 7| July 2023|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2023: 8.224 || ISI Value: 1.188 

 
 

2023 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013-------------------------------------------------------------------121 

 

fat accumulation via AKT-dependent mechan- isms. 

Biomedicine & Pharmacotherapy, 100, 93–100.  
20. Daval, M., Diot-Dupuy, F., Bazin, R., Hainault, I., Viollet, B., 

Vaulont, S., ... Foufelle, F.(2005). Anti-lipolytic action of 

AMP-activated protein kinase in rodent adipocytes. Journal of 

Biological Chemistry, 280(26), 25250–25257.  
21. Demple, B., & Amabile-Cuevas, C. F. (1991). Redox redux: 

The control of oxidative stress responses. Cell, 67(5), 837–839.  

22. Deng, L. L., Yuan, D., Zhou, Z. Y., Wan, J. Z., Zhang, C. C., 

Liu, C. Q., ... Wang, T. (2017).Saponins from Panax japonicus 
attenuate age-related neuroinflammation via reg- ulation of 

the mitogen-activated protein kinase and nuclear factor kappa 

B signaling pathways. Neural Regeneration Research, 12(11), 

1877–1884.  
23. Dou, H. C., Chen, J. Y., Ran, T. F., & Jiang, W. M. (2018). 

Panax quinquefolius saponin inhibits endoplasmic reticulum 

stress-mediated apoptosis and neurite injury and improves 

functional recovery in a rat spinal cord injury model. 
Biomedicine & Pharmacotherapy, 102, 212–220.  

24. Draznin, B. (2006). Molecular mechanisms of insulin 

resistance: Serine phosphorylation of insulin receptor 

substrate-1 and increased expression of p85alpha: The two 
sides of a coin. Diabetes, 55(8), 2392–2397.  

25. Du, Y., Fu, M., Wang, Y. T., & Dong, Z. (2018). 

Neuroprotective effects of ginsenoside Rf on amyloid-beta-

induced neurotoxicity in vitro and in vivo. Journal of 
Alzheimer's Disease, 64(1), 309–322.  

26. Endale, M., Lee, W. M., Kamruzzaman, S. M., Kim, S. D., Park, 

J. Y., Park, M. H., ... Rhee,M. H. (2012). Ginsenoside-Rp1 

inhibits platelet activation and thrombus formation via 
impaired glycoprotein VI signalling pathway, tyrosine 

phosphorylation and MAPK activation. British Jornal of 

Pharmacology, 167(1), 109–127. 

27. Fan, Y., Wang, N., Rocchi, A., Zhang, W., Vassar, R., Zhou, Y., 
& He, C. (2017). 

Identification of natural products with neuronal and metabolic 

benefits through au- tophagy induction. Autophagy, 13(1), 41–

56. 
28. Gerber, P. A., & Rutter, G. A. (2017). The role of oxidative 

stress and hypoxia in pan- creatic beta-cell dysfunction in 

diabetes mellitus. Antioxidants & Redox Signaling, 26(10), 

501–518.  
29. Guan, F. Y., Gu, J., Li, W., Zhang, M., Ji, Y., Li, J., ... Hatch, 

G. M. (2014). Compound K protects pancreatic islet cells 

against apoptosis through inhibition of the AMPK/JNK 

pathway in type 2 diabetic mice and in MIN6 beta-cells. Life 
Sciences, 107(1–2), 42–49.  

30. Guo, X., Zhang, X., Guo, Z., Liu, Y., Shen, A., Jin, G., & Liang, 

X. (2014). Hydrophilic interaction chromatography for 

selective separation of isomeric saponins. Journal of 
Chromatography  A,  1325,  121–128.  

31. Han, D. H., Kim, S. H., Higashida, K., Jung, S. R., Polonsky, 

K. S., Klein, S., & Holloszy, J.O. (2012). Ginsenoside Re 

rapidly reverses insulin resistance in muscles of high-fat diet 
fed rats. Metabolism-Clinical and Experimental, 61(11), 

1615–1621. 

32. Han, S. Y., Kim, J., Kim, E., Kim, S. H., Seo, D. B., Kim, J. H., 

... Cho, J. Y. (2018). AKT-targeted anti-inflammatory activity 
of Panax ginseng calyx ethanolic extract. Journal of Ginseng 

Research, 42(4), 496–503.  

33. Hasnain, S. Z., Prins, J. B., & McGuckin, M. A. (2016). 

Oxidative and endoplasmic re- ticulum stress in beta-cell 
dysfunction in diabetes. Journal of Molecular Endocrinology, 

56(2), R33–R54.  

34. He, H., Xu, J., Xu, Y., Zhang, C., Wang, H., He, Y., ... Yuan, D. 

(2012). Cardioprotective effects of saponins from Panax 
japonicus on acute myocardial ischemia against oxi- dative 

stress-triggered damage and cardiac cell death in rats. 

Journal of Ethnopharmacology, 140(1), 73–82.  

35. Hosono-Nishiyama, K., Matsumoto, T., Kiyohara, H., 
Nishizawa, A., Atsumi, T., & Yamada, H. (2006). Suppression 

of Fas-mediated apoptosis of keratinocyte cells by 

chikusetsusaponins isolated from the roots of Panax japonicus. 

Planta Medica, 72(3),193–198.  
36. Huang, Q., Wang, T., Yang, L., & Wang, H. Y. (2017). 

Ginsenoside Rb2 alleviates hepatic lipid accumulation by 

restoring autophagy via induction of Sirt1 and activation of 

AMPK. International Journal of Molecular Sciences, 18(5),  
37. Huang, Y. C., Lin, C. Y., Huang, S. F., Lin, H. C., Chang, W. 

L., & Chang, T. C. (2010). Effect and mechanism of 

ginsenosides CK and Rg1 on stimulation of glucose uptake in 

3T3-L1 adipocytes. Journal of Agriculture and Food 
Chemistry, 58(10), 6039–6047. 

38. Irfan, M., Jeong, D., Kwon, H. W., Shin, J. H., Park, S. J., 

Kwak, D., ... Rhee, M. H. (2018).Ginsenoside-Rp3 inhibits 

platelet activation and thrombus formation by regulating 
MAPK and cyclic nucleotide signaling. Vascular 

Pharmacology, 109, 45–55.  

39. Jeong, D., Irfan, M., Kim, S. D., Kim, S., Oh, J. H., Park, C. 

K., Rhee, M. H. (2017).Ginsenoside Rg3-enriched red ginseng 
extract inhibits platelet activation and in vivo thrombus 

formation. Journal of Ginseng Research, 41(4), 548–555.  

40. Jiao, L., Li, B., Wang, M., Liu, Z., Zhang, X., & Liu, S. (2014). 

Antioxidant activities of the,oligosaccharides from the roots, 
flowers and leaves of Panax ginseng C.A. Meyer.Carbohydrate 

Polymers, 106, 293–298.  

41. Jin, Z. H., Qiu, W., Liu, H., Jiang, X. H., & Wang, L. (2018). 

Enhancement of oral bioa- vailability and immune response of 
Ginsenoside Rh2 by co-administration with pi- perine. Chinese 

Journal of Natural Medicines, 16(2), 143–149.  

42. Kang, K. S., Ham, J., Kim, Y. J., Park, J. H., Cho, E. J., & 

Yamabe, N. (2013). Heat- processed Panax ginseng and 
diabetic renal damage: Active components and action 

mechanism. Journal of Ginseng Research, 37(4), 379–388.  

43. Kang, S., Tsai, L. T., & Rosen, E. D. (2016). Nuclear 

mechanisms of insulin resistance.Trends in Cell Biology, 
26(5), 341–351.  

44. Kennedy, D. O., & Scholey, A. B. (2003). Ginseng: Potential 

for the enhancement of cognitive performance and mood. 

Pharmacology Biochemistry and Behavior, 75(3), 687–700.  
45. Khan, V., Najmi, A. K., Akhtar, M., Aqil, M., Mujeeb, M., & 

Pillai, K. K. (2012). A phar- macological appraisal of 

medicinal plants with antidiabetic potential. Journal of 

Pharmacy and Bioallied Sciences, 4(1), 27–42.  
46. Kim, B., Kim, E. Y., Lee, E. J., Han, J. H., Kwak, C. H., Jung, 

Y. S., ... Ha, K. T. (2018).Panax notoginseng inhibits tumor 

growth through activating macrophage to M1 polarization. 

American Journal of Chinese Medicine, 46(6), 1369–1385.  
47. Kim, D. H., Chung, J. H., Yoon, J. S., Ha, Y. M., Bae, S., Lee, 

E. K., Chung, H. Y. (2013a).Ginsenoside Rd inhibits the 

expressions of iNOS and COX-2 by suppressing NF- kappaB 

https://doi.org/10.36713/epra2013


                                                                                                                                               ISSN (Online): 2455-3662 
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 9| Issue: 7| July 2023|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2023: 8.224 || ISI Value: 1.188 

 
 

2023 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013-------------------------------------------------------------------122 

 

in LPS-stimulated RAW264.7 cells and mouse liver. Journal of 

Ginseng Research, 37(1), 54–63.  
48. Kim, H. K. (2013). Pharmacokinetics of ginsenoside Rb1 and 

its metabolite compound K after oral administration of Korean 

Red Ginseng extract. Journal of Ginseng Research, 37(4), 

451–456.  
49. Kim, K. S., Jung Yang, H., Lee, I. S., Kim, K. H., Park, J., 

Jeong, H. S., Jang, H. J. (2015).The aglycone of ginsenoside 

Rg3 enables glucagon-like peptide-1 secretion in en- 

teroendocrine cells and alleviates hyperglycemia in type 2 
diabetic mice. Scientific Reports, 5, 18325.  

50. Kim, M. S., Lee, K. T., Iseli, T. J., Hoy, A. J., George, J., 

Grewal, T., & Roufogalis, B. D.(2013b). Compound K 

modulates fatty acid-induced lipid droplet formation and ex- 
pression of proteins involved in lipid metabolism in 

hepatocytes. Liver International, 33(10), 1583–1593.  

51. Koh, E. J., Kim, K. J., Choi, J., Jeon, H. J., Seo, M. J., & Lee, 

B. Y. (2017).Ginsenoside Rg1 suppresses early stage of 
adipocyte development via activation of C/EBP homologous 

protein-10 in 3T3-L1 and attenuates fat accumulation in high 

fat diet-induced obese zebrafish. Journal of Ginseng Research, 

41(1), 23–30.  
52. Krycer, J. R., Sharpe, L. J., Luu, W., & Brown, A. J. (2010). 

The Akt-SREBP nexus: Cell signaling meets lipid metabolism. 

Trends in Endocrinology and Metabolism, 21(5), 268–276.  

53. Lahiani, M. H., Eassa, S., Parnell, C., Nima, Z., Ghosh, A., 
Biris, A. S., & Khodakovskaya,M. V. (2017). Carbon 

nanotubes as carriers of Panax ginseng metabolites and en- 

hancers of ginsenosides Rb1 and Rg1 anti-cancer activity. 

Nanotechnology, 28(1), 015101.  
54. Le Lay, J., Tuteja, G., White, P., Dhir, R., Ahima, R., & 

Kaestner, K. H. (2009). CRTC2(TORC2) contributes to the 

transcriptional response to fasting in the liver but is not 

required for the maintenance of glucose homeostasis. Cell 
Metabolism, 10(1), 55–62.  

55. Lee, H. L., & Kang, K. S. (2017). Protective effect of 

ginsenoside Rh3 against anticancer drug-induced apoptosis in 

LLC-PK1 kidney cells. Journal of Ginseng Research, 41(2), 
227–231.  

56. Lee, J. B., Yoon, S. J., Lee, S. H., Lee, M. S., Jung, H., Kim, T. 

D., ... Park, Y. J. (2017).Ginsenoside Rg3 ameliorated HFD-

induced hepatic steatosis through downregulation of STAT5-
PPARgamma. Journal of Endocrinology, 235(3), 223–235.  

57. Lee, K. T., Jung, T. W., Lee, H. J., Kim, S. G., Shin, Y. S., & 

Whang, W. K. (2011a). The antidiabetic effect of ginsenoside 

Rb2 via activation of AMPK. Archives of Pharmacal Research, 
34(7), 1201–1208.  

58. 59.Lee, M. H., Lee, Y. C., Kim, S. S., Hong, H. D., & Kim, K. 

T. (2015a). Quality and anti- oxidant activity of ginseng seed 

processed by fermentation strains. Journal of Ginseng 
Research, 39(2), 178–182.  

59. Lee, M. S., Hwang, J. T., Kim, S. H., Yoon, S., Kim, M. S., Yang, 

H. J., & Kwon, D. Y.(2010). Ginsenoside Rc, an active 

component of Panax ginseng, stimulates glucose uptake in 
C2C12 myotubes through an AMPK-dependent mechanism. 

Journal of Ethnopharmacology, 127(3), 771–776.  

60. Lee, O. H., Lee, H. H., Kim, J. H., & Lee, B. Y. (2011b). Effect 

of ginsenosides Rg3 and Re on glucose transport in mature 
3T3-L1 adipocytes. Phytotherapy Research, 25(5), 

61. Rafieian-Kopaei M, Baradaran A, Rafieian M. Plants 

antioxidants: From laboratory to clinic. J Nephropathol. 
2013;2:152–3.  

62. Ghayur MN, Gilani AH, Afridi MB, Houghton PJ. 

Cardiovascular effects of ginger aqueous extract and its 

phenolic constituents are mediated through multiple pathways. 
Vascul Pharmacol. 2005;43:234–41.  

63. Bahmani M, Vakili-Saatloo N, Gholami-Ahangaran M, 

Karamati SA, Khalil-Banihabib E, Hajigholizadeh GH, et al. 

A comparison study on the anti-leech effects of onion (Allium 
cepa L) and ginger (Zingiber officinale) with levamisole and 

triclabendazole. J HerbMed Pharmacol. 2013;2:1–3.  

64. Nasri H, Nematbakhsh M, Ghobadi SH, Ansari R, Shahinfard 

N, Rafieian-kopaei M. Preventive and curative effects of ginger 
extract against histopathologic changes of gentamicin-

Induced tubular toxicity in rats. Int J Prev Med. 2013;4:316–

21  

65. Bahmani M, Zargaran A, Rafieian-Kopaei M, Saki M. 
Ethnobotanical study of medicinal plants used in the 

management of diabetes mellitus in the Urmia, Northwest Iran. 

Asian Pac J Trop Med. 2014;7:348–54.  

66. Roshan B, Stanton RC. A story of microalbuminuria and 
diabetic nephropathy. J Nephropathol. 2013;2:234–40.  

67. Tavafi M. Diabetic nephropathy and antioxidants. J 

Nephropathol. 2013;2:20–7.  

68. Baradaran A. Lipoprotein (a), type 2 diabetes and 
nephropathy; the mystery ontinues. J Nephropathol. 

2012;1:126–9.  

69. Rahimi-Madiseh M, Heidarian E, Rafieian-kopaei M. 

Biochemical components of Berberis lycium fruit and its effects 
on lipid profile in diabetic rats. J HerbMed Pharmacol. 

2014;3:15–9.  

70. Rafieian-Kopaei M, Nasri H. Ginger and diabetic 

nephropathy. J Renal Inj Prev. 2013;2:9–10.  
71. Tolouian R, T Hernandez G. Prediction of diabetic 

nephropathy: The need for a sweet biomarker. J Nephropathol. 

2013;2:4–5.  

72. Caterson ID, Gill TP. Obesity: Epidemiology and possible 
prevention. Best Pract Res Clin Endocrinol Metab. 2002; 

16:595–610.  

73. Rubin SA, Levin ER. Clinical review 53: The endocrinology of 

vasoactive peptides: Synthesis to function. J Clin Endocrinol 
Metab. 1994;78:6–10.  

74. Boozer CN, Nasser JA, Heymsfield SB, Wang V, Chen G, 

Solomon JL. An herbal supplement containing Ma Huang-

Guarana for weight loss: A randomized, double-blind trial. Int 
J Obes Relat Metab Disord. 2001;25:316–24.  

75. Kruger CL, Murphy M, DeFreitas Z, Pfannkuch F, Heimbach 

J. An innovative approach to the determination of safety for a 

dietary ingredient derived from a new source: Case study 
using a crystalline lutein product. Food Chem Toxicol. 

2002;40:1535–49.  

76.  Losso JN. Targeting excessive angiogenesis with functional 

foods and nutraceuticals. Trends Food Sci Technol. 
2003;14:455–68.  

77. Anwar F, Latif S, Ashraf M, Gilani AH. Moringa oleifera: A 

food plant with multiple medicinal uses. Phytother Res. 

2007;21:17–25.  
78. Glenville M. Nutritional supplements in pregnancy: 

Commercial push or evidence based? Curr Opin Obstet 

Gynecol. 2006;18:642–7.  

https://doi.org/10.36713/epra2013


                                                                                                                                               ISSN (Online): 2455-3662 
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 9| Issue: 7| July 2023|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2023: 8.224 || ISI Value: 1.188 

 
 

2023 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013-------------------------------------------------------------------123 

 

79. Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. 

Forecasting the global burden of Alzheimer's disease. 
Alzheimers Dement. 2007;3:186–91.  

80. Rabiei Z, Rafieian-Kopaei M, Heidarian E, Saghaei E, 

Mokhtari S. Effects of Zizyphus jujube extract on memory and 

learning impairment induced by bilateral electric lesions of the 
nucleus basalis of Meynert in rat. Neurochem Res. 

2014;39:353–60.  

81. Rabiei Z, Rafieian-kopaei M, Heidarian E, Saghaei E, 

Mokhtari S. Effects of Zizyphus jujube extract on memory and 
learning impairment induced by bilateral electric lesions of the 

nucleus basalis of meynert in rat. Neurochem Res. 

2014;39:353–60.4  

82. Rabiei Z, Rafieian-Kopaei M, Mokhtari S, Alibabaei Z, 
Shahrani M. The effect of pretreatment with different doses of 

Lavandula officinalis  

83. Nasri H, Sahinfard N, Rafieian M, Rafieian S, Shirzad M, 

Rafieian-kopaei M. Effects of Allium sativum on liver enzymes 
and atherosclerotic risk factors. J HerbMed.  

84. Willis MS, Wians FH. The role of nutrition in preventing 

prostate cancer: A review of the proposed mechanism of action 

of various dietary substances. Clin Chim Acta. 2003;330:57–
83.  

85. Shirzad H, Kiani M, Shirzad M. Impacts of tomato extract on 

the mice fibrosarcoma cells. J HerbMed Pharmacol. 

2013;2:13–6.  
86. Stahl W, Sies H. Bioactivity and protective effects of natural 

carotenoids. Biochim Biophys Acta. 2005;1740:101–7.  

87. Shirzad H, Taji F, Rafieian-Kopaei M. Correlation between 

antioxidant activity of garlic extracts and WEHI-164 
fibrosarcoma tumor growth in BALB/c mice. J Med Food. 

2011;14:969–74.  

88. Shirzad H, Shahrani M, Rafieian-Kopaei M. Comparison of 

morphine and tramadol effects on phagocytic activity of mice 
peritoneal phagocytes in vivo. Int Immunopharmacol. 

2009;9:968–70.  

89. Limer JL, Speirs V. Phyto-oestrogens and breast cancer 

chemoprevention. Breast Cancer Res. 2004;6:119–27.  
90. Gupta P, Andrew H and Kirschner BS. Is Lactobacillus GG 

helpful in children in Crohn's disease? Results of a 

preliminary, open-label study. J Ped Gastro Nutr. 2000; 31: 

453-457.  
91. Rice-Evans C Flavonoid antioxidants. Curr Med Chem. 2001; 

8: 797-807. 

92. Ardalan MR, Rafieian. Kopaei M. Antioxidant 

supplementation in hypertension. J Renal Inj Prev 2014;3:39-
40.  

93. 40. Gupta P, Andrew H, Kirschner BS, Guandalini S. Is 

lactobacillus GG helpful in children with Crohn's disease? 

Results of a preliminary, open-label study. J Pediatr 
Gastroenterol Nutr. 2000;31:453–7.  

94. Chauhan B, Kumar G, Kalam N, Ansari SH. Current concepts 

and prospects of herbal nutraceutical: A review. J Adv Pharm 

Technol Res. 2013;4:4–8.  
95. Brouns F. Soya isoflavones: A new and promising ingredient 

for the health foods sector. Food Res Int. 2002;35:187–93.  

96. Rafieian-Kopaei M. Identification of medicinal plants affecting 

on headaches and migraines in Lorestan Province, West of 
Iran. Asian Pac J Trop Med. 2014;7:376–9.  

97. Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF, Beecher 

CW, et al. Cancer chemopreventive activity of resveratrol, a 

natural product derived from grapes. Science. 1997;275:218–

20.  
98. Rouhi-Broujeni A, Heidarian E, Darvishzadeh-Boroojeni P, 

Rafieian- Kopaei M, Gharipour M. Lipid lowering activity of 

moringa pergerina seeds in rat: A comparison between the 

extract and atorvastatin. Res J Biol Sci. 2013;8:150–4.  
 

 

 

 
 

 

 

 
 

 

 

 

https://doi.org/10.36713/epra2013

