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Abstract: Diabetic kidney disease (DKD) is one of the prime causes of end-stage renal disease. At present, the treatment of DKD is 
mainly confined to inhibiting the renin-angiotensin-aldosterone system, but the therapeutic effects is not satisfactory. As a kind of very 
rare and precious medicinal fungi, Inonotus obliquus has a very high medicinal value. Due to its special hypoglycemic and 
pharmacological effect, researchers currently have attached great importance to it. In this paper, the biological activities, pharmaco-
logical effects and application status in the treatment of DKD-related diseases of Inonotus obliquus and the latest progress of 
metabolites isolated from it in DKD were summarized, thus providing detailed insights and basic understanding of the potential 
application prospects in DKD. 
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Introduction
The Inonotus obliquus (I. obliquus), a plant parasitic fungus growing in cold zone (40°~68° of the North latitude), is 
extensively distributed in northern North America, Finland, Poland, Russia, Japan as well as Heilongjiang Province and 
Jilin Province of China.1 As an extremely cold-resistant fungus, it can tolerate low temperature of −40°C. It is often 
boiled and drunk as tea by the folk because of the natural properties of medicinal fungi. Researchers in Russia and other 
Eastern European countries in the 16th century began to use the extract of I. obliquus to treat diabetes, cardiovascular 
diseases, glandular dysplasia, colon cancer, Hodgkin’s lymphoma, gastric cancer, liver cancer, and gastrointestinal 
cancer.2 Besides, the I. obliquus fine powder produced by Komsomlski Pharmaceuticals is also used as an effective 
medication for type 2 diabetes.

Diabetic kidney disease (DKD) is one of the most common and serious complications of diabetes, DKD affects about 
20% of patients with diabetes and is associated with increased risks of morbidity and mortality, making it one of the 
leading causes of end-stage renal disease (ESRD).3,4 Besides, it is also the most common cause of proteinuria and non- 
proteinuria ESRD. The global prevalence of diabetes has increased significantly, with estimates indicating a global 
prevalence of 9.3%, and about one in two people with diabetes are undiagnosed. The International Diabetes Federation 
projects that global prevalence will continue to increase, especially in developing countries, if prevention methods and 
treatment programs remain unchanged.5 It has been proved that oxidative stress, insulin resistance, angiotensin II and 
proinflammatory cytokines play important roles in the pathogenesis of renal injury in type 2 diabetes.6

Currently, a substantial number of small molecule biological agents have been identified and most of them have been 
evaluated in preclinical and clinical trials for the treatment of type 2 diabetes.7 I. obliquus has a significant treatment 
effect in kidney diseases, so extensive attention has been paid to its chemically active components and subsequent 
pharmacological effects. However, there are few reports on the mechanism of action of I. obliquus on DKD. In this paper, 
based on original textual research, and the summary of existing research results, the chemical constituents, pharmaco-
logical effects and clinical application of I. obliquus in the treatment of DKD were introduced.
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Current Understanding of I. obliquus
Based on original textual research, the biological characters of I. obliquus were studied by combining the herbal medicine 
works of past generations, as well as modern pharmaceutical monographs and literature.

I. obliquus, also called Inonotus obliquus (Fr.) pilat and chaga mushroom, belongs to basidiomycotina, agaricomy-
cetidae, hymenochaetaceae, thelephoraceae and Inonotus.

It is a kind of plant parasitic fungus in the frigid zone (40°~68° of the North latitude), and mainly grows under the 
barks of white birches, silver birches, elms and alders. The fungus usually gathers and takes into shape after infecting 
birches for 3~4 years, and then forms Inonotuso bliquus (Fr.) Pilat. Because it is rich in melanin, the sclerotia and 
mycelium are mostly black and look like charred charcoal in the process of growing, which is also known as Chaga 
mushroom.8 In 1801, it was first discovered and described by Persoon, who named it Boletus obliquus.9 In 1955, the 
Ministry of Health of the former Soviet Union recognized the therapeutic value of I. obliquus decoction and included it in 
the Soviet pharmacopoeia under the name Befunginum.10

There have been a lot of reports on the chemical components of I. obliquus, mainly including polysaccharide (IOP), 
Inonotus extract, inotodiol, various kinds of oxidized triterpenoids, trametenolic acid, various kinds of lanosterol 
triterpenoids, folic acid derivatives, aromatic vanillic acid, syringic acid and γ-hydroxybenzoic acid. In addition, some 
reports also show that Tannins, steroids, alkaloids, melanins, low molecular polyphenols and lignins are isolated from it. 
These substances have been proven to have anti-tumor activity, anti-inflammatory, antioxidant, hypoglycemic and 
immunomodulatory effects,11 among which triterpenoids and IOP are not only the main components in the fruiting 
bodies of I. obliquus, but also the best natural substances with hypoglycemic effect.

Polysaccharide
Among all the active components of I. obliquus, IOP has the most extensive biological activities, including anti-tumor 
activity, hypoglycemic activity, anti-inflammatory activity and antioxidant activity. A series of proinflammatory cyto-
kines, including prostaglandin mediators, cytokines (TNF-α, IL-1β, IL-6) and nitric oxide (NO) will be released after 
lipopolysaccharide (LPS) stimulation. IOP can achieve anti-inflammatory effect by inhibiting the induction of carbon 
monoxide and other similar cytokines.12 Monosaccharides, as the structural units of IOP are linked by glycosidic bonds, 
which are significantly correlated with the activity of IOP. β-(1,3) -D glycosidic bonds in the glucose backbone are 
required for their anti-tumor effects. IOP, especially exopolysaccharides, has significant hydroxyl radical and 2, 
2-diphenyl-1-picrohydrazide (DPPH) radical scavenging activity, while low molecular weight IOP (29 kDa) (LIOP) 
has relatively high antioxidant activity,13 which can decrease insulin tolerance14 through NF-κB/TGF-β1 signaling 
pathway. Liu et al15 isolated and purified two polysaccharides, HIOP1-S and HIOP2-S, from Porus obliquus by 
DEAE-52 cellulose and Sephadex G-100 column chromatography. HIOP1-S and HIOP2-S had a strong inhibitory effect 
on α-glucosidase activity, increasing glucose consumption in HepG2 cells and exerting a hypoglycemic effect. At 
presents, a lot of scholars have evaluated the IOP content in Chaga mushroom extracts and also summarized the IOP 
content under various extraction conditions such as freezing, hot air or vacuum drying methods.15 Currently, Chinese 
people extract IOP by the following methods: water extraction,16 ultrasonic-microwave collaborative extraction,17 30% 
ethanol extraction,18 0.6mol/L sodium hydroxide extraction,17 and ultrasonic method.18 Ultrasonic method and traditional 
water extraction methods greatly enhance the extraction efficiency. Great progress has been made in the development of 
IOP over the past decade. However, due to different habitat environments and extraction methods, the obtained 
composition and content of IOP are different.

Triterpenoid
I. obliquus contains rich contents and complex types of triterpenes, including tramadol acid (TA), indole diol and 
betulinic acid (BA). Unlike IOP which is extracted often under high temperature and pressure, triterpenes should be 
extracted with warm water because high temperature and pressure cause damage to it. Based on extensive studies, BA 
has been proved to have hypoglycemic effects, and various immunomodulatory activities. For example, BA can inhibit 
various enzymes related to carbohydrate/fat absorption and metabolism, such as α-amylase and several other enzymes.19 
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Moreover, BA also promotes the secretion of leptin and insulin. The existing signaling pathway studies related to BA are 
summarized in Table 1. Spiroinonotsuoxotriols A and B are two highly-rearranged pentacyclic triterpenoids newly 
extracted from I. obliquus by Yin Youming, and they exhibit stronger α-glucosidase inhibitory activity than acarbose.20

II. IOP also has a renoprotective effect. Liu et al demonstrated that IOP could alleviate the abnormal body weight, 
kidney value increased and kidney enlarged in diabetic nephropathy mouse model induced by streptozocin combined 
with high-sugar and high-fat feed, which may involve in increasing renal oxidase activity and inhibiting malondialdehyde 
production, thus exerting a renoprotective effect in diabetic nephropathy mice.58

Other
Besides IOP and triterpenoids, Inotodiol and trametenolic acid isolated from the ethyl acetate fraction of I. obliquus have 
an inhibitory effect on α-amylase. It can remove the effects of 1,1-diphenyl-2-picrylhydrazyl radicals to lower blood 
glucose levels in diabetic mice. Water-soluble melanin complex extracted from I. obliquus can improve insulin sensitivity 
and anti-hyperglycemia and promote lipid metabolism in obese mice fed with a high-fat diet.59 The extraction method is 
usually water extraction.60

The pathogenesis of DKD is complex, and the inflammatory response is an important cause. Hyperglycemia causes 
renal cells to produce various inflammatory and growth factors. The increase in inflammatory factors can stimulate the 
production of oxygen-free radicals and increase oxidative stress. Oxidative stress occurs when there is an imbalance 
between free radicals and antioxidants in the body. Inflammatory activity and free radical production in the immune 
response can lead to oxidative stress, causing chronic inflammation and potentially contributing to the development of 
various chronic conditions, including diabetes, cancer, and heart disease.61,62 In turn, oxidative stress can also promote 
the release of inflammatory factors and exacerbate damage to renal function.63 The lignin complex, phenolic compounds, 
and melanin in I. obliquus have antioxidant activities. Among them, the lignin-carbohydrate complexes showed 
significant reducing power and strong scavenging activity against DPPH and hydroxyl radicals. Oblique polyphenol 
could be extracted with 50% ethanol. It showed stronger ferric-reducing antioxidant power, which can minimize the 
activity of DPPH and hydroxyl radicals.64 The study by Lu et al also showed that Inotodiol and trametenolic acid have 
a scavenging effect on 1,1-diphenyl-2-picrylhydrazyl radicals.59

Pharmacological Effects of I. obliquus in the Treatment of DKD
Hypoglycemic Effect
Existing studies reveal that I. obliquus has a better hypoglycemic effect on type 2 diabetes, and its mechanism mainly 
includes related pathways of glucose metabolism, correction of lipid metabolism disorders, regulation of enzyme 

Table 1 Signaling Pathway Studies Related to BA

Signaling Pathway Literature Involved

PI3K/Akt/mTOR [21–28]

Bcl-2/Caspase /Bax [29–31]

Autophagy [28,32–34]

JAK/STAT [35,36]

MAPK/p38/JNK [37–42]

Akt/Wnt/β-catenin [21,22,43–45]

CDK/ROCK [32,46]

TGF-β/Smad/PKC [47–50]

NF-κB/NOD1 [51–53]

PPAR/P450/HSP/Ferroptosis [54–56,57]
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activities, intestinal flora, protection and repair of islet cells, and improvement of insulin sensitivity.65,66 A recent 
literature also mentioned the protective role of betulinic acid, an essential component I. obliquus, in DKD, help poten-
tially increase insulin and C-peptide and decrease fasting blood sugar, kidney lesions, TNF-α, IFN-γ, and IL-1.67

Early studies have proved that IOP can reduce postprandial blood glucose and treat diabetes by inhibiting intestinal α- 
glucosidase and reducing the absorption of carbohydrates in food.68 Meanwhile, I. obliquus has an obvious hypoglycemic 
effect on alloxan-induced diabetic mice. As for its main mechanism, it is mediated by the interaction between insulin and 
gluconeogenesis, which further affects glucose metabolism in the liver and other tissues in the body, thus achieving 
a hypoglycemic effect.69 Streptozotocin-induced type 2 diabetic mice were mostly used as the study model in a series of 
subsequent studies. Based on related studies, Wang et al concluded that oral administration of IOP (900mg/kg) could increase 
the expression of GLUT4 and up-regulate PI3K/Akt pathway in adipose tissue of streptozotocin-induced type 2 diabetic 
mice, thereby reducing the fasting blood glucose level, improving glucose tolerance, increasing liver glycogen level and 
enhancing insulin resistance.70,71 Zhang et al72 also confirmed the result and concluded that I. obliquus extract could also 
achieve hypoglycemic effect by up-regulating the expression of AMPK/ACC pathway in diabetic mice based on additionally 
studies of the influence of I. obliquus extract on AMPK/ACC signaling pathway. Xu et al73 investigated the hypoglycemic 
activity and the underlying molecular mechanism of IOP in streptozotocin-induced diabetic mice using metabolomics based 
on UPLC-Q-Exactive-MS method, they identified a total of 15 differential metabolites between normal control group and 
diabetes model group. Among them, L-tryptophan, L-leucine, uric acid, 12-HETE and arachidonic acid showed important 
variations, and could be used as potential biomarkers of diabetes. With the intervention of 11.2g/kg IOP, the differential 
metabolites leucine and proline in diabetic mice were reversed; phytosphingosinol was further reduced; blood glucose 
decreased. According to another study, IOP increases the levels of insulin and pyruvate kinase in serum and improves 
glycogen synthesis, especially IOP5. It restores the levels of superoxide dismutase (SOD), catalase, glutathione peroxidase, 
and malondialdehyde in serum, thereby alleviating symptoms of type 2 diabetes. It is expounded that the metabolic 
regulation of IOP at the molecular level can provide a scientific basis for the hypoglycemic effect.74 In conclusion, 
I. obliquus can repair damaged islet β-cells, promote insulin secretion, and increase liver glycogen content in diabetic mice.

Protective Effect on Kidney
Renal fibrosis is a symptom of ESRD developed from chronic kidney disease (CKD). In this case, abnormal accumula-
tion of extracellular matrix results in loss of kidney tissue and function. The protective effect of BA on kidney is 
manifested in the following aspects: in CKD-induced rats, BA treatment significantly reverses the changes of histological 
molecules and dysregulation of metabolic pathways induced by CKD; BA treatment inhibits the expression of pro- 
fibrotic proteins such as transforming growth factor-β (TGF-β), connective tissue growth factor (C-TGF), hydroxypro-
line, collagen type I and fibronectin in renal tissue of CKD rats; BA treatment reduces renal tubular dilatation, glomerular 
degeneration, vacuolation and collagen fiber deposition.73 BA can also restrain high glucose-induced cell proliferation 
and fibronectin expression in glomerular mesangial cells by inhibiting ERK1/2 and p38MAPK pathways, and reverse the 
expression of p21Waf1/Cip1 and p27Kip1 inhibited by high glucose at the same time.75 Based on the established C57BL/ 
6 diabetic mouse model induced by streptozotocin, Liu et al76 found that ergosterol reduced mesangial cell proliferation 
and subsequent extracellular matrix deposition by regulating TGF-β1/Smad2 signaling pathway, indicating that ergosterol 
could treat DKD. According to the DN mouse model established by intraperitoneal injection of 30mg/kg streptozotocin, 
it is found that ergosterol significantly reduces fasting blood glucose level, inflammatory cytokine level and renal injury, 
and increase insulin level, so it can be used for clinical treatment of DKD. Based on histopathological studies, our team77 

added the evidence of renal Doppler ultrasound (RDUS) on the structure, function and physiology of the animal kidney. 
As the results showed, the peak systolic velocity (PSV), mean velocity (MV) and end-diastolic velocity (EDV) of the 
right renal artery in the Chagas group were higher than those in the DKD group. The PSV and EDV of the internal renal 
artery were positively correlated with renal functions. It was observed from scanning electron microscopy (SEM) that the 
average thickness of renal basement membrane, the segmental fusion of podocytes and the average width of foot process 
were all improved after Chaga-treatment, revealing the protective effect of Chaga-treatment on kidney for the first time. 
The proposed scheme of the effect is described in Figure 1.
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Antioxidant Effect
Hyperglycemia has been shown to induce an augmented formation of ROS, contributing to the development of diabetic 
nephropathy. The increase in renal cortical oxygen consumption and the impaired oxygen tension in the tissue are related 
to oxidative stress, which could be prevented by treatment with ROS-scavengers such as α-tocopherol. These oxidative 
stress modifications can change the metabolic pathways of the kidney and disrupt the hemodynamics associated with DN, 
eventually causing renal fibrosis.78,79 The oxidative activity in vitro is evaluated usually by establishing Raw 264.7 cell 
model. NF-κB and Nrf2 are key signaling pathways in cells that regulate oxidative stress and inflammation. IκB/NF-κB 
and Keap1/Nrf2 signaling pathways can interact with each other. To be specific, NF-κB can regulate the transcription and 
activity of Nrf2, and the deficiency of Nrf2 up-regulates the activity of NF-κB and results in the expression of 
proinflammatory factors. Moreover, the abnormalities of IκB/NF-κB and Keap1/Nrf2 signaling pathways are strongly 
linked with renal fibrosis. IOP has antioxidant activity; the higher the content of uronic acid and protein, the stronger the 
antioxidant activity of IOP. Antioxidant activity, by inhibiting NF-κB/TGF-β1 signaling pathways, can reduce insulin 
tolerance, reduce triglyceride amount, increase HDL/LDL ratio and decrease urinary albumin/creatinine ratio (ACR), 
restore the integrity of glomerular capsule, increase the number of glomerular mesangial cells, reduce the expression of 
TGF-β in mouse renal cortex, and improve glycolipid toxicity renal fibrosis in DKD mice.14 Mediating the transcription 
of downstream antioxidant genes can remove ROS and inhibit the accumulation of toxic substances. Previous reports 
have revealed Nrf2 activation can protect renal functions. However, recent literature has reported it has negative effects 
in rat models of autoimmune nephritis and DKD, where Nrf2 activation worsens DN in rats. BA of I. obliquus can 
protect streptozotocin-induced DN rats by inhibiting AMPK/NF-κB/Nrf2 pathway.80 As a lanosterane-type tetracyclic 
triterpene, TA is one of the main active components extracted from the natural product I. obliquus. Our previous study81 

has confirmed that it can significantly reduce the right kidney weight/body weight ratio and the content of urea nitrogen, 
serum creatinine and urinary albumin in db/db mice. It was observed that the glomerular mesangial matrix expansion and 
collagen deposition were significantly decreased in kidney tissue. As for the specific mechanism, TA reduces oxidative 
stress by activating Nrf2/HO-1 pathway in DKD, reduces inflammation by inhibiting NF-κB signaling in DKD, and cuts 
down podocyte injury and fibrosis. As reported by Ma et al.82 I. obliquus extract contains many LIOP, which are 
considered to be the antioxidants of these mentioned extracts with this activity. According to the study of Wang et al,72 

Figure 1 The protective effect of Inonotus obliquus on the kidney is described. In CKD-induced rats, I. obliquus treatment suppresses the expression of pro-fibrotic proteins 
such as transforming growth factor-β (TGF-β), connective tissue growth factor (C-TGF), hydroxyproline, collagen type I and fibronectin in renal tissue, thus restraining high 
glucose-induced cell proliferation and fibronectin expression in glomerular mesangial cells by inhibiting ERK1/2 and p38MAPK pathways. Besides, I. obliquus helps suppress 
the expression level of the TGF-β1/Smad2 signaling pathway.
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severe symptoms such as glomerular basement membrane thickening, mesangial hyperplasia, inflammatory infiltration 
and ECM deposition injury in diabetic mice were alleviated after 4 weeks of IOP, and urinary albumin levels also 
dropped sharply. Hence, it is argued that IOP can protect the kidney of diabetic mice by inhibiting oxidation products.

Anti-Inflammatory and Immunoregulatory Effects
There is a complex pathogenesis for DKD. It was considered that DKD is a non-immune, metabolic or hemodynamic 
glomerular disease caused by hyperglycemia. In fact, hypertension, hyperlipidemia, accumulation of advanced glycosy-
lation end products (AGEs) and proteinuria are also involved in the occurrence and development of DKD. Moreover, 
more and more clinical and experimental evidence suggests that inflammatory cytokines play a key role in the 
progression of DKD.

The development of kidney inflammation and fibrosis is a complex process in which many interacting pathways cause 
chronic inflammatory infiltration, including macrophages and other immune cells that release cytokines and profibrotic 
factors. I. obliquus can reduce the secretion of proinflammatory cytokines (IL-1β, IFN-γ and TNF-α) in kidney tissue.14 

Moreover, it also has anti-inflammatory effects by inhibiting macrophage NO secretion, inhibiting LPS-induced over- 
expression of iNOS, COX-2, TNF-α and IL-1β in Raw 264.7 cells, and inhibiting inflammatory cytokines and mediators. 
Currently, there are five known immune-related pathways related to DKD, namely, Toll-like receptor (TLR) signaling 
pathway; NLRP3 inflammasome, nucleotide binding oligomeric domain (NOD) -like receptor (NLR) signaling; Kinin-kinin 
system (KKS); protease-activated receptor (PAR) signaling; and complement cascades.82 Most pathways related to the 
studies of I. obliquus are only involved in the first two ones. TLRs can be expressed by a variety of immune cells (including 
macrophages, dendritic cells, T cells, B cells, and natural killer cells), as well as by non-immune cells (including renal tubular 
epithelial cells, endothelial cells, podocytes, and mesangial cells). Xu et al83 proved that birch IOP could inhibit the 
expression of TLR4/NF-κB signaling pathway proteins in placenta caused by Toxoplasma gondii infection, thereby blocking 
the TLR4/NF-κB signaling pathway. NF-κB is a key transcription factor mediating the excessive inflammatory response in 
the occurrence and development of DN. Blood glucose induced NF-κB activation makes TGF-β increase. Tgf-β-dependent 
signaling in turn promotes fibrosis and inhibits inflammation, which is the characteristic of DKD. Therefore, I. obliquus may 
also be involved in the inflammatory suppression and fibrosis of DKD through TLR4/NF-κB signaling pathway, but few 
scholars study it from this aspect. NLRP3 inflammasome participates in the occurrence and development of many human 
diseases, such as cancer, liver and kidney diseases, and it is the most widely studied inflammasome complex. Human 
podocytes induced by high glucose level can activate NLRP3 inflammasome.83 Significant up-regulation of inflammasome 
related proteins such as NLRP3, ASC, CASP1 and IL-18 can also be observed in DN. NLRP3 inflammasome activation can 
result in angiotensin II–induced podocellular apoptosis and mitochondrial dysfunctions, thus aggravating albuminuria in 
patients with DKD.84 Inhibiting NLRP inflammasome is a kind of new therapeutic strategy for many inflammatory diseases. 
NLRP3 inhibitor MCC950 can improve podocyte injury, renal fibrosis and renal dysfunctions in db/db mice. However, 
existing studies have revealed that IOP inhibits the development of colon cancer by activating the NLRP3 inflammasome in 
the colon of mice.85 Similarly, according to Western blot of the cells, the levels of nuclear NF-κB and phosphorylated NF-κB 
increased after the administration of BA.86 As for DKD, there has been no report of how I. obliquus acts on NLRP3 
inflammasome to inhibit renal fibrosis. The production of AGEs plays a key role in DN because AGEs can significantly 
express TGF-β1 in LLC-PK1 and aggravate renal injury. In the study of Chou et al,14 glucose toxicity induced by STZ+ 
AGEs could also be inhibited by reducing the expression of NF-κB and TGF-β in LLC-PK1 cells after 72h of treatment. 
Obviously, 10–100kDa LIOP can significantly improve renal dysfunctions and secondary renal fibrosis induced by 
glycolipidosis in DKD mice.The proposed scheme of the effect is described in Figure 2.

Anti-Hypertensive Effect
Hypertension is not only common in DKD, but also an important factor causing the occurrence and development of 
DKD. I. obliquus has a vasoprotective effect through anti-inflammation. The ApoE KO mice treated by BA show lower 
systolic pressure, because BA can improve the expression of endothelial nitric oxide synthase (ENOS) and inhibit the 
expression of ICAM-1 and ET-1 in the cells.87
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Researches of I. obliquus in the Treatment of DKD-Related Diseases
Liquid submerged fermentation is featured by short period, high yield and low price, so it is widely used in the 
cultivation of I. obliquus. However, due to the rarity of fruiting bodies and the low efficiency of the current submerged 
fermentation methods, the yield of IOP is relatively low. Based on a large number of repeated experiments, Dr. Jia 
Chunbao et al verified taking I. obliquus extract could significantly treat diabetes. Since then, Dr. Jia Chunbao led the 
team to use the “TCM based” cultivation and fermentation technology to obtain fungal drugs that had more refined 
molecular structures, were more suitable for intestinal absorption and had more obvious efficacy. Thus, the application of 
I. obliquus in China is further promoted.

Figure 2 This image depicts the anti-inflammatory and antioxidant effects of I. obliquus on the kidney. Left: I. obliquus can reduce the concentration of proinflammatory 
cytokines such as PGE2, IL-1β, and TNF-α secreted by macrophages in kidney tissue, thus inhibiting the blood glucose-induced NF-κB activation and TGF-β release. Middle: 
I. obliquus treatment downregulates the TA-induced NF-Κb/TGF-β signaling pathway, and decreases the level of TG released by the pancreas, accompanied by decreased 
ACR and increased HDL/LDL. Hence, I. obliquus has a protective role in glomerular structure. Right: Oral administration of I. obliquus could increase the expression of 
GLUT4 and PI3K/Akt pathway in adipose tissue, as well as the AMPK/ACC pathway in diabetic mice.
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Summary and Prospect
Traditional Chinese Medicine (TCM) has been developing for thousands of years in China and has accumulated consider-
able and valuable experience in treating various diseases. TCM has lower risks of adverse reactions than western medicine. 
The chemical synthetic drugs that are currently applied in treating diabetes have many serious adverse reactions, including 
gastrointestinal reactions, liver and kidney damage, and also negatively affect the treatment of complications. Therefore, the 
development of novel hypoglycemic agents with minimal side effects and superior efficacy from natural products is still 
a challenge for clinical medicine. I. obliquus has shown great potential in enhancing immunity, anti-tumor, anti-oxidation, 
anti-fatigue, hypoglycemic activity and anti-hyperlipidemic effect. Hence, it will certainly show great pharmacological 
effects and potential application value in the treatment of DKD-related diseases. A huge number of studies have shown that 
I. obliquus has protective effects on DKD. However, it is still necessary to further explore the toxic and side effects, 
effective therapeutic dose and drug standardization so as to provide solid scientific basis and theoretical guidance for the 
synthesis of I. obliquus derivatives with higher bioactivity and fewer side effects.
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