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Abstract 
Purpose: Diabetes mellitus is a metabolic disease characterized by 

hyperglycemic resulting from defects of insulin secretion, insulin 

action, or both. One of the alternative treatments is bajakah which 

has antidiabetic activity. This study aims to further discuss the 

potential and mechanism of alkaloids and flavonoids in bajakah as 

antidiabetic agents. 

Method: This study used the literature review method by searching 

research data on database and 5 articles included for the review. 

Results: Alkaloids have antidiabetic activity through inhibition of 

AR, PTP1B, activating AMPK, inhibiting DPP-4 and AGEs, 

increasing glucose absorption, regenerating pancreatic β-cells, 

inhibiting and inducing GLUT-4, GSK-3, SREB-1, ACC, PPAR, 

and glucokinase mechanisms. Meanwhile, flavonoids have activity 

in pancreatic β-cell degradation, increasing insulin secretion and 

sensitivity, glucose homeostasis, glucose absorption through 

GLUT-2, inhibiting phosphodiesterase, inhibiting α-glucosidase 

and α-amylase enzymes, inhibiting apoptosis of pancreatic β-cells, 

encouraging proliferation, and lowering blood glucose. 

Limitation: The limitation in this study is that it only used the 

literature review method which had a scarcity of the data studied, 

with lack of research on the cytotoxicity of the bajakah contents, 

information on the specific doses of the bajakah used, and the 

duration of treatment. Researcher suggests that more rigorous or 

experimental research methods be used in further studies to discuss 

and further explore the effectiveness of bajakah in lowering blood 

glucose in patients with diabetes mellitus. 

Contribution: The findings of this study are expected to be a 

reference in scientific development in the diabetes mellitus 

treatment using herbal plants. In addition, it is expected that it can 

increase further knowledge about the mechanism of bajakah as 

antidiabetic agents. 

Keywords: antidiabetic, bajakah, diabetes mellitus, secondary 

metabolites  
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1. Introduction 

Diabetes mellitus is a hyperglycemia syndrome accompanied by abnormalities in fat and protein 

metabolism, caused by defects in insulin secretion and quantity or its combination with insulin 

resistance (Tjokroprawiro et al., 2015). Diabetes mellitus is classified into four types according to the 

American Diabetes Association (ADA), namely type 1 diabetes mellitus (T1DM), type 2 diabetes 

mellitus (T2DM), gestational diabetes mellitus, and other types of diabetes mellitus. T1DM is caused 

by destruction of pancreatic β-cells which are mostly caused by autoimmune or idiopathic processes, 

while T2DM is caused by insulin resistance which eventually leads to pancreatic decompensation to 

secrete insulin. Diabetes mellitus is diagnosed when the results of the A1C test ≥ 6.5%, impaired fasting 

glucose (IFG) ≥ 7 mmol/L (≥ 126 mg/dL), 2-h plasma glucose ≥ 11,1 mmol/L (≥ 200 mg/dL), or random 

blood glucose (RBG) ≥ 11,1 mmol/L (≥ 200 mg/dL) (Tjokroprawiro et al., 2015). Diabetes mellitus 
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affects 422 million people worldwide, and 1.5 million people die from it each year (World Health 

Organization, 2023). In Indonesia, diabetes mellitus prevalence has risen from 1.5% in 2013 to 2% in 

2018 (Penelitian dan Pengembangan Kesehatan Kementerian Kesehatan RI, 2018).  

 

One of the treatments for diabetes mellitus is using oral hypoglycemic drugs (Tjokroprawiro et al., 

2015). Although synthetic oral hypoglycemic drugs have effectiveness in controlling diabetes mellitus, 

they have bad side effects. Several drawbacks have been reported associated with the use of these 

synthetic oral hypoglycemic drugs, including drug resistance or reduced efficiency, side effects, and 

toxicity. Sulfonylureas, for example, are known to lose effectiveness after 6 years of treatment in around 

44% of patients, while glucose-lowering drugs are believed to be ineffective in controlling 

hyperlipidemia (Salehi et al., 2019). Antidiabetic drugs also have an adverse impact on bone metabolism 

such as thiazolidinediones which can increase bone loss and fracture risk through activation of 

peroxisome proliferator-activated receptor gamma (PPAR-γ) in bone marrow cells and inhibit 

osteoblastogenesis through decreasing runt-related transcription factor-2 (RUNX2), insulin-like growth 

factor-1 (IGF-1) and wingless-related integration site (Wnt)/β-catenin signaling pathways (Adil et al., 

2017; Palermo et al., 2015). In addition, several antidiabetic drugs, such as anagliptin, alogliptin, 

saxagliptin, linagliptin, vildagliptin, sitagliptin and teneligliptin which belong to gliptin or dipeptidyl 

peptidase-4 (DPP-4) inhibitors, are associated with varying degrees of adverse or severe cardiovascular 

side effects (Fisman & Tenenbaum, 2015). It can be concluded that long-term usage of antidiabetic drug 

therapy can have negative side effects, so developing novel alternative sources of antidiabetic agents 

from natural sources is an important goal, one of which is using bajakah which has a high content of 

alkaloids and flavonoids which can be used as antidiabetic agents (Faoziyah et al., 2019). 

 

Bajakah (Uncaria nervosa Elmer) is one of the herbal plants that are widely used by the public as herbal 

medicines because it has activity in curing various conditions, such as wound healing, headaches, ulcers, 

gastrointestinal disorders, microbial infections, neurological diseases, hypertension, anticancer, asthma 

medications, antidiabetics, stroke medications, and rheumatism (Ravipati et al., 2014; Zhang et al., 

2015). Indole type alkaloids are the most common type of secondary metabolites found in bajakah (Qin 

et al., 2020; Wang et al., 2018). The main components of indole alkaloids are rhynchophylline and 

isorhynchophylline with a combination of these two types of alkaloids contributing more than 40% of 

the total types of alkaloids present (Qin et al., 2020). Meanwhile, flavonoids are phenolic substances 

that exhibit biological activity, including antidiabetic agents (Panche et al., 2016; Wang et al., 2018), 

and are found in certain plants that have antioxidant effects (David et al., 2016). Bajakah has 40 types 

of flavonoids which are classified into flavanol and flavonol. Compound components belonging to the 

flavanol type include catechins, gallocatechins, catechins-3-gallate, epicatechins, and epigallocatechins. 

While compounds belonging to the flavonol type include kaempferol, myricetin, and quercetin 

(Veeramuthu et al., 2017; Zhang et al., 2015).  

 

Based on the description above, it is known that bajakah contains secondary metabolites which have 

various benefits, one of which is used as antidiabetic agents. Given the increasing prevalence of diabetes 

mellitus in Indonesia, and synthetic oral hypoglycemic drugs have several negative side effects, 

treatment efforts to control and normalize blood glucose level in patients with diabetes mellitus must 

continue. Therefore, researcher wants to discuss further about the potential and mechanism of the 

alkaloids and flavonoids contained in bajakah as antidiabetic agents. 

 

2. Method 

This literature review of published studies on the mechanism of alkaloids and flavonoids in bajakah as 

antidiabetic agents was conducted according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines. A comprehensive literature search was conducted on the 

Google Scholar database. The keywords used in the research were “alkaloids”, “flavonoids”, “bajakah”, 

and “antidiabetic”. The inclusion and exclusion criteria were used during screening. Inclusion criteria 

include articles with a 5-year term (2018-2023), written in Indonesian or English, and full-text articles, 

and those that did not meet the inclusion criteria were excluded. 
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Figure 1. The flow chart of the PRISMA diagram for the study selection process. 

 

3. Result and Discussion 

After using a combination of keywords, 423 articles were identified from the database. The articles 

were then screened acording to the inclusion and exclusion criteria, resulting in 381 remaining articles. 

Following the review involving inclusion and exclusion criteria, 153 full-text articles were further 

assessed for eligibility. After this process, only 5 articles included for the review (Figure 1). 

Table 1. Summary of the studies included in the review. 

No. Researcher(s) Title Result 

1. Annastasya Azzahra, 

Nurhafiza Farhani, 

Wulan Syahfitri, 

Sudana Fatahillah 

Pasaribu (2022) 

Potensi Kandungan 

Flavonoid dalam Kayu 

Bajakah Sebagai 

Antidiabetes 

Flavonoids are able to degrade damaged 

pancreatic β-cells and are able to increase 

insulin sensitivity and improve insulin 

receptor performance. Flavonoids inhibit 

glucose absorption through GLUT-2 in the 

intestine which can reduce glucose 

absorption. Flavonoids are able to inhibit 

phosphodiesterase which results in an 

increase in cAMP in pancreatic β-cells. 

Records identified from 

electronic database: 

 

Google Scholar (n=423) 

Records screened 

(n=381) 

Full-text articles assessed 

for eligibility 

(n=153) 

Studies included for 

review 

(n=5) 

Inclusion criteria: 

 Limited to 5 years (2018 – 2023). 

 Indonesian and English articles. 

 

Exclusion criteria: 

 Published before 2018. 

 Written in languages other than 

Indonesian or English. 

Full-text articles. 

Eligibility: 

Articles that discuss the potential and 

mechanism of alkaloids and flavonoids 

in bajakah as antidiabetic agents. 
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2. Hamidreza Ardalani, 

Fatemeh Hejazi 

Amiri, Amin 

Hadipanah, Kenneth 

T. Kongstad (2021) 

Potential antidiabetic 

phytochemicals in plant 

roots: a review of in 

vivo studies 

Alkaloids have antidiabetic activity as AR 

inhibitors. In addition, alkaloids are able to 

activate AMPK. Meanwhile, flavonoids 

have antidiabetic activities such as glucose 

homeostasis, use of glucose in peripheral 

tissues, increase insulin secretion and 

sensitivity, and inhibit intestinal 

absorption of glucose. 

3. Francisca Diana 

Alexandra, Agnes 

Frethernety, Winney 

Amiani, Reza 

Nathasya Aprelea 

(2023) 

Uji Aktivitas 

Antihiperglikemia 

Ekstrak Batang 

Uncaria gambir 

(W.Hunter) Roxb. pada 

Tikus Diabetes 

Flavonoids have effectiveness in lowering 

blood glucose levels by the mechanism of 

insulin secretion in pancreatic β-cells. 

Administration of bajakah stem extract 

showed activity in reducing blood glucose 

levels in experimental rats with a decrease 

of 44.85% (group P3), 40.12% (group P1), 

35.12% (group K+), 27.27% (group K-), 

and 7.12% (group P2). 

4. Dwi Nursyafitri, Ade 

Ferdinan, Fitri Sri 

Rizki (2021) 

Skrining Fitokimia dan 

Parameter Non Spesifik 

Ekstrak Etanol Akar 

Bajakah (Spatholobus 

littoralis Hassk.) 

The results of the screening showed that 

bajakah contains alkaloids, flavonoids, 

phenols, saponins and tannins, and there 

are no terpenoids and steroids in it. 

5. Ni Luh Kade Arman 

Anita Dewi, Putu 

Nimas Dyiah 

Prameswari, Erna 

Cahyaningsih, Fitria 

Megawati, Ni Putu 

Dewi Agustini, Debby 

Juliadi (2022) 

Review: Pemanfaatan 

Tanaman Sebagai 

Fitoterapi pada 

Diabetes Mellitus 

Some plants contain metabolites that have 

antidiabetic activity. Alkaloids have 

hypoglycemic activity which can 

regenerate pancreatic β-cells, increase 

insulin secretion, and lower blood glucose 

with an extra-pancreatic mechanism. 

Meanwhile, flavonoids have a role as 

inhibitors of the enzymes α-glucosidase, 

maltase and α-amylase, and stimulate 

glucose uptake in the muscles. 

 

Bajakah contains more than 200 secondary metabolites, among which the most common are alkaloids 

and flavonoids (Flores-Sanchez & Ramos-Valdivia, 2017; Maulina et al., 2019). Phytochemical testing 

conducted by Maulina et al. (2019) showed the results of the secondary metabolite content in bajakah 

in the form of alkaloids, flavonoids, and terpenoids. Meanwhile, in the research of Nursyafitri et al. 

(2021), the phytochemical screening on bajakah contained secondary metabolites of alkaloids, 

flavonoids, saponins, tannins, and phenols. Qin et al. (2020) added that alkaloids and flavonoids are the 

most abundant secondary metabolites in bajakah. From the studies above showed that alkaloids and 

flavonoids are the most abundant secondary metabolites contained in bajakah. In a literature review 

conducted by Ridho (2020), it added that secondary metabolites in bajakah are classified more 

specifically, with the most common alkaloids being rhynchophylline and isorhynchophylline, and the 

most common flavonoids being flavanol and flavonol. It can be seen that of the more than 200 secondary 

metabolites contained in bajakah, two of them, alkaloids and flavonoids, are most commonly found in 

bajakah. With various studies on the potential of existing, it seems that bajakah is still rarely studied 

regarding its potential and mechanism as antidiabetic agents. Several studies have shown a lot of 

potential of alkaloids and flavonoids in lowering blood glucose levels in people with diabetes mellitus. 

In bajakah, alkaloids have antidiabetic activity through inhibiting aldose reductase (AR) and protein 

tyrosine phosphatase-1B (PTP1B). Inhibition of AR can decrease intracellular sorbitol and its 

metabolite, fructose, resulting in osmotic swelling and cell malfunction. Inhibition of PTP1B by 

alkaloids aids in the treatment of diabetes mellitus and its related complications because inhibition of 

this protein results in increased insulin receptor and insulin receptor substrate 1 and 2 phosphorylation 

leading to increased glucose uptake in the blood (Adhikari, 2021). In addition, alkaloids are able to 
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activate 5-adenosine monophosphate-activated protein kinase (AMPK) in the liver which can 

significantly reduce gluconeogenic and lipogenic gene, which functions to increase insulin sensitivity 

and lower blood glucose levels (Ardalani et al., 2021). Alkaloids also have activity in inhibiting DPP-

4, digestive enzymes, increasing glucose absorption, and inhibiting advanced glycation end products 

(AGEs) and antioxidant activity (Adhikari, 2021). Thus, if DPP-4 is inhibited by alkaloids, it will 

convert glucagon-like peptide-1 (GLP-1) into its metabolites which play a role in stimulating insulin 

release and improving insulin sensitivity, which results in regulating blood glucose levels. In addition, 

inhibition of AGEs will also limit tissue damage, slow disease progression and improve quality of life 

(Mulatsari et al., 2019). 

 

Alkaloids have the ability to regenerate pancreatic β-cells, lower blood glucose, and increase insulin 

secretion by extra-pancreatic mechanisms by stimulating glycogen synthesis, the mechanism of glucose 

transport in the intestine, and inhibiting glucose synthesis by inhibiting glucose 6-phosphatase and 

fructose 1,6-bisphosphatase which are enzymes that have a role in gluconeogenesis, and increase 

glucose oxidation through glucose 6-phosphate dehydrogenase. The inhibition of the glucose 6-

phosphatase and fructose 1,6-bisphosphatase enzymes will result in a decrease in the formation of 

glucose from non-carbohydrate substrates. Other than that, alkaloids work by inhibiting or inducing 

glucose transporter-4 (GLUT-4), glycogen synthase kinase-3 (GSK-3), sterol regulatory element-

binding proteins-1 (SREBP-1), glucokinase, acetyl-CoA carboxylase (ACC), and peroxisome 

proliferator-activated receptor (PPAR). In muscle cells and adipose tissue, insulin stimulates the 

delivery of GLUT-4 from intracellular locations to the cell surface, where GLUT-4 facilitates the 

reduction of plasma glucose levels, so that the administration of this alkaloid will affect GLUT-4 which 

in turn helps lower blood glucose levels. Whereas GSK-3 has an important role in regulation of the cell 

cycle of the Wnt and Hedgehog pathways, stem cell renewal and differentiation, apoptosis, circadian 

rhythms, transcription, and including regulation of insulin action, so that inhibition of GSK-3 by 

alkaloids can regulate blood glucose levels, accompanied by with increased expression of PPAR which 

can increase insulin sensitivity (Dewi et al., 2022; Kumar et al., 2019; Muhammad et al., 2021). So, it 

can be seen that besides alkaloids can lower blood glucose levels through extra-pancreatic mechanisms, 

they are also able to regenerate pancreatic β-cells. 

 

Flavonoids are able to degrade damaged pancreatic β-cells and are able to increase insulin secretion and 

sensitivity, improve insulin receptor performance, glucose homeostasis, and use of glucose in peripheral 

tissues. Flavonoids can also inhibit glucose absorption through glucose transporter-2 (GLUT-2) in the 

intestinal mucosa which can reduce glucose absorption. Epigallocatechin 3-gallate, a type of flavonoids, 

are able to inhibit phosphodiesterase which results in an increase in cyclic adenosine monophosphate 

(cAMP) in pancreatic β-cells. Flavonoids have antidiabetic activities such as glucose homeostasis, 

increasing insulin secretion and sensitivity, glucose utilization in peripheral tissues, and inhibiting 

glucose absorption in the intestine (Al-Ishaq et al., 2019; Ardalani et al., 2021; Azzahra et al., 2022; 

Hussain et al., 2020; Jain et al., 2021; Sari, 2022). Many of the physiological effects of cAMP enhanced 

by flavonoids will be mediated via cAMP-dependent protein kinase (PKA) activation. Glucose 

homeostasis is regulated by the cAMP/PKA signaling pathway on numerous levels, including insulin 

and glucagon release, glucose absorption, glycogen synthesis and breakdown, gluconeogenesis, and 

neural control of glucose homeostasis (Yang & Yang, 2016). So, it can be concluded that flavonoids 

can also degrade damaged pancreatic β-cells besides being able to regulate blood glucose levels through 

GLUT-2 and cAMP. 

 

Another role of flavonoids is as inhibitors of α-glucosidase and α-amylase enzymes (Dewi et al., 2022). 

The α-glucosidase and α-amylase enzymes are involved in the breakdown of starch into glucose, which 

causes an insulin response to lower blood glucose levels when the concentration of glucose increases 

in the blood. This is related to diabetes mellitus when there is insulin resistance. As a result, if the 

activity of these enzymes can be lowered, the risk of diabetes mellitus in people is decreased (Cahyana 

& Adiyanti, 2021). In addition, quercetin, a type of flavonoid found in bajakah, has activity in increasing 

insulin resistance by reducing oxidative stress and pancreatic β-cell death. Besides that, the flavonoid 

kaempferol has the ability to protect pancreatic β-cells, inhibit pancreatic β-cell apoptosis, encourage 
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proliferation, and lower blood glucose and blood lipids (Li et al., 2019). This is in accordance with 

research that gave bajakah stem extract to experimental rats and showed activity in reducing blood 

glucose levels in experimental rats with a decrease of 44.85% (group P3), 40.12% (group P1), 35.12% 

(group K+), 27.27% (group K-), and a decrease of 7.12% (group P2) (Alexandra et al., 2023). Based on 

the results of the review of the articles above, it showed that alkaloids and flavonoids in bajakah have 

activity in lowering blood glucose levels in people with diabetes mellitus. It is possible that bajakah has 

good potential to be used as antidiabetic agents. Moreover, research on the activity of the content of 

secondary metabolites in bajakah is still rarely conducted in Indonesia, thus providing a great 

opportunity for further research to explore more about the activity of bajakah, especially its activity as 

antidiabetic agents. 

 

4. Conclusion 

This literature review used 5 reviewed articles and the conclusion from this literature review indicates 

the potential of bajakah to be used as a treatment for diabetes mellitus because secondary metabolite 

content, such as alkaloids and flavonoids, can lower blood glucose levels through inhibiting AR, 

PTP1B, DPP-4, AGEs, phosphodiesterase, α-glucosidase and α-amylase enzymes, and apoptosis of 

pancreatic β-cells, inhibiting and inducing GLUT-4, GSK-3, SREB-1, ACC, PPAR, and glucokinase 

mechanisms, activating AMPK, increasing glucose absorption, insulin secretion and sensitivity, glucose 

homeostasis, and glucose absorption through GLUT-2. In addition, bajakah also has activity in 

pancreatic β-cell degradation and pancreatic β-cells regeneration. The findings in this literature review 

allows the opportunity to conduct further research regarding the effectiveness of bajakah as antidiabetic 

agents. 

 

Limitation and Suggestion 

The limitation in this study is that it only used the literature review method which had a scarcity of the 

data studied, with lack of research on the cytotoxicity of the bajakah contents, information on the 

specific doses of the bajakah used, and the duration of treatment. Researcher suggests that more rigorous 

or experimental research methods be used in further studies to discuss and further explore the 

effectiveness of bajakah in lowering blood glucose in patients with diabetes mellitus. 
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