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            Abstract
          
        

        
          Dyslipidemia is a condition of fat metabolism disorders with increased levels of total cholesterol (CHOL), triglycerides (TG), low-density lipoprotein (LDL), and low high-density lipoprotein (HDL). Dyslipidemia is often found in patients with type 2 diabetes mellitus (DMT2) with a higher risk of cardiovascular disease. The extract of butterfly pea (Clitoria ternatea L.) (CTE), exhibits therapeutic action like antioxidant, anti-inflammatory and antidiabetic properties. This study examined the antidiabetic potential of CTE in rat models of dyslipidemia and DM. Rats were fed nicotinamide (NA) and streptozotocin (STZ) to induce DMT2 after a 28-day high-fat diet, and the rats were given with CTE at 200, 400, 800 mg/kg body weight (BW), glibenclamide, and simvastatin for 28 days. Suppressor of mothers against decapentaplegic homolog 3 (SMAD3), and SMAD4 were assayed by immunohistochemistry (IHC), regenerating family member 1 alfa (REG1A), REG1B and glucagon gene expression were measured by quantitative reverse transcription polymerase chain reaction (RT-qPCR) body weight was measured weekly. CTE at a dose of 800 mg/kg BW was the most active to increase body weight, and decrease SMAD3, SMAD4 protein expression, glucagon, REG1A, REG1B genes expression in dyslipidemia and DM rat model. CTE has potency antidiabetic activities in dyslipidemia and DM rat mode

        

      

      
        Keywords: 
Antidiabetic, Clitoria ternatea, Dyslipidemia, Diabetes mellitus, Glucagon

      

    

    

  
    
      Introduction
      Diabetes mellitus (DM) is a disease marked by high blood glucose levels, glycosuria, and hyperlipidemia, all of which are caused by a lack of insulin and insulin signaling in the body. Insulin deficiency in the body can be caused by a various factors, including hereditary insulin resistance, lipotoxicity, inflammation, hyperglycemia-induced negative regulation, and mitochondrial malfunction.1,2 Insulin-dependent DM (DMT1) and non-insulin-dependent DM (DMT2) are the two types of diabetes.3 Insulin resistance causes DMT2, which is commonly linked to visceral adiposity and obesity.4

      Patients with dyslipidemia and DM have greater levels of total cholesterol (CHOL), triglycerides (TG), suppressor of mothers against decapentaplegic homolog (SMAD3), and SMAD4, as well as lower levels of high-density lipoprotein (HDL). SMAD3 is a pathogenic mediator of DM, previous research stated that SMAD3 knockout, there was a decrease in LDL and TG and an increase in HDL. Increased plasma protein SMAD4 concentrations have also been found in DM patients with dyslipidemia.5,6 Interleukin-6 (IL-6) induces the regenerating family member 1 alfa (REG1A) gene.7-9 REG is upregulated in DMT2 patients related duration of DM.10

      Sulfonylureas, metformin, and α-glucosidase inhibitors (acarbose) are some of the oral and injectable medications used to treat DM. Weight gain, hypoglycemia, and digestive problems are among the adverse effects of pharmaceutical treatment.11 It is essential to search for an alternative therapy that has less negative health consequences and is healthier in order to treat DM with natural therapies. The butterfly pea flower (Clitoria ternatea L.) is Fabaceae family and is also used as a natural colorant in food and beverages.12 Butterfly pea flower has the potential as an antioxidant, anti-inflammation, and antidiabetic.13 This research examined the antidiabetic properties of C. ternatea L. ethanolic extract (CTE) toward body weight (BW), SMAD3 and SMAD4 pancreatic protein expression, pancreatic genes expression of glucagon, REG1A and REG1B.

    

    

  
    
      Experimental
      Materials - The materials used in this study included the male Sprague Dawley rats aged 6 weeks and weighing 120-140 g, C. ternatea flowers, 70% ethanol, lactose, high fat diet (HFD) contain 50% crude fat, 18% crude protein, and 5.5% crude fiber (PT Indoofeed), standard diet contain 7.37% fat, propylthiouracil (PTU, Dexa Medica), streptozotocin (STZ, Sigma Aldrich SO130), citrate buffer (Abcam, ab208572), glibenclamide (Generic, GKL9520905004A2), simvastatin (Generic, GKL13167 0271A), nicotinamide (NA, Sigma Aldrich-N3376), primary antibody SMAD3 (Elabsci, E-AB-40050) and SMAD4 (Elabsci, E-AB-16957), bovine serum albumin (BSA), HRP/DAB (ABC) rabbit speciﬁc detection IHC Kit (Abcam, ab64261), poly-HRP anti Mouse/Rabbit IgG Detection System (with DAB solution) (Elabsci, E-IR-R217), Direct-zol RNA Miniprep Plus Kit (Zymo, R2073), iScript Reverse Transcription Supermix kit (Bio-Rad, 170-8841), and Evagreen (Bio-Rad, 1725200).

      C. ternatea extract preparation - PT. FAST (Fathonah Amanah Shidiq Tabligh manufacture) processed the extract from C. ternatea flowers (Depok, Indonesia) and standardized it by the Food and Drug Authority with Certificate of Analysis (CoA) No. Batch 00103211072 Good Manufacturing Practices (GMP). Flowers from C. ternatea were collected at the Kampung Herbal in Pasuruan, East Java, Indonesia. The 70% ethanol was used to extract the butterfly flower peas, and the resulting extract was subsequently combined with lactose to create powdered CTE.14

      Induction of dyslipidemia and diabetes mellitus rats - Ethics Committee (147/KEP/VI/2021) accepted the DM and dyslipidemia procedures used in this study. The rats were housed in separate cage with a 12-hour darkness/12-hour light cycle, both kept at 25oC at iRATco Laboratory, Bogor, West Java, Indonesia. For 7 days, the rats were fed a regular feed and provided unlimited water.14 Before inducing DM, rats were administered 0.01% propylthiouracil (PTU) and high fat diet (HFD) for 28 days to cause dyslipidemia.15,16 The CHOL level of serum > 200 mg/dL, indicating dyslipidemia rats. STZ was administered intraperitoneally (IP) once and dissolved in 0.1 M citrate buffer (pH 4.5) at 60 mg/kg BW 60 minutes after NA 120 mg/kg BW was administered IP. Autocheck blood glucose demonstrated the induction of DM after 5 days using 12 h Fasting Blood Glucose (FBG) 200 mg/dL.14,17 The model of rats diagnosis of dyslipidemia and DM was confirmed, and rats were administered CTE.14,18 The DM rat models were split into eight groups namely group I the negative control (NC, normal rat), DM and dyslipidemia rats group II as a positive control (PC), CTE was administered to the rats in groups III, IV, and V in dosages of 200, 400, and 800 mg/kg BW, respectively. GC was administered to group VI at 0.45 mg/kg BW, simvastatin (SV) was given to group VII rats at 0.9 mg/kg BW, and group VIII was given a combination of GC and SV.14

      SMAD3, SMAD4 protein expression by immunohistochemistry assay - Cut paraffin blocks with a thickness of 4–5 μm were prepared using a microtome. In order to suppress endogenous peroxidase, 37oC was employed in conjunction with pH 6.0 citrate buffer, 121oC for 10 minutes, and 3% H2O2 in methanol for 15 minutes. Then, 5% BSA was used for pre-incubating the samples for 10 minutes. Primary antibodies of SMAD3 and SMAD4 were used in the primary antibody reaction, which was carried out overnight at 37oC. The protein target was viewed using the rabbit-specific antibody HRP/DAB (ABC) detection IHC assay. The protein target was viewed using the poly-HRP anti mouse/rabbit IgG detection system (with DAB solution) in two phases.14,17-19

      Quantification of glucagon, REG1A and REG1B gene expression - Quantitative reverse transcription polymerase chain reaction (q-RTPCR) analysis using the Direct-zol RNA Miniprep Plus Kit (Zymo, R2073) to extract and purify mouse pancreatic RNA. The iScript Reverse Transcription Supermix kit (Bio-Rad, 170-8841) was used to create cDNA. Evagreen (Bio-Rad, 1725200) master mix was applied as a qPCR reaction mixture. The gene expression of glucagon, REG1A, and REG1B was measured using AriaMx 3000 Real-Time PCR System (Agilent, G8830A).14,20 Table 1 shows the glucagon, REG1A and REG1B sequences primer.

      
        Table 1. 
				
        

        
          Primer sequence of RNA
        
        

      

      
        
          
            	Gene
            	Primer Sequence (5' to 3')
            	Annealing (oC)
            	Product length (bp)
            	Reference
          

        
        
          	REG1A
          	AGCCTGCAGAGATTGTTGAC
CCATAGGGCAGTGAGGCAAG
          	58
          	688
          	NM_012641.2
        

        
          	REG1B
          	AGCTCCTACTCTGTCTGACCTG
CTTAGCGGCAGTGAATCTCTTG
          	60
          	977
          	XM_039078976.1
        

        
          	Glucagon
          	AGCTCAGTCCCACAAGGCAG
GCCCTGTAATGGCGTTTGT
          	55
          	197
          	NM_012707.2
        

        
          	GAPDH
          	TCAAGATGGTGAAGCAG
ATGTAGGCCATGAGGTCCAC
          	57
          	217
          	NM_001289726
        

      

      

      Statistical analysis - One Way ANOVA was used to analyze the data, while Tukey’s HSD test was used as a posthoc test. p < 0.05 significant.

    

    

  
    
      Result and Discussion
      The effect of CTE on the body weight level of DM, dyslipidemia rats on day 28 after being given different doses of CTE, body weight was measured (Fig. 1). Due to increased muscle wasting and protein loss, STZ-induced diabetes causes weight loss in the body.21,22 The effective CTE dose to increase BW was CTE 800 mg/kg BW after DM induction, previous DM induction rats were higher than normal rats, because rats consumed HFD. The effect of CTE toward pancreatic SMAD3 and SMAD4 protein expression of DM and dyslipidemia rats can be seen in Fig. 2 and Fig. 3. CTE treatment decreased pancreatic SMAD3 and SMAD4 expression significantly (p < 0.05), CTE 800 mg/kg BW was the most active to lower SMAD3 expression with 17.7% per area (Fig. 2) and lower SMAD4 expression with 10.51% per area.

      
        
        

        Fig. 1. 
				
        

        
          The effects of various doses of CTE toward body weight of DM rat.
          NC: negative control (normal rat); PC: positive control (DMT2 and dyslipidemia rat model); CTE1: PC + CTE 200 mg/kg BW; CTE2: PC + CTE 400 mg/kg BW; CTE3: PC + CTE 800 mg/kg BW; GC: PC + Glibenclamide 0.45 mg/kg BW; SV: PC + Simvastatin 0.9 mg/kg BW; GS: PC + Glibenclamide 0.9 mg/kg BW and Simvastatin 0.9 mg/kg BW.

        
        

        

      

      
        
        

        Fig. 2. 
				
        

        
          The effects of various doses of CTE toward SMAD3 expression of DM rat.
          NC: negative control (normal rat); PC: positive control (DMT2 and dyslipidemia rat model); CTE1: PC + CTE 200 mg/kg BW; CTE2: PC + CTE 400 mg/kg BW; CTE3: PC + CTE 800 mg/kg BW; GC: PC + Glibenclamide 0.45 mg/kg BW; SV: PC + Simvastatin 0.9 mg/kg BW; GS: PC+ Glibenclamide 0.45 mg/kg BW and Simvastatin 0.9 mg/kg BW (magnification ×40).*Data presented as mean ± STD, different letters (a, ab, abc, bc, c, d) are significant differences among treatment according Tukey’s HSD post hoc test (p < 0.05).

        
        

        

      

      
        
        

        Fig. 3. 
				
        

        
          The effects of various doses of CTE toward SMAD4 expression of DM rat.
          NC: negative control (normal rat); PC: positive control (DMT2 and dyslipidemia rat model); CTE1: PC + CTE 200 mg/kg BW; CTE2: PC + CTE 400 mg/kg BW; CTE3: PC + CTE 800 mg/kg BW; GC: PC + Glibenclamide 0.45 mg/kg BW; SV: PC + Simvastatin 0.9 mg/kg BW; GS: PC + Glibenclamide 0.45 mg/kg BW and Simvastatin 0.9 mg/kg BW (magnification 40×).*Data presented as mean ± STD, different letters (a, ab, bc, cd, d) are significant differences among treatment according Tukey’s HSD post hoc test (p < 0.05).

        
        

        

      

      On day 28 following sacrifice, the effect of CTE toward glucagon, REG1A and REG1B gene expression in the DM, dyslipidemia rat model can be seen in (Figs. 4A and 4B). The result show that CTE significantly decreased glucagon expression (p < 0.05) (Fig. 5), the effective CTE dose to decrease glucagon expression was CTE 800 mg/kg of BW.

      
        
        

        Fig. 4. 
				
        

        
          The effects of various doses of CTE toward REG1A and REG1B genes expression of DM rat.
          NC: negative control (normal rat); PC: positive control (DMT2 and dyslipidemia rat model); CTE1: PC + CTE 200 mg/kg BW; CTE2: PC + CTE 400 mg/kg BW; CTE3: PC + CTE 800 mg/kg BW; GC: PC + Glibenclamide 0.45 mg/kg BW; SV: PC + Simvastatin 0.9 mg/kg BW; GS: PC + Glibenclamide 0.45 mg/kg BW and Simvastatin 0.9 mg/kg BW.*Data presented as mean ± STD, different letters (a, b, bc, c, d, e) (Fig. 4 A, REG1A gene expression), different letters (a, ab, abc, bcd, cd, d) (Fig. 4 B, REG1B gene expression) are significant differences among treatment according Tukey’s HSD post hoc test (p < 0.05).

        
        

        

      

      
        
        

        Fig. 5. 
				
        

        
          The effects of various doses of CTE toward glucagon gene expression of DM rat.
          NC: negative control (normal rat); PC: positive control (DMT2 and dyslipidemia rat model); CTE1: PC + CTE 200 mg/kg BW; CTE2: PC + CTE 400 mg/kg BW; CTE3: PC + CTE 800 mg/kg BW; GC: PC + Glibenclamide 0.45 mg/kg BW; SV: PC + Simvastatin 0.9 mg/kg BW; GS: PC+ Glibenclamide 0.45 mg/kg BW and Simvastatin 0.9 mg/kg BW.*Data presented as mean ± STD, different letters (a, ab, abc, bcd, cd, d) are significant differences among treatment according Tukey’s HSD post hoc test (p < 0.05).

        
        

        

      

      Specifically, 2-hydroxycinnamic acid, inositol, (+)-catechin 7-O-glucoside, and delphinidin-3-O-glucoside are flavonoids and phenols found in CTE according to LCMS/MS, glucoside-pyruvic acid possesses antidiabetic properties.14 The antidiabetic effects of flavonoids help to control the breakdown of carbohydrates, insulin signaling, insulin generation, glucose absorption, and the accumulation of adipose tissue. They are particularly interested in a variety of chemicals that regulate numerous pathways, such as improving hyperglycemia by controlling liver glucose metabolism, increasing β-cell proliferation, increasing insulin secretion, lowering apoptosis, and improving β-cell death.23,24 Many previous studies that inositol and cathechin could effectively cure diabetes individuals.25,26

      Most of the increase in the mobilization of free fatty acids from peripheral fat depots is responsible for the exceptionally high blood lipid level in DM. The unrestrained activities of lipolytic hormones on fat depots may thus be seen as a cause of the significant hyperlipidemia that characterizes the DM condition.27 Based on the result, CTE can reduce BW in the STZ-induced and HFD rat model. This data was supported by previous study that bioactive compounds of CTE has the activity to inhibit adipogenesis, TG accumulation which leading to weight loss in animal models.28

      It has been shown that transforming growth factor (TGF)/SMAD3 signaling is important for the physiology and metabolism of adipose tissue and it has a bearing on the development of DMT2 and obesity. TGF/SMAD3 signaling controls insulin gene transcription in pancreatic islet cells. Numerous research claimed that SMAD3 depletion in mice prevents DMT2 and insulin resistance after HFD cause obesity.29 Previous studies have found that SMAD3 deficiency resulted in insulin secretion, counteracts the development of DM, protects against β-cell loss, restores insulin production, and upregulates β-cell genes in islet DM rat model.30 Mice with SMAD3 knockout (SMAD3/KO) showed improved glucose tolerance, improved insulin sensitivity, and reduced adiposity.29,31,32 Based on the result CTE decreased SMAD3 expression dyslipidemia, DM rat model compared with PC. The TGF/SMAD pathway’s key transcription factor SMAD4 may attach to target genes promoter regions and increase their transcription to start beta cell formation.33

      Through its control over hepatic glucose synthesis, the hormone glucagon produced by pancreatic α-cells contributes significantly the maintenance of glucose homeostasis. Fasting postprandial hyperglucagonemia and DMT2 patients produce more hepatic glucose, which leads to the hyperglycemia these patients experience.34 The treatment of CTE (200, 400, and 800 mg/kg BW) were able to reduce the expression of glucagon which is an inflammation marker. Insulin resistance, which contributes to DMT2, is sparked by the inflammatory process. CTE demonstrated in lowering REG1A gene expression (Fig. 4A). The CTE treatment also able to lower the expression of glucagon, CTE 800 mg/kg BW showed the most active to lower pancreatic glucagon expression (Fig. 5). This data shows that CTE has the potential as an antiinflammatory activity to inhibit the process of insulin resistance. CTE has the potential as an anti-inflammatory to inhibit the process of insulin resistance.

      In response to DM, pancreatitis, HFD, and pancreatic regeneration, pancreatic acinar cell expression of REG1B is markedly elevated.35 CTE lowered pancreatic REG1B gene expression, CTE 800 mg/kg BW was the most active to lower REG1B gene expression. This result indicates that CTE has activity as an anti-inflammatory and antidiabetic. The proposed antidiabetic treatment with CTE through anti-inflammatory can be seen in (Fig. 6).

      
        
        

        Fig. 6. 
				
        

        
          Proposed mechanism of ethanol extract of C. ternatea L. exhibiting antidiabetic, and antiinflammation potential on diabetes mellitus and dyslipidemia rat. Role of STZ in DM is to damage and induce oxidative stress of the β-cells, the pancreas produce low insulin level and increase glucagon level. Diabetes mellitus induce upregulation marker of SMAD3, SMAD4, glucagon, REG1A, and REG1B. C. ternatea L. can improve diabetes mellitus and dyslipidemia via antiinflammation pathway.
        
        

        

      

      C. ternatea extract increase the body weight of diabetic and dyslipidemia rats. Antidiabetic activity of CTE is shown by decreasing protein expression of SMAD3, SMAD4, decreasing glucagon, REG1A, and REG1B genes expression. Hence, C. ternatea extract has the potential for diabetes mellitus therapy.
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