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Abstract
Background: Diabetes mellitus (DM) is a long-term condition marked by high blood glucose levels caused by insulin 
resistance which will lead to complications of other diseases such as dyslipidemia, which also affects the health of the 
liver and kidneys. Butterfly pea flower (Clitorea ternatea L.) has phenolic and flavonoid compounds which have the 
potential as herbal medicines for antidiabetics. 
Aim: The purpose of this study is to examine the potential of butterfly pea flower extract (BPE) as an antidiabetic, 
anti-dyslipidemia, and renoprotection. 
Methods: In vivo test was performed on Sprague Dawley rats (Rattus norvegicus L.) induced by Streptozotocin-
Nicotinamide and High Fat Diet-Propylthiouracil as models of DM and dyslipidemia, and BPE was administered 
orally (200, 400, and 800 mg/kg BW) for 28 days. glutathione peroxidase (GSH-Px), glutathione S-transferase (GST), 
tumor necrosis factor-α (TNF-α), nuclear factor-kappa beta (NF-kB), alkaline phosphatase (ALP), liver albumin 
levels, serum blood urea nitrogen (BUN), serum creatinine, and serum uric acid (UA), were measured by ELISA and 
colorimetry methods. 
Results: Treatment of BPE 800 mg/kg BW increased levels of GSH-Px, GST, albumin, and serum protein. BPE 
decreased TNF-α, NF-kB, and ALP. BPE also decreased BUN, serum CR, and serum UA. 
Conclusion: BPE has the potential to be used as a drug alternative for the treatment of DM and dyslipidemia as well 
as a hepatoprotective and renoprotective agent.
Keywords: Antidiabetic, Clitorea ternatea L., Diabetes mellitus, Dyslipidemia, Renoprotective.

Introduction
Diabetes mellitus (DM) is a long-term condition 
identified by a deficient amount of insulin production 
or the body’s incapability to effectively use insulin, 
resulting in elevated blood glucose levels (Aamir et 
al., 2021). Insulin works by converting glucose into 
glycogen to be stored in the liver (Dimitriadis et al., 
2021). DM is one of the most challenging global public 
health issues, with a prediction that DM cases will reach 
578 million in 2030. DM disease is classified into three 
groups, namely type 1 DM, type 2 DM, and gestational 
DM (Mukhtar et al., 2020). Type 1 DM disease is 
marked by the autoimmune destruction of pancreatic 
β-cells so that the pancreas cannot produce insulin 
hormone (Paschou et al., 2018). The combination 

of genetic and environmental factors can influence 
causing type 1 DM (Persson et al., 2019). Type 2 DM is 
a metabolic disorder characterized by insulin resistance 
and pancreatic β-cell dysfunction. The majority of 
cases of diabetes worldwide (90%–95%) are of type 2 
(Atlas et al., 2015), which has been linked to changes 
in lifestyle, lack of awareness of initial detection of 
DM disease, lack of physical activity, and poor diet 
(Mukhtar et al., 2020).
Insulin resistance in DM patients can also cause 
dyslipidemia, which is a condition characterized by 
blood lipid levels exceeding normal limits due to a 
lack of insulin to activate the lipoprotein lipase enzyme 
which hydrolyzes triglycerides (TG) in the blood 
(Tahereh and Saeed, 2014). DM conditions coupled 
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with dyslipidemia will further increase oxidative 
stress, inflammation, and damage to tissues and organs 
as a result of the formation of cholesterol (CHOL) 
deposits in blood vessel walls which will undergo 
oxidation and increase excess reactive oxygen species 
(ROS) production (Rendra et al., 2019). The liver is 
an organ that is susceptible to hyperglycemia induced 
by oxidative stress which will lead to liver damage 
(Mohamed et al., 2016). Liver damage is characterized 
by increased enzymes in the liver, such as alkaline 
phosphatase (ALP), and reduced production of protein 
albumin for blood by the liver, which functions to 
carry hormones, vitamins, and enzymes throughout 
the body (El-Hadary and Ramadan, 2019). Numerous 
studies have also disclosed that tumor necrosis factor-α 
(TNF-α) and nuclear factor-kappa beta (NF-kB) play 
a big role in the onset of inflammation associated with 
liver damage (Park et al., 2014; Zhou et al., 2016). Apart 
from the liver, other organs that are affected by DM 
and dyslipidemia are the kidneys, which play a role in 
the excretory system. Kidney damage can be detected 
by measuring the levels of blood urea nitrogen (BUN), 
serum creatinine (SCr), and uric acid (UA), which are 
the end products of nitrogen and purines from protein 
metabolism that are toxic in the blood, so that they are 
excreted in the urine.
Antioxidant therapy can be an option for treating 
oxidative stress in patients with DM and dyslipidemia 
because the human body does not produce excess 
antioxidant reserves to reduce free radical activity 
(Djama'an et al., 2012; Tsalamandris et al., 2019). 
Catalase (CAT), glutathione peroxidase (GSH-Px), 
and superoxide dismutase (SOD) are the three main 
enzymes in the antioxidant defense system (Dworzański 
et al., 2020). Glutathione S-transferase (GST) 
enzymes also participate in overcoming antioxidants 
by fighting reactive electrophiles and fatty acid 
hydroperoxides that result from oxidative stress (Jaid 
et al., 2022). Many plants can be used as alternative 
natural antioxidants because they contain phenolic 
compounds, one of which has been widely studied 
is the butterfly pea flower (Clitoria ternatea L.). The 
butterfly pea flower is a perennial herbaceous plant that 
has piqued the interest of researchers due to its potential 
applications in both modern medicine and agriculture 
(Oguis et al., 2019). The butterfly pea flower exhibits 
promising pharmacological properties, including 
antidiabetic, antidyslipidemic, antioxidant, analgesic, 
anti-inflammatory, antihistamine, antibacterial, and 
anticancer (Tahereh and Saeed, 2014; Jamil et al., 2018; 
Jeyaraj et al., 2021; Widowati et al., 2023). Research by 
Talpate et al. (2013) showed that butterfly pea extract 
(BPE) has antihyperglycemic activity by decreasing 
fasting serum glucose and nitric oxide (NO), as well 
as increasing SOD and CAT in streptozotocin (STZ)-
induced DM rats. Other research shows that BPE 
can reduce total serum CHOL, TG, and low-density 
lipoprotein (LDL) and normalize the ratio of high-

density lipoprotein (HDL) to LDL in hyperlipidemia-
induced mice (Al-Snafi, 2016). The potential of BPE 
as a hepatoprotection and renoprotection from the late 
effects of DM and dyslipidemia needs to be studied, 
as there has been no research conducted on this 
topic to date. Therefore, this study aims to assess the 
potential of BPE as an antioxidant, anti-inflammatory, 
hepatoprotection, and renoprotection effect in the DM 
and dyslipidemia rats model.

Material and Methods
Plant’s extraction 
Butterfly pea flowers were obtained from Sukolilo 
Village, Pasuruan, Indonesia, and were determined 
at LIPI Bogor, Indonesia. A 70% ethanol maceration 
method was used to extract 500 g of dried simplicia. 
The resulting BPE was processed following good 
manufacturing practices. Further processing was 
done by PT. FAST (Depok, Indonesia) (CoA Batch 
00103211072( (Widowati et al., 2023).
Animal experimental
This study used 32 male Sprague Dawley rats (average 
weight: 120–140 g, average age: 6 weeks) from IratCo 
Laboratory, Bogor. After a 7-day acclimatization 
period, they were given standard feed and aquades 
ad libitum (Widowati et al., 2022a), then randomly 
assigned to 8 groups. Group I: normal; II: positive 
control (induced nicotinamide/NA) (Sigma-Aldrich, 
N3376) 120 mg/kg BW+STZ (Sigma-Aldrich, SO130) 
60 mg/kg BW and given a high-fat diet (HFD) 50 g/
head/day+propylthiouracil (PTU) 0.01% as a model 
of DM and dyslipidemia; III: positive control+BPE 
200 mg/kg BW/day; IV: positive control+BPE 400 
mg/kg BW/day; V: positive control+BPE 800 mg/
kg BW/day. Groups VI-VII are comparison control 
groups, using glibenclamide and simvastatin (Generic, 
GKL9520905004A2; GKL131670271A); VI: positive 
control+glibenclamide 0.45 mg/kg BW/day; VII: 
positive control+simvastatin 0.9 mg/kg BW/day; 
VIII: positive control+glibenclamide 0.45 mg/kg 
BW+simvastatin 0.9 mg/kg BW (Widowati et al., 
2023). After inducing DM and dyslipidemia with STZ, 
NA, HFD, and PTU for 5 days, rats' blood sugar and 
total CHOL levels were checked following a 6-hour fast 
using Autocheck. Successful induction was indicated 
by blood sugar levels >200 mg/dl, and dyslipidemia 
was confirmed if serum CHOL levels were ≥200 mg/
dl using the CHOL Kit (Elabscsi,.E-BC-K109-M). Rats 
with DM and dyslipidemia were then treated orally 
with BPE, glibenclamide, and simvastatin for 28 days 
according to their assigned groups (Yimdee et al., 
2014).
Serum collection, rat termination, and liver collection
Rat blood samples collected on days 14 and 28 after a 
12-hour fast and BPE treatment were refrigerated for 
2 hours at 4°C, then put into centrifugation at 3,500 g 
for 10 minutes to obtain serum. On day 28, rats were 
euthanized with ketamine (Ikapharmindo Putramas) 
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(100 mg/kg BW) and xylazine (Interchemie,.361453) 
(3 mg/kg BW), which were administered intracardially. 
Liver tissues were collected, weighed, and preserved 
at −80°C for protein level analysis (Widowati et al., 
2022a).
Protein assay
Standard Bovine Serum Albumin solutions (Sigma-
Aldrich,.A9576) (20 µl) and serum samples (20 µl) were 
added to designated wells, followed by the addition of 
Quick Start Dye Reagent 1X (Biorad,.5000205) (200 
µl). After a five-minute incubation, the samples were 
read at 595 nm using a microplate reader (Widowati et 
al., 2019).
Measurement of GSH-Px, GST, TNF-α, NF-kB, ALP, 
and ALB levels
Parameter measurements were conducted using ELISA 
kits for Rat TNF-α and Rat NFkB-p65 (Elabsci, 
E-EL-R2856 and E-EL-R0674, respectively), as 
well as GSH-Px, ALP, ALB, and GST activity assays 
(Elabsci, E-BC-K096-S; E-BC-K091-M; E-BC-
K057-S; and E-BC-K2785, respectively). Absorbance 
was measured at 405 and 450 nm using a microplate 
reader (Multiskan.Go.Thermo.Scientific), following 
the manufacturer's instructions (Widowati et al., 2019).
Measurement of BUN, SCr, and UA levels
Serum BUN, SCr, and UA levels were analyzed with 
dedicated kits: BUN Colorimetric Assay Kit (Urease 
Method), Creatinine Colorimetric Assay Kit (Sarcosine 
Oxidase Method), and UA Colorimetric Assay Kit. 
Absorbance was read at 405 and 450 nm using a 
microplate reader (Multiskan.Go.Thermo.Scientific) 
per the manufacturer's instructions (Widowati et al., 
2022a).

Data analysis
Data analysis involved IBM SPSS Statistics 26.0, 
encompassing normality testing (Shapiro-Wilk), 
homogeneity testing (Levene), and one-way ANOVA 
(p < 0.05). Homogeneous data were assessed with 
the Tukey test, while heterogeneous data underwent 
Dunnett's T3 Post Hoc test. Abnormally distributed 
data were assessed using Kruskal-Wallis and Mann-
Whitney Post Hoc tests (p ≤ 0.05) (Widowati et al., 
2022b).
Ethical approval
This study received an ethical approval from the 
Research Ethics Commission of the Faculty of 
Medicine, Maranatha Christian University–Immanuel 
Hospital Bandung (099/KEP/VII/2022).

Results
GSH-Px hepatic activity of DM and dyslipidemia rat 
models
BPE significantly (p < 0.05) increases hepatic GSH-Px 
activity in DM and dyslipidemia rat models (Fig. 1A). 
The best BPE administration is BPE 800 mg/kg BW/
day (V) with a value of 54.83 U.
GST hepatic activity of DM and dyslipidemia rats model
Rats induced by STZ, NA, HFD, and PLU (II) had 
reduced GST activity compared to the negative controls 
(Fig. 1B). Higher doses of BPE increased GST levels, 
with the most efficient dose being BPE at 800 mg/kg 
BW (V) with GST activity at 40.21 U/ml.
TNF-α hepatic levels of DM and dyslipidemia rats 
model
Mice induced by STZ and NA as well as HFD and PLU 
(II) demonstrated a significant increase in TNF-α levels 

Fig. 1. Effects of various treatments on GSH-Px activity and GST activity in DM and dyslipidemia rat models; (A) GSHPx activity, 
(B) GST activity. *Data are presented as means ± SD of four repetitions. The different superscript marks a, ab, bc, cd on GSH-Px 
activity (U) and a, ab, bc, c on GST activity (U/ml) showed a significant difference (p < 0.05). Group I: negative control (aquadest), 
Group II: positive control (HFD, PTU, STZ 60 mg/kg BW, NA 120 mg/kg BW), Group III: positive control + BPE 200 mg/kg 
BW/day, Group IV: positive control + BPE 400 mg/kg BW/day, Group V: positive control + BPE 800 mg/kg BW/day, Group VI: 
positive control + Simvastatin 0.9 mg/kg BW, Group VII: positive control + Glibenclamide 0.45 mg/kg BW, Group VIII: positive 
control + Glibenclamide 0.45 mg/kg BW + Simvastatin 0.9 mg/kg BW.
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compared to negative control (Fig. 2A and B). The 
results showed that BPE at a dose of 800 mg/kg BW 
(V) significantly reduced TNF-α levels (706.66 pg/mg 
protein) compared to the positive control (2,174.46 pg/
mg protein).
NF-kB hepatic levels of DM and dyslipidemia rats 
model
BPE notably (p < 0.05) reduced hepatic NF-kB levels 
in the DM and dyslipidemia rat model (Fig. 3A and 
B). The most significant reduction was observed with 
BPE at 800 mg/kg BW/day (V), measuring 384.45 
pg/mg protein, surpassing the comparison control of 
simvastatin and glibenclamide (VIII) at 410.7 pg/mg 
protein.
ALP hepatic levels of DM and dyslipidemia rats model
Rats induced with STZ, NA, HFD, and PLU (II) had 
significantly elevated ALP levels compared to the 
negative control (Fig. 4A and B). Higher doses of BPE, 
particularly BPE at 800 mg/kg BW (V), effectively 
reduced ALP levels to 1.37 King Unit/mg protein, 
outperforming the positive control.
Albumin hepatic levels of DM and dyslipidemia rats 
model
BPE notably (p < 0.05) increased hepatic albumin 
levels in the DM and dyslipidemia rat model (Fig. 5A 
and B). The most significant change occurred by BPE at 
800 mg/kg BW/day (V), measuring 0.07 g/mg protein, 
matching the comparison control of simvastatin and 
glibenclamide (VIII).
Protein serum levels in the liver of DM and dyslipidemia 
models rat
Serum protein levels with BPE treatment at 800 mg/kg 
BW/day (V) significantly increased on day 14 (191.64 

μg/ml) and day 28 (206.98 μg/ml) compared to the 
positive control. These levels were comparable to the 
combination of simvastatin and glibenclamide (212.03 
μg/ml on day 14 and 225.5 μg/l on day 28) (Fig. 6).
Serum BUN levels in the liver of DM and dyslipidemia 
rat models
Positive control (II), mice induced by HFD, PTU, NA, 
and STZ showed a notable increase in serum BUN 
contrasted to negative controls (I). Treatment with BPE 
decreased serum BUN levels in the DM rat model (Fig. 
7A). A decrease in serum BUN by BPE was seen on 
day 14, namely 25.05 mmol/l (III), 24.91 mmol/l (IV), 
and 18.78 mmol/l (V), while on day 28 it was 21.64 
mmol/l (III), 20.98 mmol/l (IV), and 16.59 mmol/l 
(V) when compared to the positive control. The most 
effective dose to reduce serum BUN levels is BPE 800 
mg/kg BW/day (V).
Creatinin serum levels in the liver of DM and 
dyslipidemia rat models
In the DM rat model, the positive control (II) induced 
by HFD, PTU, NA, and STZ exhibited a notable 
increase in SCr compared to the negative control group 
(I). Treatment with BPE reduced SCr levels (Fig. 7B). 
In the BPE treatment at 800 mg/kg BW/day (V), SCr 
decreased significantly on day 14 (300.06 μmol/l), and 
day 28 (289.03 μmol/l) compared to the positive control. 
This reduction was similar to the effect achieved by the 
combination of simvastatin and glibenclamide (280.34 
μmol/l) on day 28.
UA serum levels in the liver of DM and dyslipidemia rat 
models
The positive control (II) demonstrated a notable increase 
in serum UA compared to the negative control (I). BPE 

Fig. 2. Effects of various treatments on TNF-α levels in DM and dyslipidemia rat models. *Data are presented as means ± SD of 
four repetitions. The different superscript marks a, b, c, d, de, e on TNF-α level (pg/ml, pg/mg prot) showed a significant difference 
among treatments (p < 0.05). Group I: negative control (aquadest), Group II: positive control (HFD, PTU, STZ 60 mg/kg BW, 
NA 120 mg/kg BW), Group III: positive control + BPE 200 mg/kg BW/day, Group IV: positive control + BPE 400 mg/kg BW/
day, Group V: positive control + BPE 800 mg/kg BW/day, Group VI: positive control + Simvastatin 0.9 mg/kg BW, Group VII: 
positive control + Glibenclamide 0.45 mg/kg BW, Group VIII: positive control + Glibenclamide 0.45 mg/kg BW + Simvastatin 
0.9 mg/kg BW.
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treatment reduced serum UA levels in the DM rat model 
(Fig. 7C). Serum UA levels significantly decreased with 
BPE treatment at 400 mg/kg BW/day (IV) on day 14 
(23.26 mg/l) and day 28 (21.51 mg/l) compared to the 
positive control. These levels approached the reduction 
effect produced by the combination of simvastatin and 

glibenclamide, which measured 23.75 mg/l on day 14 
and 23.37 mg/l on day 28.

Discussion
In this study, DM model rats were made by STZ and NA 
induction, which increases blood glucose levels in rats 

Fig. 3. Effects of various treatments on NF-kB levels in DM and dyslipidemia rats model. *Data are presented as means ± SD of 
four repetitions. The different superscript marks a, ab, bc, c on NF-kB levels (pg/ml) and a, ab, c, d on NF-kB levels (pg/mg prot) 
showed a significant difference among treatment (p < 0.05). Group I: negative control (aquadest), Group II: positive control (HFD, 
PTU, STZ 60 mg/kg BW, NA 120 mg/kg BW), Group III: positive control + BPE 200 mg/kg BW/day, Group IV: positive control + 
BPE 400 mg/kg BW/day, Group V: positive control + BPE 800 mg/kg BW/day, Group VI: positive control + Simvastatin 0.9 mg/
kg BW, Group VII: positive control + Glibenclamide 0.45 mg/kg BW, Group VIII: positive control + Glibenclamide 0.45 mg/kg 
BW + Simvastatin 0.9 mg/kg BW.

Fig. 4. Effects of various treatments on ALP activity in DM and dyslipidemia rats model. *Data are presented as means ± SD of 
four repetitions. Different superscript marks a, ab, c, cd, d, de, e on ALP activity (King Unit/100 ml) and a, ab, bc, c, d, e, f on ALP 
activity (King Unit/mg protein) showed a significant difference among treatments (p < 0.05). Group I: negative control (aquadest), 
Group II: positive control (HFD, PTU, STZ 60 mg/kg BW, NA 120 mg/kg BW), Group III: positive control + BPE 200 mg/kg 
BW/day, Group IV: positive control + BPE 400 mg/kg BW/day, Group V: positive control + BPE 800 mg/kg BW/day, Group VI: 
positive control + Simvastatin 0.9 mg/kg BW, Group VII: positive control + Glibenclamide 0.45 mg/kg BW, Group VIII: positive 
control + Glibenclamide 0.45 mg/kg BW + Simvastatin 0.9 mg/kg BW.
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due to insufficient insulin (Cruz et al., 2021). Giving 
STZ and NA can also cause partial insulin deficiency 
similar to type 2 DM (Del Giudice and Gangestad, 
2018; Widowati et al., 2023). STZ activity is linked to 
the production of ROS, which causes oxidative stress 
and cell damage which is characterized by increased 
lipid peroxidase and depleted activity of endogenous 
antioxidant enzymes (Peiró et al., 2017). To create 
a dyslipidemia model in rats, HFD and PTU are 
administered, with PTU inhibiting thyroxine hormone 
synthesis, leading to reduced lipid metabolism and 
increased TG levels. In the dyslipidemia rat model, 
there was an elevation in CHOL, LDL, TG, and a 
decrease in HDL (Widi et al., 2015; Widowati et al., 
2023).
In DM, mitochondria are the main source of 
potentially harmful and cell-damaging highly reactive 
molecules known as ROS. During mitochondrial 
oxidative metabolism, oxygen is reduced to water, 
while the remaining oxygen is altered into ROS like 
superoxide (O-), which can further convert into 
different forms, including peroxynitrite (ONOO-), 
hydroxide (OH-), and H2O2 (Widowati et al., 2023). 
Excessive ROS production disrupts the balance with 
natural antioxidants, causing oxidative damage that 
contributes to tissue injury via mechanisms including 
DNA damage, lipid peroxidation, enzyme oxidation, 
and the activation of proinflammatory cytokines. The 
results showed that after induction, the activity of 
endogenous antioxidant enzymes namely GSH-Px 

Fig. 5. Effects of various treatments on albumin levels in DM and dyslipidemia rat models. *Data are presented as means ± SD of 
four repetitions. The different superscript marks a, b, c, d for albumin content (g/l) and a, b, bc, d for albumin content (g/mg prot) 
showed significant differences among treatments (p < 0.05). Group I: negative control (aquadest), Group II: positive control (HFD, 
PTU, STZ 60 mg/kg BW, NA 120 mg/kg BW), Group III: positive control + BPE 200 mg/kg BW/day, Group IV: positive control + 
BPE 400 mg/kg BW/day, Group V: positive control + BPE 800 mg/kg BW/day, Group VI: positive control + Simvastatin 0.9 mg/
kg BW, Group VII: positive control + Glibenclamide 0.45 mg/kg BW, Group VIII: positive control + Glibenclamide 0.45 mg/kg 
BW + Simvastatin 0.9 mg/kg BW.

Fig. 6. Effects of BPE on protein content in DM and 
Dyslipidemia Rats. * The data are shown as mean ± standard 
deviation from 4 repetitions. Different superscript marks A, 
B, BC, and C on protein content day 14 (μmol/l) and a, b, bc, 
and c on protein content day 28 (mmol/l) showed significant 
differences (p < 0.05). Group I: negative control (aquadest), 
Group II: positive control (HFD, PTU, STZ 60 mg/kg BW, 
NA 120 mg/kg BW), Group III: Positive control + BPE 200 
mg/kg BW/day, Group IV: Positive control + BPE 400 mg/kg 
BW/day, Group V: Positive control + BPE 800 mg/kg BW/
day, Group VI: Positive control + Simvastatin 0.9 mg/kg BW, 
Group VII: Positive control + Glibenclamide 0.45 mg/kg 
BW, Group VIII: positive control + Glibenclamide 0.45 mg/
kg BW + Simvastatin 0.9 mg/kg BW.
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and GST decreased (Fig. 1A and B). BPE treatment 
can significantly increase the antioxidant activity of 
GSH-Px and GST compared to the positive control, 
even better than the comparison control. According to 
a different study, BPE evaluated in an STZ-induced 
mouse model showed strong antihyperglycemic and 
antioxidant effects by reducing TBARS levels and total 
NO content and raising antioxidant defense enzymes 
(CAT, GSH-Px, and SOD) (Talpate et al., 2013). This 
could be due to the antioxidant activity in BPE. BPE is 
known to contain many bioactive components that have 

antioxidant roles such as flavonoids, tannins, saponins, 
anthocyanins, gallic acid, and phenols (Singh and 
Jain, 2022). Anthocyanins display antioxidant activity 
against ROS through hydrogen atom transfer and single 
electron transfer mechanisms, stabilizing ROS and 
averting oxidative damage (Gollen et al., 2018).
Previous studies revealed links between diabetes, 
dyslipidemia, kidney dysfunction, and the presence of 
inflammatory cytokines, particularly TNF-α and NF-kB 
(Melasari et al., 2021; Li et al., 2023). Proinflammatory 
cytokines induce endoplasmic reticulum stress, 

Fig. 7. Effects of BPE on BUN, Creatinin, and UA content in DM and Dyslipidemia rats; (A) BUN, (B) Creatinin, (C) UA. * The 
data are shown as mean ± standard deviation from 4 repetitions. The different superscript marks A, AB, and B on BUN Content day 
14 (μmol/l) and a, ab, and b on BUN content day 28 (mmol/l) showed significant differences (p < 0.05). Group I: negative control 
(aquadest), Group II: positive control (HFD, PTU, STZ 60 mg/kg BW, NA 120 mg/kg BW), Group III: Positive control + BPE 
200 mg/kg BW/day, Group IV: Positive control + BPE 400 mg/kg BW/day, Group V: Positive control + BPE 800 mg/kg BW/day, 
Group VI: Positive control + Simvastatin 0.9 mg/kg BW, Group VII: Positive control + Glibenclamide 0.45 mg/kg BW, Group VIII: 
positive control + Glibenclamide 0.45 mg/kg BW + Simvastatin 0.9 mg/kg BW.
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increasing insulin metabolism. In DM, reduced insulin 
production and resistance are notable. NF-kB and 
TNF-α trigger low-grade inflammation in type 2 DM, 
contributing to complications like dyslipidemia, liver 
dysfunction, and atherosclerosis (Mehnati et al., 2020). 
The study's results indicated that positive controls, 
used as models for DM and dyslipidemia, exhibited 
significantly higher levels of NF-kB and TNF-α 
expression compared to the negative controls (Figs. 2 
and 3). Treatment with BPE caused a significant decline 
in the expression of NF-kB and TNF-a compared to 
the positive control. This is supported by previous 
research that in vitro the leaves and flowers of butterfly 
peas showed anti-inflammatory activity (Gollen et al., 
2018). Flavonoids typically have anti-inflammatory 
effects by targeting key mediators of inflammation 
through mechanisms such as inhibiting transcription 
factors and regulatory enzymes. Additionally, they 
hinder the activity of various kinases, including protein 
kinase C, phosphoinositide kinase, tyrosine kinase, 
phosphatidylinositol kinase, and cyclin-dependent 
kinase-4 (Yokoyama et al., 2015).
DM is linked to the health of various organs, including 
the liver, which stores glycogen. The ALP enzyme is a 
widely used marker for liver health, and research has 
shown a connection between ALP, glucose metabolism, 
insulin resistance, and metabolic syndrome. This 

association is attributed to ALP’s function as a 
hepatobiliary marker (Kim et al., 2020; Martuza et 
al., 2022). The results showed that the positive control 
found a fairly high level of the ALP enzyme. Therapy 
with BPE 800 mg/kg can reduce liver damage by 
significantly reducing ALP enzyme levels compared 
to negative controls (Fig. 4). In line with previous 
studies, CCl4-induced rats treated with BPE at a 
dose of 500 mg/kg could reduce ALP, SGOT, SGPT, 
and Serum Bilirubin levels (Balaji et al., 2015). This 
hepatoprotective capacity is influenced by the phenolic 
content such as flavonoids in BPE which are proven 
to be hepatoprotective agents by increasing liver cell 
regeneration (Wan and Jiang, 2018).
Albumins facilitate the transport of hormones and are 
involved in the exchange of nutrients and minerals, 
as well as water. Albumin can also function as an 
extracellular antioxidant agent (Sitar et al., 2013). 
Other studies have shown that serum albumin 
concentration is regarding metabolic disorders such as 
type 2 DM and metabolic syndrome (Jun et al., 2017). 
Reduced serum albumin elevates type 2 DM risk, as 
seen in this study where serum albumin and protein 
levels dropped significantly after STZ, NA, HFD, and 
PTU induction compared to negative controls. BPE 
treatment for 28 days, particularly at the highest dose 
(800 mg/kg), notably increased serum albumin and 

Fig. 8. Proposed mechanism of BPE as hepatoprotector and renoprotector in DM and Dyslipidemia rat model. In diabetic conditions, 
ROS in the body such as H2O2 are produced in excess. Normally this H2O2 can be overcome by the activity of the GPX enzyme 
to become H2O through the oxidation of GSH to (Glutathione Disulfide) GSSG. However, the large number of H2O2 molecules 
disrupts the activity of the GSH-Px enzyme. On the other hand, other antioxidant enzymes, namely GST, can also convert GSH and 
xenobiotics, namely foreign substances that are not beneficial to the body, into safer Glutathione S-Conjugates. The presence of 
free radicals can also activate NFkB which causes the production of TNF-α which has an impact on inflammation. The presence of 
oxidative stress and inflammation in cells over time will develop into damage to organs such as the liver and kidneys. Liver damage 
is characterized by increased ALP enzymes, as well as decreased protein and albumin. In the kidney, inflammation and oxidative 
stress have an impact on decreasing the GFR which causes BUN, SCr, and UA in the blood cannot be excreted. Treatment with BPE 
can neutralize H2O2 in cells by increasing GSH-Px and GST enzyme activity, also downregulating NF-kB and TNF-a, as well as 
reducing the risk of liver damage by reducing ALP enzyme expression and increasing total protein and albumin. BPE also increases 
GFR so that BUN, SCr, and UA can be excreted properly.
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protein levels compared to positive controls (Figs. 5 
and 6). This aligns with other studies demonstrating 
that extracts from C. ternatea, including gallic acid in 
BPE, can raise total protein and serum albumin levels, 
as well as enhance hepatoprotective effects through 
the regulation of SOD, CAT, GSH, protein, and serum 
albumin concentrations in in vivo tests (Nabavi et al., 
2013).
DM and dyslipidemia are closely linked to kidney 
dysfunction, with oxidative stress potentially impairing 
glomerular filtration, leading to toxin retention in the 
blood due to reduced excretion through urine. Serum 
BUN, SCr and UA levels are markers of kidney damage 
that are commonly used through blood tests (Zhu et al., 
2020). The results showed that blood levels of BUN, 
SCr, and UA increased significantly after STZ, NA, 
HFD, and PTU induction compared to negative controls 
(Fig. 7A–C). After BPE treatment with different dose 
variants for up to 28 days, the highest dose of BPE, 800 
mg/kg, reduced these three parameters better than other 
doses. This is mediated by the content of flavonoids in 
BPE which act as a renoprotector. Many studies mention 
the effectiveness of flavonoids as renoprotectors by 
increasing the glomerular filtration rate (GFR) (Li et 
al., 2022). A rise in the glint in the kidneys will result 
in increased excretion of BUN, SCr, and UA, so that 
the levels of BUN, SCr, and UA in the blood decrease.
Based on the results, BPE is known to have antioxidant 
activity by increasing enzyme activity namely GSH-Px 
and GST, antiinflammatory activity by inhibiting NF-
kB and TNF-a protein expression, hepatoprotection by 
inhibiting ALP activity, increasing ALB and Protein 
Total Serum, and renoprotection by decreasing BUN, 
SCr and UA Serum. The mechanism of BPE as anti-
DM and antidyslipidemia can be seen in Figure 8. In 
conclusion, BPE 800 mg/kg BW treatment increases 
GSH-Px, GST Albumin, and protein serum, BPE 
also reduces TNF-α, NF-kB, ALP, BUN Serum, SCr, 
and UA Serum. BPE is potent enough to be used as a 
medication to treat DM and dyslipidemia, and also as a 
hepatoprotective and renoprotective. 
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