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Abstract

Background: Hyperglycemia and accumulation of advanced glycation end products (AGEs) play a
significant role in the development of diabetic nephropathy. Andrographis paniculata (AP) is a plant with
high flavonoid content with the potential to suppress oxidative stress activity in cells and tissue. This study
was aimed to investigate the role of Andrographis paniculata extract (APE) in protecting kidney damage
due to the formation of AGEs in the renal glomerulus in diabetic rats.

Methods: A total of 30 male Sprague Dawley rats were randomly divided into five groups as follows:
normal control group, streptozocin (STZ) induced diabetic group, STZ-induced diabetic group with
AP extract (100 mg/kg BW), STZ-induced diabetic rats with AP extract (200 mg/kg BW), and STZ-
induced diabetic rats with APE (400 mg/ kg BW). Blood glucose levels were measured before
treatment and after treatment. Serum and urine parameters were determined. Antioxidant enzymes
and lipid peroxide levels were determined in the kidney along with histopathological examination.
Results: The finding of this study showed that treatment APE at the dose of 200 mg/kg and 400 mg/kg
ameliorated kidney hypertrophy index. SOD, catalase, and GSH activities significantly decreased in
the kidney of STZ-diabetic rats compared to the normal control rats. Treatment with APE
significantly decreased malondialdehyde level at the dose of 200 and 400 mg/kg BW.

Conclusions: This study revealed evidence for improving diabetic retinopathy in male rats treated
with Andrographis paniculata extract. APE significantly decreased oxidative stress activities in
kidney of diabetic rats.
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Introduction

Diabetes mellitus is a metabolic disease structural and functional abnormalities in the

indicated by hyperglycemia resulting from
defects in insulin secretion, insulin action, or
both. Sustained hyperglycemia is further
associated with long-term damage, dysfunction,
and failure of various organs and is a major
factor in developing many complications in
patients with diabetes (1,2). Moreover, diabetes
is the most frequent cause of progressive kidney
failure leading to dialysis or transplantation (3).
Nephropathy is reported to occur in 30-40% of
patients with diabetes and has become a leading
cause of end-stage renal failure in the world
(4,5). Diabetic nephropathy is characterized by

kidney (6). Uncontrolled blood glucose and
accumulation of advanced glycation end
products (AGESs) play a significant role in the
development of diabetic nephropathy (7).
Moreover, advanced glycation end products
have been implicated in tissue damage related
to diabetic nephropathy. The clinical symptoms
and pathological hallmarks of diabetic
nephropathy include urinary albumin excretion
and accumulation of extracellular matrix,
thickening of basement membranes, mesangial
expansion, hypertrophy, and glomerular
epithelial cell (podocyte) loss within the
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glomeruli  (8). Patients with  diabetic
nephropathy have a continuous decline in
glomerular function. Antihypertensive agents,
particularly  those targeting the renin-
angiotensin system, are reported to be the most
effective treatments for progressive diabetic
nephropathy to date (9). However, these
treatments are not able to prevent the onset of
diabetic nephropathy.

Plants have been wused as traditional
medicine sources for years, and many studies
had identified plants as good sources of new
treatments for many life-threatening diseases.
Plants with antidiabetic potential are believed to
be valuable sources for new oral hypoglycemic
agents. Andrographis paniculata (Burm. F.)
have been demonstrated as potential sources of
antidiabetic properties (10,11). Andrographis
paniculata (AP) originated from India is widely
grown in Southeast Asian countries, including
Indonesia, and often used as jamu pahitan
(Indonesian traditional medicine drink) to
maintain health and treat many diseases such as
tonsillitis, chancre, typhoid fever, diabetes,
eczema, the common cold, diphtheria,
depurative, epilepsy, gonorrhoea, syphilis, and
dandruff. The extract of AP (APE) was
demonstrated to reduce blood glucose levels in
diabetic rats in several studies (12,13). An in
vitro study of the extract discovered a strong
insulin-secreting effect in BRIN-BD11 cells, a
pancreatic cell line expressing insulin, and
glucokinase (14). The main active component
in APE is andrographolide, and it produced a
hypoglycemic effect by elevating the mRNA
and protein levels of GLUT4 in rats with
diabetes mellitus (10).

This plant is a kind of shrub with high
flavonoid content, where flavonoids are very
potent  antioxidants.  Antioxidants  are
compounds with the potential to suppress
oxidative stress activity in cells where the
accumulation of AGEs in cells and tissues plays
a role in the initiation of oxidative stress in cells
and tissues. Oxidative stress inhibition inhibits
the inflammatory cascade and inhibition of cell
and tissue death and damage. This study is the
first research that aimed to specifically explore
the role of AP extract in protecting Kidney
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damage due to the formation of AGEs in the
renal glomerulus in diabetes mellitus.

Materials and Methods

Authentication of plant

Andrographis paniculata (AP) leaves were
collected from Palembang, South Sumatra,
Indonesia, in the month of January 2020 and
identified by Botany Department, Faculty of
Sciences, Universitas Sriwijaya, Palembang,
Indonesia. A voucher specimen (No. 2020/15)
was deposited at the Department of Biology,
Faculty of Medicine, Universitas Sriwijaya,
Palembang, Indonesia.

APE preparation

Andrographis paniculata (AP) simplicia were
prepared to study their hypoglycemic effects
and investigate the plant's basic phytochemical
composition. The water extract (WE), similar
to brew traditional tea, was made by boiling 20
g of the dry plant material in water (500 mL),
followed by filtration and lyophilization. The
ethanol-water extract (EWE) was prepared by
adding 20 g of the plant material to 800 ml of
a mixture of ethanol and water (50:50). The
extract was then heated at 40 °C for four hours;
thereafter, it was filtered three times, followed
by evaporation in a Buchi rotary evaporator.
Phytochemical test of the plant was performed
by extracting 60 g using a Soxhlet extractor
with n-hexane (HE) followed by methanol.
The dry methanol extract was partitioned with
butanol and water at a 1:1 ratio, and the
butanolic phase was then dried (BE), followed
by evaporation of all of the extracts in a rotary
Buchi evaporator. All of the extracts were kept
at -4 °C until use.

Thin-layer chromatography (TLC) analysis

The extracts were analyzed using the standard
TLC method. In summary, the sample was
applied to the Merck Plates 10 mm x 10 mm
60 F254 containing a solvent system. For
alkaloids, a mixture containing
dichloromethane, 85: MeOH, 14: NH40OH
(25%), 1, was used, and the plates were
visualized using Dragendorff's Reagent. For
flavonoids, a mixture containing ethyl acetate,
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60: formic acid, 10: acetic acid, 10: water, 20
is used. Both plates were visualized using
diphenylborinic acid. For terpenes, 20 ml of
the mixture containing ethyl acetate, 6: HE 14,
is used. The plate was visualized using vanillin
(15).

Animals

Healthy male Sprague Dawley rats weighing
between 250 and 300 g were procured from
Eureka Laboratory and Experimental Animal
Breeding Co., Ltd (Palembang, Indonesia) and
maintained in polypropylene cages at the
ambient temperature of 22+1 °C and relative
humidity of 50-60% with a 12 h light/dark
cycle in the registered animal house (87/2020/
Biotek) at Faculty of Medicine, Universitas
Sriwijaya, Palembang, Indonesia. Throughout
the experimental period, the animals were fed
with standard pellet diet (Comfeed, Indonesia)
and water ad libitum.

Experimental procedure

A single injection of streptozotocin-induced
diabetes (STZ, 45 mg/kg, i.p. freshly prepared
in 0.1 M citrate buffer pH 4.5) in rats (16). The
control group received an equal volume of
vehicle (0.1 M citrate buffer, pH 4.5). Blood
glucose level was measured from the tail vein
using a glucose meter (ACCU-CHEK
advantage, Hangzhou, China) seven days after
induction. Rats with blood glucose levels
above 14 mmol/L were considered diabetic
and were used for further study by initiating
the treatment. Andrographis paniculata extract
(APE) was administered daily to rats per oral
for eight weeks. The animals were divided into
5 groups: Normal control group (n=6), STZ-
induced diabetic group (n= 6), STZ-induced
diabetic group treated with APE 100 mg/kg
(n= 6), STZ-induced diabetic group treated
with APE 200 mg/kg (n= 6) and STZ-induced
diabetic group treated with APE 400 mg/kg
(n= 6). The three doses of the extract were
selected based on the acute oral toxicity study
reported on the plant and the previous studies
carried out on the plant. Blood glucose levels
were measured before treatment and on 1st,
2nd, 4th, 6th & 8th weeks. The bodyweight of

each animal was determined at the initiation
and end of the study. On the completion of 8
weeks, blood was withdrawn via retro-orbital
plexus. Blood samples were centrifuged at
1300x g for separation of serum and stored at -
20 °C until assay. At the end of the
experimental period, animals were perfused
with saline to remove the organs' traces of
blood cells.

Preparation renal homogenate

Before sacrifice, the rats were anaesthetized
with chloroform inhalation. Immediately after
sacrifice, both the kidneys were dissected,
rinsed with isotonic saline, and weighed. After
weighing, each kidney was cut into two halves.
One half was used for histopathological
evaluation. The other half was minced, and a
homogenate was prepared with 10% (w/v)
phosphate-buffered (0.1 M, pH 7.4) using a
homogenizer. The kidney homogenate was
centrifuged, and the supernatant was estimated
for kidney antioxidant parameters.

Serum and urine parameters

Serum was used to estimate albumin,
creatinine, blood urea nitrogen (BUN),
cholesterol and triglyceride levels. Pooled 24 h
urine was evaluated for creatinine and albumin
value. The estimation of the above-mentioned
parameters was carried out using biochemical
kits (ACCUREX, Biomedical Pvt. Ltd). AGEs
level was examined in kidney supernatant. It
was measured by ELISA, according to the
manufacturer's protocols. Briefly, 50 ul of
standard diluent or serum samples were added
to the well and incubated at 37 °C for 30
minutes. After the plates were washed, 100 pl
of the biotinylated antibody solution was
added and set for 30 minutes at 37 °C. After
washing three times, 50 ul avidin-peroxidase
complex solution was added and incubated for
15 minutes at 37 °C. After washing, 50 pl of
tetramethylbenzidine color solution was added
and set in the dark for 15 minutes at 37 °C.
Finally, a 50 ul stop solution was added to stop
the reaction. The absorbance was measured at
450 nm wusing an ELISA reader (Epoch,
Biotek, Winooski, VT, United States).
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Kidney antioxidant parameters

5-5-dithiobis (2-nitrobenzoic acid) (DTNB)
reagent was used to estimate reduced
glutathione  (GSH)  level in  tissue
homogenates, and the absorbance was read at
412 nm. The amount of GSH in the sample was
calculated in microgram per ml from a
standard curve obtained and represented in
GSH per total tissue protein. Evaluation of
kidney homogenate for lipid peroxidation
levels, superoxide dismutase (SOD), and
catalase (CAT) activities were carried out
following the method published by Nishi and
Kumar (17) and Halliwell and Chirico (18).

Statistical analysis

Data were analyzed using SPSS 25.0 (SPSS,
Inc., Armonk, NY, United States) by one-way
analysis of variance (ANOVA) followed by
post hoc analysis was carried out to assess the
difference in mean expression levels of each
parameter. Figures were generated using Adobe
Photoshop (Adobe Software, San Diego, CA,
United States). All data were expressed mean +
standard deviation (SD), and a p-value of 0.05
was considered statistically significant.

Ethical approval

All experiments in this study complied with
the bioethical research established by the
Institutional Animal Care and Use
Committee, Faculty of Medicine of
Universitas Sriwijaya (No. 278/kptfkunsri-
rsmh/2020); and its methodology conforms to
the published guide “Principle of laboratory
animal care” (19).

Results

During the 8-week experiment, STZ induced
diabetic rats exhibited significant weight loss
when compared with normal rats. At the end
of 8 weeks of treatment, the bodyweight of
rats treated with APE at the dose of 200 mg/kg
and 400 mg/kg was significantly increased
than the diabetic control group (Table 1). The
kidney weight and kidney hypertrophy index
in STZ induced diabetic rats were
significantly increased as compared to those
in the normal control group. Treatment of
STZ induced diabetic rats with APE at the
dose of 200 mg/kg and 400 mg/kg
ameliorated kidney hypertrophy index (Table
1).

Table 1. Comparison of body weight and kidney weight between treatment groups.

KIDNEY
BODY WEIGHT KIDNEY WEIGHT (HK\TEEFS(ROPHY

GROUP (GRAM)AT8WEEK  (GRAM) i
MEAN-SEM MEAN:SEM e

MEAN:SEM

CONTROL 404.17+0.8 1.17+0.04 03001

DIABETICS 218.73:+15.63# 1.73+0.1# 0.630.03#

100 MG/KGBB APE 233.33+10.96 1.23+0.04 053003

200 MG/KGBB APE 266.17+10.02% 1.17+0.04* 0.43+0,02%

400 MG/KGBB APE 318.67+10.72** 11140.03** 0.37+0.06**

*Treatment group was compared with diabetic control, p< 0.05; ** Treatment group was compared with diabetic control, p<
0.05; # Diabetic group was compared with normal control, p< 0.05, using one-way ANOVA with Pos hoc test.

Administration of STZ led to a significant
increase in fasting blood glucose levels in the
diabetic group compared to the normal control
group throughout eight weeks after induction
(Fig. 1). Furthermore, STZ-diabetic rats treated
with 100 mg/kg APE demonstrated a decrease
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in the fasting blood glucose levels at the end of
8 weeks, whereas STZ-diabetic rats treated with
200 mg/kg and 400 mg/kg APE showed a
significant decrease in the fasting blood glucose
levels at the end of 6 weeks (Fig. 1).
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Blood Glucose Level (mmol/L)
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. 1st Week 2nd Week 4th Week 6th Week 8th Week
Induction
=== Control 4.25 426 411 421 423 422
=== Diabetic 24.83 25.42 26.34 27.34 26.66 27.11
100 mg/kgBW APE 24.85 24.41 25.21 24.34 23.22 21.23
200 mg/kgBW APE 24.34 23.45 23.12 18.32 18.11 17.89
400 mg/kgBW APE 24.98 20.11 15.87 18.65 17.56 16.11

Fig. 1. Comparison of blood sugar levels between groups. A significant increase is shown in blood glucose level of diabetic
group. A gradual decrease of blood glucose level was occurred after first week of APE 200 mg/kg BW administration. Notes:
APE: Andrographis paniculata extract.
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Control Diabetics mg/kgBW mg/kgBW mg/kgBW
APE APE APE
O Urine Albumine gram/24 hours 0.09 0.4 0.22 0.22 0.16
Urine Creatinine mg/24 hours 22.9 12.53 14.31 16.78 2176

Fig. 2. Comparison of urine albumin and urine creatinine levels between groups. Low urine albumin level and increased
urine creatine level are marked in highest dose of A. paniculata extract (400 mg/kgBW).
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B Control 6.37 11
Diabetics 2.46 1.47
® 100 mg/kgBW APE 22 1.15
m 200 mg/kgBW APE 3.66 0.95
400 mg/kgBW APE 455 0.8
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I
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BUN mg/dL  Cholesterol Triglycin'des Serum AGEs
me% mg% pg/mL
15.32 56.45 717.56 15.43
32.34 717.56 151.38 89.98
23.12 63.45 129.67 78.98
21.12 53.45 81.56 54.56
16.34 51.43 76.45 34.98

Fig. 3. Comparison of serum albumin, serum creatinine, blood urea nitrogen (BUN), total cholesterol, triglycerides, serum
AGEs between groups. Level of blood urea nitrogen, total cholesterol, triglycerides and AGEs serum were decreased in line

with A. paniculata dose.

The STZ-induced diabetic rats showed a
significant decrease in creatinine level in urine
with a significant increase in serum compared
to the normal control group (Fig. 2). After
treatment with APE, the creatinine content
increased significantly in urine with a
significant decrease in serum. The STZ-
diabetic rats showed a significant increase in
the urine's albumin content, with a significant
decrease in serum level compared to the
normal group. The albumin level of the STZ-
diabetic rats treated with APE was brought
back to normal. The STZ-diabetic rats
exhibited a significant increase in the blood
urea nitrogen content, whereas treatment with
MPGL significantly decreased this level. In
STZ-induced diabetic rats, a significant
increase in serum triglycerides and cholesterol
was observed compared to the normal control
group. However, STZ-diabetic rats treated
with APE demonstrated a significant decrease
in the level of triglycerides and cholesterol.
Advanced glycation end products were
significantly higher in the STZ- diabetic rats

450 Rep. Biochem. Mol. Biol, Vol.10, No.3, Oct 2021

when compared with normal control rats.
Administration of APE to STZ-diabetic rats
reduced the advanced glycation end products
significantly compared to the negative control
group (Figs. 2 & 3).

Significantly higher levels of
malondialdehyde (MDA) (a marker of lipid
peroxidation) were detected in the kidney of
STZ-diabetic rats. SOD, Catalase and GSH
activities were significantly decreased in the
kidney of STZ-diabetic rats as compared to the
normal control rats. Treatment with APE
significantly decreased the increased level of
MDA at the dose of 200 and 400 mg/kg and
significantly increased the decreased activities
of SOD and GSH at all dose levels. Significant
elevation of catalase activity was observed at
the dose of 400 mg/kg of APE (Fig. 4).

Phytochemical test of Andrographis
paniculata extract shows that each extract is
rich in flavonoids. Flavonoids are the main
secondary metabolites and believed to play a
role in inhibiting inflammation and oxidants
due to the accumulation of AGEs (20).
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400 mg/kgBW APE 17.21 3.4 8.1 7.9

Fig. 4. Comparison of GSH, SOD, Catalase and MDA levels between groups.

Discussion

Diabetes is a complex endocrine disorder
involving insulin deficiency which leads to
chronic hyperglycemia with disturbances of
carbohydrate, fat and protein metabolism. It is
estimated that more than 300 million people
worldwide will have diabetes mellitus by 2025
(21). Diabetic nephropathy, a serious
complication of diabetes mellitus, is the most
common cause of end stage renal failure. About
15-25% of type 1 diabetes patients and 30-40%
of patients with type 2 diabetes suffer from
diabetic nephropathy (22). In spite of the
availability of therapeutic agents which retard
the progression of diabetic nephropathy, there
has been renewed interest in the use of herbal
medicines in order to prevent the genesis of this
complication. Andrographis paniculata L., a
deciduous shrub, the leaves of which are rich in
polyphenolic compounds including tannins and
flavonoids (12) has aroused great interest due to
its antidiabetic potential which could be
considered as a lead to further study the effect
of this part of the plant on diabetic
complications such as nephropathy. Taking this
into consideration, in our present investigation,
we have evaluated the protective effects of APE
on STZ-induced diabetic nephropathy in rats.
Streptozotocin has been an agent of choice to

induce experimental diabetes mellitus due to its
ability to induce specific necrosis of the
pancreatic beta cells resulting in degranulation
and loss of capacity to secrete insulin (23, 24).
Thus, in the present study, STZ was used for
induction of diabetes in rats. Administration of
STZ led to significant increase in blood glucose
level which was lowered on treatment with APE
thus confirming the antihyperglycemic activity
of the extract as reported by earlier established
studies (23). However, up to 4 weeks no
significant difference was observed in the
glucose level of APE treated groups as
compared to diabetic group. One of the possible
reasons for this may be that the extract does not
possess a strong anti-diabetic activity. The
concentration of active principles at the given
doses might not be capable in controlling
hyperglycemia in the initial weeks. The active
principles in the extract might take time to reach
sufficient concentration at the target site. It
could also be due to principles such as reducing
sugars or other carbohydrates which might
interfere with the onset of hypoglycemic effect
of APE. Several reports have stated the
diminished hypoglycemic responses of extract
due to the presence of reducing sugars which
could give rise to free glucose after digestion
that may tend to rise blood glucose levels in the
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face of the hypoglycemic actions by the active
hypoglycemic agents (25,26). STZ-induced
diabetes is associated with significant reduction
in the body weight due to hyperglycemia,
hypoinsulinemia, increased muscle wasting and
loss of tissue proteins (27). The body weight of
STZ-diabetic rats was progressively reduced
and treatment with APE improved the body
weight significantly, thus indicating prevention
of muscle tissue damage caused due to
hyperglycemia.

Increase in the weight of Kkidney
(hypertrophy) in proportion to the body weight
is observed in STZ-induced rats. Local
alterations in the production of one or more
growth factors such as over expression of
transforming growth factor-beta 1 in the kidney
especially in proximal convoluted tubules cells
and glomerular mesangial cells are proposed in
the development of renal hypertrophy. An
increase in the rate of protein synthesis and/or
decrease in the degradation of renal
extracellular components might also lead to
renal hypertrophy (27). Treatment reduced
kidney/body weight ratio, thus demonstrating
reversal of kidney hypertrophy in STZ-diabetic
rats. Diabetes mellitus leads to fatty liver,
hypercholesterolemia and
hypertriglyceridemia.  Moreover, elevated
cholesterol levels are associated with diabetic
nephropathy (28). These increased levels were
reversed towards normal after treatment with
APE, thus demonstrating its potential to
improve lipid metabolism. Hypoalbuminaemia
is considered as a strongest predictor of death in
patients with renal failure. Aloumin is by far the
most abundant protein in nephrotic urine. In
STZ-diabetic rats, serum albumin concentration
was decreased significantly with an increase in
the albumin levels in urine, thus demonstrating
that albuminuria was related to deteriorating
kidney function (16). Treatment with APE
normalized these levels thus, exhibiting its
beneficial role against microalbuminuria.
Increased serum creatinine level and BUN
along with decreased excretion of creatinine in
the urine are indicators of the development of
diabetic nephropathy (28). Reversal of these
effects was observed in STZ-diabetic rats
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treated with APE. The formation of AGEs in
renal tissue plays a crucial role in the
development of diabetic nephropathy. The
irreversible formation of AGEs affects proteins
and lipids thus causing damage to the blood
vessels and kidneys. AGEs are found in almost
all tissues examined from STZ-induced diabetic
rats. Moreover, kidneys are more susceptible to
AGE formation than other tissues. Increased
level of AGE was found in the serum of STZ-
diabetic rats whereas treatment with APE
lowered the elevated AGE levels (29). Thus
APE exhibited the potential to protect the
kidney by decreasing the formation of AGE in
the circulation of the STZ-diabetic rats.

Hyperglycemia  leads to increased
production of reactive oxygen species (ROS)
which are involved in the etiology of several
diabetic complications including diabetic
nephropathy (30). The reactive oxygen species
deplete the antioxidant defenses of the cell thus
making it more susceptible to oxidative damage
(32). It further targets lipid, DNA and protein
leading to their oxidation which further leads to
changes in cellular structure and function (32).
GSH plays a crucial role as a free radical
scavenger in addition to the maintenance of
plasma  antioxidant  status.  Superoxide
dismutase converts superoxide to a less reactive
ROS, hydrogen peroxide which is further
reduced to water by catalase. Thus, catalase
assists SOD in the complete neutralization of
ROS (30,32). Malondialdehyde (MDA), a late-
stage lipid oxidation by product, is an important
indicator of free radical-induced lipid
peroxidation (29). Increased MDA levels were
suppressed in STZ-diabetic rats treated with
APE. In addition to this, STZ-diabetic rats
treated with APE showed increased levels of
GSH, SOD and catalase, thus suggesting the
antioxidant capacity of APE.

Andrographis paniculata (AP) possesses
antioxidant, antihyperglycemic,
antihyperlipidemic and anti-glycation activity
and thus, exhibits a protective action in STZ-
induced diabetic nephropathy in rats. Moreover,
further work is necessary to elucidate in detail
the mechanism of action of APE at the cellular
and molecular levels.
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