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Through this study, the antidiabetic activities of Annona reticulata L. (Annonaceae) leaves, as claimed by certain
tribal communities, were investigated. The anti-diabetic and liver-renal protective properties of aqueous leaf
extract and its combination with the standard drug glibenclamide were tested in rats with alloxan-induced
diabetes at doses of 200 and 400 mg/kg body weight; both dosages were found to possess significant dose-
dependent antidiabetic activity. After 21 days of treatment, standard medication glibenclamide (5mg/kg)
exhibited fasting blood glucose level of 5.91 + 0.09 mmol/L, while aqueous leaf fraction (400 mg/kg); combi-
nation of extract (200 mg/kg) and glibenclamide (2.5mg/kg) demonstrated fasting blood glucose levels of
5.13+0.12mmol/L and 5.21 +0.07 mmol/L. Additionally, the diabetic rats in the extract treated group
(400 mg/kg dosage) and the combination group demonstrated 8.67 % and 6.19 % of body weight loss, respec-
tively, which were less than the value observed from the group of rats treated with glibenclamide alone
(12.31 %). Furthermore, the extract and its combination with glibenclamide were found to have beneficial effects
on the liver and kidney (p < 0.001) and aided in the maintenance of healthy lipid profile even when diabetes was
present; these effects were comparable to those of standard drug. Moreover, GC-MS analytical data aided in
identification of potential components present in the test fraction that may be crucial in the achievement of these
bioactivities.

Introduction contemporary medicine to accept and employ them [5-7]. Type 2 dia-

betes can be effectively treated using a variety of common herbs and

Several metabolic illnesses together are referred to as diabetes mel-
litus. Known as the hidden epidemic of the twenty-first century, diabetes
is the biggest public health issue. Diabetes is a long-term condition that
gradually damages a variety of body organs. The symptoms appear years
after the disease first appears and advances gradually [1,2]. It is caused
by insufficient production of insulin by the pancreas, either inherited,
acquired, or ineffectively produced. In addition, insufficient insulin
hormone secretion, a lack of target cell response to insulin, or a com-
bination of these factors may be the reason [3]. It is not uncommon for
modern oral hypoglycemic drugs to cause adverse effects. Therefore, it is
imperative to switch to different indigenous plant and herbal composi-
tions and use alternative medicine. There has been promise in using
traditional medicines to treat diabetes [4]. Even though medicinal
plants have been used for centuries to treat illnesses, it will take time for

spices that are said to have blood glucose-lowering properties.
Furthermore, the number of people using these natural chemicals to
manage their illness has increased as a result of several pharmacological
studies on the antidiabetic properties of medicinal plants [8,9]. In the
past, diabetes and its consequences were treated with traditional herbal
treatments prior to the development of insulin and other blood
glucose-lowering medications [10,11]. Also, it has been demonstrated
that over 1200 medicinal herbs have antidiabetic properties to far such
as Juglans regia, Cinnamomum verum, Lamium amplexicaule, Trigonella
monpeliaca, Arctium lappa, Urtica dioica etc [12]. Additionally, the three
types of liver ailments that continue to be a global health concern are
cirrhosis, hepatosis and acute or chronic hepatitis. While, the preferred
treatments for liver illnesses are contentious, inadequate and may have
detrimental side effects [13]. The liver-protective properties of herbal
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medicine formulations used in traditional medicinal systems have long
been known. Numerous plants have huge potentials for hep-
atoprotection in addition to other advantages. Additionally, many edible
herbs have also been approved because of their potential to prevent and
treat liver issues. These plants have proven their hepatoprotective action
in a number of ways [14]. According to current research, hundreds of
plants can be used to treat a variety of liver conditions [15]. Moreover,
herbal extracts and other natural products may be quite helpful in the
intoxicated liver’s healing processes. Reliable scientific data gathered
from medicinal plant research indicates that plants like Silybum maria-
num, Glycyrrhiza glabra, Phyllanthus species, and Picrorhizakurroa have
been used extensively and frequently successfully to treat liver disor-
ders. These plants work by acting through their antioxidant-related
potentials [16-19]. In traditional medical systems around the world,
renal failure has been treated with a variety of plants. Although there
aren’t many treatments for acute renal failure, ethnomedical plants can
assist prevent the need for dialysis by treating the causes and effects of
renal failure as well as lowering the numerous negative effects of dialysis
[20]. In addition, research shows that artificial nephroprotective drugs
have negative side effects. It is also notable that, the metabolic activa-
tion of highly reactive free radicals from a variety of environmental
toxicants and clinically helpful medications, such as gentamicin and
acetaminophen can result in severe renal toxicity [21]. Additionally, it is
now known that nephrotoxicity from drugs used as treatments for other
conditions, increases the likelihood of developing acute and chronic
kidney disorders. Therefore, alternative methods of treating these con-
ditions have been investigated in an effort to avoid the side effects of
medication. Moreover, Abelmoschus esculentus, Achyranthes aspera,
Bambusa nutans, Cassia fistula, Digitalis purpurea etc plants have been
utilized as sources of nephroprotective agents [22,23]. Moreover, by
combining gas chromatography and mass spectrometry, determination
of substances in a sample can be conducted [24]. Plant extracts are
commonly subjected to GC-MS analysis in order to detect and measure
volatile and semi-volatile organic components. By comparing the plant’s
chemical profile with an existing library of chemicals, this method
produces a comprehensive chemical profile of the plant, which aids in
the identification of plant constituents and acknowledgement of bio-
logical roles of plant-derived compounds [25,26]. Since Annona retic-
ulata L. has been utilized in ethnomedicine to treat a wide range of
ailments. The plant is claimed to possess antipyretic, anthelmintic,
antihyperglycemic, antiulcer, antinociceptive, analgesic,
anti-inflammatory, antiproliferative, anticancer, antioxidant, antimi-
crobial, wound healing and antimarking activities [27]. Therefore, this
historically significant herb was selected for assessment of its antidia-
betic, and liver-renal protective potentials via this investigation.

Materials and methods
Preparation of plant extract

The plant part (leaves) of Annona reticulata L. was collected from
Savar, Dhaka. After that, the leaves were identified by Dr. Khandakar
Kamrul Islam (Senior Scientific Officer, Bangladesh National Herbari-
um). Sample was deposited in Bangladesh National Herbarium (Voucher
number: DACB 114865). Dried plant material (538 g) was placed in
dark-colored flasks with water (1.76 L). 24 h later, filtration of infusions
was conducted by utilizing filter paper. The process was repeated 48 h
later. Combined supernatant was vacuum-dried in rotary evaporator
(40°C). When it was established that the plant materials had been
exhausted, the extraction procedure was deemed finished. The plant
material was extracted, dried, and then immersed in one litre of purified
water. Over the course of seven days, the plant components were shaken
and agitated periodically in a sealed container filled with water. A
brand-new cotton bed filter was utilised. The filtrates were dried at
40 + 2°C for production of sticky crude fraction. Following extraction,
the material was properly labelled and kept in sterile sample containers

Pharmacological Research - Natural Products 10 (2026) 100470
at 4°C [28].
GC-MS analysis of the extract from Annona reticulata L. leaves

Shimadzu GCMS-TQ8040 was utilized to conduct GC-MS analysis.
Helium (carrier gas) allowed for the successful separation and detection
of the analytes. In accordance with GC parameters, column oven was
kept at 50°C, ramped up to 200°C and lastly reached 300°C. The hold
times were 1, 2, and 7 min, respectively. The injection was carried out at
250°C in splitless mode with a sampling duration of one minute, flow
control mode set to pressure at 53.5 kPa, and total flow of 11 mL/min.
Moreover, 230°C and 250°C were temperatures of ion source and con-
tact under MS conditions. This technique provides excellent sensitivity
and specificity for identifying and quantifying volatile and semi-volatile
compounds in complex plant extracts by comparing them to library
compounds [29].

In-vivo studies

Experimental animals

Swiss albino mice (25-30 g, male) and Wister albino rats (120-230 g,
male) were used. Test animals were gathered from the department’s
animal house. Aqueous leaf fraction from Annona reticulata L. was
studied pharmacologically in the Jahangirnagar University Pharma-
cology Laboratory. Polypropylene cages were used to house the animals
with appropriate laboratory settings, including proper dark-light cycle,
relative humidity (RH 55 + 5 %), and temperature of 25 + 2°C. The rats
and mice were fed pelletised mouse feed from ICDDR, B., and they had
unrestricted access to water. Every action involving the handling of
animals was conducted in compliance with the ARRIVE guidelines and
the rules imposed by Jahangirnagar University’s animal ethics com-
mittee [Ref No: BBEC, JU/M 2024/11 (137)].

Assay of in-vivo acute toxicity study

Acute toxicity study was performed for determining the safety profile
of plant extract for human ingestion. Guidelines given by Harizal et al.
was followed in this work. In 2001, OECD established 423 guidelines for
investigation of in vivo acute toxicity studies. Three groups of albino
mice, each consisting of five mice were taken. Before plant extract was
given, the animals were kept starved through the night with plenty of
water. In order to find the optimal dosage, the experimental animals
were then administered Annona reticulata L. aqueous leaf extract at
increasingly greater concentrations, such as 1, 2 and 4 g/kg of body
weight, via an intragastric tube. Each animal was then closely observed
for any unusual movements that would indicate any kind of delayed
toxicity. Following administration, each animal was evaluated sepa-
rately for 14 days, paying special attention to the first four hours and
then each day after that [30].

Evaluation of in-vivo anti-diabetic potential and protective effect on the liver
and kidney

Anti-diabetic potential of aqueous leaf fraction from Annona retic-
ulata L. and its combination with the standard medication glibenclamide
were evaluated in this work using rats having Alloxan-induced diabetes.
Glibenclamide was used as standard drug in this study because of its
well-known mechanism of action, proven effects, availability, cost-
effectiveness, FDA-approved status and wide-spread use in humans.
Effectiveness of anti-diabetic potential was assessed by contrasting the
anti-diabetic responses of animals given test samples (Annona reticulata
L. leaf extract and extract’s combination with glibenclamide) with ani-
mals given distilled water (negative control) and standard medication,
glibenclamide (positive control). The extract and standard medication
combination was examined to depict the treatment outcomes of the
combination and to compare the results of the combination with the
results of the extract and the medicine alone. The purpose of this was to
see if the combination could reduce the side effects of traditional



T.B.B. Kabbo et al.

treatment. To assess the test extract’s and combinations’ protective ef-
fects on the liver and kidney, testing of a number of serum biochemical
parameters were also conducted because diabetes gradually destroys
these organs. The influence on the kidney, liver, and pancreas was
demonstrated through histopathological evaluation.

Induction of diabetes

After 18 h of fasting, 40 rats received an intraperitoneal injection of
150 mg/kg alloxan.5 % dextrose saline solution was used to dissolve the
alloxan. After the injection, they were allowed unlimited access to food
and water, and to avoid hypoglycemia shock, they were given 5%
glucose solution to drink throughout the night. The onset of diabetes was
confirmed 48 h after the alloxan injection. For the investigation, rats
with FBG values above 200 mg/dL were selected [31-34].

Treatment protocol
Rats were divided into six groups of five. Each rat was weighed and
assigned a tail number. Group I was composed of 5 normal control rats.
The remaining groups consist of five rats that have diabetes caused by
alloxan. As normal controls, the animals in Group I were administered
distilled water (10 mL/kg); alloxan-induced diabetic rats of Group II
received the same treatment. Glibenclamide 5 mg/kg, the standard drug,
was given orally to Group III diabetic rats. Furthermore, 200 and
400 mg/kg dosages of aqueous leaf fraction were given by oral route to
animals in Group IV and V that had diabetes caused by alloxan. Diabetic
rats of Group VI were given combination of 2.5 mg/kg glibenclamide
and 200 mg/kg of aqueous fraction orally. For a total of 21 days, all
animals in all groups received treatments in accordance with the
experimental schedule. On days 1, 7, 14, and 21 (one hour after
administration of medication), blood samples were collected via end tail
vein cutting method. Then, blood glucose levels were measured using a
one-touch electronic glucometer. Additionally, the rats’ body weight
was meticulously noted on days 1, 7, 14, and 21 [31,32] and percentage
of body weight changes was calculated using the following formula:
Percentage (%) of Changes in Body Weight = {(Bf - By) ~ By} x 100
Here, By means Final body weight and B; means Initial body weight.
Evaluation of anti-diabetic activity and protective effect on liver
& kidney:

m Assessment of Biochemical parameters: The rats were
sacrificed after 21 days of therapy via cervical dislocation (rats
were anaesthetized by intraperitoneal administration of keta-
min hydrochloride before performing cervical dislocation). By
utilizing microcapillary technique, blood was drawn and serum
was then extracted. The rodents had fasted overnight. Using a
commercial kit, biochemical parameters of serum triglycerides,
total cholesterol, HDL cholesterol, LDL cholesterol, creatinine,
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blood urea nitrogen, ALT, AST, bilirubin, and random blood
glucose level were estimated [32].

= Histopathological Assessment: Following the animals’ sacri-
fice, the pancreas, liver, and kidney of each rat were taken out
and placed in a 10 % formalin solution. After that, Section (5 p
thick) were cut. Then staining was conducted utilizing hae-
matoxylin and eosin for histological investigation [34].

SPSS version-27 for Windows along with one-way ANOVA were
utilized for carrying out statistical analysis. p < 0.05 was deemed sig-
nificant, and mean + SD was used to display all results. (Figs.1-4)

Results and discussion
GC-MS analysis report of aqueous extract of Annona reticulata L. leaves

78 components were found in aqueous fraction from Annona retic-
ulata L. leaves, according to the library search report. Among these
compounds, Cysteine was detected in the aqueous extract, which was
reported to possess antidiabetic, renal-protective and hypolipidemic
potentials [35,36]. Furthermore, 1,3-dioxolane-4-methanol was present
that possessed hepatoprotective property as per report [37]. In our
study, in the aqueous leaf extract, the concentrations of Cysteine and 1,
3-dioxolane-4-methanol were 4 pg/mL and 1 pg/mL.

In-vivo studies

In-vivo evaluation of acute toxicity

The experimental animals received doses of 1, 2 and 4 g/kg of
aqueous leaf fraction from Annona reticulata L. No mortality, morbidity,
or abnormal behavioural changes was found after total of 14 days of
monitoring, indicating that the extract was well tolerated. Shivanna
et al. also validated that there is no indication of acute or delayed
toxicity in experimental animals when using extracts from Annona
reticulata L. Therefore, it can be considered safe to give the extract to
experimental animals [38].

Evaluation of in-vivo anti-diabetic potential and protective effect on the liver
and kidney

Rats having alloxan-induced diabetes were treated for 21 days in
order to assess the test samples’ anti-diabetic properties. Since a tool for
measurement of the test samples’ anti-diabetic activity can be blood
glucose level, it was checked at regular intervals. Normal range of FBG
for rats was 4.4-4.9 mmol/L [39]. For normal control group, FBG level
was 4.93 £+ 0.16 mmol/L, 5.03 & 0.16 mmol/L, 4.92 4 0.06 mmol/L
and 4.84 + 0.15 mmol/L on day 0, 7, 14 and 21, respectively. As these
rats were normal, they exhibited FBG values which were in normal
range. Observed FBG levels for diabetic control group were 8.77

TIC

30.0 40.0 50.0
min

Fig. 1. Total ionic chromatogram of Annona reticulata’s crude aqueous extract.
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Fig. 2. H&E-stained histopathological sections demonstrating pancreatic morphology in control and treated rats (scale bar: 100 pm). A. Normal control rat showing
normal pancreatic tissue. B. Alloxan induced diabetic rat exhibiting significant decrease in number of 8-cells. C. Diabetic rat treated with glibenclamide demon-
strating partial restoration of structure of islet of Langerhans. D. Diabetic rat that received 200 mg/kg dose of aqueous extract showing regeneration of pancreatic
tissue. E. Diabetic rat treated with 400 mg/kg dose of aqueous extract depicting restoration of pancreatic morphology. F. Diabetic rat that was given combination of
aqueous extract and glibenclamide showing restoration of B-cell population.

Fig. 3. H&E-stained histopathological sections demonstrating hepatic morphology in control and treated rats (scale bar: 100 pm). A. Normal rat showing normal
hepatocytes. B. Alloxan induced diabetic rat exhibiting hepatocellular necrosis. C. Diabetic rat treated with glibenclamide depicting partial restoration of hepatic
architecture. D. Diabetic rat that was given 200 mg/kg dose of aqueous extract demonstrating improvement in hepatocyte morphology. E. Diabetic rat that received
400 mg/kg dose of aqueous extract showing regeneration of hepatocyte. F. Diabetic rat that was administered combination of aqueous extract and glibenclamide
illustrating significant restoration of hepatic structure.
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Fig. 4. H&E-stained histopathological sections demonstrating renal morphology in control and treated rats (scale bar: 100 pm). A. Normal rat demonstrating normal
structure of glomeruli. B. Alloxan induced diabetic rat showing damaged glomeruli and glomerular sclerosis. C. Diabetic rat treated with glibenclamide depicting
improved glomerular structure. D. Diabetic rat that was given 200 mg/kg of aqueous extract illustrating reduction in glomerular hypertrophy. E. Diabetic rat that was
administered 400 mg/kg of aqueous extract demonstrating restoration of glomerular architecture. F. Diabetic rat that received combination of glibenclamide and

aqueous extract exhibiting regeneration of glomerular morphology.

4+ 0.21 mmol/L, 8.83 4+ 0.17 mmol/L, 8.78 4+ 0.13 mmol/L and 8.90

+ 0.05 mmol/L on day 0, 7, 14 and 21, in due order; these values are
much higher than normal range. Standard group that was given gli-
benclamide during the course of treatment, showed decreasing value of
blood glucose level over the course of treatment; the values are 8.28

=+ 0.16 mmol/L, 7.00 + 0.07 mmol/L (p < 0.001), 6.42 + 0.15 mmol/L
(p < 0.001) and 5.91 + 0.09 mmol/L (p < 0.001) on day O, 7, 14 and
21. But these values are still higher than the normal range. The highest
activity was found from aqueous leaf fraction at dosage of 400 mg/kg
with FBG levels of 8.89 +0.12mmol/L, 6.99 4+ 0.06 mmol/L
(p < 0.001), 5.98 + 0.04 mmol/L (p < 0.001) and 5.13 + 0.12 mmol/L
(p < 0.001) on day 0, 7, 14 and 21. Moreover, aqueous leaf fraction at
200 mg/kg dosage also performed well, exhibiting FBG levels of 8.62

+ 0.25 mmol/L, 7.01 £+ 0.07 mmol/L (p < 0.001), 6.03 + 0.04 mmol/L
(p < 0.001) and 5.42 + 0.08 mmol/L (p < 0.001) on day O, 7, 14 and
21. Additionally, the combination of aqueous fraction with glibencla-
mide also showed promising results, with FBG levels of 8.55

=+ 0.18 mmol/L, 6.98 + 0.05 mmol/L (p < 0.001), 6.02 + 0.04 mmol/L
(p < 0.001) and 5.21 + 0.07 mmol/L (p < 0.001) on day 0, 7, 14 and
21, in due order. It can be seen that, on day O the blood glucose level is
very high for all the experimental animals regardless of their group; this
is because from this day the treatments were started and the measure-
ments were done before the initiation of treatments. After that, gradu-
ally the blood glucose level decreased (Table 1). Test Extract and its
combination with Glibenclamide produced duration-dependent activity
because their effects are closely linked to how long they remain in the
body at therapeutically active concentration. Also, a clear
dose-dependent increase in anti-diabetic activity can be seen for the test
extract. In the following order, the anti-diabetic activity of the test
samples decreased:

AEAR 400>AEAR+Glibenclamide> AEAR 200> Standard

Here, AEAR = Aqueous fraction of Annona reticulata L.

Table 1
Effect of aqueous extract and its combination with glibenclamide on the FBG
level (mmol/L) following 21 days treatment.

Group Day 0 Day 7 Day 14 Day 21
4.93
Normal Control £016 5.03 + 0.16 4.92 + 0.06 4.84 +0.15
. . 8.77
Diabetic Control 4021 8.83 £0.17 8.78 £0.13 8.90 £+ 0.05
Standard 8.28 7.00 6.42 5.91
+0.16 + 0.07*** + 0.15%** + 0.09***
8.62 7.01 6.03 5.42
AEAR 200 +0.25 + 0.07%** + 0.04*** + 0.08%**
8.89 6.99 5.98 5.13
AEAR 400 +0.12 + 0.06%** =+ 0.04%** + 0.12%**
. . 8.55 6.98 6.02 5.21
AEAR+Glibenclamide ' g ggwer £0.04%%% £0.075%%

*p < 0.05 (Significance); **p < 0.01 (Highly significance); ***p < 0.001 (Very
highly significance) against control; Standard is Glibenclamide.

Because diabetes is a metabolic disease, the changes in body weight
was also closely observed during treatment. To find out if there was an
abnormal change in body weight, the measurement of body weight was
done at regular intervals [31-33]. On day O, the normal control group
weighed 110.17 + 1.58 g, and on day 21, their final weight was 144.17
+ 2.08 g. This group demonstrated 30.86 % increase in body weight
since they were healthy, while decrease in body weight was found in
diabetic rats; their initial weight was 177.17 + 4.35 g on day 0 and their
final weight was 157.17 + 5.94 g on day 21; thus demonstrated 11.29 %
decrease in body weight. Following glibenclamide treatment, the stan-
dard group’s body weight decreased as well, from 177.33 + 17.81 g to
155.50 +13.61 g (12.31 % reduction). The groups that received
aqueous extract and its combination with glibenclamide treatment also
showed progressive reduction in body weight over time. The groups that
were administered 200 and 400 mg/kg of aqueous fraction showed
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initial body weight measurements of 137.50 + 3.02 g, 157.67 + 3.07 g,
and final body weight measurements of 124.67 +2.39 g, 144.00
+ 2.10 g. Therefore, 200 mg/kg dosage of test extract demonstrated
9.33 % reduction in body weight; while 400 mg/kg dosage exhibited
8.67 % decrease in body weight. The aqueous extract and glibenclamide
combination showed body weight of 153.50 + 16.71 g on the first day
and resulted in body weight of 144.00 + 16.63 g on the last day; 6.19 %
reduction was observed (Table 2). It is notable that, the body weight
reduction percentages were greatly decreased in aqueous leaf extract
treated groups in both 200 and 400 mg/kg dosages. However, the
greatest decrease in the body weight reduction percentage was observed
in the combination group.

As diabetes is a metabolic disorder, and liver is the major organ of
metabolism; diabetes can have detrimental effect on liver. For that
reason, several liver markers were tested after the treatment period to
assess the protective effect of the test samples on liver. So, serum was
collected from the blood of test animals after dissection and the serum
levels of some important liver markers were measured. The normal
ranges of serum ALT, AST and Bilirubin for rats are 6-45 IU/L, 6-30 IU/
L and 3-3.2 pmol/L, respectively [40]. ALT, AST and Bilirubin levels for
normal control group were 17.31 + 2.55 IU/L, 10.99 + 1.05 IU/L and
1.97 4+ 0.33 pmol/L. Whereas, diabetic control group demonstrated
serum ALT, AST and Bilirubin levels of 24.60 + 1.80 IU/L, 29.83 + 1.74
IU/L and 5.44 + 0.61 umol/L; these values are much higher than the
normal range. In contrast, the standard group that received glibencla-
mide exhibited good effect on the liver markers with three liver markers
values 0of 13.32 + 2.431U/L (p < 0.001),11.14 + 1.15IU/L (p < 0.001)
and 3.10 + 0.10 pmol/L (p < 0.001). The aqueous extract showed very
good control over the liver markers both alone and in combination with
glibenclamide. At 400 mg/kg dosage, aqueous extract exhibited ALT,
AST and Bilirubin levels of 13.82 + 2.11 IU/L (p < 0.001), 10.94 + 0.30
IU/L (p <0.001) and 3.07 £ 0.10 umol/L (p < 0.001); in case of
200 mg/kg dosage, it showed levels of three liver markers of 15.60
+1.92 IU/L (p < 0.001), 10.85 + 0.68 IU/L (p < 0.001) and 3.01
+ 0.63 pmol/L (p < 0.001); lastly, in combination with glibenclamide
the aqueous extract demonstrated the values of three liver markers of
16.09 + 2.15 IU/L (p < 0.001), 10.92 + 0.76 IU/L (p < 0.001) and
3.154+0.18 umol/L (p < 0.001) (Table 3). Hepatocellular stress
brought on by insulin resistance or hyperglycemia frequently results in
increased ALT in diabetic rat models. In addition, AST can also increase
in early diabetes. In order to determine the intensity of liver damage, a
test called the AST/ALT ratio, sometimes called the De Ritis ratio is
performed, in which the concentration of aspartate transaminase (AST)
is divided by the concentration of alanine transaminase (ALT). A ratio of

Table 2
Effect of aqueous extract and its combination with glibenclamide on body
weights following 21 days treatment.

Percentage (%) of

Initial BW (g)  Final BW (g)

Group (Mean+SEM) (Mean+SEM) Body Weight
Changes
Normal Control 110.17 + 1.58 }:;é; + 30.86 %
Diabetic Control 177.17 £ 4.35 liS;;Z —11.29 %
Standard 51773:1 1:5153521 —12.31 %
AEAR 200 137.50 + 3.02 fgg; —9.33 %
AEAR 400 157.67 + 3.07 1;;;)8 —8.67 %
AEAR-+Glibenclamide :1t513653 1 14?6023 —6.19 %

Here, AEAR = Aqueous extract of Annona reticulata L.

Standard is Glibenclamide; BW means body weight.

(+) sign indicates increase in body weight and 6 sign indicates decrease in body
weight.
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Table 3
Effect of aqueous extract and its combination with Glibenclamide on ALT, AST
and Bilirubin levels following 21 days treatment.

AST:ALT Bilirubin
Group ALT (IU/L) AST(IU/L) Ratio (umol/L)
17.31 10.99 0.63
Normal Control L1255 1105 £ 006 1.97 +£0.33
. . 24.60 29.83 1.21
Diabetic Control £1.80 1174 +009 5.44 £+ 0.61
Standard 13.32 11.14 0.84 3.10
+ 2.43%** + 1.15%** =+ 0.07%** + 0.10%**
15.60 10.85 0.71 3.01
AEAR 200 L1925 £ 0685 £0.08F £ 0635
13.82 10.94 0.79 3.07
AEAR 400 4+ 2.11%** + 0.30%** + 0.06%** + 0.10%**
. . 16.09 10.92 0.69 3.15
AEAR+Glibenclamide L g L 076x £ 0,054 L 01grH

*p < 0.05 (Significance); **p < 0.01 (Highly significance); ***p < 0.001 (Very
highly significance) against control; Standard is Glibenclamide.

less than one is considered normal, however a ratio of more than one
may indicate chronic liver injury [41]. From Table 3 it is notable that,
the rats of normal control group demonstrated AST:ALT ratio value of
0.63 + 0.06; which increased significantly in the diabetic control group.
The rats of diabetic control group showed AST:ALT ratio value of 1.21
+ 0.09; which is higher than 1; that indicates to chronic liver damage.
However, the standard group of rats that were treated with glibencla-
mide exhibited AST:ALT ratio of 0.84 + 0.07 (p < 0.001); that indicates
towards the hepatoprotective effect of glibenclamide. Aqueous leaf
extract at both 200 and 400 mg/kg of dosage demonstrated significant
hepatoprotective potential with observed AST:ALT ratio of 0.71 + 0.08
(p < 0.001) and 0.79 + 0.06 (p < 0.001). Additionally, in combination
with glibenclamide aqueous extract showed the highest hep-
atoprotective property with AST:ALT ratio of 0.69 &+ 0.05 (p < 0.001).
Therefore, the outcomes indicate that these treatments prevented severe
liver damage that could happen from diabetes. Hence, it can be said that
the extract has the potential to protect liver to certain extent from the
damage caused by diabetes.

Here, AEAR = Aqueous extract of Annona reticulata L.

The primary role of the kidney is to eliminate waste and excess fluid
from the body. Being a metabolic disease, diabetes can damage the
kidney in various pathways, in most cases it damages the kidney’s blood
arteries. So, two key kidney markers were examined following the
course of treatment for understanding whether the test sample can have
beneficial effect on kidneys even in the presence of diabetes. Rats typi-
cally have blood urea nitrogen (BUN) level between 0.4 and 0.8 mg/dL
and serum creatinine level between 14 and 22 mg/dL [42]. For normal
control group obtained BUN and serum creatinine levels were 13.87
+ 2.57 mg/dL and 0.72 £ 0.09 mg/dL while, for diabetic control group
these values were much higher if compared to normal range, which were
32.93 £+ 3.74 mg/dL and 1.61 + 0.35 mg/dL. Both serum creatinine
and BUN levels in the glibenclamide-treated standard group were found
to be in normal range, measuring 0.73 £+ 0.05 mg/dL (p < 0.001) and
13.49 + 3.64 mg/dL (p < 0.001). Even when diabetes is present, the
aqueous extract can still benefit the kidneys because it demonstrated
good control over renal markers when used alone and in combination
with glibenclamide. 400 mg/kg of aqueous fraction demonstrated serum
creatinine and BUN levels of 0.72 + 0.08 mg/dL (p < 0.001), and 16.29
+ 1.00 mg/dL (p < 0.001); while for 200 mg/kg dosage these values
were 0.75+0.08 mg/dL (p < 0.001), and 15.33 +1.14 mg/dL
(p < 0.001). Furthermore, 0.74 + 0.06 mg/dL and 17.58 + 3.02 mg/dL
(p < 0.001) were obtained serum creatinine and BUN levels when
combination of glibenclamide and aqueous extract was given (Table 4).

Here, AEAR = Aqueous extract of Annona reticulata L.

Diabetic dyslipidaemia, a term used to describe lipid abnormalities
in patients with diabetes, is commonly defined by elevated levels of
small dense LDL particles, low HDL, high triglycerides (TG), and high
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Table 4
Effect of aqueous extract and its combination with glibenclamide on creatinine
and BUN levels following 21 days treatment.

Group Creatinine (mg/dL) BUN (mg/dL)
Normal Control 0.72 + 0.09 13.87 + 2.57
Diabetic Control 1.61 +£0.35 32.93 +3.74
Standard 0.73 + 0.05%** 13.49 + 3.64%**
AEAR 200 0.75 + 0.08%** 15.33 &+ 1.14%**
AEAR 400 0.72 + 0.08%**

AEAR+Glibenclamide 0.74 + 0.06***

*p < 0.05 (Significance); **p < 0.01 (Highly significance); ***p < 0.001 (Very
highly significance) against control; Standard is Glibenclamide.

total cholesterol (TC) [43]. So, the overall lipid profile can be affected by
diabetes. Therefore, four important markers of lipid profile in serum
were evaluated to assess if the test samples can maintain the lipid profile
in diabetic rats or not. The normal ranges for serum TC, TG, LDL and
HDL are 10-54mg/dL, 26-145mg/dL, 40-50mg/dL and
40-50 mg/dL, respectively [44]. For normal control group, the serum
levels of TC, TG, LDL and HDL were 52.67 + 3.90 mg/dL, 63.75
+ 5.63 mg/dL, 44.33 + 4.50 mg/dL and 40.45 + 2.83 mg/dL; while for
diabetic control group, the values were 99.82 + 44.26 mg/dL, 83.72
+ 2.49 mg/dL, 67.50 + 7.15 mg/dL and 25.22 + 4.43 mg/dL, in due
order. Therefore, for the diabetic control group the values for TC, LDL
were found to be above the usual range while, the case for HDL mea-
surement was opposite; so, a clear disruption in the lipid profile can be
seen in this group. For glibenclamide treated standard group, the values
obtained for TC, TG, LDL and HDL were 74.58 + 7.95 mg/dL
(p < 0.001), 60.07 + 8.04 mg/dL (p < 0.001), 40.17 + 4.62 mg/dL
(p < 0.001) and 45.25 + 4.81 mg/dL (p < 0.001). However, standard
group exhibited almost all the values within the normal range except
higher TC value. The aqueous extract produced good impact on the lipid
profile at both test doses; with serum levels of 83.43 £+ 7.78 mg/dL
(p <0.001), 63.37 + 2.88 mg/dL (p < 0.001), 49.50 + 3.51 mg/dL
(p < 0.001), 41.60 + 3.11 mg/dL (p < 0.001) and 82.78 + 2.26 mg/dL
(p <0.001), 61.83 +1.38 mg/dL (p < 0.001), 43.50 + 2.59 mg/dL
(p < 0.001), 42.43 £+ 3.20 mg/dL (p < 0.001); for TC, TG, LDL and
HDL, in due order. Additionally, combination of aqueous extract and
glibenclamide showed serum levels of 77.53 + 4.43 mg/dL (p < 0.001),
62.50 + 2.76 mg/dL (p < 0.001), 44.33 + 3.62 mg/dL (p < 0.001) and
42.67 + 2.42 mg/dL (p < 0.001) for TC, TG, LDL and HDL, respectively
(Table 5).All the groups that received test samples showed all values in
the normal range except for TC values which were higher than the
normal range. So, the extract from Annona reticulata L. and its combi-
nation provided promising results (in diabetic rats) in the maintenance
of lipid profile.
Here, AEAR = Aqueous extract of Annona reticulata L.

Table 5
Effect of aqueous extract and its combination with glibenclamide on lipid profile
level following 21 days treatment.

TG (mg/ LDL-C(mg/ HDL-C
Group TC (mg/dL) dn) dn) (mg/dL)
Normal Control 82.67 63.75 44.33 40.45
+3.90 +5.63 +4.50 +2.83
Diabetic Control 99.82 83.72 67.50 25.22
+ 44.26 +2.49 +7.15 +4.43
Standard 74.58 60.07 40.17 45.25
+ 7.95%%* + 8.04%*** + 4.62%%* + 4.81%%*
83.43 63.37 49.50 41.60
AEAR 200 + 7.78%%* + 2.88%%* + 3.51%%* + 3.11%%*
82.78 61.83 43.50 42.43
AEAR 400 i 2.263‘0'(* i 1.38*** i 2.59**}'( j: 3.20***
. . 77.53 62.50 44.33 42.67
AEAR+Glibenclamide L 443w . L 3.or T

*p < 0.05 (Significance); **p < 0.01 (Highly significance); ***p < 0.001 (Very
highly significance) against control; Standard is Glibenclamide.
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Histopathological evaluation of pancreas, liver and kidney of diabetic rats

Following sacrifice, the pancreas, liver, and kidney tissues were
removed from each rat and preserved for 24-48 h in 10 % neutral
buffered formalin. Graded ethanol was utilized to dehydrate the fixed
tissues, which were then cleaned in xylene and embedded in paraffin
wax. A rotary microtome was used to segment paraffin blocks at a
thickness of 5pum. Following standard procedures, three non-
consecutive sections of each organ were produced for each animal and
stained with hematoxylin and eosin (H&E). Five randomly chosen, non-
overlapping fields from each section were analyzed for histological
evaluation using a light microscope set to 20 x objective magnification.

Impact of aqueous leaf extract and its combination with glibencla-
mide on the pancreatic histopathological profile in rats in normal con-
dition, rats that were untreated with alloxan-induced diabetes, and rats
that were treated with alloxan-induced diabetes (original magnification
%20). (A) Section of normal control rat’s pancreas demonstrates normal
islet of Langerhans. In this segment islets are found to be well-defined,
with B-cells, embedded within acinar tissue. (B) The structure of islet
of Langerhans is found to be damaged, shrunken and disrupted in the
pancreatic region of alloxan-induced diabetic rat. Degeneration and
reduction of B-cells within the islets can be observed. The segment
demonstrated swelling and altered morphology of acinar cells. Inflam-
mation can also be seen in the pancreatic tissue, contributing to B-cell
damage. (C) A pancreatic section from diabetic rats given glibenclamide
shows an increase in beta cells and pancreatic islet of Langerhans that is
nearly normal. The segment demonstrated restoration of normal islet
morphology and improvement in the structure in diabetic rats. (D)
Pancreatic segment of rat having alloxan-induced diabetes that admin-
istered aqueous fraction at 200 mg/kg demonstrating improvement in
the morphology of islets and regeneration of pancreatic B-cells. (E)
Pancreatic slice obtained from diabetic rat that was given 400 mg/kg of
aqueous fraction illustrating better structural features of islet of Lang-
erhans. The outcome indicated, administration of the extract at 400 mg/
kg dose provided protection to the islets from degeneration, improve-
ment of cell proliferation and aided in the restoration of pancreatic ar-
chitecture. (F) Segment of pancreas taken from diabetic rat that was
administered combination of aqueous extract and glibenclamide
depicting improvement in structure of islet of Langerhans. The segment
demonstrated regeneration of islets, restoration of B-cell population,
lessened cytoplasmic damage.

The effects of aqueous leaf fraction and its combination with gli-
benclamide on the histopathological profiling of the liver in rat that was
in normal condition and rats having untreated and treated alloxan-
induced diabetes have been studied (magnification x20). (A) Liver
segment of normal rat displays normal hepatocytes with a central vein.
The segment showed arrangement of hepatocytes in a regular pattern
around the central vein. Also, the section demonstrated clear cytoplasm
of hepatocytes, round nuclei which are centrally located. (B) Rat liver
section that were given alloxan (no treatment) shows central vein and
hepatocytes that are disorganised and destroyed. The segment exhibited
hepatocellular necrosis with vacuolated cytoplasm of hepatocytes indi-
cating cellular degeneration. Infiltration of mononuclear inflammatory
cell in the portal areas can also be seen. Accumulation of lipid in he-
patocytes, sinusoidal dilatation and congestion are also observed. (C)
Liver section treated with glibenclamide demonstrates restoration in
normal hepatic architecture, reduction in the severity of cellular damage
and lipid accumulation. The section also demonstrates mild hepatocyte
vacuolization (less than diabetic control), near normal sinusoidal
pattern, reduction in necrosis and inflammation. (D) Hepatic segment
obtained from diabetic rat that was given 200 mg/kg of aqueous fraction
illustrating marked improvement in liver histology, reduced fat accu-
mulation, very low inflammatory infiltration, improved hepatocyte
morphology. (E) Liver slice taken from diabetic rat which administered
400 mg/kg of aqueous fraction demonstrating regeneration of hepato-
cyte, restoration of normal lobular structure, reduction of cellular
damage and fatty changes, decrease in inflammatory infiltration, fewer
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necrotic cells, reduction in sinusoidal congestion. (F) Hepatic section of
diabetic rat that was given combination of aqueous fraction and gli-
benclamide depicting near normal hepatocytes and hepatic lobules,
minimal vacuolization or inflammatory cells, no visible fibrosis or
congestion.

Impact of aqueous leaf extract and its combination with Glibencla-
mide on kidney histopathological profile in rats having normal physi-
ology, untreated alloxan-induced diabetes, and treated alloxan-induced
diabetes (original magnification x20). (A) Kidney slice of normal rat
depicts normal structure of glomeruli along with Bowman’s capsule and
intact capillary loops. Also, Proximal and distal convoluted tubules are
found to have distinct, regular lumens and normal epithelial cells.
Interstitial spaces are observed to be in normal state with no cellular
infiltration. (B) A kidney section of an alloxan-induced diabetic rat (no
therapy) shows immune cell infiltration and damaged glomeruli with
baseline fat deposition. The section demonstrated thickening of
glomerular basement membrane, mesangial expansion, abnormalities in
glomerular capillary and glomerular sclerosis. Tubular epithelial cell
damage and deposition of eosinophilic material in the tubular inter-
stitium are also found. Infiltration of inflammatory cells, scarring and
thickening of the interstitial tissue are also observed. (C) Rat kidney
section which was treated with glibenclamide demonstrating preserved
tubule and glomerular structure. The section depicted reduction in
glomerular hypertrophy and mesangial expansion, decrease in tubular
degeneration and vascular wall thickening, no inflammatory infiltra-
tion, improvement in capillary perfusion and reduced congestion. (D)
Renal segment obtained from diabetic rat that was given 200 mg/kg of
aqueous fraction illustrating mild reduction in glomerular hypertrophy,
less vacuolar degeneration in tubules, decreased mesangial expansion
and mild improvement in vascular congestion. (E) Renal slice taken from
diabetic rat that administered 400 mg/kg of aqueous fraction demon-
strating restored glomerular architecture, marked decrease in glomer-
ular basement membrane thickening, minimal mesangial expansion,
near-normal tubular epithelial structure and no inflammatory cells in
interstitium. (F) Diabetic rat’s kidney section treated with combination
of glibenclamide and aqueous extract demonstrates reduction in
glomerular hypertrophy, preservation of glomerular basement mem-
brane thickness, normal architecture of capillary loop and decrease in
mesangial expansion. The section also depicts restoration of tubular
architecture, reduction in tubular epithelial degeneration, minimal
infiltration of inflammatory cells and arteriolar wall thickening.

According to Ighodaro et al., the mechanism by which alloxan causes
diabetes is mainly the partial degradation of pancreatic f cells, which
reduces the quantity and quality of insulin that these cells produce [45].
The aqueous extract demonstrated good antidiabetic benefits in male
rats with alloxan-induced diabetes, both when used alone and in com-
bination with glibenclamide. However, the antidiabetic property of the
aqueous extract was not investigated in female rats because only male
rats were employed as experimental animals in this study; which is a
limitation of our investigation. Furthermore, Cysteine was detected in
the aqueous extract, per the GC-MS analytical data. By enhancing insulin
sensitivity, decreasing oxidative stress, and possibly influencing insulin
secretion, the compound produces significant antidiabetic effects [35,
36]. Cysteine may increase the synthesis of glutathione and adiponectin,
which would improve the effects of insulin on glucose metabolism in
cells such as adipocytes [46]. The potent antioxidant glutathione, which
shields cells from damage brought on by reactive oxygen species (ROS),
is derived from cysteine. The activity of pancreatic beta-cells may be
hampered by elevated oxidative stress, which is frequently linked to
type 2 diabetes. In order to combat this, cysteine supplements can
strengthen antioxidant defenses [47]. The complicated effects of
cysteine on insulin secretion can be altered by a number of variables,
such as the presence of hydrogen sulphide or other chemicals [48].
Supplementing with cysteine has been demonstrated to increase insulin
sensitivity in diabetic animal models [46]. The antioxidant and
anti-inflammatory potentials of cysteine can help guard against a
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number of diabetes-related complications, including kidney damage,
nerve damage, and vascular inflammation. Research has demonstrated
that in diabetic animal models, cysteine supplementation can lower
levels of inflammatory markers. It is also possible to combine cysteine
with other antidiabetic medications, such as metformin. Combining the
two may help manage diabetes more effectively by focusing on various
pathways [49]. Furthermore, 1,3-dioxolane-4-methanol was present in
the aqueous fraction. The presence of this hepatoprotective compound
may be the reason for its hepatoprotective effectiveness both alone and
when combined with glibenclamide [37]. 1,3-Dioxolane-4-methanol’s
hepatoprotective action is probably caused by its capacity to lessen
inflammation and oxidative stress in the liver, as well as its capacity to
shield liver cells from harm. In particular, it can assist in lowering
excessive levels of liver enzymes such as ALT, AST, and ALP that are
indicative of liver damage. By boosting glutathione and decreasing lipid
peroxidation, it may help raise the liver’s antioxidant levels. The com-
pound 1,3-dioxolane-4-methanol has antioxidant properties. It has the
ability to scavenge free radicals and lessen oxidative stress, which is a
primary cause of liver damage. To further shield liver cells, it can pre-
vent lipid peroxidation, a process in which free radicals break down fats.
Additionally, it may raise the liver’s levels of glutathione, an essential
antioxidant that aids in the liver’s ability to neutralize toxic substances.
Moreover, 1,3-dioxolane-4-methanol can lessen liver inflammation by
shielding liver cells from oxidative stress. Through the reduction of
inflammation and oxidative stress, 1,3-dioxolane-4-methanol can sup-
port the self-healing and normal function of liver cells. To further protect
liver tissue, it might also aid in halting the liver cells’ apoptosis [50-52].
In addition, GC-MS analysis revealed that the aqueous extract contained
cysteine. The extract may have kidney-protective effect because of the
substance’s renal-protective activity [35]. Due to its antioxidant quali-
ties, capacity to promote glutathione synthesis, impact on mitochondrial
function and redox balance, activation of Nrf2, and general modulation
of signalling pathways involved in kidney cell survival and function,
cysteine has a variety of protective effects on the kidneys [53]. An
essential constituent of glutathione (GSH), a potent antioxidant that
combats dangerous free radicals and reactive oxygen species (ROS), is
cysteine. Furthermore, cysteine directly scavenges free radicals,
shielding kidney cells from the oxidative harm that these reactive mol-
ecules might cause. Moreover, oxidative stress plays a significant role in
kidney injury. The antioxidant potentials of cysteine aid in lowering
oxidative stress and preventing or lessening renal damage [54,55].
Additionally, cysteine can safeguard mitochondrial function, which is
frequently altered in kidney illness. For mitochondria to function
properly, the correct balance of oxidation and reduction (redox state)
must be maintained, and cysteine aids in this maintenance. Thus,
cysteine aids in preventing mitochondrial damage, a major contributing
factor to kidney cell death, by maintaining mitochondrial activity and
redox balance [56]. Nrf2 is a transcription factor that is essential for
cellular defense against inflammation and oxidative stress and can be
activated by cysteine. Kidney disease is frequently caused by inflam-
mation, which cysteine can help lessen by affecting Nrf2 and other
pathways [57]. Furthermore, cysteine has the ability to affect a number
of signaling pathways that are important for kidney cell survival and
function, which may improve kidney health. Cysteine can also lessen the
harm that results from ischemia-reperfusion injury, which is when blood
flow to the kidneys is diminished and then restored (Jo, 2011). In
addition, cysteine can prevent kidney damage brought on by a variety of
toxins and medications [58]. As cysteine was present in the aqueous
extract and this chemical possesses hypolipidemic potential, it may
assist regulate lipids and cholesterol in diabetic rats [35]. Mostly
because of its antioxidant potentials and function in glutathione for-
mation, cysteine can help decrease cholesterol. An antioxidant that
contains cysteine, glutathione, aids in lowering lipid oxidation, and
cysteine itself can scavenge free radicals directly and prevent the
oxidation of LDL cholesterol. Cysteine also affects triglyceride levels, fat
mass, and food consumption, all of which have an impact on lipid
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metabolism [59,60]. Some researchers have investigated and confirmed
that extracts from Annona reticulata L. contain antidiabetic potentials
[61-63]. Additionally, some researches evaluated the hypolipidemic
potential of a number of Annona reticulata L. extracts [61,62]. Outcomes
obtained from current investigation consistent with those of other re-
searchers. This study, however, evaluated for the first time the protec-
tive roles of aqueous leaf fraction from Annona reticulata L. on kidney
and liver.

Conclusion

Rats with diabetes treated with Annona reticulata L. leaf extract alone
and in combination with glibenclamide had notable antidiabetic effects
in addition to liver-renal protective effects. Additionally, it was
discovered that these treatments effectively maintained the lipid profile
in diabetic rats. Thus, the study’s findings point to the plant extract from
Annona reticulata L. having anti-diabetic, anti-hyperlipidemic, and liver-
renal protective properties. According to the GC-MS analysis report,
several compounds having considerable antidiabetic, liver-renal pro-
tecting, and anti-hyperlipidemic activities were identified in the extract.
For aforementioned reasons, aqueous leaf fraction from Annona retic-
ulata L. could serve as an option to treat diabetes. Furthermore, sepa-
rating the bioactive substances from the extract and testing them in both
in vitro and in vivo investigations could aid in clarifying the mode of
actions that produced various bioactivities and could open the door to a
firm conclusion regarding the present results.

CRediT authorship contribution statement

Tasnia Binte Bari Kabbo: Writing — review & editing, Writing —
original draft, Visualization, Validation, Software, Resources, Project
administration, Methodology, Investigation, Funding acquisition,
Formal analysis, Data curation. Pritesh Ranjan Dash: Writing — review
& editing, Supervision, Formal analysis, Data curation. Md. Sohel
Rana: Writing - review & editing, Supervision, Project administration,
Conceptualization.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

References

[1] B. Larijani, F. Forozandeh, Diabetes foot disorders, Iran. J. Diabetes Lipid 2 (2)
(2003) 93-103.

[2] A. Powers, Diabetes Mellitus, Princ. Intern. Med. (2007) 2109-2138.

[3] A. Chauhan, K. Sharma, P. Srivastava, N. Kumar, R. &Dudhe, Scholars research
library plants having potential antidiabetic activity: a review, Pharm. Lett. 2 (3)
(2010) 369-387.

[4] N. Malviya, S. Jain, A. Malviya, Antidiabetic potential of medicinal plants, Acta
Pol. Pharm. 67 (2) (2010) 113-118.

[5] M. Asadi-Samani, M. Bahmani, M. Rafieian-Kopaei, The chemical composition,
botanical characteristic and biological activities of Borago officinalis: a review,
Asian Pac. J. Trop. Med. 7 (1) (2014) 22-28.

[6] M. Bahmani, A. Zargaran, M. Rafieian-Kopaei, M. Saki, Ethnobotanical study of
medicinal plants used in the management of diabetes mellitus in the Urmia,
Northwest Iran, Asian Pac. J. Trop. Med 7 (1) (2014) 348-354.

[7] B. Delfan, M. Bahmani, H. Hassanzadazar, K. Saki, M. Rafieian-Kopaei,

Identification of medicinal plants affecting on headaches and migraines in Lorestan

Province, West of Iran, Asian Pac. J. Trop. Med. 7 (1) (2014) 376-379.

K. Saki, M. Bahmani, M. Rafieian-Kopaei, The effect of most important medicinal

plants on two important psychiatric disorders (anxiety and depression)-a review,

Asian Pac. J. Trop. Med. 7 (1) (2014) 34-42.

[8

—

[91

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Pharmacological Research - Natural Products 10 (2026) 100470

M. Bahmani, H.A. Shirzad, M. Majlesi, N. Shahinfard, M. Rafieian-Kopaei, A review
study on analgesic applications of Iranian medicinal plants, Asian Pac. J. Trop.
Med. 7 (1) (2014) 43-53.

M. Asadbeigi, T. Mohammadi, M. Rafieian-Kopaei, K. Saki, M. Bahmani, B. Delfan,
Traditional effects of medicinal plants in the treatment of respiratory diseases and
disorders: an ethnobotanical study in the Urmia, Asian Pac. J. Trop. Med. 7 (1)
(2014) S364-5368.

A. Karamati, H. Hassanzadazar, M. Bahmani, M. Rafieian-Kopaei, Herbal and
chemical drugs effective on malaria, Asian Pac. J. Trop. Dis. 4 (2) (2014) 599-601.
B. Baharvand-Ahmadi, M. Bahmani, P. Tajeddini, N. Naghdi, M. Rafieian-Kopaei,
An ethno-medicinal study of medicinal plants used for the treatment of diabetes,
J. Nephropathol. 5 (1) (2016) 44-50.

H. Kumar, A. Ramesh, S. Kumar, M. Ishaq, A review on hepatoprotective activity of
medicinal plants, Int. J. Pharm. Sci. Res. 2 (3) (2011) 501.

R. Verma, C. Rachna Verma, A review on hepatoprotective activity of medicinal
plants, J. Med. Plants Stud. 6 (1) (2018) 188-190.

M. Asadi-Samani, M. Rafieian-Kopaei, N. Azimi, Gundelia: a systematic review of
medicinal and molecular perspective, Pak. J. Biol. Sci. PJBS 16 (21) (2013)
1238-1247.

A. McBride, M. Augustin, J. Nobbe, P. Westervelt, Silybum marianum (milk thistle)
in the management and prevention of hepatotoxicity in a patient undergoing
reinduction therapy for acute myelogenous leukemia, J. Oncol. Pharm. Pract. 18
(3) (2012) 360-365.

U. Tatiya, J. Surana, P. Sutar, H. Gamit, Hepatoprotective effect of poly herbal
formulation against various hepatotoxic agents in rats, Pharmacogn. Res. 4 (1)
(2012) 50.

B. Shukla, S. Visen, K. Patnaik, N. Dhawan, Choleretic effect of picroliv, the
hepatoprotective principle of Picrorhizakurroa, Planta Med. 57 (01) (1991) 29-33.
M. Asadi-Samani, N. Kafash-Farkhad, N. Azimi, A. Fasihi, E. Alinia-Ahandani,

M. &Rafieian-Kopaei, Medicinal plants with hepatoprotective activity in Iranian
folk medicine, Asian Pac. J. Trop. Biomed. 5 (2) (2015) 146-157.

E. Yarnell, Herbs for relieving chronic renal failure, Altern. Complement. Ther. 13
(1) (2007) 18-23.

A. Adeneye, S. Benebo, Protective effect of the aqueous leaf and seed extract of
Phyllanthus amarus on gentamicin and acetaminophen-induced nephrotoxic rats,
J. Ethnopharmacol. 118 (2) (2008) 318-323.

A. Tienda-Vazquez, P. Morreeuw, E. Sosa-Hernandez, A. Cardador-Martinez,

E. Sabath, M. Melchor-Martinez, N. Igbal, R. Parra-Saldivar, Nephroprotective
plants: a review on the use in pre-renal and post-renal diseases, Plants 11 (6)
(2022) 818.

D. Talele, T. Mahajan, Z. Chopda, V. &Nemade, Nephroprotective plants: a review,
Int J. Pharm. Pharm. Sci. 4 (1) (2012) 8-16.

A. Chauhan, K. Goyal, P. Chauhan, GC-MS technique and its analytical applications
in science and technology, J. Anal. Bioanal. Tech. 5 (6) (2014) 1-5.

K. Mastovska, J. Dorweiler, J. Lehotay, S. Wegscheid, A. Szpylka, Pesticide
multiresidue analysis in cereal grains using modified QUuEChERS method combined
with automated direct sample introduction GC-TOFMS and UPLC-MS/MS
techniques, J. Agric. Food Chem. 58 (10) (2010) 5959-5972.

U. Ponnamma, K. Manjunath, GC-MS Analysis of phytocomponents in the
methanolic extract of Justicia wynaadensis (nees), Int J. Pharm. Bio Sci. 3 (3)
(2012) 570-576.

G. Jamkhande, S. Wattamwar, Annona reticulata Linn.(Bullock’s heart): plant
profile, phytochemistry and pharmacological properties, J. Tradit. Complement.
Med. 5 (3) (2015) 144-152.

S. Stankovic, N. Niciforovic, V. Mihailovic, M. Topuzovic, S. Solujic, Antioxidant
activity, total phenolic content and flavonoid concentrations of different plant
parts of Teucrium polium L, Acta Soc. 81 (2) (2012) 117-122.

A. Agarwal, R. Prajapati, S.K. Raza, L.K. Thakur, GC-MS analysis and antibacterial
activity of aerial parts of Quisqualis indica plant extracts, Indian J. Pharm. Educ.
Res. 51 (2) (2017) 329-336.

L. Priyadarshini, B. Mazumder, D. Choudhury, Acute toxicity and oral glucose
tolerance test of ethanol and methanol extracts of antihyperglycaemic plant Cassia
Alata Linn, IOSR J. Pharm. Biol. Sci. (IOSRJPBS 9 (2) (2014) 43-46.

P. Raju, E. Mamidala, Anti diabetic activity of compound isolated from Physalis
angulata fruit extracts in alloxan induced diabetic rats, Am. J. Sci. Med. Res. 1 (1)
(2015) 40-43.

G. Jagatha, N. Senthilkumar, Evalution of anti-diabetic activity of methanol extract
of Digera muricata (L), MART ALLOXAN Induc. Diabet. RATS 2 (6) (2011)
1525-1529.

A. Ayatollahi, M. Sharifi-Rad, A. Roointan, N. Baghalpour, B. Salehi, K. Shinwari,
T. Khalil, J. Sharifi-Rad, Antidiabetic activity of date seed methanolic extracts in
alloxan-induced diabetic rats, Pak. Vet. J. 39 (4) (2020) 583-587.

Venkataiah G., & Sudharshan Reddy D. INDO AMERICAN JOURNAL OF
PHARMACEUTICAL RESEARCH ANTI-DIABETIC ACTIVITY OF ACANTHUS
ILICIFOLIUS ROOT EXTRACT IN ALLOXAN INDUCED DIABETIC RATS. 2013;3
(11):9007-9012.

R. Kelly, Application of wool keratins ranging from industrial materials to medical
devices, Adv. Wool. Technol. (2009) 323-331.

C. Hsu, F. Yen, C. Yin, M. Tsai, H. Hsieh, Five cysteine-containing compounds delay
diabetic deterioration in Balb/cA mice, J. Nutr. 134 (12) (2004) 3245-3249.

V. Ji Ram, A. Sethi, M. Nath, R. Pratap, Five-membered heterocycles, Chem.
Heterocycles (2019) 149-478.

L.M. Shivanna, H.N. Sarjan, A. Urooj, Acute toxicity study of Annona reticulata
leaves extract in swiss albino mice, Int. J. Pharm. Investig. 9 (2) (2019) 71-75.
Z.Wang, Y. Yang, XiangX, Y. Zhu, J. Men, M. He, Estimation of the normal range of
blood glucose in rats, J. Hyg. Res. 39 (2) (2010) 133-137.


http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref1
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref1
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref2
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref3
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref3
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref3
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref4
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref4
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref5
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref5
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref5
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref6
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref6
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref6
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref7
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref7
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref7
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref8
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref8
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref8
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref9
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref9
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref9
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref10
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref10
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref10
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref10
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref11
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref11
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref12
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref12
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref12
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref13
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref13
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref14
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref14
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref15
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref15
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref15
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref16
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref16
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref16
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref16
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref17
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref17
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref17
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref18
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref18
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref19
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref19
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref19
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref20
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref20
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref21
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref21
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref21
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref22
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref22
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref22
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref22
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref23
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref23
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref24
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref24
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref25
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref25
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref25
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref25
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref26
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref26
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref26
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref27
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref27
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref27
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref28
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref28
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref28
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref29
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref29
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref29
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref30
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref30
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref30
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref31
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref31
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref31
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref32
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref32
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref32
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref33
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref33
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref33
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref34
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref34
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref35
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref35
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref36
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref36
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref37
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref37
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref38
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref38

T.B.B. Kabbo et al.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

M. Hasan, N. Tamanna, A. Haque, Biochemical and histopathological profiling of
Wistar rat treated with Brassica napus as a supplementary feed, Food Sci. Hum.
Wellness 7 (1) (2018) 77-82.

S.M. Shaikh, A. Varma, S. Kumar, S. Acharya, R. Patil, Navigating disease
management: a comprehensive review of the De Ritis Ratio in clinical medicine,
Cureus 16 (7) (2024) 1-8.

G. Thammitiyagodage, R. De Silva, C. Rathnayake, R. Karunakaran, K. Wgss,

M. Gunatillka, N. Ekanayaka, P. Galhena, I. Thabrew, Biochemical and
histopathological changes in Wistar rats after consumption of boiled and un-boiled
water from high and low disease prevalent areas for chronic kidney disease of
unknown etiology (CKDu) in north Central Province (NCP) and its comparison with
low disease prevalent Colombo, Sri Lanka, BMC Nephrol. 21 (1) (2020) 38.

B. Bhowmik, T. Siddiquee, A. Mujumder, F. Afsana, T. Ahmed, I.A. Mdala, N.C. do
V Moreira, A.K.A. Khan, A. Hussain, G. Holmboe-Ottesen, T.K. Omsland, Serum
lipid profile and its association with diabetes and prediabetes in a rural
bangladeshi population, Int. J. Environ. Res Public Health 15 (9) (2018) 1944.

1. Ihedioha, A. Noel-Uneke, E. Thedioha, Reference values for the serum lipid profile
of albino rats (Rattus norvegicus) of varied ages and sexes, Comp. Clin. Pathol. 22
(2013) 93-99.

M. Ighodaro, M. Adeosun, A. Akinloye, Alloxan-induced diabetes, a common model
for evaluating the glycemic-control potential of therapeutic compounds and plants
extracts in experimental studies, Medicina 53 (6) (2017) 365-374.

E. Achari, K. Jain, 1-Cysteine supplementation increases insulin sensitivity
mediated by upregulation of GSH and adiponectin in high glucose treated 3T3-L1
adipocytes, Arch. Biochem. Biophys. 630 (2017) 54-65.

M. Schuurman, W. Madison, S. Gurleen, B. Malina, S. Zhang, R. Mushfiqur,

S. Cynthia, B. Nica, W. Rennian, N-acetyl-L-cysteine treatment reduces beta-cell
oxidative stress and pancreatic stellate cell activity in a high fat diet-induced
diabetic mouse model, Front. Endocrinol. 13 (2022) 938680.

Y. Kaneko, Y. Kimura, H. Kimura, I. Niki, L-cysteine inhibits insulin release from
the pancreatic beta-cell: possible involvement of metabolic production of hydrogen
sulfide, a novel gasotransmitter, Diabetes 55 (5) (2006) 1391-1397.

K. Salman, R. Refaat, E. Selima, A. Sarha, A. Ismail, The combined effect of
metformin and L-cysteine on inflammation, oxidative stress and insulin resistance
in streptozotocin-induced type 2 diabetes in rats, Eur. J. Pharmacol. 714 (1-3)
(2013) 448-455.

R. Ahsan, M. Islam, A. Musaddik, E. Haque, Hepatoprotective activity of methanol
extract of some medicinal plants against carbon tetrachloride induced
hepatotoxicity in albino rats, Glob. J. Pharmacol. 3 (3) (2009) 116-122.

D. Geresu, S. Umer, M. Arayaselassie, G. Ashebir, E. Makonnen, Hepatoprotective
effects of crude stem bark extracts and solvent fractions of Cordia africana against
acetaminophen-induced liver injury in rats, Can. J. Gastroenterol. Hepatol. 1
(2022) 1449286.

10

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Pharmacological Research - Natural Products 10 (2026) 100470

H. Ali, A. Jahan, S. Samrana, A. Ali, S. Ali, N. Kabir, A. Ali, R. Ullah, R.A. Mothana,
B.N. Murtaza, M. Kalim, Hepatoprotective potential of pomegranate in curbing the
incidence of acute liver injury by alleviating oxidative stress and inflammatory
response, Front. Pharmacol. 12 (2021) 694607.

Y. Hernandez-Cruz, E. Aparicio-Trejo, A. Hammami, D. Bar-Shalom, M. Tepel,

J. Pedraza-Chaverri, A. Scholze, N-acetylcysteine in kidney disease: molecular
mechanisms, pharmacokinetics, and clinical effectiveness, Kidney Int. Rep. 9 (10)
(2024) 2883-2903.

J. Correia, B. Pimpao, G. Fernandes, J. Morello, O. Sequeira, J. Calado, M. Antunes,
S. Almeida, P. Branco, C. Monteiro, B. Vicente, Cysteine as a multifaceted player in
kidney, the cysteine-related thiolome and its implications for precision medicine,
Molecules 27 (4) (2022) 1416.

H. Jo, N-acetylcysteine for prevention of contrast-induced nephropathy: a narrative
review, Korean Circ. J. 41 (12) (2011) 695.

E. Aparicio-Trejo, M. Reyes-Fermin, A. Briones-Herrera, E. Tapia, C. Ledn-
Contreras, R. Hernandez-Pando, G. Sanchez-Lozada, J. Pedraza-Chaverri,
Protective effects of N-acetyl-cysteine in mitochondria bioenergetics, oxidative
stress, dynamics and S-glutathionylation alterations in acute kidney damage
induced by folic acid, Free Radic. Biol. Med. 130 (2019) 379-396.

M. Guerrero-Hue, S. Rayego-Mateos, C. Vazquez-Carballo, A. Palomino-Antolin,
C. Garcfa-Caballero, L. Opazo-Rios, L. Morgado-Pascual, C. Herencia, S. Mas,

A. Ortiz, A. Rubio-Navarro, Protective role of Nrf2 in renal disease, Antioxidants 10
(1) (2020) 39.

Q. Chen, W. Jones, C. Brown, L. Stevens, The mechanism of cysteine conjugate
cytotoxicity in renal epithelial cells. Covalent binding leads to thiol depletion and
lipid peroxidation, J. Biol. Chem. 265 (35) (1990) 21603-21611.

Y. Miura, S. Honda, A. Masuda, T. Masuda, Antioxidant activities of cysteine
derivatives against lipid oxidation in anhydrous media, Biosci. Biotechnol.
Biochem. 78 (8) (2014) 1452-1455.

K. Kumari, T. Augusti, Lipid lowering effect of S-methyl cysteine sulfoxide from
Allium cepa Linn in high cholesterol diet fed rats, J. Ethnopharmacol. 109 (3)
(2007) 367-371.

K. Pathak, A. Das, A. Shakya, R. Saikia, H. Sarma, Evaluation of anti-diabetic and
anti-hyperlipidemic activity of isolated bioactive compounds of leaves of Annona
reticulata Linn, Nat. Prod. J. 11 (3) (2021) 414-421.

W. Wen, Y. Lin, Z. Ti, Antidiabetic, antihyperlipidemic, antioxidant, anti-
inflammatory activities of ethanolic seed extract of Annona reticulata L. in
streptozotocin induced diabetic rats, Front. Endocrinol. 10 (2019) 716.

P. Rout, M. Kar, B. Mohapatra, P. Swain, Anti-hyperglycemic effect Annona
reticulata L. leaves on experimental diabetic rat model, Asian J. Pharm. Clin. Res. 6
(1) (2013) 56-60.


http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref39
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref39
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref39
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref40
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref40
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref40
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref41
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref41
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref41
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref41
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref41
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref41
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref42
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref42
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref42
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref42
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref43
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref43
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref43
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref44
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref44
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref44
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref45
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref45
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref45
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref46
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref46
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref46
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref46
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref47
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref47
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref47
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref48
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref48
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref48
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref48
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref49
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref49
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref49
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref50
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref50
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref50
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref50
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref51
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref51
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref51
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref51
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref52
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref52
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref52
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref52
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref53
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref53
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref53
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref53
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref54
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref54
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref55
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref55
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref55
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref55
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref55
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref56
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref56
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref56
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref56
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref57
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref57
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref57
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref58
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref58
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref58
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref59
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref59
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref59
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref60
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref60
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref60
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref61
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref61
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref61
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref62
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref62
http://refhub.elsevier.com/S2950-1997(25)00330-1/sbref62

	Determination of antidiabetic property and liver-renal protective potential of aqueous extract of Annona reticulata Linn. l ...
	Introduction
	Materials and methods
	Preparation of plant extract
	GC-MS analysis of the extract from Annona reticulata L. leaves
	In-vivo studies
	Experimental animals
	Assay of in-vivo acute toxicity study
	Evaluation of in-vivo anti-diabetic potential and protective effect on the liver and kidney
	Induction of diabetes
	Treatment protocol


	Results and discussion
	GC-MS analysis report of aqueous extract of Annona reticulata L. leaves
	In-vivo studies
	In-vivo evaluation of acute toxicity
	Evaluation of in-vivo anti-diabetic potential and protective effect on the liver and kidney
	Histopathological evaluation of pancreas, liver and kidney of diabetic rats


	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


