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ARTICLEINFO ABSTRACT

Art.iclle Type: . Introduction: Recent studies have reported that Astragalus spp. can display various biological

Original Article effects, e.g., anticancer, antioxidant, antimicrobial, neuroprotective, and hepatoprotective
activities. Here we decided to assess the ameliorating effects of Astragalus maximus

Article History:

methanolic extract (AMME) on inflammation and oxidative stress in streptozotocin-induced
diabetic rats.

Methods: The dried aerial parts were extracted by maceration technique with 70% methanol.
Diabetes was induced in rats via intraperitoneal injection of streptozotocin at 65 mg/kg.
Diabetic rats orally received AMME at 75-30 mg/kg for 28 days. The serum levels of glucose,
insulin, liver enzymes, bilirubin, creatinine (Cr), urea (Ur), triglyceride, and cholesterol, as
well as the tissue levels of oxidant/antioxidant enzymes and pro-inflammatory cytokines
were evaluated by the diagnostic kits. The level of a-amylase inhibition by AMME was also
determined.

Results: AMME (150 and 300 mg/kg) treatment significantly reduced (P<0.001) the serum
levels of glucose, cholesterol, triglyceride, Cr, Ur, liver enzymes, and oxidative enzymes in
diabetic rats. The tissue levels of antioxidant enzymes in diabetic rats treated with AMME
(150 and 300 mg/kg) were significantly increased (P<0.01). Treatment of diabetic rats with
either 150 or 300 mg/kg AMME for 28 days significantly reduced interleukin-1p (IL-1p) and
tumor necrosis factor-a (TNF-a) levels in the pancreas. AMME inhibited a-amylase in a
dose-dependent manner with an IC, value of 18.1 ug/mL.

Conclusion: This study showed that the oral administration of AMME in diabetic rats
displayed a potent anti-diabetic activity through increasing insulin release and ameliorating
effects on inflammation and oxidative stress; however, more investigations are desired to
determine the action mechanism of the extract.
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Our results revealed that the oral administration of A. maximus methanolic extract might be considered a natural product for
controlling and treating diabetes mellitus; however, more investigations are desired to determine the action mechanisms of its
extract.
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Introduction cannot perform its normal function, thus, many tissues
Diabetes mellitus is a metabolic disorder in the body in such as the pancreas, kidney, liver, brain, and heart are
which the ability to produce insulin is lost or the body affected (1,2). It has been proven that insulin resistance
becomes resistant to insulin and the produced insulin and decreased insulin discharge are the principal causes of
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type 2 diabetes, which result in impaired glucose oxidation
and hyperglycemia (3,4). Along with many chemical drugs
that are used to control diabetes, the use of therapeutic
supplements such as herbal supplements can be effective
in reducing diabetes and its complications (5,6). It has
been customary to use plants in the treatment of diseases
in almost all countries of the world (7-9). Having minimal
side effects, low cost, and availability of these plants have
caused the gradual replacement of chemical drugs by
plants (8,9).

Herbs belonging to the Astragalus genus from the
Fabaceae family have nearly 3000 species, with two
main distribution centers in America and Eurasia (10).
Astragalus spp, due to the presence of compounds such
as flavonoids, saponins, and polysaccharides, has various
activities such as strengthening the body’s immune system,
regulating blood cholesterol, preventing diabetes, treating
digestive disorders, treating allergies, and strengthening
memory (11,12). Recent studies have reported that
Astragalus spp. displayed various biological effects in
modern pharmacology, e.g., anticancer, antioxidant,
antimicrobial, neuroprotective, and hepatoprotective
activities (12, 13). This work was designed to study the
effect of Astragalus maximus methanolic extract (AMME)
in streptozotocin-diabetic rats.

Materials and Methods

Plant

The plant materials (aerial parts) were collected from the
rural regions of Noorabad city in the western regions of
Iran, Lorestan province, and were identified by a botanist
from the Department of Botany, Lorestan University,
Khorramabad, Iran. A voucher specimen was stored at
Lorestan University of Medical Sciences (No. 2827).

Preparing the methanolic extract

The dried aerial parts were extracted by maceration
technique with 70% methanol. By a rotary evaporator, the
alcoholic part was thrown out and the extract was reserved
at minus 20°C for other tests (14).

Phytochemical study

The phytochemical examination of the AMME was
accomplished to discover the presence of tannins,
saponins, alkaloids, flavonoids, and glycosides, etc based
on a previous investigation by means of some reagents,
e.g., Mayer and Dragendorff ’s reagents for alkaloids, Mg
and HCI for flavonoids, 1% gelatin for tannins, FeCl, and
H,SO, for glycosides, and suds production for saponins
(15).

Total phenolic and flavonoids compounds

The total phenolic and flavonoid compounds of AMME
were determined based on the Folin- Ciocalteu’s method
and the aluminum chloride (AICL) colorimetric assay

based on the previous studies (16). The total phenolic
compounds were expressed in terms of milligrams of gallic
acid per gram (GAE/g) of extract, while the total flavonoid
compounds were expressed in terms of milligrams of
quercetin per gram (mg QE/g) of extract.

In vitro antidiabetic effects by evaluating a-amylase inhibition
activity

Thelevel of a-amylase inhibition by AMME was determined
based on a previous study with some modifications (17).
Briefly, sodium phosphate buffer (200 uL) was mixed with
alpha-amylase (20puL) and AMME at concentrations of
25-200 pg/ml. The combination was kept for 10 minutes
at 37°C and then, 1% starch solution was added to the test
tube, and kept again at 37°C. By adding the dinitrosalicylic
acid reagent and stopping the reaction, the optical density
of the combination was determined at 540 nm. The
control tube was without AMME. The % inhibition was
considered based on the following formula:

% of inhibition= Absorbance of control — Absorbance of
extract/ Absorbance of control

All tests were completed in triplicate and the IC,  was
calculated by Probit test.

Animals

Forty-eight adult male Wistar rats (200-250 g) were
acquired from the care and reproduction of laboratory
animals of Lorestan University of Medical Sciences
(Khorramabad, Iran). Mice were stored in a room with a
light/dark cycle of 12:12 hours at a temperature of 21+2°C.

Establishment of animal model of diabetes

To induce diabetes, streptozotocin (65 mg/kg/bw) was
intraperitoneally injected to the tested mice. Three days
after injection, the rats were fasted for 12 hours and blood
samples were collected from the mice’s tail. Then, the
fasting blood sugar was studied by enzyme method. If the
fasting blood sugar was equal to or >250 mg/dL, it was
measured as a diabetic rat (18).

Study design

Mice were accidentally distributed into six groups
containing 8 mice per each, including non-diabetic mice,
diabetic mice that were orally treated with AMME at 75,
150, and 300 mg/kg/d for 28 days, and diabetic animals
that were orally treated with glibenclamide (0.6 mg/kg/d).

Determination of the blood glucose and insulin

The blood glucose was measured via the commercial kits
(Pars Azmon, Iran). Serum insulin level was also measured
via a rat ELISA kit (Pars Azmon, Iran).

Measurement of the biochemical factors
On the 29" day after the induction of diabetes, blood
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sampling was collected from the hearts of the mice and
centrifuged for 10 minutes at 15000 rpm and the serum
specimens were collected. The serum levels of total
proteins, triglyceride, cholesterol, as well as kidney and
liver enzymes were examined by Pars Azmon diagnostic
kits.

Measurement of oxidant/antioxidant enzymes

The tissue levels of oxidant/antioxidant enzymes, including
superoxide dismutase (SOD), glutathione peroxidase
(GPX), catalase (CAT), and lipid peroxidation (LPO) were
determined in the pancreatic homogenates by Pars Azmon
diagnostic kits.

Assessment of the pro-inflammatory cytokines

The pancreatic levels of some pro-inflammatory cytokines,
e.g., interleukin-1p (IL-1P) and tumor necrosis factor-a
(TNF-a) in the tested rats were assessed according to
the commercial ELISA kits (Carmania Parsgen Co, Iran)
based on the producer instructions.

Statistical analysis

Data were analyzed by SPSS software version 26.0. The
differences between groups were assessed by one-way
analysis of variance and the results were reported at a
significance level of 5%.

Results

Phytochemical analysis

The phytochemical examination exhibited the appearance
of flavonoids, saponins, terpenoids, and polysaccharides
in AMME. The total phenolic and flavonoid contents
were 3.41 (mg GAE/g DW) and 1.46 (mg QE/g DW)
respectively.

Evaluating a-amylase inhibition activity

AMME inhibited the a-amylase as a dose-dependent
response. The IC, values for AMME and acarbose as
the control drug were 18.1 and 4.2 pug/mL, respectively
(Figure 1).

Effects of AMME on the biochemical factors
In diabetic rats, the levels of glucose, cholesterol, and

Effects of A. maximus on diabetic rats

=—dr—AMME =& -AC
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Figure 1. a-Amylase inhibition by methanolic extract of Astragalus
maximus (AMME) and standard drug (acarbose; AC) (n=3).

triglyceride were considerably (P<0.001) elevated
compared to the non-diabetic rats. However, the level of
insulin was considerably (P<0.001) declined in diabetic
rats compared to the non-diabetic rats. In the diabetic
rats receiving the AMME at doses of 150 and 300 mg/kg
a significant reduction (P<0.05) in the levels of glucose,
cholesterol, and triglyceride and an elevation in the level of
insulin were observed (Table 1). In diabetic rats, the levels
of alkaline phosphatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and bilirubin
were elevated when compared with the non-diabetic rats;
nevertheless, diabetic rats treated with AMME at doses of
150 and 300 mg/kg for 28 days displayed improved levels
of AST, ALT, ALP, and bilirubin compared with diabetic
rats treated with normal saline (P<0.001) (Table 2).

In diabetic rats, the levels of kidney function parameters
of creatinine (Cr) and urea (Ur) were significantly raised
when compared with the non-diabetic rats; however,
diabetic rats treated with AMME at doses of 150 and 300
mg/kg for 28 days displayed improved levels of Cr, Ur, uric
acid, total protein, and albumin compared with diabetic
rats treated with normal saline (P<0.001) (Table 3).

Effects of AMME on the oxidant/antioxidant enzymes

Diabetes resulted in a significant reduction in the tissue
activity of antioxidant enzymes (P<0.01). However,
diabetic rats treated with AMME at doses of 150 and 300
mg/kg for 28 days exhibited noticeable enhancement

Table 1. Antidiabetic effects of Astragalus maximus methanolic extract and glibenclamide on the serum levels of some biochemical parameters in the diabetic

rats

Group Glucose (mg/dL) Insulin (mU/mL) Cholesterol (mg/dL) Triglyceride (mg/dL)
Non-diabetic rats 83.6 £2.36 3.81+0.89 76.6 £5.51 83.4+5.21
Diab+Normal saline 236+ 8.56 0.61+0.071 137.3+4.46 146.5 + 6.65
Diab+GLB (0.6 mg/kg) 92.3 +.4.62%** 2.89 £ 0.31%** 82.4 £ 3.72%** 79.8 £ 5.48%**
Diab+AMME 75 mg/kg 196.3+5.12 1.07 £ 0.084 102.4+6.12 91.4 £5.48%**

Diab+AMME 150 mg/kg
Diab+AMME 300 mg/kg

132.3 £4.12%**
102.6 + 5.46***

1.89 £ 0.23%**
2.71 £0.34%**

85.6 + 5.44%**
76.5 *6.66%**

89.3 + 6.87***
71.3 £5.41%**

AMMIE, Astragalus maximus methanolic extract; GLB, glibenclamide; Diab, diabetic.
*** p<0.001 in comparison with the diabetic rats treated with normal saline.
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Table 2. The effects of Astragalus maximus methanolic extract and glibenclamide on the serum levels of liver enzymes in healthy and diabetic rats

Group ALT (Unit/L) AST (Unit/L) ALP (Unit/L) Bilirubin (mg/dL)
Non-diabetic rats 126.6+2.36 134.4+4.73 196.5+6.73 0.86 +0.04
Diab+Normal saline 174.3 £3.46 192.5 +3.86 278.6 £4.76 1.78 £ 0.07
Diab+GLB (0.6 mg/kg) 129.4 + .1.62*** 137.3 +2.67*** 191.3 £ 4.67*** 0.91 + 0.08***
Diab+AMME 75 mg/kg 158.4 +7.68 178.4+5.41 247.6 +8.12 1.59 +£0.13
Diab+AMME 150 mg/kg 1444 +5.42 154.6+7.23 227.7+9.5 1.26 £0.21
Diab+AMME 300 mg/kg 124.4 +6.24%** 131.4 +6.47%** 178.7 +8.63*** 0.89 £ 0.07***

AMMIE, Astragalus maximus methanolic extract; GLB, glibenclamide; Diab, diabetic; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT,

alanine aminotransferase.
*** p<0.001 in comparison with the diabetic rats treated with normal saline.

Table 3. The effect of Astragalus maximus methanolic extract and glibenclamide on the serum level of kidney parameters in non-diabetic and diabetic rats

Group Total protein (mg/dL) Cr (mg/dL) Ur (mg/dL)
Non-diabetic rats 6.31+0.65 0.66 + 0.04 21.6+4.21
Diab+Normal saline 2.21+£0.36 2.71+0.21 44,3 +5.32
Diab+GLB (0.6 mg/kg) 5.98 £ 0.72%** 0.72 £ 0.09%** 24.2 £ 5.48%**
Diab+AMME 75 mg/kg 3.26+0.51 2.13+0.21 34.2+3.62
Diab+AMME 150 mg/kg 4.46 £ 0.72%** 1.87+0.23 28.3 £ 3.46%**

Diab+AMME 300 mg/kg 5.56 +0.82%**

0.94 £0.07*** 21.5 +2.33%**

AMMIE, Astragalus maximus methanolic extract; GLB, glibenclamide; Diab, diabetic; Cr, creatinine; Ur, urea.

**% p<0.001 in comparison with the diabetic rats treated with normal saline.

in the tissue activity levels of SOD, CAT, and GST
(P<0.001). Diabetes also caused an elevation in tissue
malondialdehyde (MDA) level in the tested mice; however,
after treatment of diabetic rats with AMME at doses of
150 and 300 mg/kg for 28 days, the tissue level of MDA
was declined significantly (P<0.001) when compared
with diabetic rats (Table 4).

Following the treatment of diabetic rats with either 150
or 300 mg/kg AMME for 28 days, a significant reduction
in the pancreas levels of TNF-a and IL-1f were observed
when compared with diabetic rats (Figure 2).

Discussion
This work was designed to study the effect of A. maximus
methanolic extract in streptozotocin-diabetic rats. The

phytochemical examination exhibited the appearance of
flavonoids, saponins, terpenoids, and polysaccharides in
AMME. Thetotal phenolicandflavonoid contents were 3.41
(mg GEA/g DW) and 1.46 (mg QE/g DW), respectively. In
line with our results, in previous studies these compounds
have been the main compounds of Astragalus spp. (19-
21). Flavonoids and phenols from herbal medicines are
valuable alternative medications for diabetes mellitus.
These compounds are promising molecules that might
produce novel drug discoveries (22). Phenolic compounds
have exhibited their anti-diabetic effects through various
mechanisms such as improving the insulin sensitivity and
glucose uptake, inhibition of a-glucosidase/a-amylase
enzymes, activation of AMPK and PPAR pathways, and
modulating the oxidative stress and inflammation (23).

Table 4. The effect of Astragalus maximus methanolic extract and glibenclamide on the pancreatic tissue levels of oxidant/antioxidant enzymes (SOD, CAT,

GPX and MDA) in non-diabetic and diabetic rats

Group CAT (nmol/L) GPX (nmol/mg) SOD (nmol /mg) MDA (nmol/mg)
Non-diabetic rats 3.01+0.31 43.2+4.42 5.78 +0.61 2.54+0.31
Diab+Normal saline 1.64+0.12 24.6 +£2.56 0.92 +0.078 8.46 £ 0.89

Diab+GLB (0.6 mg/kg) 2.76 £ 0.14%**

Diab+AMME 75 mg/kg 1.84+0.19

Diab+AMME 150 mg/kg 2.47 £0.37***

Diab+AMME 300 mg/kg 2.72 £0.12%** 43

39.8 +3.23%**
26.1 £2.15

36.2 + 2.68%**

5.12 + 0.61*** 3.23+0.76%**

1.68 +0.32 7.12 £1.46

3.21+0.36%** 5.01+0.68***

A £ 3.0 4.23 +£0.73%** 3.78 £0.51%**

AMME, Astragalus maximus methanolic extract; GLB, glibenclamide; Diab,
peroxidase; MDA, malondialdehyde.
*** p<0.001 in comparison with the diabetic rats treated with normal saline.

diabetic; SOD, superoxide dismutase; CAT, catalase; GPX, glutathione
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Figure 2. Pancreas levels of IL-1B and TNF-a after treatment of the
diabetic rats with various doses of Astragalus maximus methanolic
extract and glibenclamide (0.6 mg/kg) for 28 days. ***P<0.001 compared
to the normal saline group. AMME, Astragalus maximus methanolic
extract; GLB, glibenclamide; IL-1, interleukin-1B; TNF-a, tumor necrosis
factor-a.

Previous investigations reported the antidiabetic effects
of A. membranaceus and its phytochemical ingredients,
e.g., phenols, flavonoids, saponins, and polysaccharides
for treating the types 1 and 2 diabetes mellitus through
the modulation of inflammatory and apoptotic cytokines,
as well as increasing the antioxidant activities and insulin
sensitivity (24).

AMME inhibited a-amylase dose-dependently. In the
diabetic rats receiving the AMME at doses of 150 and 300
mg/kg a significant reduction (P<0.05) in the levels of
glucose, cholesterol, and triglyceride was observed, while
they displayed an elevated level of insulin. Consequently,
AMME may be displayed an insulin-like activity through
releasing insulin from the pancreas and improving the
serum glucose level of diabetic rats. It has been previously
proven that herbal extracts most likely increase the
consumption of glucose by the adjacent tissues, prevent
glucose absorption in the kidneys, and increase the release
of insulin from the islets cells of the pancreas (25). We
reported that diabetic rats treated with AMME at doses
of 150 and 300 mg/kg for 28 days displayed improved
levels of AST, ALT, ALP, bilirubin, Cr, Ur, uric acid, total
protein, and albumin compared with diabetic rats treated
with normal saline. These promising effects on liver and
kidney function are probably due to the positive effects of
herbal extract in ameliorating the liver and kidney injuries
induced by streptozotocin (26).

Effects of A. maximus on diabetic rats

Our results revealed that diabetes results in a significant
reduction in the tissue activity of antioxidant enzymes.
However, diabetic rats treated with AMME at doses of
150 and 300 mg/kg for 28 days exhibited that the tissue
activity levels of SOD, CAT, and GST were noticeably
enhanced. Diabetes also caused an elevation in tissue
MDA level in the tested mice; however, after treatment
of diabetic rats with AMME at doses of 150 and 300
mg/kg for 28 days, the tissue level of MDA was declined
when compared with diabetic rats. Diabetes results in an
elevation in oxidative stress and lipid peroxidation; where
there is a direct association between diabetes symptoms
and lipid peroxidation. In addition, it has been proven
that elevated blood sugar results in a significant reduction
in the activity of antioxidant enzymes and subsequently a
rise in free radicals (27-29). Therefore, we can suggest that
AMME, through increasing the antioxidant enzymes and
reducing the oxidative stress, is able to control diabetes
in rats. Inflammatory responses are well-known as key
factors in the development of diabetes and are thus linked
to elevated insulin resistance and declined reaction in
insulin target organs (30). The treatment of diabetic rats
with either 150 or 300 mg/kg AMME for 28 days resulted
in significant reduction of TNF-a and IL-1f levels in the
pancreas, when compared with diabetic, indicating that
AMME through its anti-inflammatory effects may control
diabetes in rats.

Conclusion

This study showed that the oral administration of
A. maximus methanolic extract in diabetic rats with
streptozotocin displayed a potent anti-diabetic activity
through increasing insulin release and ameliorating
inflammation and oxidative stress; however, more
investigations are desired to determine the mechanism
effects of the extract.

Authors’ contribution

HS designed, HS, NS, and HRM performed experiments
and collected data, RR wrote the draft, HRM and JGY
discussed the results and strategy, and MNM supervised,
directed, and managed the study. All authors approved the
final version to be published.

Conflict of interests
The authors declare no conflict of interest.

Ethical considerations

This study was approved by the ethics committee of
Lorestan University of Medical Sciences, Khorramabad,
Iran, with the ethics number of IRLUMS.REC.1401.219.

Funding/Support
The authors declare that they have not received any
financial support from any organization.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 12, Number 3, July 2023 417


http://www.herbmedpharmacol.com

Sadeghi et al

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Olokoba AB, Obateru OA, Olokoba LB. Type 2 diabetes
mellitus: a review of current trends. Oman Med J.
2012;27(4):269-73.  doi:  10.5001/0m;.2012.68.
Rask-Madsen C, King GL. Mechanisms of disease:
endothelial dysfunction in insulin resistance and diabetes.
Nat Clin Pract Endocrinol Metab. 2007;3(1):46-56. doi:
10.1038/ncpendmet0366.

Cole JB, Florez JC. Genetics of diabetes mellitus and diabetes
complications. Nat Rev Nephrol. 2020;16(7):377-90. doi:
10.1038/s41581-020-0278-5.

Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology
of type 2 diabetes mellitus and its complications.
Nat Rev Endocrinol. 2018;14(2):88-98. doi: 10.1038/
nrendo.2017.151.

Chen L, Magliano DJ, Zimmet PZ. The worldwide
epidemiology of type 2 diabetes mellitus--present and future
perspectives. Nat Rev Endocrinol. 2011;8(4):228-36. doi:
10.1038/nrendo.2011.183.

Stolar M. Glycemic control and complications in type 2
diabetes mellitus. Am J Med. 2010;123(3 Suppl):S3-11. doi:
10.1016/j.amjmed.2009.12.004.

Pinhas-Hamiel O, Zeitler P. Acute and chronic complications
of type 2 diabetes mellitus in children and adolescents.
Lancet. 2007;369(9575):1823-31. doi: 10.1016/s0140-
6736(07)60821-6.

Bindu ], Narendhirakannan RT. Role of medicinal plants in
the management of diabetes mellitus: a review. 3 Biotech.
2019;9(1):4. doi: 10.1007/s13205-018-1528-0.
Arumugam G, Manjula P, Paari N. A review: anti diabetic
medicinal plants used for diabetes mellitus. ] Acute Dis.
2013;2(3):196-200. doi: 10.1016/s2221-6189(13)60126-2.
LiX, QuL, Dong Y, Han L, Liu E, Fang S, et al. A review of
recent research progress on the Astragalus genus. Molecules.
2014;19(11):18850-80. doi: 10.3390/molecules191118850.
Rios JL, Waterman PG. A review of the pharmacology and
toxicology of Astragalus. Phytother Res. 1997;11(6):411-
8. doi:  10.1002/(sici)1099-1573(199709)11:6<411::aid-
ptr132>3.0.co;2-6.

Shahrajabian MH, Sun W, Cheng Q. A review of Astragalus
species as foodstuffs, dietary supplements, a traditional
Chinese medicine and a part of modern pharmaceutical
science. Appl Ecol Environ Res. 2019;17(6):13371-82.
Zheng Y, Ren W, Zhang L, Zhang Y, Liu D, Liu Y. A
review of the pharmacological action of Astragalus
polysaccharide. Front Pharmacol. 2020;11:349. doi: 10.3389/
fphar.2020.00349.

Ghasemian Yadegari ], Fazeli Moghadam E, Golmohammadi
H, Dastyarhaghighi S, Ghoulami M, Mahmoudvand
H. Effect of oral administration of Astragalus ecbatanus
chloroform extract on acute and chronic pain in Balb/C
mice. Research Journal of Pharmacognosy. 2023 Apr 16.
Evans WC. Trease and Evans’ Pharmacognosy. 14th ed. WB
Saunders; 1998.

Singleton VL, Orthofer R, Lamuela-Raventés RM. [14]
Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-Ciocalteu reagent.
Methods Enzymol. 1999;299:152-78. doi: 10.1016/s0076-
6879(99)99017-1.

Phuyal N, Jha PK, Raturi PP, Rajbhandary S. Total

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

phenolic, flavonoid contents, and antioxidant activities
of fruit, seed, and bark extracts of Zanthoxylum armatum
DC. ScientificWorldJournal. 2020;2020:8780704. doi:
10.1155/2020/8780704.

Junod A, Lambert AE, Stauffacher W, Renold AE.
Diabetogenic action of streptozotocin: relationship of dose
to metabolic response. J Clin Invest. 1969;48(11):2129-39.
doi:  10.1172/jci106180.

Ghasemian Yadegari J, Khudair Khalaf A, Saadatmand
M, Mahmoudvand H. Antiparasitic activity of Astragalus
brachycalyx subsp. brachycalyx extract against hydatid
cyst protoscoleces and its effect on induction of apoptosis:
an in vitro and ex vivo study. ] Herbmed Pharmacol.
2022;11(3):428-34. doi: 10.34172/jhp.2022.49.
Ghasemian Yadegari J, Khudair Khalaf A, Darabi R,
Mahmoudvand H. Antiparasitic effects and cellular
mechanism of Astragalus maximus chloroform extract
against clinical isolates of Giardia lamblia. Res ] Pharmacogn.
2022;9(3):5-13.  doi:  10.22127/rjp.2022.330464.1849.
Mahmoudvand H, Al-Abodi HR, Zolfagharkhani P,
Ghasemian Yadegari J. Anti-helminthic effects and cellular
mechanisms of Astragalus ecbatanus extract against
Echinococcus  granulosus protoscoleces. ] Parasit Dis.
2022;46(4):1047-54.  doi:  10.1007/s12639-022-01517-y.
Asgar MA. Anti-diabetic potential of phenolic compounds:
a review. Int J Food Prop. 2013;16(1):91-103. doi:
10.1080/10942912.2011.595864.

Deka H, Choudhury A, Dey BK. An overview on plant
derived phenolic compounds and their role in treatment
and management of diabetes. ] Pharmacopuncture.
2022;25(3):199-208.  doi:  10.3831/kpi.2022.25.3.199.
Zhang K, Pugliese M, Pugliese A, Passantino A. Biological
active ingredients of traditional Chinese herb Astragalus
membranaceus on treatment of diabetes: a systematic review.
Mini Rev Med Chem. 2015;15(4):315-29. doi: 10.2174/1389
557515666150227113431.

Bopanna KN, Kannan J, Gadgil S, Balaraman R, Rathod
SP. Antidiabetic and antihyperlipaemic effects of neem
seed kernel powder on alloxan diabetic rabbits. Indian J
Pharmacol 1997;29(3):162-67.

Concepciéon Navarro M, Pilar Montilla M, Martin A,
Jiménez J, Pilar Utrilla M. Free radical scavenger and
antihepatotoxic activity of Rosmarinus tomentosus. Planta
Med. 1993;59(4):312-4. doi: 10.1055/s-2006-959688.
Marles RJ, Farnsworth NR. Antidiabetic plants and their
active constituents. Phytomedicine. 1995;2(2):137-89. doi:
10.1016/s0944-7113(11)80059-0.

Cazarolli LH, Zanatta L, Jorge AP, de Sousa E, Horst
H, Woehl VM, et al. Follow-up studies on glycosylated
flavonoids and their complexes with vanadium: their
anti-hyperglycemic potential role in diabetes. Chem Biol
Interact. 2006;163(3):177-91. doi: 10.1016/j.cbi.2006.07.010.
Santilli F Lapenna D, La Barba S, Davi G. Oxidative
stress-related mechanisms affecting response to aspirin in
diabetes mellitus. Free Radic Biol Med. 2015;80:101-10. doi:
10.1016/j.freeradbiomed.2014.12.010.

Duncan BB, Schmidt MI, Pankow JS, Ballantyne CM,
Couper D, Vigo A, et al. Low-grade systemic inflammation
and the development of type 2 diabetes: the atherosclerosis
risk in communities study. Diabetes. 2003;52(7):1799-80

418

Journal of Herbmed Pharmacology, Volume 12, Number 3, July 2023

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

