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ABSTRACT
BACKGROUND AND OBJECTIVE: Diabetes is a metabolic disorder which is associated with secretion reduction or
insulin resistance. Since different stress causes play a crucial role in incidence and chemical drugs side-effects of this
disease, this study is aimed to investigate the effects of walnut leaves on insulin, glucose, aloumin, AST ALT and ALP
enzymes in diabetic and diabetic by forced swimming stress.
METHODS: In this experimental study, 50 adult male rats divided into 5 groups: control, diabetic, diabetic treated with
walnut leaves (200mg/kg), diabetic with swimming stress in water 15°C and diabetic treated with swimming stress and
walnut leaves. At the end of 21 days injection and phlebotomizing, serum levels of insulin, glucose, albumin and ALT,
AST and ALP enzymes have been measured and the related data by using SPSS-18 software, ANOVA and Tukey has
been analyzed.
FINDINGS: The results showed that diabetic and diabetic with swimming caused a significant reduction of insulin
(4.46%.26,5.06+.14)(p<0.01) and albumin (1.68+.23,1.68+.23 )(p<0.05).Also, a significant increase in serum glucose,
ALP, ALT and AST (467.00+79.53 and 383.80+28.03, 552.20+5.57 and 481.20+4.42, 84.00+8.21 and 88.50+3.83,
84.0048.21 and 212.20+15.57, 194.60+12.50) (p<0.001) compared to the control group has been observed, while walnut
leaf extract caused a significant increase in insulin(8.04+0.63)(p<0.01), albumin(2.22+0.02) (p<0.05) and a significant
reduction of the serum levels of glucose, ALP, ALT and AST (201.80+17.15, 401.20+22.25, 59.40+2.48 and
130.6048.88) (p<0.001) in diabetic and under swimming stress.
CONCLUSION: The results showed swimming and diabetic causes insulin to be reduced. As a result, glucose and
ALP, ALT and AST enzymes have been increased and blood albumin has been decreased. Also, it is observed that
walnut leaf extract causes the above mentioned indices to be modified.
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Introduction

Diabetes is one of the most common metabolic
disorders in the world that the patient is either unable to
produce or is resistant to insulin (1). In diabetes, due to
increased levels of free radicals and reduced antioxidant
capacity of the body and thus oxidative stress there are
some problems in the metabolism of proteins, fats and
sugars (2). The walnut with the scientific name of
Juglans regia is one of the most widely used herbs in
traditional medicine. Its leaves are used to treat
rheumatic fever, fever, diabetes, and anemia (3). Walnut
leaves contain compounds such as glycolic acid,
alcohols, potassium, magnesium, barium, carotene and
fat and have microbial properties (4).

The green and fresh parts of the walnut plant,
especially the leaves, contain antioxidant compounds
such as phenolic acids, flavonoids and chlorogenic acid
(5). Walnuts increase the antioxidant function of the
body and prevent the progression of cardiovascular
disease and cancer (7, 6). There are many flavonoids in
the walnut leaf such as Quercetin compounds,
camphorol, which have a potent antioxidant effect that
greatly reduces the intracellular activity of reactive
oxygen species (3). Studies have shown that the
hydroalcoholic extract of Walnut Flower with
antioxidants such as flavonoid compounds increases
insulin hormone levels and decreases the amount of
glucose and ALT, ALP and AST enzymes in the blood
of STZ induced diabetic rats (9, 8).

Studies have shown that regular swimming
exercises and the use of arbotin supplementation
through the positive regulation of antioxidants and the
reduction of lipid peroxidation prevent renal damage
induced by oxidative stress in diabetic rats (10).
Compulsory swimming in cold water is effective on
fasting blood glucose and glucose tolerance testing and
increases insulin resistance and weight loss in male rats
(11). On the other hand, the results of a study showed
that swimming in 35 ° C water reduced blood glucose
levels in rats (12). Also, forced stress in the cold water
of 15 degrees, increases the serum levels of
corticosteroid hormones and glucose in the blood (13).
It has been shown that swimming exercises increase the
activity of antioxidant enzymes and reduce the level of
free radicals in the blood (14).

Given the fact that empirical evidence suggests that
stress causes a lot of changes in blood glucose levels
(11), and given millions of people around the world
suffering from diabetes and possibly one of the reasons
for a widespread outbreak of this disease is a type of
stress and due to the side effects of chemical drugs used

to treat diabetes, this study was conducted to investigate
the effect of hydroalcoholic extract of walnut leaves in
adult diabetic rats treated with stress of mandatory
swimming.

Methods

This experimental study was conducted in 2016 in
Shiraz Islamic Azad University with ethics code
13951003-Miau on 50 male Wistar rats weighing
between 220 and 210 g and 110 to 100 days old and
were prepared from the Center for Animal Breeding and
Maintenance Shiraz University of Medical Sciences.
During the experiment, all animals were provided with
water and packaged foods produced by the feed
company of Pars Company in Tehran without any
restrictions and were kept in a special room at 22 + 2 °C,
12 hours of light and 12 hours of darkness in a special
room. For diabetics, intraperitoneal injection of
streptozotocin (60 mg / kg) was used (9).

In this study, blood glucose levels, AST, ALT, ALT,
and AST enzymes were determined to be more reliable
than diabetic rats. After the injection of streptozotocin,
blood glucose was measured by blood sampling from
the venous region of the demi-dile and measuring the
amount of sugar, only animals with a fasting blood
glucose greater than 250 mg/dl were considered diabetic
to be included in the study (15, 9, 8).

After confirmation of diabetic condition, the
animals were divided into 5 groups of 10, including
control  (non-treated), diabetic control and 3
experimental  groups.  After administration of
streptozotocin and evaluation of diabetic condition, they
were treated by gavage with hydro alcoholic extract of
walnut leaf 200 mg / kg (16), were subjected to 5
minutes of forced water swimming at a temperature of
15°C (10) and treated by gavage with a hydro alcoholic
extract of walnut leaf at a dose of 200 mg / kg along
with 5 minutes of forced swimming. For preparing
walnut leaf extract, percolation method was used and
sufficient amount of walnut leaf from surrounding areas
of Shiraz was collected and after identification and
confirmation by the botanical department of Shiraz
University and after drying was powdered using the
electric mill device.

Then the powder sufficiently dissolved out in 200
ml of 96% ethanol and the resulting mixture was kept at
room temperature (25°C) for 24 hours to completely
soak and then, with the help of an electric device were
well stirred to become uniform, and the resulting
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mixture was smoothed by means of a filter and using a
rotary mixer, the resulting mixture was concentrated
and with a desiccator device all moisture of mixture
were taken and an extract with high viscosity was
obtained. AIll prescription for 21 days and was
conducted between the hours of 9 to 10 am. At the end
of the period, rats were anesthetized by ether and blood
sample was taken from their hearts with a syringe 5 mi
to measure the serum level of insulin and glucose and
AST, ALT and ALP enzymes. To measure the
concentration of insulin hormone, the immunosorbent
assay method and the insulin test kit manufactured by
Diasource Italy (0036 series) and gamma counter can be
used. Blood glucose was measured using a glucometer
device.

Also, the activity of AST, ALT and ALP enzymes
was measured by using the Pars test kit and by
photometric method and albumin was measured using
serum albumin kit and photometric method. The
obtained results from serum levels of insulin, glucose,
albumin and ALT, ALP and AST enzymes were
analyzed using SPSS 18 software and analyzed by
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ANOVA and Duncan's test and p <0.05 was considered
significant.

Results

The results showed that there was a significant
increase in blood glucose levels in animals treated with
streptozotocin (diabetic) and diabetic with forced
swimming stress (p <0.001). However, in the mean of
blood glucose in diabetic animals treated with walnut
leaf extract, there was a significant decrease in diabetic
and diabetic groups with forced swimming stress
(p<0.001) (Table 1). In addition, the results of this study
showed that in diabetic group and diabetic group treated
with forced swimming stress, there was a significant
decrease in the level of insulin compared to the control
group and in diabetic group and diabetic groups treated
with forced swimming stress, the activity of ALP, ALT
and AST enzymes increased significantly at the level of
p <0.001 and the serum level of albumin decreased
significantly at the level of p <0.05 compared to the
control group (Table 1).

Table 1. Comparison of the effect of walnut leaves extract and forced swimming stress alone and in combination
with serum sugar, insulin, aloumin, AST, ALT and ALP enzymes.

Glucose (g/d) Insulin

(meanxSD) (ng/ml)
(meanxSD)

control 87.00+3.20 9.52+1.56
38.80+28.03***  5.06+0.41**
Experimental 1 (Diabetic+Walnut ~ 201.80+17.15*® 8.04+0.63%

Control(diabetic)

Extract 200 mg/kg)

Experimental 2 (diabetic+forced  46.00+£79.53***  4.46+0.26**

swimming stress)

Experimental 3 (diabetictwalnut  355.60+29.52***  5.96+0.77**

extract, 200 mg / kg and forced

swimming stress)

(meanxSD)
120.00+8.03
194.60+12.50***  552.20+5.57***  84.00+8.21*** 1.68+0.22*
130.60+8.88* 401.20+22.25%* 59.40+2.48" 2.22+0.02

AST ALP(IU/L)
(1U/L) (meanzSD)

ALT(IU/L) Albumin

(meanzSD) (g/dl)
(meanxSD)

351.20+4.20 51.00+3.11 3.14+0.58

212.20£15.57***  481.20+4.42***  88.00+3.83***  1.68+0.23*

141.00£11.16% 421.20+23.02* 61.00+3.78* 2.20+0.02

*** (p<0.05), **p<0.01 and *p<0.001 showed significant difference with control group, p < 0.001=#, significant difference with

control and experimental groups 2, $ = P <0.001, significant difference with other groups, p <0.001=& significant difference between

the control and experimental groups

Discussion

The results of this study showed that administration
of streptozotocin can increase blood glucose levels,
ALT and AST enzymes and decrease serum levels of
insulin and albumin. However, in diabetic rats, forced
swimming stress had no significant effect on serum
levels of insulin, blood glucose, albumin, ALT and
AST. But administration of the walnut leaf extract in

diabetic rats increases the serum level of insulin,
albumin, and decreases the blood glucose, ALT and
AST. Together with the results of this study, another
study also showed that 60-day consumption of Walnut
leaf extract would improve blood glucose levels in
patients with type 2 diabetes (10). Another study also
found that 28-day administration of Walnut leaf extract
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reduced levels of glucose and glycosylated hemoglobin
(17). Investigations have shown that diabetes mellitus
increases the level of malondialdehyde (MDA) and
decreases the level of total antioxidant capacity (CAT),
superoxide dismutase (SOD) and glutathione
peroxidase (GPX) enzymes, while the alcoholic extract
of the Walnut leaf reduces the serum levels of
malondialdehyde and increase the activity of SOD,
CAT, and GPX enzymes (18). Therefore, in the present
study, oral administration of alcoholic extract of walnut
leaves in streptozotocin-diabetic rats has been shown to
increase its anti-diabetic effects by increasing the
antioxidant capacity of the body. Diabetes mellitus due
to streptozotocin can cause functional and structural
changes in various cells of the body, including the liver
(19).

The possible increase in ALP, ALT and AST
enzymes is due to functional and structural changes in
the liver in diabetic groups. EI-Demerdash et al. showed
that increased plasma levels of lactate dehydrogenase,
alkaline phosphatase, acid phosphatase, AST, and ALT
are likely to occur due to liver function impairment (20).
Masjedi et al. also found that in diabetic patients,
necrosis can be observed in the liver leading to
increased serum levels of transaminases, such as AST,
ALT, and ALP (21). Therefore, in the present study,
diabetes through liver failure or tissue necrosis likely
leads to leakage of AST, ALT, and ALP from liver
cytosols into the bloodstream resulting in increased
levels of these enzymes in the blood. Increasing protein
catabolism along with gluconeogenesis and the
formation of urea in diabetes may be responsible for
increasing these transaminases in the blood (23, 22).
Since insulin suppresses the genes that produce
gluconeogenic enzymes, and given that ALT is also a
gluconeogenic enzyme, in the present study, the
increase in ALT levels in diabetic rats is probably due
to decreased insulin levels as a result of prescribing
streptozotocin, which cannot be associated with liver
damage and the reduction of this enzyme in animals
treated with walnut leaf extract can be due to an increase
in insulin hormone (24).

In the present study, there was a significant increase
in the activity of AST, ALT, and ALP in the diabetic
rats compared to other groups, and treatment with
Walnut leaf extract significantly reduced their activity.
Therefore, the results of this study indicate that
treatment of diabetic rats with hydroalcoholic extract of

Walnut leaves could reduce liver enzymes. Walnut
leaves with zeoglon flavonoids, quercetin galactoside,
quercetin pentoside derivatives, quercetin arabinoside,
quercetin xyloside, quercetinraminozide and pentoside
derivatives has high antioxidant properties that by
increasing the antioxidant capacity of the body by
collecting free radicals preventing from the destruction
of various cells in the body and has a protective effect
on the body against damage from toxins and free
radicals (25). Therefore, in the present study, walnut
leaf extract by increasing the antioxidant capacity and
collecting free radicals prevented from their destructive
effects on the liver tissue and therefore resulted in
reduction in the amount of AST, ALT and ALP
enzymes. In this study similar to results of another study
indicated that albumin concentration decreased
significantly in diabetic groups and diabetic groups
treated with forced swimming (26).

A study found that various diseases, especially liver
disease and damage to liver cells, reduce the synthesis
of albumin and total protein (27). Therefore, in the
present study, decrease in albumin concentration in
diabetic groups can be attributed to damage to liver
cells. But in groups treated with hydroalcoholic extract
of walnut leaves, it is somewhat prevented from
reducing it, probably due to the properties of the liver
protection of the walnut leaf extract. It was somewhat
consistent with the results of this study in another study
that alcoholic extract of walnut leaves protecting the
liver against oxidative damage caused by carbon
tetrachloride by having antioxidant activity and
sweeping free radicals (16).

In other words, it can be said that this effect is
probably due to the presence of flavonoids, especially
quercetin compounds. The results of this study showed
that diabetes alone or with forced swimming stress in
cold water increases serum levels of glucose, AST, ALT
and ALP enzymes, as well as decreases insulin and
albumin protein levels. But Walnut leaf extract
probably prevents the effects of swimming stress and
diabetes on above mentioned factors due to its highly
antioxidant compounds.

Acknowledgment

Hereby, we would like to thank the Vice-Chancellor
for Research at Islamic Azad University, Shiraz Branch,
provided the facilities for this study.


http://dx.doi.org/10.22088/jbums.19.5.47
https://dor.isc.ac/dor/20.1001.1.15614107.1396.19.5.6.5

[ DOR: 20.1001.1.15614107.1396.19.5.6.5 ]

[ DOI: 10.22088/jbums.19.5.47 ]

J Babol Univ Med Sci; 19(5); May 2017 51

References

1.Zhou X, Xu J, Shi Y, Ye JM. Discovery of novel anti-diabetic drugs by targeting lipid metabolism. Curr Drug Targets.
2015;16(12):1372-80.

2.Aslantiirk OS, Celik TA. Antioxidant, cytotoxic and apoptotic activities of extracts from medicinalplant Euphorbia
platyphyllos L. J Med Plants Res.2013;7(19): 1293-304.

3.Papoutsi Z, Kassi E, Chinou I, Halabalaki M, Skaltsounis LA, Moutsatsou P. Walnut extract (Juglans regia L.) and its
component ellagic acid exhibit anti-inflammatory activity in human aorta endothelial cells and osteoblastic activity in
the cell line KS483. Br J Nutr. 2008;99(4):715-22.

4.Zhao MH, Jiang ZT, Liu T, Li R. Flavonoids in Juglans regia L. leaves and evaluation of in vitro antioxidant activity
via intracellular and chemicalmethods. Sci World J. 2014;2014:303878.

5.Panth N, Paudel KR, Karki R. Phytochemical profile and biological activity of Juglans regia. J Integra
Med.2016;14(5):359-73.

6.Salehi I, Mohammad M. Effect of regular swimming on heart oxidative stress indexes and its relation to diabetes in
rat. Arak Univ Med Sc J. 2009;12(3):67-6. [In Persian].

7.Maurya AK, Tripathi S, Ahmed Z, Sahu RK. Antidiabetic and antihyperlipidemic effect of Euphorbia hirta in
Streptozotocin induced diabetic rats. Scholars Res Library. 2012;4(2):703-7.

8.Hosseini S E, Karimzadeh K. Anti-diabetic effects of hydroalcohlic juglans regia male flower extract on blood glucose
level and on liver enzymes activity in intact and diabetogenized adult male rat. J Birjand Univ Med Sci. 2012;19(2):165-
72. [In Persian].

9.Hosseini S E, Karimzadeh K, Vessal M. Effects of a Hydroalcoholic Extract of Walnut Male Flowers on Diabetic Rats.
Zahedan J Res Med Sci. 2013;15(11):55-8. [In Persian].

10.Habibian M,Farzanegi P,Azimy GR. Therapeutic effect of swimming training and arbutin supplement on diabetes-
induced renal oxidative stress. J Daneshvar Med. 2015;22(114):13-20. [In Persian].

11.Shahraki M, Mirshekari H, shahraki A, Khamar moghadam S, shahraki E. The Survey of Mandatory Cold Swim
Stress Insulin in Male Rats on FBS, OGTT and Serum Insulin in Male Rats. J Ilam Univ. 2013;21(1):8-15. [In Persian].
12.0sorio RA, Silveira VL, Maldjian S, Morales A, Christofani JS, Russo AK,et al. Swimming of pregnant rats at
different water temperatures. Comp Biochem Physiol A Mol Integr Physiol. 2003;135(4):605-11.

13.Rathod NR, Chitme HR, Irchhaiya R, Chandra R. Hypoglycemic effect of calotropis 51igantean linn. leaves and
flowers in streptozotocin-induced diabetic rats. Oman Med J. 2011;26(2):104-8.

14.Salehi I, Mohammadi M, Farajnia S, Gaderi Sophi F, Badalzadeh R, Vatankhah A M. Effect of Regular Swimming
on Oxidative Stress and Atherogenic Index in Blood of Diabetic Male Rats. Sci J Hamadan Univ Med Sci. 2007;14(3):29-
3. [In Persian].

15.Kalalian Moghaddam H, Baluchnejadmojarad T, Roghani M, Khaksari M, Ronaghi A, Mesripour Alavijeh M. Effect
of Berberine Chloride on Long Term Potentiation (LTP) at Dentate Gyrus in Streptozotocin- Induced Diabetic Rats. J
Babol Univ Med Sci. 2014;16(6):33-42. [In Persian].

16.Eydi A, Olamafar S, Zaringhalam J, Rezazadeh S, Eidi M. Protective effect of Walnut (Juglans regia L.) extract
against CCl4-induced hepatotoxicity in rats. Res Med. 2011;35(2):87-92.

17.Mohammadi J, Delaviz H, Malekzadeh JM, Roozbehi A. The effect of hydro alcoholic extract of Juglans regia leaves
in streptozotocin-nicotinamide induced diabetic rats. Pak J Pharm Sci. 2012;25(2):407-11.

18. Reza-Mohtasham S, Nazem H, Fazilati M. Effect of alcoholic extract of Juglans regia leave on brain antioxidant
enzymes in streptozotocin-induced diabetic rat. Kahsan Univ Med Sci J (FEYZ ). 2016;20(3):214-21. [In Persian].
19.Chalfoun-Mounayar A, Nemr R, Yared P, Khairallah S, Chahine R. Antioxidant and weight loss effects of
pomegranate molasses. J Ap Pharm Sci. 2012;2(6):45-50.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25706109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25706109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25706109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=25706109
https://www.ncbi.nlm.nih.gov/pubmed/25706109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papoutsi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=17916277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kassi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17916277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chinou%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17916277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halabalaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17916277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Skaltsounis%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=17916277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moutsatsou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17916277
https://www.ncbi.nlm.nih.gov/pubmed/17916277
http://www.sciencedirect.com/science/journal/20954964
http://www.sciencedirect.com/science/journal/20954964
http://en.journals.sid.ir/JournalList.aspx?ID=2360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osorio%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=12890550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silveira%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=12890550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maldjian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12890550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morales%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12890550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christofani%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=12890550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russo%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=12890550
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rathod%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=22043394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chitme%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=22043394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Irchhaiya%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22043394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22043394
https://www.ncbi.nlm.nih.gov/pubmed/22043394
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22459470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delaviz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22459470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malekzadeh%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22459470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roozbehi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22459470
https://www.ncbi.nlm.nih.gov/pubmed/22459470
http://dx.doi.org/10.22088/jbums.19.5.47
https://dor.isc.ac/dor/20.1001.1.15614107.1396.19.5.6.5

[ DOR: 20.1001.1.15614107.1396.19.5.6.5 ]

[ DOI: 10.22088/jbums.19.5.47 ]

52 Effects of Walnut Leaf Hydro-Alcoholic Extract by Forced Swimming...; M. Fallahi, et al

20.El-Demerdash FM, Yousef MI, EI-Naga NI. Biochemical study on the hypoglycemic effects of onion and garlic in
alloxan-induced diabetic rats. Food Chem Toxicol. 2005;43(1):57-63.

21.Masjedi F, Gol A, Dabiri S, Javadi A. Preventive Effect of Garlic on Histopathology of Liver and Markers of Hepatic
Injury in Streptozotocin-Induced Diabetic Rats. Iran J Endocrinol Metabolism. 2009;11(4) :433-41.

22.Sheweita SA, Mashaly S, Newairy AA, Abdou HM, Eweda SM. Changes in Oxidative Stress and Antioxidant Enzyme
Activities in Streptozotocin-Induced Diabetes Mellitus in Rats: Role of Alhagi maurorum Extracts. Oxid Med Cell
Long.2016;3(9):27-35.

23.Vozarova B, Stefan N, Lindsay RS, Saremi A, Pratley RE, Bogardus C, et al. High alanine aminotransferase is
associated with decreased hepatic insulin sensitivity and predicts the development of type 2 diabetes. Diabetes.
2002;51(6):1889-95.

24.Pérez-Carre6dn JI, Cruz-Jiménez G, Licea-Vega JA, Arce Popoca E, Fattel Fazenda S, Villa-Trevifio S. Genotoxic and
anti-genotoxic properties of Calendula officinalis extracts in rat liver cell cultures treated with diethylnitrosamine.
Toxicol In Vitro. 2002;16(3):253-8.

25.Wilms LC, Hollman PC, Boots AW, Kleinjans JC. Protection by quercetin and quercetin-rich fruit juice against
induction of oxidative DNA damage and formation of BPDE-DNA adducts in human lymphocytes. Mutat Res.
2005;582(1-2):155-62.

26.Mori KP, Yokoi H, Kasahara M, Imamaki H, Ishii A, Kuwabara T,et al. Increase of total nephron albumin filtration
and reabsorption in diabetic nephropathy. J Am Soc Nephrol. 2017;28(1):278-9.

27.Mohajeri D, Mousavi Gh, Kaffashi Elahi R, Neshat GharamalekiM. Study on protective effect of Naringenin (Citrus
flavonone) on incipient diabetic hepatopathy in alloxan-induced diabetic rats. J Veter clin Pathol. 2016;10(1):39-52. [In
Persian].


https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Demerdash%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=15582196
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yousef%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=15582196
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Naga%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=15582196
https://www.ncbi.nlm.nih.gov/pubmed/15582196
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vozarova%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12031978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stefan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12031978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindsay%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=12031978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saremi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12031978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pratley%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=12031978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bogardus%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12031978
https://www.ncbi.nlm.nih.gov/pubmed/12031978
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Carre%C3%B3n%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=12020598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cruz-Jim%C3%A9nez%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12020598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Licea-Vega%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=12020598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arce%20Popoca%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12020598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fattel%20Fazenda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12020598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villa-Trevi%C3%B1o%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12020598
https://www.ncbi.nlm.nih.gov/pubmed/12020598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilms%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=15781220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hollman%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=15781220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boots%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=15781220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kleinjans%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=15781220
https://www.ncbi.nlm.nih.gov/pubmed/15781220
https://www.ncbi.nlm.nih.gov/pubmed/27382987
http://dx.doi.org/10.22088/jbums.19.5.47
https://dor.isc.ac/dor/20.1001.1.15614107.1396.19.5.6.5
http://www.tcpdf.org

