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ABSTRACT
Background and Aim: Diabetes type 2 is a disease with functional impairment in body. The use of medicinal herbs in the
treatment of diabetes is traditional in ancient medicine. Antioxidant compounds of walnut leaf are effective in reconstructing
pancreatic beta cells. This research was conducted to study the effects of walnut leaf Cyclohexanin extract on the expression
of arginase gene (ARG2) in normal rats and diabetic rats.
Methodology: 50 Sprague dawley rats (200 g-250 g) were selected and divided into 10 groups. A group of rats did not receive
any extracts of walnut leaf. Two normal control groups and two diabetic groups (with STZ) were gavaged with Cyclohexanin
extract of walnut leaf for 6 weeks. At the end of the course, the primers of this research were designed. Real Time PCR (SYBR
Green) was then used to extract and check the gene expression. To analyze Real Time PCR data, Fold change was first
calculated and then the data were analyzed with REST software (ver-9).
Results: The results of the analysis show that the Arginase gene is evenly expressed in both groups of CN and CT-C and. But in
the DT-C treatment groups, the Arginase gene is significantly reduced compared to the CD group. According to the P-value,
which is 00/0 and the rate of Fold Change, which is 0/027, the results of the analysis showed that the gene expression in the
diabetic group treated with the cyclohexan extract (DT-C)reduces significantly compared the diabetic control group (CD)
and this deference is significant (P<0.05)
Conclusion: Walnut leaf has unsaturated fatty acids. These acid compounds probably inhibit the activation of the arginase
enzyme gene by their effects. The inhibitory action of the gene expression by Cyclohexan extract of walnut leaf can be likely
attributed to Gallic acid and Caffeoylquinic acid in the walnut leaf, which prevents gene transcription and thus turns off the
gene.
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INTRODUCTION
Diabetes is an endocrine disease which is caused by
insulin functional disorders [1]. In traditional medicine,
the use of herbs has a long history in the treatment of
diabetes [2]. In diabetic patients, on the other hand,
arginase enzyme has shown a significant increase which
causes sexual dysfunctions [3]. Before the discovery of
insulin as well as anti-diabetes drugs, diabetic patients
were treated with medicinal herbs [4]. The main
chemical compounds of all the plants reducing the

blood glucose include glycoside, alkaloids, triterpenes,
polysaccharides, saponins and oils [5].

Plants antioxidant compounds are effective in repairing
pancreatic beta cells. The study on garlic and fenugreek
showed that the number of beta cells increased
significantly in the diabetic rats treated [6,7].
Walnuts

Juglans are of the Juglandaceae family and have three
species including J. nigra, J. regia and J. cinerea, of which
only Juglans regia species grows in Iran. The phenolic
compounds in walnut leaf are phenolic acids and
flavonoids (Table 1) [8]. Walnut leaves are an important
source of flavonoids, sterols, phenolic acids and
polyphenols [9-12]. The leaves of this plant are topically
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Kaempferol and its derivatives

Arginase

Arginase is an enzyme containing manganese and
belongs to the family of orohydrolase. In most mammals,
there are two isoforms of this enzyme: ARG1 and ARG2,
which are different in terms of tissue distribution,
intracellular location, immunological properties, and
physiological function [14]. The reaction catalyzed by
this enzyme, which is the ultimate enzyme in the urea
cycle, is as follows:
Arginine + H2O → Ornithine + Urea

The second isoform, Arginase II, plays a role in regulating
the concentration of arginine and ornithine in the cell. In
the mitochondria of several tissues, this isoform is found
with the highest frequency in the kidney and prostate
and at lower levels in the macrophages, the mammary
glands of the mammals and the brain [15]. Using the
L-arginine amino acid, the mitochondria form produces
metabolites that ultimately contribute to the production
of polyamines and regulate cell growth and proliferation.

The ARG2 gene, which encodes Type II isoform
(Arginase II), is expressed with nitric oxide (NO)
synthase in smooth muscle tissues, such as the smooth
muscle of genitals of men and women. Inhibition of
arginase with ABH or other Boronic acid inhibitors
will maintain the normal level of cellular arginine and
as a result, it will cause muscle relaxation and natural
sexual response [16].
The physiological role of this isoform is still unknown,
but it is thought to play a role in the metabolism of nitric
oxide and polyamine. Because NO synthase is found in the
smooth muscle of the corposum cavernosorum of penis,
corpora cavernosa of clitoris and the vagina, arginase
II plays an important role in the sexual process of both
male and female sex. Hence, it is a potential target for
the treatment of male and female sexual dysfunctions. Its
chromosomal position is shown in Figure 1 below [17]:
Diabetes causes many lesions, such as cardiovascular
disease, arteriosclerosis, eye diseases, kidneys, etc., but
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Gene expression using the real time PCR technique

PCR Real Time is one of the important methods for
examining the gene expression. Its difference with the
conventional PCR is the use of a fluorescent indicator in
response to tract the reaction product. These reporters
are designed to produce light in the event of duplication
of DNA, so more light is equivalent to the product
reproduction.

In this study, DNA-bonded dyes were used such as Syber
Green as the fluorescence reporters to see the reaction.
This dye is bonded to the small gap of the doublestranded DNA helix. The non-bonded dyes exhibit very
little fluorescence in the solution and the fluorescence
clearly increases when the dye is bonded to a doublestranded DNA.

The reaction can be seen during the exponential phase
by recording the amount of fluorescence emitted in the
cycle. A linear relationship will be observed if a graph is
plotted between the logarithm of the start of the reaction
and the increase of the reporter fluorescence [19]. It
should be noted that the cyber Green (SYBR® Green) or
Eva green dyes do not have the ability to bond to singlestranded DNA.
Performed researches

The methanolic extract of walnut leaf at a dose of 250
mg/kg in short and long term models in vitro inhibited
significantly the activity of α-glucosidase but showed no
changes in insulin and Glut-4 expression [20]. Fukuda
et al. showed the strong inhibitory effect of polyphenols
and phenolic compounds of walnut, such as Casuarictin,
Tellimagradin II and Tellimagradin I, on various enzymes
such as glycosidase, sucrose, maltase and amylase [21].
In a study, changes in the expression of arginase gene
were studied in the reproductive system of diabetic dogs
q32.31
q32.33

Quercetin and its derivatives

3-p-coumaroylquinic acid

On the other hand, nitric oxide synthase enzyme has a
common substrate with arginase which is produced from
the L-arginine amino acid and L-citrulline in the nitric oxide
production cycle. Nitric oxide is a neurotransmitter that
increases the blood flow and dilation of the arteries of the
penis. It has been reported that sexual malformation can be
corrected by inhibiting the arginase enzyme. Therefore, the
increased activity of the arginase enzyme can be related to
sexual dysfunction [18].
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The most important
flavonoids

q24.3

The most important phenolic
acids

q23.2
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Table 1: The main phenolic compounds in walnut leaf

it has also some important side effects, such as sexual
disorders in males and females, which affects males as
an impaired erectile function. Researches have shown
that there is a direct relationship between diabetes and
increased activity of the arginase enzyme.

q22.3
q23.1

used to treat, dandruff, sunburn, and also as softeners in
the dermal dysfunctions [13].

Figure 1: Arginase II chromosomal position (Cytogenetic Location: 14q24.1, which is the long (q) arm of chromosome 14 at position 24.1)
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and it was found that these changes were effective in low
fertility in diabetic patients [22]. Comparison of specific
activity of the enzyme between diabetic and healthy
dogs showed that the activity of arginase gene in liver,
epididymis, prostate, corpus cavernosum and sponge
tissue of diabetic dogs increase significantly [22].

expression of the gene in the treated control group
of cyclohexan (CT-C) compared to the healthy control
group (CN) (Table 3).

In Graph 1, the amount of dispersion of the target gene
expression is indicated in red (rectangle of the graph)
(Graph 1). The discontinued line in the middle of the
graph represents the rate of fold change and the greater
dispersion of data will be equal to the longer arms of this
graph. The bottom arm of this graph is for fold change
indicates the amount of gene expression. The more fold
change is equal to more gene expression.

METHOD AND MATERIALS

The induction of diabetics in the animals was carried
out using streptozotocin (powdered in one gram vials
(Sigma, USA)) at a dose of 60 mg/kg. All rates were
tested for blood glucose level after 72 hours of injection
and they were considered as diabetics if their fasting
blood glucose were more than 250 mg/dL. Then, the
diabetic animals were randomly divided into 2 groups
with 10 individuals. The treatment was carried out with
Cyclohexan extract of walnut leaf by gavage syringe for 6
continuous weeks (Table 2).

25% of the samples with the least fold change. This
rate of fold change for 25% of the samples is between
0.004 and 0.026. The rate of fold change for 50% of the
samples is between 0.027 and about 5. The fold change

Relative Expression

256
128

RESEARCH FINDINGS

64
32

At the end of the course, the primers of this research were
designed and the sequence of the largest mRNA of the
ARG2 gene was taken from Ensembl site. Real Time PCR
was then used to extract and check the gene expression.
In this study, the SYBR Green method was used. To
statistically analyze Real Time PCR data in this study,
Fold change was first calculated using the formula 2-ΔΔCt
and then the data were analyzed with REST computer
software (ver-9) p-value. This software was considered
to be 0.05 or less for data analysis.

16
8

Expression Ratio

4
2
1
0.5

0.25
0.125
0.063
0.031
0.016
0.008

According to the P-value, which is 0.785 and the rate of
Fold Change, which is 0.656, the results of the analysis
show that there is no significant difference in the

0.004

ARG2
Gene

Graph 1: Relative expression (CN via CT-C)

Table 2: Grouping the tested animals
Groups

Group symbol

Number

Type of treatment

Dosage

Blood sampling time

Control Normal

CN

N=10

No drug treatment

60 mg/kg

The end of 6th week

CD

N=10

No drug treatment

60 mg/kg

The end of 6th week

Control

CN-0

Diabetic Treated

DT-C

Control Therapeutic

N=10

CT-C

Control Diabetic

Only Sesame Oil Solution

N=10

Table 3: Relative expression results (CN via CT-C)

Cyclohexan extract of walnut leaf

N=10

Cyclohexan extract of walnut leaf

60 mg/kg
60 mg/kg
60 mg/kg

The end of 6th week
The end of 6th week
The end of 6th week

Relative Expression Results
Parameter
Gene
B2M
ARG2
Act b

Iterations

Value

Type

Reaction Efficiency

Expression

REF

1.00

2.221

TRG

0.95

Std. Error

0.656

0.009-56.972

95% C.I.

P (H1) Result

0.001-8705.914

0.785

P (H1) Result

REF

1.00

Gene

Type

Reaction Efficiency

Expression

Std. Error

95% C.I.

B2M

REF

1.00

5.145

0.238-116.947

0.008-951.418

Interpretation

ARG2
Act b

TRG
REF

0.95

1.00

0.45

3000

ARG2 sample group is not different to control group. P (H1)=0.785

Non-Normalized Results

1.521

1.044

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 5 | September 2018

0.291-11.038
0.024-35.054

0.052-53.553
0.000-71.670

0.148

0.506
0.976
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Table 4: Relative expression results (CD via DT-C)
Relative Expression Results
Parameter

Value

Iterations
Gene
B2M
ARG2
Act b

Type
REF
TRG
REF

3000

Reaction Efficiency
1.00
0.95
1.00

Interpretation
Gene
B2M
ARG2
Act b

Type
REF
TRG
REF

Reaction Efficiency
1.00
0.95
1.00

Expression
Std. Error
95% C.I.
P (H1) Result
0.447
0.027
0.000-1.037
0.000-11.656
0.020 DOWN
2.238
ARG2 is DOWN-regulated in sample group (in comparison to control group) by a mean factor of 0.027
(S.E. range is 0.000-1.037); ARG2 sample group is different to control group; P (H1)=0.020
Non-Normalized Results
Expression
Std. Error
95% C.I.
P (H1) Result
0.257
0.017-5.136
0.001-135.298
0.223
0.016
0.002-0.110
0.001-0.594
0.000 DOWN
1.289
0.041-47.413
0.019-2896.309
0.845

rate for the upper 25% of the samples, the upper arm of
this graph, is between 5 and more than 128.

According to the P-value, which is 00/0 and the rate of
Fold Change, which is 0/027, the results of the analysis
showed that the gene expression in the diabetic group
treated with the cyclohexan extract (DT-C) reduces
significantly compared the diabetic control group (CD)
and this difference is significant (P<0.05) (Table 4). In
Graph 2, the amount of dispersion of the target gene
expression is indicated in red (rectangle of the graph)
(Graph 2). The discontinued line in the middle of the
graph represents the rate of fold change. The bottom
arm of this graph is for 25% of the samples with the least
fold change (less than 0.004). The rate of fold change for
50% of the samples is between 0.004 and ~0.40. The
fold change rate for the upper 25% of the samples is
between 0.5 and ~16. If the data is less scattered, they
will fall into a smaller range.
Relative Expression
16
8
4

Expression Ratio

2
1

However, in the DT-C treatment groups, the Arginase
gene is significantly reduced compared to the CD group.
This indicates that the treatment of diabetic specimens
with Cyclohexan extract of walnut leaf has a significant
effect on reducing the expression of arginase gene,
and therefore, in this treatment group, the average
concentration of the arginase enzyme can be very
low. Walnut leaf has unsaturated fatty acids. These
acid compounds probably inhibit the activation of the
arginase enzyme gene by their effects.
The inhibitory action of the gene expression by
Cyclohexan extract of walnut leaf can be likely attributed
to Gallic acid and Caffeoylquinic acid in the walnut leaf,
which prevents gene transcription and thus turns off the
gene.
ACKNOWLEDGMENTS

The results of the current paper are based on the doctoral
thesis of Mr. Karim Kheradmand, a student of animal
physiology at Azad University, Kazeroon. Therefore,
the Department of Physiology, Faculty of Veterinary
Medicine at Shiraz University, Fars Jahad Daneshgahi,
and Islamic Azad University, Kazeroon are appreciated.
CONFLICT OF INTEREST

0.5

0.25

All authors declare that there is no conflict of interest.

0.125
0.063

REFERENCES

0.031
0.016
0.008
0.004

ARG2
Gene

1.

Graph 2: Relative expression

CONCLUSION
The results of the analysis show that the Arginase gene
is evenly expressed in both groups of CN and CT-C
and there is no significant difference between them.

2.
3.

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 5 | September 2018

Puavilai G, Chanprasertyotin S, Sriphrapradaeng
A. Diagnostic criteria for diabetes mellitus
and other categories of glucose intolerance:
1997 criteria by the expert committee on the
diagnosis and classification of diabetes mellitus
(ADA), 1998 WHO consultation criteria, and
1985 WHO criteria. Diabetes Res Clin Pract
1999; 44:21-26.
Gray AM, Flatt PR. Nature's own pharmacy:
The diabetes perspective. Proc Nutr Soc 1997;
56:507-17.
Nematollah R, Gholamali J, Abdolrasoul D.
180

Mehrdad Shariati et al

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Investigation into the activity of arginase in
ewe's reproductive system. IJVR 2006; 6:45-8.
Marles RJ, Farnsworth NR. Antidiabetic plants
and their active constituents. Phytomedicine
1995; 2:137-89.
Handa SS, Chawla AS, Maninder. Hypoglycaemic
plants-A review. Fitoterapia 1989; 60:195-224.
Jelodar Gholamali A, Maleki M, Motadayen MH,
Sirus S. Effect of fenugreek, onion and garlic on
blood glucose and histopathology of pancreas of
alloxan-induced diabetic rats. Indian J Med Sci
2005; 59:64-9.
El-Demerdash FM, Yousef MI, El-Naga NA.
Biochemical study on the hypoglycemic effects
of onion and garlic in alloxan-induced diabetic
rats. Food Chem Toxicol 2005; 43:57-63.
Muradoglu F, Oguz HI, Yildiz K. Some chemical
composition of walnut (Juglans regia L.)
selections from Eastern Turkey. Afr J Agric Res
2010; 5:2379-85.
Martínez ML, Labuckas DO, Lamarque AL, et al.
Walnut (Juglans regia L.): Genetic resources,
chemistry, by‐products. J Sci Food Agric 2010;
90:1959-67.
Crews C, Hough P, Godward J, et al. Study of the
main constituents of some authentic hazelnut
oils. J Agric Food Chem 2005; 53:4843-52.
Çaǧlarırmak N. Biochemical and physical
properties of some walnut genotypes (Juglans
regia, L.). Food/Nahrung 2003; 47:28-32.
Taha NA, Al-wadaan MA. Utility and importance
of walnut, Juglans regia Linn: A review. Afr J
Microbiol Res 2011; 5:5796-805.
Asgari S, Rahimi P, Madani H, et al. The effect of
hydroalcoholic extract of Juglans regia on the
prevention of type 1 diabetes in adult male rats.
Iranian J Diabetes Lipid 2008; 7:363-70.

J Res Med Dent Sci, 2018, 6 (5):177-181
14. Khakpour S, Oryan S, Haeri RS, et al. The effect
of humulus lupulus l. extract on the hormonal
system of hypophyseal-gonadal axis in male
mice. Physiol Pharmacol 2004; 8:31-8.
15. Committee of the Japan Diabetes Society on the
Diagnostic Criteria of Diabetes Mellitus, Seino Y,
Nanjo K, et al. Report of the committee on the
classification and diagnostic criteria of diabetes
mellitus. J Diabetes Investig 2010; 1:212-28.
16. Cama E, Colleluori DM, Emig FA, et al. Human
arginase II: Crystal structure and physiological
role in male and female sexual arousal. Biochem
2003; 42:8445-51.
17. Iyer RK, Yoo PK, Kern RM, et al. Mouse model for
human arginase deficiency. Mol Cell Biol 2002;
22:4491-8.
18. Vockley JG, Goodman BK, Tabor DE, et al. Loss of
function mutations in conserved regions of the
human arginase I gene. Biochem Mol Med 1996;
59:44-51.
19. Yuan JS, Reed A, Chen F, et al. Statistical analysis
of real-time PCR data. BMC Bioinformatics
2006; 7:85.
20. Teimori M, Montasser Kouhsari S, Ghafarzadegan
R, et al. Study of hypoglycemic effect of Juglans
regia leaves and its mechanism. J Med Plants
2010; 1:57-65.
21. Fukuda T, Ito H, Yoshida T. Effect of the walnut
polyphenol fraction on oxidative stress in type 2
diabetes mice. Biofactors 2004; 21:251-3.
22. Gholamali J, Nematollah R, Gholampour V.
Changes in the activity of arginase in the
reproductive system of diabetic dogs. 18th
Congress of Physiology and Pharmacology in
Iran 2007.

Journal of Research in Medical and Dental Science | Vol. 6 | Issue 5 | September 2018

181

