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Abstract

Background: The antioxidant and anti-inflammatory properties of tarragon make it known as an antidiabetic plant. Diabetes mel-
litus, an endocrine, metabolic disease, is a leading global health emergency and associated with serious complications.
Objectives: This study aimed to assess the effects of tarragon powder supplementation on glucose metabolism, lipid profile, and
antioxidant status in the diabetic population.
Methods: Patient screening and selection for this clinical trial lasted one month. Tarragon supplement consumption by patients
lasted 2 months (8 weeks); meanwhile, they were followed up. Sixty male and female patients with type 2 diabetes were randomly
assigned to the tarragon receiver group (n = 30) and placebo receiver group (n = 30). The intervention group received a tarragon
capsule (500 mg) 3 times a day, and the control group received placebo capsules. Fasting blood glucose (FBG), two-hour postprandial
glucose (2-hpp), glycated hemoglobin (HbA1c), insulin, lipid, and antioxidant profile were evaluated at the start and the end of the
research.
Results: In the tarragon receiver group, FBG, 2-hpp, HbA1c%, insulin resistance, lipid, and antioxidant profile significantly improved,
compared to the placebo group, after adjuvant therapy with tarragon (P < 0.05).
Conclusions: Supplementation with tarragon powder in type II patients with diabetes for 2 months exerts a beneficial effect on
improving the glycemic profile, lipid profile, and antioxidant status.
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1. Background

One of the main public health problems is diabetes
mellitus (DM), which affects people at an escalating rate
worldwide (1). According to statistics, there is a future es-
timation of 629 million patients with diabetes by 2045 (2).
Hyperglycemia is the main characteristic of diabetes mel-
litus caused by defects in insulin function. There are two
main types of DM: type 1 diabetes (T1D) and type 2 diabetes
(T2D). Type 2 diabetes is a chronic metabolic disorder clas-
sically identified by hyperglycemia and insulin resistance

(3). The overall damaging impact of hyperglycemia are cat-
egorized as macrovascular issues (coronary artery disease,
peripheral artery disease, and stroke) and microvascular
issues (diabetic nephropathy, neuropathy, and retinopa-
thy) (4).

Autoimmune impairment of pancreas β-cells follow-
ing insulin deficiency leads to insulin resistance (5). One
of the factors in the elevation of reactive oxygen species
(ROS) is hyperglycemia that causes glycation of scavenging
enzymes and reduction in anti-oxidative mechanisms. It
is suggested that reduction of ROS production might have
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an important role in controlling diabetic problems (6). Re-
active oxygen species (ROS) are normally erased by vari-
ous antioxidant defense systems in human bodies. Anti-
oxidative enzymes, including superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT), as well
as non-enzymatic antioxidants, including vitamin C and E
function as the antioxidant system in the body fluids (7).
Additionally, one of the complications of diabetes is an in-
crease in the incidence of cardiovascular diseases, which
causes atherosclerosis through the increase of oxidized
LDL and, in most cases, leads to the death of the patient (8).
Hyperglycemia caused by uncontrolled diabetes elevates
oxidizing agents and LDL oxidation (9). Therefore, in di-
abetics, lipid profile management, especially cholesterol,
could reduce the adverse effects of diabetes on health (10).

Diabetes has different drug treatments depending on
its type. Considering the side effects of the drugs dis-
covered in these patients, the correct lifestyle and espe-
cially proper nutrition are considered crucial by medical
researchers (11). One of the ways to reduce the adverse ef-
fects of diabetes, which has been approved by the World
Health Organization (WHO), is the use of herbal plants
with antidiabetic properties. It has been studied for several
years with the aim of reducing the use of chemical drugs
and the side effects of chemical drugs in patients with dia-
betes (12). Research indicated that medicinal plants could
ameliorate glucose metabolism in patients with diabetes,
boost lipid metabolism, antioxidant mechanism, and cap-
illary function (13). Artemisia dracunculus L. (Tarragon or
Estragon), which is famous as “Tarhun” in Anatolia, is a
medicinal herb with the main group of biologically vig-
orous material among plants (12). The antioxidant and
antidiabetic effects of this valuable plant have been re-
ported in many animal studies and some clinical studies
(14). However, due to the influence of genetics and race
on the incidence of diabetes in Iran (15), no study has been
conducted regarding the effect of tarragon in diabetic in-
dividuals.

2. Objectives

The current interventional clinical trial was designed
to assess the wider effects of tarragon oral supplemen-
tation on glucose metabolism, insulin resistance, lipid
and antioxidant status in patients with T2D during a two-
month research.

3. Methods

3.1. Ethics

This research received the approval of the Ethics Com-
mittee of Mazandaran University of Medical Sciences, and

the registry on Iranian Registry of Clinical Trials website
(IRCTID: IRCT20170822035834N3). At the beginning of the
study, 70 patients with type 2 diabetes approved by a
specialist were included in the study from Endocrine Re-
search Center, Institute of Endocrinology and Metabolism,
Mazandaran University of Medical Sciences.

3.2. Inclusion and Exclusion Criteria

This study had the following inclusion criteria: pa-
tients with T2D (HbA1c ≥ 6%; or FBS ≥ 126 mg/dL (7
mmol/L); or 2-hp glucose≥ 200 mg/dL (11.1 mmol/L) or ran-
dom plasma glucose ≥ 200 mg/dL); tendency to partici-
pate in research; ordinary exercise level; stable treatment
for at least 2 months. Exclusion criteria were: insulin con-
sumption; sustaining diabetes ≥ 10 years; pregnancy and
breastfeeding; body mass index (BMI) > 30; any serious
renal and hepatic disorders; any acute condition in car-
diovascular, pulmonary, and renal system; malignancies;
instability in the dosage of hypoglycemic drugs during
diabetes control; any dietary supplement consumption 2
months prior to starting until the end of the research; any
allergies; alcohol consumption; smoking; any undesirable
effect of the intervention in research; and reluctance to co-
operate.

3.3. Patients

Of 70 diabetics, six patients refused to continue coop-
eration with the study, and finally, 64 patients entered the
study (32 in each group). At the end of the study, 60 pa-
tients completely performed the investigation, and four
patients quit the research due to the dosage alterations of
their treatment. Finally, all sixty patients accepted to will-
ingly participate in this research by their written consent
prior to any action.

3.4. Study Design

After justifying the individuals, the demographic char-
acteristics of participants were registered. Then height,
weight, and BMI were recorded and matched for age, sex,
and weight. A simple random sampling system was used
in this research using random numbers. According to this
procedure, the patients were categorized into two groups
by randomized block based on BMI. In this study, all of
the patients, researchers, and specialist physicians were
blinded to the intervention supplement and placebo. The
patients were randomly allocated to one of the two groups:
In the intervention group, patients (n = 30) received three
capsules/day, each containing 500 mg tarragon powder for
8 weeks, and the same dose of placebo was administered to
the patients of the placebo group (n = 30). The placebo cap-
sules were the same as tarragon capsules in appearance.
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Patients were in a matched age range and BMI, and were
guided to avoid altering their regular diet or physical activ-
ity levels during the study. Anthropometric indices, includ-
ing height and weight, were measured at the beginning
and end of the investigation. Moreover, BMI was measured
as weight in kilograms divided by the square of height in
meters (16). It should be noted that the selection of the pre-
scribed dose in the present study was based on a pilot study
performed on ten people and based on the effective dose.
Figure 1 shows a description of the study.

3.5. Laboratory Methods

Blood samples were taken after overnight fasting at
the start of the study and after two months of interven-
tion as well. After centrifugation of the blood samples,
the detached serum was kept at -80°C for further mea-
surements. The levels of fasting blood glucose (FBG), to-
tal cholesterol (TC), high-density lipoprotein-cholesterol
(HDL-C), and triglyceride (TG) were measured by enzy-
matic method and using an Abbot Model Aclyon 300 auto-
analyzer with Pars-Azmoon kits (Tehran, Iran) on the day of
sampling. Friedwald equation was used to determine low-
density lipoprotein-cholesterol (LDL-C) level calculation
(17). An automated high-performance liquid chromatog-
raphy analyzer with a kit of Bio-Rad D-10 Laboratories
(Schiltigheim, France) was used for glycated hemoglobin
(HbA1c) measurement. Serum level of insulin was deter-
mined by chemiluminescent immunoassay (CLIA) method
[LIAISON analyzer (310360) Diasorin S.P.A (Vercelli, Italy).
Homeostasis model assessment-insulin resistance (HOMA-
IR) was determined by the following formula: Fasting glu-
cose (mg/dL) × fasting insulin (µU/mL)/405 (8).

Total antioxidant capacity (TAC) was determined by a
spectrophotometric method using Randox TAS (Laborato-
ries, Crumlin, UK) by an autoanalyzer (Abbott, Model Al-
cyon 300, USA). In addition, glutathione peroxidase (GPx)
and superoxide dismutase (SOD) were measured by spec-
trophotometric and Randox lab, UK, respectively.

3.6. Sample Size

The serum level of FBS in patients determined the sam-
ple size before and after the administration of cinnamon
in the study of Khan et al. (18) using the following formula:

(1)N =

[(
Z1−α

2
+ Z1−β

)2 (
SD2

1 + SD2
2

)]
∆2

Consideringα= 0.05 and test power of 90% of the sam-
ple size was 19.18 in each group. Considering the 35% prob-
able drop, the sample size was 30 people. In this study, 30
Patients with diabetes (male and female) were included in
each group.

3.7. Statistical Analyses

Statistical analyses were performed using SPSS version
20. Results were presented as mean ± SD, and the normal-
ity of data distribution was assessed by the Kolmogorov-
Smirnov test. To compare the mean biochemical variables
before and after the intervention in each group paired
sample t-test statistical method was used, and for compar-
ison of variables between two groups independent sample
t-test method was used. Differences were considered sta-
tistically significant at P < 0.05. In this study, intention-to-
treat analysis was not used.

4. Results

The participants with type 2 diabetes (n = 60, 30 in the
tarragon group and 30 in the placebo group) completed
the study. The characteristics of patients at the start point
of the research are presented in Table 1. Based on the inde-
pendent sample t-test, there was no significant difference
in the mean age, weight, BMI, dosages of medication, and
duration of diabetes between groups.

Table 1. Baseline Characteristics of the Patientsa

Feature Tarragon (N = 30) Placebo (N = 30) P-Value

Age, y 54.36 ± 4.27 51.07 ± 5.5 0.47

Sex 0.691b

Male 17 (56.66) 16 (53.33)

Female 13 (43.33) 14 (46.66)

Weight, kg

Initial 70.19 ± 10.2 71.09 ± 8.45 0.71

End 69.05 ± 9.13 70.73 ± 8.07 0.74

BMI, kg/m2

Initial 26.42 ± 4.1 27.13 ± 4.25 0.75

End 26.05 ± 3.14 26.99 ± 3.83 0.84

Metformin dose, mg 1523.37 ± 394.1 1513.17 ± 409.04 0.88

Diabetes duration, y 6.04 ± 2.13 6.51 ± 2.03 0.81

aValues are expressed as No. (%) or mean ± SD.
bComparison of mean baseline features by independent samples t-test.

The mean glucose index of the patients is shown in Ta-
ble 2. According to the independent sample t-test, there
was no statistically significant difference in total FBG, 2-
hour postprandial (2hpp), insulin, HOMA-IR, and HbA1c%
between two groups before the treatment (P > 0.05, Ta-
ble 2). Tarragon supplementation reduced FBG, 2-hpp, in-
sulin, HOMA-IR, and HbA1c% (P < 0.05) compared to the
placebo receivers. Based on paired sample t-test, it was in-
dicated that the FBS, 2-hp, insulin, HOMA-IR, and HbA1c%
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Figure 1. Trial profile and design

significantly decreased after the intervention in the Tar-
ragon treated group (P < 0.05).

The effect of tarragon on lipid profile is presented in ta-
ble 3. Based on the independent sample t-test, there was no
significant difference in lipid profile among participants
of two groups at the start of the study. The mean values of
TC, TG, and LDL in the tarragon group significantly reduced
after eight weeks (P < 0.05). Changes in HDL levels were not
significant (P = 0.12) (Table 3).

The mean value of anti-oxidative parameters is shown
in Table 4. In the tarragon group, the mean values of TAC,
SOD, and GPx increased (P < 0.05) that was statistically sig-
nificant. However, there was no significant change in anti-
oxidative values of the placebo group (P > 0.05).

5. Discussion

Despite the presence of noted antidiabetic medicines,
herbal productions are vastly appreciated by researchers
and are detected to be less harmful with less unfavorable
effects than synthetic drugs (4). Research has detected that
the ingredients of tarragon show powerful anti-oxidative
activities (19). The current study indicates that 1.5 g/d tar-
ragon supplementation for 8 weeks significantly improves
FBG levels and lipid profiles in patients with type 2 dia-
betes.

The result of in vitro and in vivo investigations proves
the role of tarragon in glycemic control. Studies of tar-
ragon extracts indicate an increased dose-dependent anti-
hyperglycemic effect. Tarragon bioactive ingredients serve
as a useful remedy for diabetes in Streptozotocin-induced
diabetic rats, showing hyperglycemia and hyperlipidemia
(20). Ghazanfar et al. (19) studied antidiabetic potential
of tarragon. According to their results, tarragon could
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Table 2. Effect of Tarragon on the Glycemic Status in Two Groupsa . b , c

Variables Tarragon (N = 30) Placebo (N = 30) P1

FBS, mg/dL

Baseline 163.1 ± 19 159.07 ± 21.06 0.74

End 123.07 ± 19.3 160.11 ± 31.15 0.021

P2 0.019 0.872

2-hp, mg/dL

Baseline 196.02 ± 73.11 199.13 ± 80.19 0.66

End 159.14 ± 61.2 199.27 ± 78.3 0.037

P2 0.04 0.82

Insulin, µU/mL

Baseline 12.07 ± 3.42 12.39 ± 3.09 0.301

End 10.01 ± 2.17 12.69 ± 3.4 0.01

P2 0.024 0.56

HOMA-IR

Baseline 4.86 ± 0.16 4.84 ± 0.21 0.9

End 3.04 ± 0.1 5.01 ± 0.26 0.017

P2 0.034 0.19

HbA1c, %

Baseline 8.07 ± 1.3 7.9 ± 1.41 0.42

End 6.6 ± 1.02 7.85 ± 1.39 0.029

P2 0.033 0.7

Abbreviations: FBS, fasting blood sugar; HbA1c (%), hemoglobin A1c (%); HOMA-
IR, homeostasis model assessment of insulin resistance; SD, standard devia-
tion; 2-hp, two-hour postprandial glucose.
aValues are expressed as No. (%) or mean ± SD.
bP < 0.05, compared with the control group.
cP1 , Comparing the mean of variables between the two groups (the statistical
analyzes independent samples t-test); P2 , comparing the mean of variables in
each group at the baseline and end of the study (the statistical analysis paired
samples t-test).

improve hyperglycemia and protect rats against other
metabolic problems caused by diabetes. Their results
showed that hydroethanolic extract of tarragon signifi-
cantly decreased glucose levels in diabetic rats. More-
over, the histopathological results of their treated groups
proved the regenerative/protective effect of tarragon on
pancreas β-cells in diabetic rats (19). Furthermore, Ahmad
et al. (14) showed that a daily oral consumption of hy-
dromethanolic crude extracts (200 and 400 mg/kg b.w.)
and chloroform fraction of tarragon for 15 days decreased
blood glucose level, which were similar to the standard an-
tidiabetic agent, glibenclamide. Extracts of tarragon im-
proved glycemic status in oral glucose tolerance tests. The
results showed that tarragon extracts reduced blood glu-
cose levels in normal rats as well. This phenomenon could
result from the increased effectiveness of the peripheral
tissues to uptake blood glucose (14).

Table 3. Effect of Tarragon on the Lipid Profile in the Two Groupsa , b , c

Variables Tarragon (N = 30) Placebo (N = 30) P1

TC, mg/dL

Baseline 252.01 ± 50.37 242.11 ± 46.22 0.501

End 184.5 ± 45.13 239.07 ± 50.01 0.036

P2 0.001 0.711

TG, mg/dL

Baseline 239.31 ± 67.01 248.13 ± 65.21 0.671

End 209.02 ± 49.14 242.41 ± 64.05 0.042

P2 0.035 0.7

HDL-c, mg/dL

Baseline 42.07 ± 4.36 41.9 ± 3.08 0.4

End 44.21 ± 4.09 42.11 ± 5.1 0.43

P2 0.12 0.37

LDL-c, mg/dL

Baseline 129.94 ± 33.01 149.11 ± 30.14 0.061

End 98.29 ± 31.02 148.47 ± 32.1 0.023

P2 0.042 0.83

Abbreviations: HDL-c, high-density lipoprotein-cholesterol; LDL-c, low-density
lipoprotein-cholesterol; SD, standard deviation; TC, Total cholesterol; TG,
triglyceride.
aValues are expressed as No. (%) or mean ± SD.
bP < 0.05, compared with the control group.
cP1, Comparing the mean of parameters between the two groups (the statisti-
cal analyzes independent samples t-test); P2, comparing the mean of parame-
ters in each group at the baseline and end of the study (the statistical analysis
paired samples t-test).

Govorko et al. (11) evaluated the polyphenolic com-
pounds of tarragon that inhibit phosphoenolpyruvate car-
boxykinase (PEPCK) gene expression and gluconeogenesis
in an H4IIE hepatoma cell line. They observed that two
polyphenolic compounds increased PEPCK expression at
mRNA levels (11). Tarragon exerts its effect on reducing in-
sulin resistance by activating the phosphoinositide-3 ki-
nase (PI3K) pathway. It has been revealed that tarragon
has an interaction with PI3K (21). Hepatic gluconeogen-
esis is regulated by several factors, and PEPCK has an es-
sential role in hepatic glucose output. As the expression
level of the PEPCK gene increases, the expression of glu-
cocorticoids and glucagon mounts, which leads to an in-
crease in blood glucose levels. This up-regulation happens
through cyclic adenosine monophosphate (cAMP) (22). On
the contrary, the expression of the PEPCK gene decreases
when circulating blood insulin increases because of post-
prandial hyperglycemia. In type 2 diabetic insulin resis-
tance, the elevated expression of PEPCK due to glucagon ac-
tion causes the reduction of insulin response in the liver.
This allows ongoing hepatic glucose yield, significant hy-
perglycemia, and diabetes-related complications. Some
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Table 4. Effect of Tarragon on the Antioxidant Status in the Two Groupsa , b , c

Variables Tarragon (N = 30) Placebo (N = 30) P1

TAC, mg/dL

Baseline 0.89 ± 0.17 0.98 ± 0.71 0.518

End 1.34 ± 0.27 0.83 ± 0.22 0.039

P2 0.021 0.491

SOD, µU/mL

Baseline 1611.03 ± 219.23 1647.35 ± 254.01 0.604

End 1841 ± 309.4 1621.61 ± 229.3 0.027

P2 0.02 0.564

GSH-Px, mg/dL

Baseline 40.73 ± 8.61 38.11 ± 7.39 0.601

End 47.49 ± 9.27 37.63 ± 8.09 0.027

P2 0.033 0.404

Abbreviations: GSH-Px, glutathione peroxidase; SD, standard deviation; SOD,
Super oxide dismutase; TAC, total antioxidant capacity.
aValues are expressed as No. (%) or mean ± SD.
bP < 0.05, compared with the control group.
cP1 , Comparing the mean of variables between the two groups (the statistical
analyzes independent samples t-test); P2 , comparing the mean of variables in
each group at the baseline and end of the study (the statistical analysis paired
samples t-test).

present drugs, such as metformin and thiazolidinedione,
are capable of suppressing basal PEPCK expression but not
hormone-caused PEPCK induction. As a result, these drugs
lack the essential potency to boost insulin sensitivity (23).

Elevated plasma levels of TC, TG, and LDL-C are the cru-
cial risk factors of cardiovascular disorders (24). The re-
sults of the current study show that tarragon powder leads
to significant improvements in the lipid profile of indi-
viduals with type 2 diabetes, which is consistent with the
study of Roghani et al. (cited in Parsaei et al.), who estab-
lished the efficacy of tarragon powder in reducing TG levels
in diabetic rats (25).

Many scientific reports demonstrate the correlation of
oxidative stress with several pathological conditions in-
volving DM (26). According to the clinical studies, the con-
centration of SOD, GPx, TAC, and other antioxidants such as
vitamin E decrease in patients with uncontrolled diabetes.
SOD is particularly disrupted before other anti-oxidative
enzymes because it is regarded as the first-line defense
system against oxidative stress (10). Jarouliya et al. (27)
demonstrated that Spirulina improved blood glucose lev-
els and reduced oxidative markers due to its anti-oxidative
properties. Our findings indicate that supplementation
with 1500 mg/day of tarragon leads to significant improve-
ments in blood antioxidant parameters of individuals with
type 2 diabetes; TAC, GPx, and SOD increased significantly
after adjuvant therapy with tarragon.

Animal research indicates that tarragon extracts might
induce regeneration/proliferation of the pancreaticβ-cells
through the inhibition of free radical formation (19). Neo-
genesis or replication of the pre-subsisting differentiated
cells form the new pancreatic β-cells, and tarragon extract
potentiates this process (28). Also, mitogen-activated pro-
tein kinases (MAPK) signaling cascade is triggered by ROS
generation in the human body (29). Sadek et al. (30) proved
that Spirulina has a significant positive impact on MAPK ac-
tivity.

The current clinical research, like many studies, has
strong and weak points. One strong point is that this re-
search is the pioneer to investigate the effect of the tar-
ragon powder supplement on Iranian individuals with di-
abetes on glycemic and antioxidant status. Moreover, the
design of this study as a double-blind, randomized clinical
trial that had parallel groups causes the results of this re-
search to be extraordinary. However, complications were
the limited budget, and number of participants, and the
period of the medical intervention. In order to achieve
more concise and strong conclusions, it is required to con-
duct further researches with a larger population group
and intervention period.

5.1. Conclusions

This study established that eight weeks of supplemen-
tation with tarragon powder decreased the levels of blood
sugar, blood lipids, and IR in patients with diabetes. Based
on these results, there is evidence supporting the view
that polyphenol antioxidant groups can reduce the com-
plications of diabetes and play a key role in the manage-
ment of diabetic conditions. Nevertheless, further studies
are needed to provide additional evidence in a vast study
group.

Footnotes

Authors’ Contribution: GH, MSH did study design.
OA, EG, and HKH conducted analysis and drafting the
manuscript. ZG did sampling, laboratory experiments, pa-
tient follow-up, and manuscript revision. GH, HKH, and SB
did collection of data; analysis and evaluation of data; sta-
tistical analysis. All authors read and approved the final
version of the manuscript.

Clinical Trial Registration Code: The clinical trial regis-
tration code was IRCT20170822035834N3.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: The ethical approval code was
IR.MAZUMS.REC.1396.2792.

6 Jundishapur J Nat Pharm Prod. 2021; 16(1):e102469.



Khadem Haghighian H et al.

Funding/Support: This study was supported in part by
grant IR.MAZUMS.REC.1396.2792 from the Mazandaran Uni-
versity of Medical Sciences, Sari, Iran, and by a teaching and
research scholarship from the Faculty of Medicine.

Informed Consent: Written informed consent was ob-
tained from each patient at the start of the study.

References

1. Zargari M, Arab H, Ghafouri Z. Evaluation of the Salivary Total Antiox-
idant Capacity and Lipid Peroxidation Status in Type 2 Diabetes Melli-
tus Patients. Iran J Diabetes Obes. 2018;10(2):88–93.

2. Forouhi NG, Wareham NJ. Epidemiology of diabetes. Medicine.
2019;47(1):22–7. doi: 10.1016/j.mpmed.2018.10.004.

3. American Diabetes A. Diagnosis and classification of diabetes mel-
litus. Diabetes Care. 2010;33 Suppl 1:S62–9. doi: 10.2337/dc10-S062.
[PubMed: 20042775]. [PubMed Central: PMC2797383].

4. Tsai FJ, Ho TJ, Cheng CF, Liu X, Tsang H, Lin TH, et al. Effect
of Chinese herbal medicine on stroke patients with type 2 dia-
betes. J Ethnopharmacol. 2017;200:31–44. doi: 10.1016/j.jep.2017.02.024.
[PubMed: 28213110].

5. Jayanthi R, Srinivasan AR, Hanifah M, Maran AL. Associations
among Insulin Resistance, Triacylglycerol/High Density Lipoprotein
(TAG/HDL ratio) and Thyroid hormone levels-A study on Type 2
diabetes mellitus in obese and overweight subjects. Diabetes Metab
Syndr. 2017;11 Suppl 1:S121–6. doi: 10.1016/j.dsx.2016.12.020. [PubMed:
28043815].

6. Faria A, Persaud SJ. Cardiac oxidative stress in diabetes: Mecha-
nisms and therapeutic potential. Pharmacol Ther. 2017;172:50–62. doi:
10.1016/j.pharmthera.2016.11.013. [PubMed: 27916650].

7. Ramalingam L, Menikdiwela K, LeMieux M, Dufour JM, Kaur G,
Kalupahana N, et al. The renin angiotensin system, oxidative
stress and mitochondrial function in obesity and insulin resis-
tance. Biochim Biophys Acta Mol Basis Dis. 2017;1863(5):1106–14. doi:
10.1016/j.bbadis.2016.07.019. [PubMed: 27497523].

8. Qiu HC, Liu HZ, Li X, Zeng X, Zhao JZ. Insulin resistance as estimated
by homeostasis model assessment predicts incident post-stroke de-
pression in Chinese subjects from ischemic stroke. J Affect Disord.
2018;231:1–7. doi: 10.1016/j.jad.2018.01.023. [PubMed: 29408157].

9. Hesami S, Hashemipour S, Shiri-Shahsavar MR, Koushan Y, Khadem
Haghighian H. Administration of Iranian Propolis attenuates oxida-
tive stress and blood glucose in type II diabetic patients: a random-
ized, double-blind, placebo-controlled, clinical trial. Caspian J Intern
Med. 2019;10(1):48–54. doi: 10.22088/cjim.10.1.48. [PubMed: 30858941].
[PubMed Central: PMC6386327].

10. Tangvarasittichai S. Oxidative stress, insulin resistance, dyslipidemia
and type 2 diabetes mellitus. World J Diabetes. 2015;6(3):456–80.
doi: 10.4239/wjd.v6.i3.456. [PubMed: 25897356]. [PubMed Central:
PMC4398902].

11. Govorko D, Logendra S, Wang Y, Esposito D, Komarnytsky S, Ribnicky
D, et al. Polyphenolic compounds from Artemisia dracunculus L. in-
hibit PEPCK gene expression and gluconeogenesis in an H4IIE hep-
atoma cell line. Am J Physiol Endocrinol Metab. 2007;293(6):E1503–10.
doi: 10.1152/ajpendo.00420.2007. [PubMed: 17848630].

12. Behbahani BA, Shahidi F, Yazdi FT, Mortazavi SA, Mohebbi M. Antioxi-
dant activity and antimicrobial effect of tarragon (Artemisia dracun-
culus) extract and chemical composition of its essential oil. J Food
Measur Character. 2017;11(2):847–63. doi: 10.1007/s11694-016-9456-3.

13. Afsharpour F, Javadi M, Hashemipour S, Koushan Y, Haghighian HK.
Propolis supplementation improves glycemic and antioxidant sta-
tus in patients with type 2 diabetes: A randomized, double-blind,
placebo-controlled study. Complement Ther Med. 2019;43:283–8. doi:
10.1016/j.ctim.2019.03.001. [PubMed: 30935545].

14. Ahmad W, Khan I, Khan MA, Ahmad M, Subhan F, Karim N. Evalu-
ation of antidiabetic and antihyperlipidemic activity of Artemisia
indica linn (aeriel parts) in Streptozotocin induced diabetic rats.
J Ethnopharmacol. 2014;151(1):618–23. doi: 10.1016/j.jep.2013.11.012.
[PubMed: 24252495].

15. Cheng YJ, Kanaya AM, Araneta MRG, Saydah SH, Kahn HS, Gregg EW, et
al. Prevalence of Diabetes by Race and Ethnicity in the United States,
2011-2016. JAMA. 2019;322(24):2389–98. doi: 10.1001/jama.2019.19365.
[PubMed: 31860047]. [PubMed Central: PMC6990660].

16. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and
trends in body mass index among US children and adolescents, 1999-
2010. JAMA. 2012;307(5):483–90. doi: 10.1001/jama.2012.40. [PubMed:
22253364]. [PubMed Central: PMC6362452].

17. Fukuyama N, Homma K, Wakana N, Kudo K, Suyama A, Ohazama
H, et al. Validation of the Friedewald Equation for Evaluation of
Plasma LDL-Cholesterol. J Clin Biochem Nutr. 2008;43(1):1–5. doi:
10.3164/jcbn.2008036. [PubMed: 18648653]. [PubMed Central:
PMC2459246].

18. Khan A, Safdar M, Ali Khan MM, Khattak KN, Anderson RA. Cin-
namon improves glucose and lipids of people with type 2 dia-
betes. Diabetes Care. 2003;26(12):3215–8. doi: 10.2337/diacare.26.12.3215.
[PubMed: 14633804].

19. Ghazanfar K, Ganai BA, Akbar S, Mubashir K, Dar SA, Dar MY, et
al. Antidiabetic activity of Artemisia amygdalina Decne in strep-
tozotocin induced diabetic rats. Biomed Res Int. 2014;2014:185676.
doi: 10.1155/2014/185676. [PubMed: 24967338]. [PubMed Central:
PMC4055220].

20. Obolskiy D, Pischel I, Feistel B, Glotov N, Heinrich M. Artemisia
dracunculus L. (tarragon): a critical review of its traditional use,
chemical composition, pharmacology, and safety. J Agric Food Chem.
2011;59(21):11367–84. doi: 10.1021/jf202277w. [PubMed: 21942448].

21. Ferreira JF, Luthria DL, Sasaki T, Heyerick A. Flavonoids from Artemisia
annua L. as antioxidants and their potential synergism with
artemisinin against malaria and cancer. Molecules. 2010;15(5):3135–
70. doi: 10.3390/molecules15053135. [PubMed: 20657468]. [PubMed
Central: PMC6263261].

22. Slocum SL, Skoko JJ, Wakabayashi N, Aja S, Yamamoto M, Kensler
TW, et al. Keap1/Nrf2 pathway activation leads to a repressed hep-
atic gluconeogenic and lipogenic program in mice on a high-fat diet.
Arch Biochem Biophys. 2016;591:57–65. doi: 10.1016/j.abb.2015.11.040.
[PubMed: 26701603]. [PubMed Central: PMC4747866].

23. Yabaluri N, Bashyam MD. Hormonal regulation of gluconeogenic
gene transcription in the liver. J Biosci. 2010;35(3):473–84. doi:
10.1007/s12038-010-0052-0. [PubMed: 20826956].

24. Hoogeveen RC, Gaubatz JW, Sun W, Dodge RC, Crosby JR, Jiang J, et al.
Small dense low-density lipoprotein-cholesterol concentrations pre-
dict risk for coronary heart disease: the Atherosclerosis Risk In Com-
munities (ARIC) study. Arterioscler Thromb Vasc Biol. 2014;34(5):1069–
77. doi: 10.1161/ATVBAHA.114.303284. [PubMed: 24558110]. [PubMed
Central: PMC3999643].

25. Parsaei P, Bahmani M, Karimi M, Naghdi N, Asadi-Samani M, Rafieian-
Kopaei M. A review of analgesic medicinal plants in Iran. Der Pharm
Let. 2016;8(2):43–51.

26. Bhat AH, Dar KB, Anees S, Zargar MA, Masood A, Sofi MA, et al. Oxida-
tive stress, mitochondrial dysfunction and neurodegenerative dis-
eases; a mechanistic insight. Biomed Pharmacother. 2015;74:101–10. doi:
10.1016/j.biopha.2015.07.025. [PubMed: 26349970].

27. Jarouliya U, Zacharia A, Keservani RK, Prasad GB. Spirulina maxima
and its effect on antioxidant activity in fructose induced oxidative
stress with histopathological observations. Acta Fac Pharm Univ Come-
nianae. 2015;62(2):13–9. doi: 10.1515/afpuc-2015-0027.

28. Yadav SK, Nagori BP, Desai PK. Pharmacological characterization of
different fractions of Calotropis procera (Asclepiadaceae) in strep-
tozotocin induced experimental model of diabetic neuropathy.
J Ethnopharmacol. 2014;152(2):349–57. doi: 10.1016/j.jep.2014.01.020.
[PubMed: 24486599].

Jundishapur J Nat Pharm Prod. 2021; 16(1):e102469. 7

http://dx.doi.org/10.1016/j.mpmed.2018.10.004
http://dx.doi.org/10.2337/dc10-S062
http://www.ncbi.nlm.nih.gov/pubmed/20042775
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2797383
http://dx.doi.org/10.1016/j.jep.2017.02.024
http://www.ncbi.nlm.nih.gov/pubmed/28213110
http://dx.doi.org/10.1016/j.dsx.2016.12.020
http://www.ncbi.nlm.nih.gov/pubmed/28043815
http://dx.doi.org/10.1016/j.pharmthera.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27916650
http://dx.doi.org/10.1016/j.bbadis.2016.07.019
http://www.ncbi.nlm.nih.gov/pubmed/27497523
http://dx.doi.org/10.1016/j.jad.2018.01.023
http://www.ncbi.nlm.nih.gov/pubmed/29408157
http://dx.doi.org/10.22088/cjim.10.1.48
http://www.ncbi.nlm.nih.gov/pubmed/30858941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6386327
http://dx.doi.org/10.4239/wjd.v6.i3.456
http://www.ncbi.nlm.nih.gov/pubmed/25897356
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398902
http://dx.doi.org/10.1152/ajpendo.00420.2007
http://www.ncbi.nlm.nih.gov/pubmed/17848630
http://dx.doi.org/10.1007/s11694-016-9456-3
http://dx.doi.org/10.1016/j.ctim.2019.03.001
http://www.ncbi.nlm.nih.gov/pubmed/30935545
http://dx.doi.org/10.1016/j.jep.2013.11.012
http://www.ncbi.nlm.nih.gov/pubmed/24252495
http://dx.doi.org/10.1001/jama.2019.19365
http://www.ncbi.nlm.nih.gov/pubmed/31860047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6990660
http://dx.doi.org/10.1001/jama.2012.40
http://www.ncbi.nlm.nih.gov/pubmed/22253364
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6362452
http://dx.doi.org/10.3164/jcbn.2008036
http://www.ncbi.nlm.nih.gov/pubmed/18648653
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2459246
http://dx.doi.org/10.2337/diacare.26.12.3215
http://www.ncbi.nlm.nih.gov/pubmed/14633804
http://dx.doi.org/10.1155/2014/185676
http://www.ncbi.nlm.nih.gov/pubmed/24967338
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4055220
http://dx.doi.org/10.1021/jf202277w
http://www.ncbi.nlm.nih.gov/pubmed/21942448
http://dx.doi.org/10.3390/molecules15053135
http://www.ncbi.nlm.nih.gov/pubmed/20657468
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6263261
http://dx.doi.org/10.1016/j.abb.2015.11.040
http://www.ncbi.nlm.nih.gov/pubmed/26701603
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4747866
http://dx.doi.org/10.1007/s12038-010-0052-0
http://www.ncbi.nlm.nih.gov/pubmed/20826956
http://dx.doi.org/10.1161/ATVBAHA.114.303284
http://www.ncbi.nlm.nih.gov/pubmed/24558110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999643
http://dx.doi.org/10.1016/j.biopha.2015.07.025
http://www.ncbi.nlm.nih.gov/pubmed/26349970
http://dx.doi.org/10.1515/afpuc-2015-0027
http://dx.doi.org/10.1016/j.jep.2014.01.020
http://www.ncbi.nlm.nih.gov/pubmed/24486599


Khadem Haghighian H et al.

29. Son Y, Cheong YK, Kim NH, Chung HT, Kang DG, Pae HO. Mitogen-
Activated Protein Kinases and Reactive Oxygen Species: How Can
ROS Activate MAPK Pathways? J Signal Transduct. 2011;2011:792639.
doi: 10.1155/2011/792639. [PubMed: 21637379]. [PubMed Central:
PMC3100083].

30. Sadek KM, Lebda MA, Nasr SM, Shoukry M. Spirulina platensis
prevents hyperglycemia in rats by modulating gluconeoge-
nesis and apoptosis via modification of oxidative stress and
MAPK-pathways. Biomed Pharmacother. 2017;92:1085–94. doi:
10.1016/j.biopha.2017.06.023. [PubMed: 28622709].

8 Jundishapur J Nat Pharm Prod. 2021; 16(1):e102469.

http://dx.doi.org/10.1155/2011/792639
http://www.ncbi.nlm.nih.gov/pubmed/21637379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3100083
http://dx.doi.org/10.1016/j.biopha.2017.06.023
http://www.ncbi.nlm.nih.gov/pubmed/28622709

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Ethics
	3.2. Inclusion and Exclusion Criteria
	3.3. Patients
	3.4. Study Design
	Figure 1

	3.5. Laboratory Methods
	3.6. Sample Size
	3.7. Statistical Analyses

	4. Results
	Table 1
	Table 2
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

