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ABSTRACT

Background: The incidence and prevalence of type 2 diabetes mellitus (T2DM) is increasing due to obesity and
sedentary lifestyles. Increased oxidative stress leads to oxidative damage of biomolecules and decreased antioxidant

capacity.
Aim: The study was designed to determine the malondialdehyde (MDA) and ferric reducing ability of plasma
(FRAP) in T2DM patients at [IMS&R Hospital, Lucknow.

Method: The oxidative stress was analyzed in T2DM patients as MDA. The total antioxidant capacity was estimated
as the FRAP in T2DM patients and control subjects.

Results: The level of MDA was observed to be higher in T2DM patients (4.84 + 1.09) than controls (2.20 + 0.85)
(p<0.05). The FRAP was lower among T2DM patients (509.46 + 126.36) than controls (895.62 * 179.92) (p<0.05).

Conclusion: MDA was found to be higher in T2DM, and the FRAP level was lower in T2DM patients compared
to controls, indicating increased oxidative stress and a decreased antioxidant level in T2DM patients.

Keywords: oxidative stress, antioxidant, ferric reducing ability of plasma, FRAP, malondialdehyde, MDA, type 2
diabetes mellitus

Diabetes is a major cause of kidney failure, nerve
damage, heart attacks, and strokes, and the leading
cause of adult blindness and amputation. Diabetes
mellitus varies from one individual to another,
but is determined by the patient’s health and diet
[2]. It is a chronic disease caused by inheritance
of genes responsible for insulin insufficiency or

Introduction

Diabetes mellitus (DM) is a polygenic syndrome
characterized by elevated fasting blood sugar
caused by a relative or absolute insulin. Diabetes
mellitus (DM) is a polygenic illness marked by high
fasting blood sugar due to a relative or absolute
insulin insufficiency. The incidence and prevalence

of diabetes mellitus are on the rise due to the
aging population, obesity, and sedentary lifestyle.
Diabetes mellitus, one of the leading causes of
disability and mortality, affects approximately 195
million individuals of various ages worldwide.
Diabetes is of two types, i.e., type 1 (insulin-
dependent diabetes mellitus, TIDM) and type 2
(noninsulin-dependent diabetes, T2DM) [1].
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pancreatic insulin deficiency. One of the most
prevalent consequences of diabetes is hyperglycemia.
Progressive insulin deficiency, longer duration of
diabetes, and glycemic management all raise the
risk of hyperglycemia in patients with T2DM [3].
Hyperglycaemia may increase the vascular changes
leading to unconsciousness, coma, and even death
[4]. Patients with T2DM have greater blood sugar
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fluctuations than normal subjects [5]. In T2DM,
the fluctuations in blood sugar were positively
correlated with the development of coronary artery
disease (CAD), and chronic persistent hyperglycemia
damages the endothelium of blood vessels.

Patients with diabetes mellitus have been
reported to have a correlation between increased
oxidative stress and lowered levels of physiological
antioxidants. An antioxidant prevents the generation
of oxidizing species, which would otherwise react
with the antioxidant rather than the substrate [6,
7]. Many studies have found a positive correlation
between serum lipids, lipoproteins, lipid peroxides
and erythrocyte antioxidant enzymes (catalase,
glutathione peroxidase, and superoxide dismutase) in
T2DM patients. Diabetic complications develop with
increased activity of free radical-induced damage
and accumulation of lipid peroxidation products.
Oxidative stress can be measured by estimating
the lipid peroxidation in the body. Malondialdehyde
(MDA) acts as a marker of oxidative stress when
there is an imbalance between the production
and depletion of antioxidants. Malondialdehyde
(MDA) is a stable product of lipid peroxidation
and marker of oxidative stress which occur when
there is an imbalance between production and
scavenging of free radicals. Free radicals react
with polyunsaturated fatty acids (PUFA) to form
peroxides, thus degrading lipids and releasing
MDA products [8].

There are numerous methods to determine
the total antioxidant capacity of human biological
samples or serum/plasma, e.g., the FRAP assay
that uses the reduction of Fe** tripyridyltriazine
to Fe?* tripyridyltriazine to produce a blue-colored
intermediate Fe**-TPTZ which can determined in
a redox-linked colorimetric method. The increased
oxidative stress initiates the cascade of free radicals
reactions i.e., generation of reactive oxygen species
(ROS) resulting in increased lipid peroxidation of
plasma membranes, hence causing an increase in
oxidative damage. The formation of free radical
with antioxidant deficiency in T2DM patients is
increased over time due to prolonged hyperglycemic
leading to diabetic complications such as diabetic
nephropathy, retinopathy, neuropathy, peripheral

arterial disease and atherosclerosis. Therefore,
the diabetic complications may be prevented by
supplementing the antioxidant rich components in
diet to improve the intrinsic antioxidant system.

Methods

This case-control study was approved by
Institutional Ethical Committee of the IIMS&R,
Integral University, Lucknow (IEC/IIMS&R/2018/25).
We enrolled 63 T2DM patients and 63 healthy
controls after collecting their medical and family
histories and receiving their informed consent.
This study was conducted over a period of six
months at the Department of Biochemistry, Integral
Institute of Medical Sciences and Research (IIMS&R),
Integral University, Lucknow.

Measurement of blood sugar

The fasting blood sugar (FBS) and post-prandial
blood sugar (PPBS) was estimated by the glucose
oxidase/peroxidise method [9]. Glucose is oxidized
by glucose oxidase (GOD) into gluconic acid and
hydrogen peroxide. In the presence of peroxidase
(POD), hydrogen peroxide is oxidized the chromogen
4-amino antipyrine/phenolic compound to a red
compound. The intensity of the red is proportion
to the glucose concentration and was measured
at 505 nm (489-530 nm). The absorbance (A)
of the samples was measured at 505 mm, and
the concentration of glucose in the sample was
estimated using the following equation:

Glucose (mg/dl) = A sample/A standard x
concentration of standard (100 mg/dl)

Estimation of MDA by TBARS method

Malondialdehyde (MDA) was estimated by the
method of [10]. Plasma was deproteinized and the
precipitate was treated with thiobarbituric acid
at 90°C for 1 hour [11]. The pink colour formed
gives the measure of thiobarbituric acid reactive
substance (TBARS) which was measured at 530 nm
using a UV-Visible double beam spectrophotometer
(Systronics-2205, Systronic India Ltd. Gujarat, India).
The MDA concentration was calculated according
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Figure 1. Comparison of blood sugar between control subject and T2DM patients. (A) fasting blood sugar (FBS), (B) post-

prandial blood sugar (PPBS)

to the following formula: MDA (umol/l) = A 532
nm x 1.75/0.156

Estimation of TAC by FRAP assay

The FRAP assay uses antioxidants as reductants
in a redox linked colorimetric method employing
a reduced oxidant, Fe(IlI) [12]. Reduction of
a ferric tripyridyltriazine complex to ferrous
(2,4,6-tripyridyl-s-triazine) i.e., colourless ferric
(III) to blue ferrous (II) can be monitored by
measuring absorbance at 593 nm. The absorption
readings are related to the reducing power of
the electron-donating antioxidants present in the
test compound. The FRAP assay was a modified
assay of the ferric reducing/antioxidant power, and
ascorbic acid concentration (FRAPSC) [8] for the
evaluation of antioxidants status, total reducing
(antioxidant) power, absolute concentration of
ascorbic acid, and relative contributed of ascorbic
acid to total antioxidant power of the sample [6].
The reagents used for the FRAP assay are: TPTZ
(2,4,6-tripyridyl-s-triazine), FeCl,.6H,0 dilute HC,
acetate buffer, ferrous sulphate. The procedure
to perform the FRAP assay was as follows. The
above reagents were added into a glass tube (100
ul sample, 900 pl distilled water and 2 ml FRAP
reagent). For the blank sample, 2 ml FRAP reagent
was taken (1 ml distilled water and 2 ml FRAP
reagent). The samples were mixed thoroughly and
transferred into a cuvette. The samples were read

at 593 nm using a spectrophotometer. The values
of FRAP was obtained by using the equation:

FRAP value of sample (uM) = A (sample) x FRAP
value of standard (uM)/A (standard)

The concentration of FRAP was calculated from
the standard curve of Absorbance (A) vs Fe?*
concentration. For calibration, aqueous solutions
of known Fe (FeSO,7H,0) concentration in the
range of 100-1000 pmol/L were used, and the
values were expressed as umol/L Fe?*. Hence, the
FRAP assay measures the reducing power and
the antioxidant potential of various compounds.

Statistical analysis

The statistical analysis was applied using
Prism Grappad 9.0 (San Diego, US). The mean
+ SD of all quantitative clinical parameters were
calculated in T2DM patients and and healthy
controls. The p-values was calculated by the
student unpaired t-test and p<0.05 were considered
as statistically significant. The correlation was
determined by using the Karl’s Pearsons correlation
coefficient.

Results

Figure 1 shows the fasting blood sugar (FBS)
and post-prandial blood sugar (PPBS) of T2DM
patients and controls. The FBS was significantly
(p = 0.0001) higher in T2DM patients (158.66
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Figure 2. Comparison of MDA and FRAP level between control subject and T2DM patients. (A) MDA level, (B) FRAP level

* 35.38) compared to controls (91.22 * 29.32).
Similarly, the PPBS was significantly (p < 0.0001)
higher among the T2DM patients (325.55 *+ 114.55)
compared with control group (132.98 * 8.84).

Figure 2 shows the malonaldehyde (MDA)
and ferric reducing ability of plasma (FRAP) of
T2DM patients and controls subjects. The MDA
was significantly (p = 0.0001) higher in T2DM
patients (4.84 * 1.09) compared to controls
(2.20 £ 0.85). In our study, it was found that the
mean value of MDA was significantly increased
in diabetic group as compared to nondiabetic
patients.

In contrast to this, the total antioxidant capacity
was reduced which was estimated by the FRAP.
The level of FRAP was found to be lower (509.46
*126.36) in T2DM patients as compared to control
subjects (895.62 + 179.92), and the difference was
statistically significant (p=0.0001). The decreased
FRAP in T2DM patients indicates the reduced
antioxidant power or the reduced total antioxidant
capacity (TAC).

These results indicate that MDA is a good
marker of lipid peroxidation, serum levels of MDA
were significantly increase in T2DM patients and
depletion of antioxidant defences appear early
in T2DM, before the development of secondary
complications. There is a significant positive
correlation between the MDA level and FBS and
a significant negative correlation between PPBS
and FRAP in T2DM patients.

Discussion

The development of diabetes complications, such
as diabetic nephropathy, retinopathy, neuropathy,
peripheral neuropathy vascular disease, and
atherosclerosis, is also significantly influenced
by the accumulation of free radicals in T2DM
patients with an antioxidant deficiency. The link
between increased oxidative stress and decreased
level of physiological antioxidants has been found
in patients with DM [13]. Diabetic complications
develop with increased activity of free radical-
induced lipid peroxidation and accumulation of
lipid peroxidation products. Oxidative stress can
be measured by estimating the lipid peroxidation
in the body. MDA acts as a marker of oxidative
stress when there is an imbalance between the
production and depletion of antioxidants. There
is a significant positive correlation between
the MDA level and FBS in T2DM patients. This
study confirms increased oxidative stress in
DM compared to nondiabetic counterparts and
emphasizes the importance of these markers
for early diagnosis and therapeutic intervention.
In the early stages of T2DM, the antioxidant
defense system counters the effects of increased
free radicals. However, in the later stages, the
balance between the generation of free radicals and
antioxidant defense is impaired due to decreased
antioxidant activity. In DM, there is oxidative
stress because of the excessive generation of free
radicals caused by persistent hyperglycemia. The
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simultaneous decline of antioxidant defense systems
can lead to the damage of cellular organelles
and enzymes, increased lipid peroxidation, and
the development of complications of diabetes
mellitus [14].

This study showed an increase in serum MDA
concentrations in diabetic subjects, which agrees
with previous studies [15]. Earlier reports by
Sato et al. [16] showed an increased level of
thiobarbituric acid-reactive substances (TBARS), a
marker of lipid peroxidation, in the blood samples
of DM patients. TBARS indirectly measures lipid
peroxidation in erythrocyte antioxidant enzyme
activity in diabetic patients [17, 18]. Free radicals
react with polyunsaturated fatty acids (PUFA) to
form peroxides, thus degrading lipids and releasing
MDA products. MDA is a stable product of lipid
peroxidation, which is measured as an index of lipid
peroxidation [8]. Many studies have found a positive
relationship between serum lipids, lipoproteins, lipid
peroxides, and erythrocyte antioxidant enzymes
(catalase, glutathione peroxidase, and superoxide
dismutase) in T2DM patients. Our study found
that the level of MDA was significantly increased
in the diabetic group compared to nondiabetic
patients.

There are several methods to determine the
total antioxidant capacity (TAC) of human biological
samples or serum/plasma, e.g., the FRAP assay
that uses the reduction of Fe** tripyridyltriazine
to Fe?* tripyridyltriazine to produce a blue-colored
intermediate Fe?*-TPTZ which can be read at 593
nm. The antioxidants used in the FRAP assay
are required as reductants in a redox-linked
colorimetric method. The FRAP assay does not
need specialized equipment or skills for the critical
control of limiting and reaction conditions [19].
Metal ions such as iron and copper participate
in the Fenton or Fenton-like reaction to generate
oxidizing species causing oxidative damage to
biomolecules [20].

The generation of oxygen free radicals occurs
first with the reduction of ferric to ferrous iron
and then by the Fenton reaction with ferrous
iron, catalyzing the breakdown of hydrogen

peroxide (H,0,) to hydroxyl radical (OHe) and
hydroxide ion (OH-) (Haber-Weiss reaction).
Another reaction known as the Haber-Weiss
reaction or superoxide-driven Fenton reaction
between H,0, and superoxide reaction (0,”) in
the presence of iron or copper ions leads to the
formation of hydroxyl radical (OHe). The Fenton
reaction results in the generation of OH~ and
OHe by a reaction between Iron (II) (Fe?*) and
H,0, [21]. In the Haber-Weiss reaction, OH™ and
OHe are produced by the reaction of H,0, and
0, catalyzed by iron [22]. The Haber-Weiss cycle
is a two-step reaction, the ferric ion reduces to
a ferrous ion via reaction with superoxide, which
in turn, reacts with H,0, to form OH™and OHe,
converting ferrous back to ferric ion [23].

An effective antioxidant may reduce the oxidative
damage caused by OHe from Fenton or Fenton-like
reactions through a different mechanism such as
blocking or inhibiting the reaction that produces
ROS, scavenging or quenching ROS, converting
them into harmless or non-toxic species. To
scavenge OHe, the antioxidant must react with
it before the radical reacts with biomolecules.
This requires the presence of antioxidants in close
proximity to the radical and a higher reactivity
and concentration than those of the biomolecules
[20]. Antioxidants remove the peroxidation
product, and a-tocopherol (vitamin E) inhibits
lipid peroxidation in the presence of vitamin
C leading to protection against cardiovascular
disease [24, 25]. The enzymatic antioxidants,
superoxide dismutase, glutathione peroxidase,
catalase, glutathione reductase, glutathione,
and vitamins A, E, and C are usually measured
to assess the antioxidant status in blood. The
foods of plant origin not only provide us with
antioxidant vitamins (e.g., vitamin C, vitamin E,
or provitamin A) but also a complex mixture of
other natural substances with antioxidant capacity:.
Some phytochemicals also provide nutrients and
antioxidants for protection against oxidative stress
[13, 26-32] which may reduce the risk of diabetes
and cardiovascular complications.
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Conclusion

These findings demonstrate the increased
oxidative stress in T2DM patients as measured
by MDA was higher in DM. Moreover, the TAC is
reduced in T2DM patients than healthy controls.
The increased oxidative stress is caused by the
increased production of reactive oxygen species,
which leads to lipid peroxidation of plasma
membranes and oxidative damage. The present
study shows that persistent hyperglycemia in T2DM
patients activates cellular and tissue damage by
oxidative stress, but the compensatory mechanisms
for defense against the ROS to normalize oxidative
stress was not achieved in T2DM patients.

Acknowledgment

The authors are grateful to [IMS&R, Integral
University, Lucknow for providing the necessary
laboratory research facilities and Dr. Ausaf Ahmad
for the statistical analysis of samples. The authors
would also like to thank the reviewers for their
encouraging comments and valuable suggestions.

Conflict of interest

The authors declare that there is no conflict
of interest.

Received: 1 June 2022
Revised: 11 July 2022
Accepted: 19 July 2022
Published online: 31 July 2022

References

1. American Diabetes Association (ADA). Diagnosis and
Classification of Diabetes Mellitus. Diabetes Care.
2014; 37 (Suppl. 1): S81-S90. https://doi.org/10.2337/
dc14-S081

2. Wu H, Norton V, Cui K, Zhu B, Bhattacharjee S, Lu YW,
et al, Diabetes and Its Cardiovascular Complications:
Comprehensive Network and Systematic Analyses.
Front. Cardiovasc. Med. 2022. https://doi.org/10.3389/
fcvm.2022.841928

3. Skyler]S, Bakris GL, Bonifacio E, Darsow T, Eckel RH, Groop
L, et al. Differentiation of Diabetes by Pathophysiology,
Natural History, and Prognosis. Diabetes. 2017; 66(2):
241-255. https://doi.org/10.2337/db16-0806

Acta Biochimica Indonesiana 5(1): 84 | https://doi.org/10.32889/actabioina.84

10.

11.

12.

13.

14.

15.

16.

Shafiee G, Mohajeri-Tehrani M, Pajouhi M, Larijani
B. The importance of hypoglycemia in diabetic
patients. ] Diabetes Metab Disord. 2012; 11(1): 17.
https://doi.org/10.1186/2251-6581-11-17

Jiao XM, Zhang XG, Xu XU, Yi C, Bin C, Cheng QP, et al.
Blood glucose fluctuation aggravates lower extremity
vascular disease in type 2 diabetes. Eur Rev Med
Pharmacol Sci. 2014; 18(14): 2025-30.

Lissi E, Salim-Hanna M, Pascual C, del Castillo MD.
Evaluation of total antioxidant potential (TRAP) and
total antioxidant reactivity from luminol-enhanced
chemiluminescence measurements. Free Radic Biol
Med. 1995; 18(2): 153-8. https://doi.org/10.1016/0891-
5849(94)00117-3

Cao G, Alessio HM, Cutler RG. Oxygen-radical absorbance
capacity assay for antioxidants. Free Radic Biol Med.
1993; 14(3):303-11. https://doi.org/10.1016/0891-
5849(93)90027-R

Miller NJ, Rice-Evans C, Davies M], Gopinathan V, Milner
A. A novel method for measuring antioxidant capacity
and its application to monitoring the antioxidant status
in premature neonates. Clin Sci (Lond) 1993; 84(4):
407-12. https://doi.org/10.1042/cs0840407

Trinder P. Enzymatic Calorimetric Determination of
Triglycerides by GOP-PAP Method. Ann Clin Biochem. 1969;
6: 24-27. https://doi.org/10.1177/000456326900600108

Satoh K. Serum lipid peroxide in cerebrovascular disorders
determined by a new colorimetric method. Clin Chim
Acta. 1978; 90(1): 37-43. https://doi.org/10.1016,/0009-
8981(78)90081-5

Placer ZA, Cushman LL, Johnson BC. Estimation of product
of lipid peroxidation (malonyldialdehyde) in biochemical
systems. Anal. Biochem. 1996; 162: 359-364. https://
doi.org/10.1016/0003-2697(66)90167-9

Benzie IF, Strain J]. The ferric reducing ability of plasma
(FRAP) as a measure of "antioxidant power": the FRAP
assay. Anal Biochem. 1996; 239(1): 70-6. https://doi.
org/10.1006/abio.1996.0292

Tangvarasittichai S. Oxidative stress, insulin resistance,
dyslipidemia and type 2 diabetes mellitus. World ]
Diabetes. 2015; 6(3): 456-480. https://doi.org/10.4239/
wjd.v6.i3.456

Alam R, Khan S, Salman KA. MDA and Antioxidants
Status in Type 2 Diabetes Mellitus: Oxidative Stress
in Type 2 Diabetes Mellitus. Nat ] Integrat Res Med.
2013; 4(6): 76-79.

Hayden MR, Tyagi SC. Homocysteine and reactive
oxygen species in metabolic syndrome, type 2 diabetes
mellitus, and atheroscleropathy: the pleiotropic effects
of folate supplementation. Nutr J. 2004; 3: 4. https://
doi.org/10.1186/1475-2891-3-4

Sato Y, Hotta N, Sakamoto N, Matsuoka S, Ohishi N,
Yagi K. Lipid peroxide level in plasma of diabetic
patients. Biochem Med. 1979; 21(1): 104-7. https://
doi.org/10.1016,/0006-2944(79)90061-9


https://doi.org/10.32889/actabioina.84
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.3389/fcvm.2022.841928
https://doi.org/10.3389/fcvm.2022.841928
https://doi.org/10.2337/db16-0806
https://doi.org/10.1186/2251-6581-11-17
https://doi.org/10.1016/0891-5849(94)00117-3
https://doi.org/10.1016/0891-5849(94)00117-3
https://doi.org/10.1016/0891-5849(93)90027-R
https://doi.org/10.1016/0891-5849(93)90027-R
https://doi.org/10.1042/cs0840407
https://doi.org/10.1177/000456326900600108
https://doi.org/10.1016/0009-8981(78)90081-5
https://doi.org/10.1016/0009-8981(78)90081-5
https://doi.org/10.1016/0003-2697(66)90167-9
https://doi.org/10.1016/0003-2697(66)90167-9
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.4239/wjd.v6.i3.456
https://doi.org/10.4239/wjd.v6.i3.456
https://doi.org/10.1186/1475-2891-3-4
https://doi.org/10.1186/1475-2891-3-4
https://doi.org/10.1016/0006-2944(79)90061-9
https://doi.org/10.1016/0006-2944(79)90061-9

MDA and FRAP in T2DM

17.

18.

19.

20.

21.

22.

23.

24.

25.

Acta Biochimica Indonesiana 5(1): 84 | https://doi.org/10.32889/actabioina.84

Arai K, Maguchi S, Fujii S, Ishibashi H, Oikawa K,
Taniguchi N. Glycation and inactivation of human Cu-
Zn-superoxide dismutase. Identification of the in vitro
glycated sites. ] Biol Chem. 1987; 262(35): 16969-72.
https://doi.org/10.1016/S0021-9258(18)45479-8

Oda A, Bannai C, Yamaoka T, Katori T, Matsushima T,
Yamashita K. Inactivation of Cu,Zn-superoxide dismutase
by in vitro glycosylation and in erythrocytes of diabetic
patients. Horm Metab Res. 1994; 26(1): 1-4. https://
doi.org/10.1055/s-2007-1000762

Whitehead TP, Thorpe GHG, Maxwell SR]. Enhanced
chemoluminescent assay for antioxidant capacity in
biological fluids. Anal Chim Acta. 1992; 266: 265-277.
https://doi.org/10.1016/0003-2670(92)85052-8

Zhao, Z. Iron and oxidizing species in oxidative stress
and Alzheimer's disease. Aging Med. 2019; 2: 82- 87.
https://doi.org/10.1002/agm?2.12074

Fischbacher A, von Sonntag C, Schmidt TC. Hydroxyl
radical yields in the Fenton process under various pH,
ligand concentrations and hydrogen peroxide/Fe(II)
ratios. Chemosphere. 2017; 182: 738-744. https://doi.
org/10.1016/j.chemosphere.2017.05.039

Kehrer JP. The Haber-Weiss reaction and mechanisms
of toxicity. Toxicology. 2000; 149(1): 43-50. https://
doi.org/10.1016/S0300-483X(00)00231-6

Oxidative Stress and Biomaterials. 1st Edition, 2016.
Authors: Thomas Dziubla, D Allan Butterfield. View series:
Woodhead Publishing Series in Biomaterials.

Kaneto H, Kajimoto Y, Miyagawa ], Matsuoka T, Fujitani
Y, Umayahara Y, et al. Beneficial effects of antioxidants
in diabetes: possible protection of pancreatic beta-cells
against glucose toxicity, Diabetes 1999; 48: 2398-2406.
https://doi.org/10.2337 /diabetes.48.12.2398

Schofield D, Braganza JM. Shortcomings of an automated
assay for total antioxidant status in biological fluids.
Clin Chem. 1996, 42: 1712-4. https://doi.org/10.1093/
clinchem/42.10.1712

26. Subash-Babu P, Alshatwi AA, Ignacimuthu S. Beneficial

27.

28.

29.

30.

31.

32.

Antioxidative and Antiperoxidative Effect of Cinnamaldehyde
Protect Streptozotocin-Induced Pancreatic 3-Cells Damage
in Wistar Rats. Biomol Ther (Seoul). 2014; 22(1): 47-54.
https://doi.org/10.4062/biomolther.2013.100

Domekouo UL, Longo F, Tarkang PA, Tchinda AT, Tsabang
N, Donfagsiteli NT, et al. Evaluation of the antidiabetic
and antioxidant properties of Morinda lucida stem bark
extract in streptozotocin intoxicated rats. Pak | Pharm
Sci. 2016; 29(3): 903-11.

Ghiselli A, Serafini M, Maiani G, Azzini E, Ferro-Luzzi
A. A fluorescence-based method for measuring total
plasma antioxidant capability. Free Radic Biol Med.
1995; 18(1): 29-36. https://doi.org/10.1016/0891-
5849(94)00102-P

Hajleh MNA, Khleifat KM, Algaraleh M, Al-Hraishat
E, Al-Limoun MO, Qaralleh H, et al. Antioxidant
and Antihyperglycemic Effects of Ephedra foeminea
Aqueous Extract in Streptozotocin-Induced Diabetic Rats.
Nutrients. 2022; 14(11): 2338. https://doi.org/10.3390/
nul4112338

Nasri H, Shirzad H, Baradaran A, Rafieian-Kopaei M.
Antioxidant plants and diabetes mellitus. ] Res Med Sci.
2015; 20(5): 491-502. https://doi.org/10.4103/1735-
1995.163977

Przeor M. Some Common Medicinal Plants with Antidiabetic
Activity, Known and Available in Europe (A Mini-Review).
Pharmaceuticals (Basel). 2022; 15(1): 65. https://doi.
org/10.3390/ph15010065

Salehi B, Ata A, V Anil Kumar N, Sharopov F, Ramirez-
Alarcon K, Ruiz-Ortega A, et al. Antidiabetic Potential
of Medicinal Plants and Their Active Components.
Biomolecules. 2019; 9(10): 551. https://doi.org/10.3390/
biom9100551


https://doi.org/10.32889/actabioina.84
https://doi.org/10.1016/S0021-9258(18)45479-8
https://doi.org/10.1055/s-2007-1000762
https://doi.org/10.1055/s-2007-1000762
https://doi.org/10.1016/0003-2670(92)85052-8
https://doi.org/10.1002/agm2.12074
https://doi.org/10.1016/j.chemosphere.2017.05.039
https://doi.org/10.1016/j.chemosphere.2017.05.039
https://doi.org/10.1016/S0300-483X(00)00231-6
https://doi.org/10.1016/S0300-483X(00)00231-6
https://doi.org/10.2337/diabetes.48.12.2398
https://doi.org/10.1093/clinchem/42.10.1712
https://doi.org/10.1093/clinchem/42.10.1712
https://doi.org/10.4062/biomolther.2013.100
https://doi.org/10.1016/0891-5849(94)00102-P
https://doi.org/10.1016/0891-5849(94)00102-P
https://doi.org/10.3390/nu14112338
https://doi.org/10.3390/nu14112338
https://doi.org/10.4103/1735-1995.163977
https://doi.org/10.4103/1735-1995.163977
https://doi.org/10.3390/ph15010065
https://doi.org/10.3390/ph15010065
https://doi.org/10.3390/biom9100551
https://doi.org/10.3390/biom9100551

