Trop J Nat Prod Res, October 2020; 4(10):722-727

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

ﬁ Available online at https://www.tjnpr.org

Tropical Journal of Natural Product Research

Artemisia judaica Attenuates Hyperglycaemia-Mediated Oxidative Stress and Cardiac
Injury in Streptozotocin-Induced Diabetic Rats

Wesam al-Amarat*

!Department of Medical Support, Al-Balga Applied University, Al-Karak University College, Al-Karak1710, Jordan

ARTICLE INFO

ABSTRACT

Article history:

Received 03 September 2020
Revised 28September 2020
Accepted 26 October 2020
Published online 02 November 2020

Copyright: © 2020 al-Amarat. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License, which
permits  unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Hyperglycemia-induced oxidative stress is a recognized risk factor for cardiovascular diseases
and heart failure. The study investigated the cardioprotective effect of Artemisia judaica (A.
judaica) on diabetes-induced oxidative injury in rats. A rat model of diabetes was achieved by
intraperitoneal (i.p.) injection of streptozotocin (55 mg/kg). After confirmation of diabetes, rats
were treated with A. judaica (300 mg kg™' day ', p.o.) daily for six weeks. Diabetic rats
demonstrated a significant increase in fasting blood glucose and glycosylated hemoglobin
(HbAlc) and decrease in insulin levels. Hyperglycaemia-induced cardiac injury was
characterised by increased levels of creatine kinase-MB (CK-MB), lactate dehydrogenase
(LDH) and aspartate aminotransferase (AST) activities in the plasma, along with several
histological alterations in the myocardium. The hearts of diabetic rats showed increased levels of
malondialdehyde (MDA), with a significant decrease in the content of glutathione (GSH) and
the activities of superoxide dismutase (SOD) and catalase (CAT). The oral A. judaica treatment
ameliorated hyperglycaemia, prevented hyperglycaemia-induced cardiac injury, boosted
antioxidants and suppressed oxidative stress. These findings showed that A. judaica protected
against diabetes-induced cardiac injury through attenuation of oxidative stress. However, the
exact mechanism underlying the cardioprotective effects of A. judaica undoubtedly deserves
further exploration in future studies.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder

characterised by hyperglycaemia and associated with numerous acute
and chronic complications such as nephropathy, retinopathy and
cardiomyopathy. Diabetic cardiomyopathy (DCM) as one of the
common long-term diabetic consequences involves various
pathological changes in the myocardium that eventually lead to heart
failure."*Hyperglycaemia-mediated oxidative stress plays a crucial
role in the pathophysiological mechanisms underlying myocardial
damage in diabetic cardiomyopathy.>* Excess reactive oxygen species
(ROS) stimulate the inflammatory process and apoptotic death
pathways activation eventually culminating in myocardial damage and
development of DCM.*® Therefore, scavenging of ROS by
antioxidants has gained much attention as a promising approach to
attenuate DCM and other diabetes complications which are mediated
by oxidative damage.
Artemisia judaica L. (A. judaica) belongs to the family Asteraceae and
Artemisia genera which are widely used in folk medicine being
recommended by Bedouins in Middle Eastern countries where it is
known by the Arabic name “Al-ba'atharan”.® Traditionally, it is
widely used for the treatment of gastro-intestinal disorders, heart
diseases, erectile dysfunction, diabetes mellitus, wound healing, and
inflammatory related diseases such as arthritis.”Extracts and isolated
compounds from A. judaica have exhibited various biological and
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Medicinal characteristics including antibacterial,
antifungalinsecticidal, antioxidant, and antidiabetic effects.®® In
agreement with the traditional use of A. judaica for the treatment of
gastrointestinal disorders, cirsimaitin, the flavone isolated from A.
judaica, inhibited the amplitude of the phasic contractions and reduced
the tone of guinea-pig ileum.*

Phytochemicals of A. judaica from Algeria showed potent
antimicrobial and insecticidal effects."**? In addition, piperitone and
trans-ethyl cinnamate isolated from A. judaica exhibited effective
insecticidal and antifungal activities."*Piperitone from the plant was
also reported to have strong antioxidant activity.**> Furthermore, Liu
et al. (2004) has demonstrated the pronounced antioxidant capacity of
micropropagated A. judaica extracts and its flavanols contents.*®
Another in vitro study revealed the antioxidant activity of A. judaica
comparing to the synthetic antioxidant Trolox."’Moreover,
toxicological study of water and ethanol extracts of A. judaica
reported that there was no mortalities in mice following oral
administration of aqueous extract of A. judaica at doses up to 5 g/kg
b.wt, while the LDs, of ethanol extract was found to be 9.17 g/kg b.wt,
concluding that A. judaica is non-toxic plant. Authors also reported
the hypoglycaemic effects A. Judaica extracts in alloxan-induced
diabetic rats.’® This study investigated the possible cardioprotective
effect of A. judaica on diabetes-induced cardiac injury in rats.

Materials and Methods

Animals
Male Wister rats (200-250 g) were used in the study. The animals
were acclimatized for one week. They were housed in stainless steel
cages under normal laboratory conditions with a 12 h light/dark cycle
and were fed with normal laboratory pellet diet, and the animals had
free access to tap water. All the experimental procedures were carried
out in accordance with the guide of (NIH Publication No. 8523,

722

© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.tjnpr.org/
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/gastrointestinal-disease
mailto:wsam.amarat@bau.edu.jo
http://www.doi.org/10.26538/tjnpr/v1i4.5
https://creativecommons.org/licenses/by/4.0/

Trop J Nat Prod Res, October 2020; 4(10):722-727

revised 1996) and were approved by the animal ethics committee of
the institution (Reference no. RC/198/2019).

Preparations of A. judaica extract

The fresh plant was collected from Wadi Rum (South Jordan) in April
2020. The dried plant powder (100 g) was extracted using 80%
ethanol (1 L) by shaking at room temperature for 42 h. The extract
was filtered through filter paper and evaporated to dryness under
reduced pressure in a rotatory vacuum evaporator at temperature not
exceeding 45°C. The extracts were dissolved in dimethyl sulphoxide
(DMSO) for oral administration.*®

Induction of type 1 diabetes

Experimental diabetes in rats was induced by single intraperitoneal
(i.p.) injection of 50 mg/kg streptozotocin (STZ; Sigma, St Louis,
MO, USA) dissolved in 0.1 M citrate buffer (pH 4.5).2 5% glucose
solution in drinking water was provided overnight to overcome the
drug-induced hypoglycemia.®®Hyperglycaemia was confirmed one
week later and rats that had fasting glucose levels more than 250
mg/dL were used for the experiments.

Experimental design

After confirmation of diabetes, the rats were divided into four groups
of six animals. The first group (control) normal control group received
the vehicle (DMSO) orally for six weeks. The second group (A.
judaica group) was non-diabetic group received A. judaica extract
(300 mg kg ™' day ") daily orally. The third group (STZ) was untreated
diabetic group, while the fourth group (STZ + A. Judaica) diabetic
group received A. judaica extract (300 mg kg™' day™") daily orally.?
The dose of A. judaica extract used in this study was based on
previous studies which revealed the hypoglycaemic, neuro-protective
and renal protective effects of A. judaica extracts in vivo without
reporting any toxic effects 8%

At the end of the experiment (six weeks), rats were fasted overnight,
anaesthetized with diethyl ether and blood sample was collected
through cardiac puncture into heparinized tube. The blood sample was
centrifuged at 1200 g for 10 min and the plasma collected was stored
at -20 °C until biochemical analysis. The small amount of blood was
mixed with anticoagulant (EDTA) and kept in refrigerator for further
HbAlc assessment. The rats were then immediately euthanized; the
hearts were excised and cleaned with cooled saline. The left part of the
heart was homogenized in cooled buffered saline for biochemical
assays, while the right part was fixed in 10% formalin for histological
examinations.

Biochemical assay

Plasma glucose levels were estimated using a commercial kit provided
by BioMed Diagnostics (White City, OR, USA) based on enzyme
colorimetric method utilizing glucose oxidase enzyme.? Percentage of
HbAlc in blood samples was determined by a kit provided by
Biosystems (Costa Brava, Barcelona, Spain). An enzyme-linked
immunosorbent assay (ELISA) kit purchased from Ray Biotech
(Norcross, GA, USA) was used for detection of insulin levels in the
plasma samples.

The activities of three cardiac enzymes, including creatine kinase-MB
(CK-MB), lactate  dehydrogenase  (LDH) and  aspartate
aminotransferase (AST), were estimated in plasma samples to evaluate
the degree of myocardium damage in treated and control groups.
Determination of the enzymes activities was performed according to
the standard methods using Kits purchased from Spinreact (Girona,
Spain) and BioVision (Milpitas, CA, USA).>%

The malondialdehyde (MDA) contents were measured in the heart
homogenate (10% w/v in 10mM ice-cold Tris—HCI buffer (pH 7.4))
according to the method of Ohkawaet al.** Reduced glutathione
(GSH), superoxide dismutase (SOD) and catalase (CAT) were
determined according to the methods of Beutleret al.,*Nishikimiet
al.®® and Aebi,® respectively. The protein content in the heart
homogenate was assayed according to the previously described
method of Lowry et al.?®
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Histopathological examination

Specimens from the hearts of control and treated rats were collected
and fixed in 10% neutral buffered formalin solution for 48 h and
processed for paraffin embedding then 5-micron thick sections were
sliced using a microtome. The sections were routinely stained with
hematoxylin and eosin (H&E) before they were examined under light
microscope.”

Statistical analyses

All results were expressed as mean + standard error of the mean
(SEM) and all statistical comparisons were performed using GraphPad
Prism 5 software (San Diego, CA, USA). Statistical significance
among groups was determined by 1-way ANOVA test followed by
Tukey's post-hoc analysis. A P value < 0.05 was considered
significant.

Results and Discussion

A. Judaica improves body weight and ameliorates hyperglycaemia in
type | diabetic rats

As shown in Figure 1A-D, diabetic rats showed a significant decrease
in body weight, increased glucose and HbAlc levels and decreased
insulin levels. All these changes were ameliorated when rats were
treated with A .judaica extract during the course of diabetes (Figure
1A-D). Oral administration of A .judaica extract for 6 weeks did not
affect glucose, HbAlc or insulin levels in normal rats.

STZ-induced diabetes has been widely used as an experimental model
of type 1 diabetic rats to investigate therapeutic effects of
hypoglycemic agents in vivo.*3* Necrosis of pancreatic f-cells and
induction of type 1 diabetic rats after STZ administration is attributed
to over production of hydrogen peroxide and hydroxyl radicals
causing oxidative damage to DNA and cell membrane in addition to
induction of protein glycation in the susceptible pancreatic g-cells
which are characterized by low antioxidants enzymes.*® STZ-injected
group in the study demonstrated significant hypoinsulineamia
associated with hyperglycaemia and increased HbA1c%. Furthermore,
the prolonged hyperglycaemia in induced diabetic rats continues to
stimulate overproduction of oxidative agents causing progressive
damage to pancreas and other tissues worsening the hyperglycaemia
levels.* Treatment of diabetic rats with A. judaica extract increased
insulin level and attenuated serum glucose and HbA1c% in diabetic
rats. Consistently, previous reports have demonstrated the in vivo
hypoglycaemic action of A. Judaica.’**A recent study showed that A.
judaica suppressed oxidative damage and inflammation in the
pancreas along with attenuated pancreatic lesions, which could explain
the ameliorated hypoinsulineamia and hyperglycaemiain STZ-induced
diabetic rats.®*A. judaica has also been shown to inhibit dipeptidyl
peptidase IV and pancreatic/intestinal enzymes of the carbohydrate
absorption cascade in vitro.*® Furthermore, phytochemical screening
of the ethanolic extract of the aerial parts of A. judaica showed that
they are rich in flavonoids, saponins, terpenes, and tannins; which can
inhibit cAMP phosphodiesterase, which is a modulator of insulin
secretion.®

Additionally, diabetic rats showed body weight loss which could be a
direct result of decreased glucose utilization as an energy source in the
cells concomitant with increased protein and fat catabolism.*’Herein,
A. judaica administration prevented body weight loss of diabetic
animals compared to the untreated diabetic animals. This finding
could be attributed to the positive effects of A. judaica on insulin and
glucose homeostasis.

A. judaica protects against hyperglycaemia-induced cardiac injury

As shown in Figure 2A-C, diabetic rats showed a significant increase
in CK-MB, LDH and AST as compared to the control rats. Treatment
of the diabetic rats with A. judaica extract for 6 weeks attenuated the
circulating levels of CK-MB, LDH and AST (Figure 2A-C). Healthy
animals treated with A. judaica extract for 6 weeks showed no
significant changes in plasma levels of the assayed cardiac function
markers.
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Upon cardiomyocytes injury, the membrane integrity is lost and
intracellular enzymes, including CK-MB, LDH and AST, are released
into the circulatory system; therefore, high levels of these biomarkers
in blood indicate degenerative and necrotic changes in cardiac tissue.®
Remarkably, treatment of diabetic rats with A. judaica ameliorated the
circulating CK-MB, LDH and AST activities, and protected against
hyperglycaemia-induced cardiomyocytes injury, suggesting its
cardioprotective effects. These findings are in agreement with
previous reports which showed that A. Judaica protected against
organs damage and cellular enzymes leakage in rodents through its
membrane-stabilizing property .2

The protective effect of A. judaica against diabetes-mediated cardiac
injury was further confirmed by the histological findings. H&E stained
sections in the heart of both control (Figure 3A) and A. judaica-
administrated rats (Figure 3B) showed normal morphological features
microscopically. In contrast, sections in the heart of diabetic rats
demonstrated serous atrophy (mucoid degeneration) in coronary and
intramuscular fats was noticed in this group (Figure 3C). Hyaline
degeneration of myocardial muscle fiber with pyknotic nuclei could be
seen. Other section myocardial necrosis infiltrated by inflammatory
cells mainly lymphocytes (Figure 3D). Treatment with A. judaica
ameliorated the diabetes-induced cardiac injury as showed in Figure
3E and F.
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A. judaica attenuates myocardial oxidative stress in diabetic rats
Diabetic rats showed a significant increase in MDA (Figure 4A)
associated with a significant decrease in GSH (Figure 4B) content and
SOD (Figure 4C) and CAT activities (Figure 4D). All these changes
were significantly attenuated when rats were treated with A. judaica
during the course of diabetes (Figure 4A-D).

A substantial amount of experimental evidence suggests that
hyperglycaemia-mediated oxidative stress has a pivotal role in
diabetes complications.***% In the present study, diabetic rats showed
a significant increase in MDA, a marker of lipid peroxidation, in the
myocardium. Lipid peroxidation might impair membrane function and
structural integrity, decrease membrane fluidity and inhibit a number
of membrane-bound enzymes.* Moreover, ROS can diminish the
cellular antioxidant capacity by promoting oxidation of the antioxidant
enzymes,l'2 which could explain decreased GSH content and SOD and
CAT activities in the diabetic heart. Therefore, maintenance of redox
balance in the cells is an important therapeutic strategy to attenuate
oxidative stress in various diseases. Remarkably, A. judaica treatment
attenuated MDA and boosted antioxidants in the hearts of diabetic
rats. In this context, A. judaica attenuated hyperglycaemia®* and
doxorubicin® induced tissue injury by suppressing lipid peroxidation
and restoration of endogenous antioxidants.'” These findings indicate
that A. judaica could protect against cardiac injury by attenuating
oxidative stress, which could be attributed to its antioxidant and
antiperoxidative properties.
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Figure 1: A. judaica improves body weight (A) and attenuates hyperglycaemia (B), HbA1c% (C) and insulin levels (D) in STZ-induced
diabetic rats. Data are the meant SEM. (a or b) Significantly different from the control or STZ group respectively at P < 0.05.
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Figure 2: A. judaica ameliorates diabetes-induced cardiac damage in rats. Treatment with A. judaica for 6 weeks ameliorated serum
levels of CK MB (A), LDH (B) and AST (C) in diabetic rats. Data are the mean+ SEM. (a or b) Significantly different from the control or

STZ group respectively at P < 0.05.

Figure 3: A. judaica prevents histological alterations in the heart of diabetic rats. Representative photomicrograph of the heart of
the control rats and A. judaica showing normal cardiac structures (myocardial striations, spaces, and nuclei) (A and B). Sections
from the heart of diabetic rats showing serous atrophy of coronary fat (star) (C) and necrotic area (star) infiltrated with
lymphocytes (arrow) (D). Representative photomicrograph of the heart of diabetic rats treated with A. judaica for 6 weeks
showing restoration of the normal appearance of cardiomyocytes(E) and proliferation of sarcolemma nuclei (arrows) (F).
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Figure 4:A. judaica ameliorates diabetes-induced myocardial oxidative stress in rats. Treatment with A. judaica for 6 weeks
ameliorated MDA contents (A), GSH levels (B) and SOD (C) and CAT (D) activities in the diabetic myocardium.
Data are the meanx SEM. (a or b) significantly different from the control or STZ group, respectively at P < 0.05.

Conclusion

The present study demonstrates that A. judaica ameliorates
hyperglycaemia and consequently protects against oxidative stress and
its mediated cardiac injury via elevation of insulin level and posting
antioxidant enzymes. Thus, A. judaica possesses a therapeutic
potential for the treatment of DCM. However, the exact mechanism
underlying the cardioprotective action of A. judaica undoubtedly
deserves further exploration in future studies.
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