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Context: There are some reports about protective effects of Achillea on the heart.
Objective: We investigated the effect of Achillea wilhelmsii extract on cardiac function during ischemia
ereperfusion (I/R) injury in the isolated rat heart.
Materials and methods: 60 male Wistar rats were randomly divided into 6 groups; 1: Control group, 2:
Control-ischemia (CI) 3: vitamin C (10 mg/kg), 4e6: Extract groups (E 100, E 200 and E 400 mg/kg). The
animals received normal saline, vitamin C or A. wilhelmsii extract orally for 4 weeks. At the end of the
treatment, the hearts were subjected to in vitro I/R Injury (20 min of global ischemia, followed by 40 min
of reperfusion, Langendorff's mode). Heart rate (HR) and left ventricular pressure (LVP) were measured
using a pressure transducer connected to a data acquisition system. Lactate dehydrogenase (LDH) and
creatine kinase (CK) activities in the effluent were measured to determine the myocardial injury degree.
The malondialdehyde (MDA), total thiol groups (-SH), superoxide anion dismutase (SOD) and catalase
(CAT) in myocardial tissue were detected to determine the oxidative stress degree.
Results: Pretreatment with Achillea wilhlemsii significantly decreased the LDH, CK activities, and MDA
level, while it increased the LVDP, ±dp/dtmax, rate-pressure product (RPP), SH groups, SOD and CAT ac-
tivities, and also the coronary artery flow.
Discussion and conclusion: Our findings indicated that Achillea wilhelmsii could provide protection for
heart against the I/R injury which may be related to the improvement of myocardial oxidative stress
states.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Ischemic heart disease (IHD) is a major cause of death in the
world. The high mortality is due to poor recovery of hearts from
IHD and cardiac remodeling induced by progressive necrosis and
apoptosis in the myocardium.1,2 As reduction of coronary blood
flow leads to IHD, restitution of blood flow (reperfusion) of the
affected area is the only logical treatment for this condition.
However, reperfusion itself has been shown to exacerbate
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myocardial cellular injury, popularly known as ische-
micereperfusion (I/R) injury.3 I/R injury is known to increase the
levels of reactive oxygen species (ROS) several-fold which can lead
to apoptosis.4,5 Bioactive natural substances having the additive
and synergistic effects in plant food are responsible for their
potent antioxidant activities.6e10 Medicinal plants have been used
for over 2000 years and an increasing attention has been paid to
herbal medicine products because of their effectiveness and lower
cost in recent years. Achillea, is one of the most important genera
of the compositae family and comprises more than 140 spices. Its
several effects such as anti-inflammatory,6 antibacterial,7e9 anti-
tumor,10,11 antispasmotic,12,13 choleretic,14 antiulcer,15 and hep-
atoprotective13 have been reported in previous studies. Literature
search shows that the, flavonoids, polyphenols, terpenoids (ses-
quiterpenoids, monoterpenoids, diterpenes, triterpenes), lignans,
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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amino acid derivatives, cineol, lignans, dicaffeoylquinic acids,
rutin, b-pinen, sabinen, thujone, borneol, fatty acids and
alkamides such as p-hydroxyphenethylamide IV have been iden-
tified in Achillea species.16e22 There are some reports on cardio-
vascular effects of Achillea on electrocardiogram and cardiac
enzymes.23 Moreover the hypotensive,24 antihypertensive and
antihyperlipidemia effects of this plant have been shown.25 Since
Achillea genus is widespread all over the world, its species have
been used by local people as folk or traditional herbal medicines.
Bumadaran is a popular name for several species of Achillea in
Persian language. They are reported as tonic, diaphoretic, diuretic
and emmenagogic agents and have been used for treatment of
chest pain (heart spasm), heart phlegm, hemorrhage, pneumonia,
rheumatic pain and wounds healing in Persian traditional litera-
ture.26,27 The composition of Iranian Achillea wilhelmsii (A. wil-
helmsii) extract were also previously determined (Table 1).22,28

Thus regarding to cardiovascular relieving properties of this
plant, we evaluated the effects of A. wilhelmsii on cardiac func-
tional parameters and oxidative stress injury in a model of I/R
injury in the isolated rat heart.

2. Methods

2.1. Plant material and preparation of the extract

The aerial part of A. wilhelmsii was collected in summer
(JulyeAugust 2014) from Khorasan Province, Neyshabour, Iran,
and identified by Ferdowsi University Herbarium (voucher No.
164-2218-2) and then dried at room temperature. Four hundred
grams of aerial parts of the plant were soaked in ethanol (50%) for
48 h and paper filter was used to filter the solute after mixing.
The solution was then dried using a 40 �C oven for 72 h. The dried
extract was dissolved in the distilled water to obtain the doses of
100, 200 and 400 mg/kg.

2.2. Animals and experimental design

In this study 60 male Wistar rats weighing 250e280 g were
divided into 6 groups, n ¼ 10 for each. Animals were maintained
under 12 h light and 12 h of darkness, unrestricted access to food
Table 1
Composition of the essential oil of Achillea wilhelmsii and list of its flavonoids.

Components % Flavonoid
Number

Names

1,8-Cineole 3.6 I Cynaroside
Linalool 5.5 II Cosmosiin
alpha-Campholenal 1.5 V Luteolin
Camphor 9.0 VI Apigenin
Isoborneol 0.1 XX Centaureidin
Borneol 6.1 XXI Quercetin
para-Cymene 0.5 XXIII 3'-methoxy luteolin
Chrysanthenol acetate 2.8 XXIV Luteolin 7-O-glucoside
Bornyl acetate 0.1 XXV Apigenin 7-O-glucoside
Isobornyl acetate 0.5 XXVII 5-hydroxy 30 , 40 , 7-tetra

methoxy flavone
Carvacrol 2.0 XXVIII Salvigenin
Geranyl acetate 1.2 XXXIV Galangin
Caryophyllene 1.0 XXXV Eupatilin
cis-Nerolidol 10.8
Caryophyllene oxide 12.5
Oleic aldehyde 6.7
Farnesol 1.4
2-Hydroxycyclopenta-decanone 1.5
cis-alpha-Santalol acetate 3.3
Essential oil yield

(ml/100 g dry weight)
0.4
and water at 22 ± 4 �C. All experiments were conducted in accor-
dance with the internationally accepted principles for laboratory
animal use and care and with institutional guidelines. The animals
received different doses of the extract (100, 200 and 400 mg/kg),
vitamin C (Vit C) (10 mg/kg) and equal volume of saline (Control-
Ischemia, CI) by gavage for 4 weeks.

Vitamin C was used as a positive control29 and also for compar-
ison of its efficacy as an antioxidant with that of A. wilhelmsii. At the
end of this period, the animalswere anesthetized by intraperitoneal
injection of ketamine (60 mg/kg) and after tracheotomy and open-
ing the chest, the hearts were excised quickly and cooled in ice-cold
saline until contractions stopped. Hearts were then mounted on a
Langendorff apparatus and perfused isovolumically at a constant
pressure of 70 mmHg with a non-recirculating Krebs e Ringer bi-
carbonate solution of the following composition (in mmol/L): NaCl,
120; HNaCO3, 25; KCl, 4.8; MgSO4, 1.33; KH2PO4, 1.2; CaCl2, 1.6; Na2
EDTA, 0.02; and glucose, 10. The perfusate was gassed with 95 % O2
and 5% CO2 (pH 7.4) and kept at a constant temperature of 37 �C.
Isolated hearts underwent 30 min stabilization, then 20 min global
ischemia (achieved by total perfusion arrest) and 40 min
reperfusion.

2.3. Measurement of heart hemodynamic parameters

For measurement of left ventricular pressures, the left atrium
was removed, and a latex balloon connected to pressure transducer
was inserted into the left ventricle through the mitral valve. The
volume of the balloon was adjusted to obtain left ventricular end-
diastolic pressure of 10 mmHg. The indices of myocardial func-
tion were left ventricular developed pressure (LVDP), which was
defined as peak systolic pressure minus end diastolic pressure,
heart rate (HR; cardiac spontaneous rhythmwas counted per min),
peak rate of contraction (þdp/dtmax), peak rate of relaxation (�dp/
dtmin) and the rate pressure product (RPP¼ LVDP�HR)whichwere
obtained using a digital data acquisition system (AD instrument,
Australia). Coronary flow (CF) wasmeasured by timed collections of
the coronary effluent.

2.4. Enzymes activities assays

To determine lactate dehydrogenase (LDH) and creatine kinase
(CK) activity, as myocardial damage markers in the perfusate,
samples were collected from the coronary effluent before 2 min of
ischemia and during first 8 min of reperfusion. LDH and CK were
assayed spectrophotometrically using commercial kits (Pars
Azmoon, Iran).

2.5. Assay of oxidative stress

When the perfusions finished, we froze the hearts under the
condition of�70 �C to prepare for further testing. The frozen hearts
were crushed to powder by liquid nitrogen-chilled tissue pulver-
izer. For tissue analyses, weighed amounts of the frozen tissues
were homogenized in appropriate buffer using microcentrifuge
tube homogenizer.

2.6. Assessment of lipid peroxidation

MDA level is as an index of lipid peroxidation. MDA reacts with
thiobarbituric acid (TBA) as a TBA reactive substance (TBARS) and
produces a red complex. Briefly, 1 mL of homogenates was added to
2 mL of a complex solution containing TBA/trichloroacetic acid
(TCA))/hydrochloric acid (HCL) and it was then boiled in a water
bath for 40 min. After reaching to the room temperature, the so-
lution was centrifuged at 1000 g for 10 min. The absorbance was
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read at 535 nm30 and was expressed as TBARS in nmol/g tissue
weight, using an extinction coefficient of 1.56 � 105 cm�1 M�1.

2.7. Determination of thiol concentration

DTNB (2, 20-dinitro-5, 50-dithiodibenzoic acid) reagent, which
reacts with the SH group, was used to determine the total thiol
groups. The produced yellow complex has a peak absorbance at
412 nm. Briefly, 50 mL of tissue homogenates was added to 1 mL
Tris-EDTA) ethylenediaminetetraacetic acid) buffer (pH ¼ 8.6) and
the absorbance was read at 412 nm against Tris-EDTA buffer alone
(A1). Then, 20 mL of 10 mM solution of DTNB was mixed with the
solution and it was stored in room temperature for 15 min and the
absorbance was read again (A2). The absorbance of DTNB reagent
was also read as blank (B).31 The thiol levels were determined by a
spectrophotometric method based on the use of Ellman's reagent.

Total thiol concentration (mM)¼ (A2�A1�B)�1.07 / (0.05�14,150)

2.8. Determination of superoxide dismutase (SOD) activity

SOD activity was measured by the procedure of Madesh and
Balasubramanian. A colorimetric assay involving generation of su-
peroxide by pyrogallol auto-oxidation and the inhibition of
superoxide-dependent reduction of the tetrazolium dye, MTT (3-(4,
5-dimethylthiazol-2-yl) 2, 5-diphenyltetrazolium bromide) to its
Formosan by SOD was measured at 570 nm. One unit of SOD ac-
tivity was defined as the amount of enzyme causing 50% inhibition
in the MTT reduction rate.32

2.9. Determination of catalase (CAT) activity

Catalase activity was measured according to the Aebi method.
The principle of the assay is based on the determination of the rate
constant, k, (dimension: s�1, k) of hydrogen peroxide decomposi-
tion. By measuring the decrease in absorbance at 240 nm per
minute, the rate constant of the enzyme was determined. Activities
were expressed as k (rate constant) per liter.33

2.10. Analysis of results and statistical analysis

Values are mean ± SEM. Comparisons between datasets were
made using ANOVA followed by the Tukey's test. Significance was
set at p < 0.05.

3. Results

Since the changes in all cardiac parameters were almost similar
in all of the time duration before ischemia and as well as those of
after reperfusion we mentioned only the average changes of 2 min
before ischemia and the first 10 min of reperfusion period. As it is
obvious in following, cardiac function factors and CF in CI group
significantly suppressed during ischemic period compared to con-
trol group (p < 0.001). Moreover in order to prevention of much
more chaos in figures, comparisons were made between the best
responded group and CI group.

3.1. The effects of A. wilhelmsii on cardiac function and coronary
flow (CF)

In the first 2 min after the reperfusion, heart rate in group of
extract 400 showed a significant increase compared to the CI group
(p < 0.01), however this increasing trend continued slowly by the
end of reperfusion period (p < 0.05) (Fig. 1).
In the first 10 min after the establishments of reperfusion, LVDP
and RPP in group of extract 400 increased compared to the CI group
(p < 0.01 to p < 0.001). Comparing the trend of increase in LVDP
between all groups using repeated measures ANOVA test, also
showed a significant increase in the extract 400 group compared to
the CI group (p < 0.05) (Fig. 1).

þdp/dtmax also showed increased trend during the first 10min of
reperfusion in group of extract 400 compared to CI group
(p < 0.001). In the other hand, �dp/dtmin in the groups of extract
400 decreased compared to the CI group (p < 0.01) (Fig. 2).

CF in all three groups of the extract increased compared to the CI
group during the first 10 min of reperfusion however this increase
was significant only in group of extract 400 (p < 0. 01) ( (Fig. 3).

3.2. The effects of A. wilhelmsii on cardiac lactate dehydrogenase
(LDH) and creatine kinase (CK) release

The extent of reperfusion injury in the all groups of hearts was
determined from the release of a marker intracellular enzyme into
the effluent. As shown in Fig. 3, after 20 min of ischemia, in the first
moments, the leakage of LDH and CK markedly increased in CI
group compared to control group (p < 0.001). The A. wilhelmsii
pretreatment by dose of 400 mg/kg significantly reduced the I/R
injury-induced increase in LDH and CK release in rat heart (p < 0.05
to p < 0.01) (Fig. 3)

3.3. The effects of A. wilhelmsii on oxidative stress state induced by
I/R injury

To identify the possible mechanisms of A. wilhelmsii on car-
dioprotection, the TBARS and thiol levels as well as SOD and CAT
activities were determined in myocardial tissue. As shown in Fig. 4,
the TBARS level, that had been elevated in CI group (p < 0.05 vs
control) was significantly decreased in all groups of vit C and ex-
tracts compared to CI group (p < 0.01 to p < 0.001), the total thiol
concentration, that had been decreased in CI group (p < 0.05 vs
control) showed significant increase in groups of vit C, extract 200
and 400 compared to CI group (p < 0.05 to p < 0.01).

The SOD and CAT activities significantly increased in groups of
extract 200 and 400 after reperfusion compared to CI group
(p < 0.01 to p < 0.001), while these values showed significant re-
ductions in CI group compared to control group (p < 0.001) (Fig. 5).

4. Discussion

Various effects of Achilleamay be due to the presence of a broad
range of secondary active metabolites which have been frequently
reported from various species of this plant. Previous studies
determined over 70 compounds in the different Achillea species
samples from several provinces of Iran.16,22,28,34 The percentage of
chemical composition of the plant can vary depending on the
species, however, all it contains flavonoids. Achillea is a rich source
of unique antioxidants due to its flavonoid content.18e21,23,24

Flavonoids are known to protect against myocardial I/R injury by
their multifaceted properties, such as anti-inflammatory, antioxi-
dant, vasodilatory, and antiplatelet aggregation.35

I/R injury leads to heart dysfunction, which is one of the most
significant etiological factors.36 The data obtained in this study
showed, significant myocardial dysfunction, including changed
hemodynamic parameters (HR, LVDP, RPP, ±dp/dtmax and CF) after
reperfusion of the ischemic myocardium. This is in agreement with
numerous reports, indicating reperfusion as a key trigger of a
number of events leading to myocardial dysfunction associated
with I/R injury.



Fig. 2. Time course of change in the rate of ventricular pressure development (þdp/dt) and the rate of ventricular pressure decline (�dp/dt) in control, control ischemia, Vit C and
different doses of Achillea wilhelmsii extract (100, 200 and 400 mg/kg; Ext 100, Ext 200, Ext 400) treated rat groups during ischemiaereperfusion. The data provided are
mean ± SEM. þþp < 0.01 and þþþp < 0.001 compared to control group. **p < 0.01 and ***p < 0.001 compared to control ischemia group.

Fig. 1. Time course of change in Heart rate, left ventricular developed pressure (LVDP) and rate pressure product (RPP) in control, control ischemia, Vit C and different doses of
Achillea wilhelmsii extract (100, 200 and 400 mg/kg; Ext 100, Ext 200, Ext 400) treated rat groups during ischemiaereperfusion. The data provided are mean ±
SEM. þp < 0.05, þþp < 0.01 and þþþp < 0.001 compared to control group. *p < 0.05, **p < 0.01 and ***p < 0.001 compared to control ischemia group.

M. Mahmoudabady et al. / Journal of Traditional and Complementary Medicine 7 (2017) 501e507504



Fig. 3. Time course of change in rate of coronary flow (CF), outflow of LDH and CK enzymes in control, control ischemia, Vit C and different doses of Achillea wilhelmsii extract (100,
200 and 400 mg/kg; Ext 100, Ext 200, Ext 400) treated rat groups during ischemiaereperfusion. The data provided are mean ± SEM. þp < 0.05, þþp < 0.01 and þþþp < 0.001
compared to control group. *p < 0.05, **p < 0.01 and **p < 0.01 compared to control ischemia group.

Fig. 4. The level of formation of thiobarbituric acid reactive substances (TBARS), expressed as nmol MDA/g heart weight and total thiol concentration in the heart tissues of control,
control ischemia, Vit C and different doses of Achillea wilhelmsii extract (100, 200 and 400 mg/kg; Ext 100, Ext 200, Ext 400) treated rat groups. þp < 0.05compared to control group,
*p < 0.05, **p < 0.01 and ***p < 0.001 Compared to control ischemia group.
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Severe tissue damage is known to occur during reperfusion due
to massive production of ROS.37 In the present study, administra-
tion of A. wilhelmsii extract improved the cardiac contractility and
left ventricular function, as evidenced by the increase in LVDP, RPP
and improvement of ±dp/dt. Since the A. wilhelmsii extract is
available at the time of reperfusion in pretreated groups, it can
scavenge the free radicals and reduce the reperfusion-induced
injury to the myocardium. In this regard also we found the



Fig. 5. SOD and CAT enzyme activity values in the heart tissues of control, control ischemia, Vit C and different doses of Achillea wilhelmsii extract (100, 200 and 400 mg/kg; Ext 100,
Ext 200, Ext 400) treated rat groups. þþþ p < 0.001 compared to control group, **p < 0.01 and ***p < 0.001 Compared to control ischemia group.
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former study that showed inotropic and chronotropic actions of
another species of this plant, Achillea millefolium, in sheep.23 This is
further supported by the decreased levels of cardiac marker en-
zymes LDH and CK indicating less tissue damage in the A. wilhelmsii
extract-treated myocardium as compared to I/R heart.

Vasodilatory action of A. wilhelmsii has been reported previ-
ously, thus the augmentation of CF in extract groups could be
attributed to this vasorelaxation which may be mediated by inhi-
bition of extracellular Ca2þ influx through voltage- and receptor-
operated Ca2þ channels (VDDCs and ROCCs) in vascular smooth
muscle cells.38 Although considering to the good effects of
A. wilhelmsii on LVDP in this study, it seems the reduction of dia-
stolic LVP ameliorates CF.

Augmentation of endogenous antioxidants (SOD, CAT, thiol)
has been recognized as an important pharmacological property,
present in natural as well as many synthetic compounds like
vitamin C.39,40 This constitutes a major mechanism of protection
against oxidative stress, offered by them.41,42 The most abundant
ROS generated in living system is superoxide radical which is
acted upon by SOD to produce hydrogen peroxide which in turn is
inactivated by catalase into water and oxygen. Thus an increase in
both SOD and catalase along with elevation of thiol groups is
considered to be more beneficial in the event of oxidative stress.43

Increase in myocardial MDA which is a marker of lipid peroxida-
tion and depletion of myocardial endogenous antioxidants sup-
port the occurrence of oxidative stress in the control hearts
following ischemiaereperfusion in the present study. Hearts from
A. wilhelmsii fed rats in higher doses were protected against
oxidative stress, as evidenced by inhibition of increase in MDA,
depletion of SOD, catalase, and thiol group following ische-
miaereperfusion. Administration of A. wilhelmsii and vitamin C
prevented the I/R induced oxidative stress and maintained the
levels of the anti-oxidant enzymes almost comparable to that of
the normal control. The mechanism of such protection can be
related to the augmented endogenous antioxidant reserve of heart
in the higher dose that is in agreement with previous report of
protective antioxidant properties of A. wilhelmsii,34 specially the
recovery of cardiodynamics and oxidative stress data in the group
of vitamin C could be a reason for this claim. As it is obvious in our
data, the higher dose of extract had more preventive effects
against oxidative stress as well as in ameliorating the cardiody-
namics disorders caused by I/R injury, even better than vitamin C.
This improvement may be attributed to the higher amount of
flavonoids, which are known for their interesting activities in
cardiovascular diseases, in higher doses of plant extract.
In the other hand, former reports about the beneficial effects of
other different plant extracts on the I/R induced injury revealed
that the improved conditions had been due to the antioxidant
properties of their constituents.44e46

Regarding to the observations made in the present study,
administration of A. wilhelmsii significantly enhanced the resumer
of I/R-altered cardiac function by blunting the reduction of LVDP,
maximum up/down rate of left ventricular pressure (±dp/dtmax),
and CF decreased by I/R injury. Also, A. wilhelmsii treatment
resulted in significant modulation of cardioprotection content, the
MDA and thiol level and also SOD and CAT activity.

5. Conclusions

Therefore, it can be concluded that the aqueous extract of
A. wilhelmsii possesses obvious protective effects on myocardial I/R
injury, which may be concerned with the improvement of
myocardial oxidative stress states and this may be attributed to the
cardiac relief property of A. wilhelmsii that has been mentioned in
traditional usage.

However, further studies are required to establish the mecha-
nism, underlying the augmentation of tissue antioxidants.
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