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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is a major risk factor
for cardiovascular disease (CVD) development. The pharmacological
treatment of T2DM can increase cardiovascular risk in diabetic patients.
Carqueja (Baccharis trimera) is an antioxidant and hypoglycemic
medicinal plant with promising action for T2DM non-pharmacological
treatment. Objectives: The objective of this study is to investigate
carqueja essential oil safety on the cardiovascular system of diabetic and
non-diabetic rats. Materials and Methods: Four experimental groups
were used to analyze the carqueja essential oil effects: control group
(n = B), carqueja-treated control group (n = 4), diabetic control group
(n = 4), and carqueja-treated diabetic group (n = 5). T2DM was
induced by hypercaloric diet followed by streptozotocin administration.
Electrocardiogram parameters were used to analyze the alterations in
the cardiovascular system. Results: Diabetic rats showed ventricular
repolarization dysfunction with prolongation of QT and corrected QT
intervals. The treatment increased ventricular repolarization duration
in the control group. Conclusion: Carqueja essential oil treatment
worsens ventricular repolarization in nondiabetic rats, increasing the
arrhythmogenic risk.
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SUMMARY

e Carqueja (Baccharis trimera) is an antioxidant and hypoglycemic medicinal
plant with promising action for type 2 diabetes mellitus non-pharmacological
treatment

e There are no safety studies regarding the effects of carqueja essential oil
consumption

e \We investigated carqueja essential oil safety on the cardiovascular system of
diabetic and nondiabetic rats

e Carqueja essential oil treatment induced heart hypertrophy and ventricular
repolarization prolongation in nondiabetic rats, increasing the arrhythmogenic
risk.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is considered as a global epidemic.!"?
Its prevalence was 4.7% (108 million people) in 1980 and increased to
8.5% in 2014, which represents 422 million people with diabetes.”® It
caused 1.6 million deaths in 2015, being the sixth-leading cause of death
worldwide.! Furthermore, it is a major risk factor for cardiovascular
diseases (CVDs), the leading cause of death in worldwide, responsible
for 17.3 million deaths per year.[**!
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Abbreviations Used: T2DM: Type 2 diabetes mellitus, CVDs: Cardiovascular
diseases, CoV: Control group, CoCar: Carqueja-treated control group,
DMV: Diabetic control group, DMCar: Carqueja-treated diabetic group,
QTc intervals: Corrected QT interval, CEUA: Ethics Committee on the
Use of Animals, UNIRIO: Federal University of the State of Rio de Janeiro,
ECG: Electrocardiogram recording, HW/BW: Heart weight body weight
hypertrophy index, ANOVA: Analysis of variance, SEM: Standard error of
the mean, Ito: Transient outward potassium
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Diabetic cardiomyopathy, one of the chronic complications of T2DM, is
associated with cardiac hypertrophy and ventricular dysfunction, inducing
to heart failure, also responsible for elevated mortality rates.* The adequate
treatment of T2DM could decrease the progression of these complications,
reducing mortality related to CVDs; however, it has been demonstrated
the association between diabetes pharmacological treatment, like the
sulphonylurea therapy, and the increase of cardiovascular risk, making the
study of new therapeutic targets promising.”

In this regard, the medicinal plant carqueja (Baccharis trimera) stands
out, since it acts as a hypoglycemic and antioxidant, probably due to
its high flavonoid concentration on total extract and to high levels of
carquejol and carquejyl acetate on essential 0il.**! Even though carqueja
has been used as a very old therapeutic plant by the popular alternative
medicine, there is a shortage of studies about this medicinal plant
safety, mainly related to its essential oil fraction.”® Hence, the objective
of this study is to investigate the safety of carqueja essential oil for the
cardiovascular system.

MATERIALS AND METHODS

Model and experimental design

This pilot study used 18 Wistar male rats weighing 250-350 g, which
were randomly divided in four experimental groups: control group
(CoV; n = 5), carqueja-treated control group (CoCar; n = 4), diabetic
control group (DMV; n = 4), and carqueja-treated diabetic group
(DMCar; n = 5). All procedures were approved by the Ethics Committee
on the Use of Animals (CEUA) of the Federal University of the State of
Rio de Janeiro (UNIRIO), whose protocol is CEUA-UNIRIO/2012014-2.

Experimental diabetes induction

T2DM was induced by cafeteria diet produced using the powdered
normal diet, chocolate, peanut, and biscuit (ad libitum for 3 weeks)
followed by a single intraperitoneal injection of streptozotocin
(35 mg/kg)."”) Concomitantly to this protocol, the animals in the control
groups received a standard rodent diet (Nuvilab', Brazil). T2DM was
confirmed by glucose dosage (glucometer G-Tech’, Brazil) from capillary
blood obtained from rat tail. The animals submitted to the protocol for
DM2 induction were considered diabetic whether showed glycemia
higher than 200 mg/dL. After confirmation of DM2, the rats of the DMV
and DMCar groups received the standard rodent diet until the end of the
protocol. The animals were weighed weekly.

Treatment

The CoCar and DMCar received carqueja essential oil (Laszlo’, Brazil)
diluted in Tween 80 (Merck’, Germany) (co-emulsifier of oil in water)

Table 1: Biometric and electrocardiographic parameters

in 0.01% aqueous solution. The other groups (CoV and DMV) received
only Tween 80 (co-emulsifier of oil in water) in 0.01% aqueous solution.
Both administrations were made by gavage with a daily dose of 20 mg/kg
for 3 weeks.

Electrocardiographic recordings

Electrocardiogram (ECG) recording was performed by the peripheral
and bipolar DII lead. For this, three metallic electrodes were surgically
implanted in the subcutaneous tissue of the animals, after general
anesthesia with thiopental (40 mg/kg) ip. The ECG was recorded with
awake animals, 24 h after the electrode implantation. Heart rate (HR),
P-wave and T-wave amplitudes, P-wave duration, QRS complex,
PR interval, and QT and corrected QT intervals were evaluated.
For QT correction, standard Bazett’s formula corrected QT (QTc)
= QT/VRR was used. All records were analyzed using LabChart
7.0 software (ADInstruments, USA).

Evaluation of cardiac hypertrophy

After the recordings, the animals were submitted to euthanasia through
anesthesia with intraperitoneal sodium thiopental (80 mg/kg) and
cardiac puncture. After euthanasia, each animal had the heart removed
and weighed. The division of the heart weight value by body weight
(HW/BW) was used as an index of cardiac hypertrophy.

Data analysis and statistics

The Shapiro-Wilk test was used to assess the distribution of the studied
variables. For the comparison of the variables between experimental
groups, it was used one-way ANOVA with a Newman-Keuls posttest,
for those presenting Gaussian distribution (final body weight, heart
weight, HW/BW, QT interval, QTc interval, HR, P-wave duration, PR
interval, and P- and T -wave amplitude), and Kruskal-Wallis test with
Dunnss posttest, for those with non-Gaussian distribution (QRS complex
duration). All results are expressed as mean * standard error of the
mean, and P < 0.05 was considered significant.

RESULTS

Table 1 shows the results of biometry and electrocardiogram.
As can be observed, comparing the four experimental groups,
there are no differences in total heart weight at the end of the
protocol. The animals of the DMV and DMCar groups presented
lower (P < 0.01) body weight at the end of the 4™ week when
compared to the groups CoV and CoCar. DMV and DMCar groups
showed an increased HW/BW (3.7 + 0.1 mg/g and 3.6 = 0.1 mg/g,
respectively) [Figure 1b] compared to CoV (3.1 + 0.1 mg/g) (P < 0.001)

CoV (n=5 rats)

CoCar (n=4 rats)

DMV (n=4 rats) DMCar (n=5 rats)

Biometry
Heart weight (mg) 1422.0+38.7
Final body weight (g) 461.2+12.9
Electrocardiogram
Heart rate (bpm) 365.1+17.8
P-wave duration (ms) 17.5%1.3
P-wave amplitude (uV) 174.8+29.1
T-wave amplitude (V) 383.2+70.5
PR interval duration (ms) 47.4+0.7
QRS complex duration (ms) 15.2+0.2

1500.0+99.1 1353.0+31.9 1288.0+24.9
472.5+30.9 362.0+9.1%%% 353.4+5.0*%%
362.1£9.8 299.6+9.7% 277.7+11.3%°5%
23.3£3.3 18.3+1.1 20.4+1.3
223.6%11.2 242.7%16.0 144.6+47.4
325.5£53.9 513.0+44.5 475.2463.2
54.2%2.7 48.9+2.1 46.4+2.1
15.6+0.7 16.6+1.0 18.9+1.8

Results are expressed as mean+SEM. Statistics analyses: Final body weight. Heart weight, P-wave duration, PR interval, and P- and T-wave amplitudes were evaluated
with one-way ANOVA and Newman-Keuls posttest. The QRS complex duration was evaluated with Kruskal-Wallis test and Dunn’s posttest. *P<0.01 versus CoV,
**P<0.01 versus CoV, “P<0.01 versus CoCar. ANOVA: Analysis of variance; SEM: Standard error of the mean; CoV: Control group; CoCar: Carqueja-treated control

group; DMV: Diabetic control group; DMCar: Carqueja-treated diabetic group
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and CoCar (3.2 £ 0.1 mg/g) (P < 0.01). Furthermore, the HW/BW was
not altered in CoCar compared to CoV.

Representative ECG traces of each experimental group are exposed
in Figure la. Concerning the ECG parameters, no differences were
observed comparing the duration and amplitude of the P-wave,
amplitude of the T-wave, duration of the QRS complex, and the
PR interval between the groups CoV, CoCar, DMV, and DMCar.
However, QT interval duration was significantly higher (P < 0.01) in
CoCar (65.2 + 1.5 ms) compared to CoV (57.8 + 1.6 ms). Furthermore,
the DMV and DMCar groups’ QT intervals (72.8 £+ 1.2 msand 75.4 + 1.2
ms, respectively) were higher compared to the CoV (P < 0.0001) and
to the CoCar group (P < 0.01 and P < 0.001, respectively [Figure lc].
The HR was significantly lower in diabetic rats from both DMV and
DMCar (299.6 + 9.7 and 277.7 + 11.3 bpm, respectively) compared to
control groups CoV and CoCar (365.1 + 17.8 and 362.1 + 9.8 bpm,
respectively).

The QTc interval [Figure 1d] was significantly increased (P < 0.01) in
the DMV (162.9 + 4.6 ms) and DMCar (162.2 + 3.4 ms) groups when
compared to the CoV group (139.5 + 4.3 ms). Interestingly, the CoCar
group QTc interval (160.2 + 3.9 ms) was increased (P < 0.01) compared
to the CoV group, matching with QTc of the diabetic groups.

DISCUSSION

The main finding of the present study is that chronic treatment with
carqueja essential oil prolongs ventricular repolarization (evidenced by
QT and QTc prolongation) in nondiabetic rats. Interestingly, it seems
to exert no effect on ventricular repolarization of diabetic rats. Diabetic
cardiomyopathy is associated with diastolic dysfunction, left ventricular

hypertrophy, and repolarization dysfunction which may be evidenced by
QTc interval prolongation.!!

Our data suggest that diabetic groups developed diabetic cardiomyopathy;,
since diabetic rats presented cardiac hypertrophy, as already reported
in the literature.!" It has also been shown that treatment with carqueja
essential oil does not reverse but does not aggravate this alteration.
Although the HW/BW index is well accepted in the literature as a marker
of cardiac hypertrophy, variations in animal weight may influence this
result.'” Hence, it was necessary to investigate whether the significant
result evinced by this index is reliable, using more sensitive, specificity,
and accuracy methods, such as electrocardiogram. ™!

The QT interval is directly associated with the time that electrical stimulus
remains in the ventricles."* The prolongation of QT and QTc intervals
without QRS alteration strongly suggests a ventricular repolarization
disturbance that increases arrhythmogenic and the sudden death risks."!
Hence, the identifying of increases in QT and QTcisa non-invasive method
to predict the risk of cardiovascular mortality.l' In the present study, we
observed a prolongation of QT and QTc intervals on diabetic groups, a
typical remodeling alteration found in T2DM patients.!'”) We also noted a
similar repolarization disturbance on the DMCar group, suggesting that
carqueja essential oil treatment does not reverse but does not aggravate
the already existing alterations in diabetic animals.

However, our data evidenced a prolongation of QT and QTc intervals in
nondiabetic animals that received chronically treatment with carqueja
oil. This suggests that the chronic consumption of this essential oil
dosage by healthy individuals could be harmful, leading to a ventricular
repolarization disorder. Furthermore, QTc prolongation, alone, is
associated with autonomic dysfunction, generation of arrhythmias,
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Figure 1: Heart hypertrophy and ventricular repolarization in control and diabetic rats treated with vehicle or carqueja essential oil. (a) Representative traces
of electrocardiographic recorded in awake rats treated with vehicle or carqueja essential oil. (b) Cardiac hypertrophy index (HW/BW), the division of the heart
weight value (mg) by body weight (g), HW/BW. (c) QT interval duration, in milliseconds. (d) corrected QT interval duration (millisecond), corrected by Bazett’s
formula: corrected QT = QT/YRR. The four experimental groups: CoV (n = 5 animals), CoCar (n = 4 animals), DMV (n = 4 animals) and DMCar (n = 5 animals).
**P < 0.01 versus CoV; ***P < 0.001 versus CoV; ****P < 0.0001 versus CoV; #P < 0.01 versus CoCar; #*P < 0.001 versus CoCar. The parameters were evaluated

with one-way ANOVA and Newman-Keuls posttest
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mainly ventricular tachycardia and ventricular fibrillation, left
ventricular hypertrophy, severe hypoglycemia, hyperglycemia, and
increased mortality.6""!

The prolongation of QT and QTc intervals, without any other ECG
alteration, suggests that a possible mechanism related to carqueja-
induced ventricular repolarization disorder could be the reduction
of transient outward potassium current (Ito), the main repolarization
current present in rats heart.”) However, other studies are necessary to
evaluate whether carqueja essential oil consumption really affects I and
in which manner it acts (by reducing I, subunits expression, trafficking
or conductance).

CONCLUSION

The present study demonstrates that chronic carqueja essential oil
consumption by nondiabetic rats may prolong ventricular repolarization
independently of left ventricular hypertrophy. Despite the limitations, the
study alerts to the risk of inadvertent consumption of medicinal plants,
drawing attention to the need to investigate its physiological effects and
the safety of its consumption by individuals with some pathology and
even by healthy individuals.

Limitations

This was a pilot study with a small sample size, but with important
findings that should serve as a warning for the population about carqueja
consumption. Hence, further studies are needed, with increased sample
size to demonstrate the safety of this medicinal plant.
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