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Abstract 

The current study evaluated the cardioprotective effect of the aqueous extract of seeds of Datura metel (AESDM) on the 
acute cardiotoxicity induced with doxorubicin in the Wistar rats. Indeed, 30 rats have been randomized then, divided 
into 6 groups of 5 animals each: 3 control groups (normal, negative and positive) and 3 test groups (AESDM 100, 200 
and 300 mg/kg). These animals received orally, six consecutive days, 1 mL/200 g distilled water (normal and negative 
control), 100 mg/kg Vitamin-E (positive control), AESDM at 100, 200 and 300 mg/kg (test groups). On the seventh day 
of treatment, animals in the different groups excepted the normal control received a single intraperitoneal injection of 
15 mg/kg doxorubicin followed respective treatments up to the tenth day of the trial period. Serum parameters 
(ASAT/ALAT), biochemical markers of oxidative stress (MDA, SOD, CAT, GSH) and lipid parameters (total cholesterol, 
triglycerides, HDL and LDL) were evaluated. Histological sections of animal hearts were prepared. The results of this 
study showed that treatment with AESDM resulted in a significant decrease (P ˂ 0.001) in MDA, triglycerides and LDL-
cholesterol levels, ASAT/ALAT activity and a significant increase (P ˂ 0.001) in HDL-cholesterol concentration and SOD, 
CAT and GSH activities, compared to the negative control. Histological observation revealed that AESDM protected the 
heart from doxorubicin-induced damage. In conclusion, AESDM would have a cardioprotective effect that could be 
attributed to its antioxidant potential.  
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1. Introduction

Cardiovascular diseases (CVD) are the leading causes of death in developed and developing countries [1]. In Africa, 
about 30 % of the population suffers from heart failure [2-3], and ischemic heart diseases are the second leading cause 
of death among CVD, after high blood pressure [4]. In Cameroon, ischemic heart diseases are the causes of several deaths 
[5]. Ischemic heart diseases are generally characterized by an imbalance in the balance between body demand and heart 
pump capacity [6-7], which may be due to an obstacle to blood ejection or alteration of the contractile element of the 
myocardium [8]. 

Oxidative stress is the major risk factor for ischemic heart disease [9]. It seems to be responsible for the myocytes 
apoptosis induction or cardiac hypertrophy [10-11]. Some drugs like doxorubicin generate reactive oxygen species 
(ROS) during their metabolism leading to severe cardiomyopathy [12-13]. Several cardioprotective synthetic drugs are 
known, such as dexrazoxane, vitamin-E, glutathione, β-blockers and many others [14]. However, these conventional 
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drugs, such as dexrazoxane, which are increasingly used in clinical settings, present some limitations, such as secondary 
cancers and serious infections development, and inhibition of the pharmacological action of certain anti-cancer drugs 
such as doxorubicin [15-16]. In recent decades, and despite the discovery of new synthetic chemical compounds, natural 
sources remain the main supplier of new drugs and chemical structures. Thus, there is a resurgence of herbal medicine, 
especially for products rich in polyphenols, and mainly flavonoids, which have shown interesting biological properties 
[17-18].  

Datura metel is an American plant from Solanaceae family naturalized in many regions including Europe, Asia and Africa 
where it grows in wastelands and roadsides [19]. Studies conducted on this plant show that it has hypolipidemic and 
antihyperglycemic properties, which can be beneficial in cardiovascular disease treatment [20]. 

Previous work has shown its cardiotonic and antioxidant potentials on the isolated frog’s heart [21]. In addition, it is 
mentioned in the literature that D. metel is a plant rich in alkaloids, tannins and flavonoids [22-23] which are antioxidant 
molecules known as protective [24-25].  The objective of this work was to assess the cardioprotective effect of the 
aqueous extract of seed of Datura metel (AESDM) on doxorubicin-induced cardiotoxicity in Wistar rats. 

2. Material and methods 

2.1. Material 

2.1.1. Plant material  

The plant material consisted of Datura metel seeds that were harvested in Koza (11o 03’ 15.22’’N; 13o 58’’ 35.09E; 405 
m alt.), Mayo-Tsanaga Division, Far North Region of Cameroon. The taxonomic identification of the plant was made by 
Doctor FROUMSIA MOKSIA (Botanist of the Department of Biological Sciences of the Faculty of Sciences of the University 
of Maroua) and authenticated at the Herbarium of the Garoua Wildlife School by comparison with existing specimen 
recorded under number  6408/HEFG. 

2.1.2. Animal Material  

Adult male Wistar rats aged 12 weeks and weigh between 180 and 200 g were obtained from the animal house Animal 
Health of Animal Biology Department of the Faculty of Science of the University of Ngaoundéré, Cameroon. These rats 
were acclimated for two weeks at the Animal Store of the Biological Sciences Laboratory of the University of Maroua, 
well-aerated and naturally lit (12 hours out of 24 hours) before the start of the different experiments. These animals 
were kept in plastic cages containing renewable wood chips every two days. The standard feed for laboratory animal 
(composed of corn flour (50%), soybean flour (20%), fish powder (15%), calcined bone powder (4%), palm oil (0.1%), 
complex vitamin (0.1%), cotton grain powder (10%), cooking salt (0.8%) just as drinking water have been given ad 
libitum to rats during the experimental period. Animal procedures were conducted with strict adherence to the NIH 
Guide for the care and use of Laboratory Animals (NIH Publication #85-23 Rev. 1985). 

2.2. Methods 

2.2.1. Preparation of aqueous extract of Datura metel seeds 

The seeds that had been dried in the shadow at room temperature for about two weeks, were crushed using an electric 
grinder (BINATONE, Model No: BLG-450). The powder obtained after grinding was then sieved using a stainless steel 
sieve (16 cm; mesh 0.8 mm). A mass of 200 g of fine powder from the seeds of D. metel was dissolved for 1 hour in 2 L 
of distilled water heated to 70o C. After cooling, the mixture was filtered using Whatman GF/C paper (90 mm) until a 
filtrate solution was obtained. The filtrate obtained was evaporated in the oven at 45± 1°C for 48 hours until a powder 
was obtained and used for further experimental work. 

2.2.2. Phytochemical Screening of aqueous extract of Datura metel seeds  

Qualitative phytochemical screening was performed to determine the presence of different classes of bioactive 
compounds in the extract [26].    
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2.2.3. Experiment protocol 

Cardiotoxicity induction and treatment  

After acclimatization, thirty rats were randomized and divided into 6 groups of 5 animals each as follows: 3 control 
groups (normal, negative and positive) and 3 test groups. These animals were given orally 1 mL/200 g distilled water 
(normal and negative control), 100 mg/kg of vitamin-E (positive control). Animals in the extract-treated group received 
AESDM daily at 100, 200 and 300 mg/kg (test groups) per os. On the seventh day of treatment, animals except normal 
control received a single intraperitoneal injection of 15 mg/kg of doxorubicin [16]. From day 8 of the trial period, 
animals in the positive control and those treated with different doses of AESDM received their respective treatments 
until day 10 of the trial period [27]. 

Sacrifice of animals and collection of samples  

On the tenth day of the trial period, all animals were fasted for 12 hours. On the eleventh day, they were sacrificed by 
cervical dislocation and, then blood was immediately collected in dry tubes after rupture of the jugular vein. This blood 
was centrifuged at 3000 trs/min for 15 minutes using a centrifuge (UNIVERSAL 320 R HETTICH). The serum was 
separated and collected for assay biochemical parameters. Subsequently, the heart of each rat was removed and divided 
into two parts. A portion (0.5 g) of each core was ground in a glass mortar and homogenized in 2.8 mL phosphate buffer. 
The homogenates were centrifuged at 3000 revolutions for 10 min at 4°C and the supernatant was collected, aliquoted 
and stored at -6°C until the various biochemical parameters were analyzed. The second part of each core was rinsed in 
a saline solution (0.9%), then fixed in 10% formalin for histological sections. 

Analysis of transaminases activities (ASAT/ALAT)  

The analysis of transaminases such as alanine-aminotransferase (ALAT) and aspartate-aminotransferase (ASAT) in 
serum was carried out according to the protocol described by Murray [28] using the CHRONOLAB kit. This assay was 
performed using a MINDRAY BC-2800 semi-automatic spectrophotometer. The apparatus was programmed and 
calibrated for reading according to the instructions given in the instructions for each reagent. 

Evaluation of some oxidative stress parameters  

Malondialdehyde (MDA) concentration was evaluated using the method described by Wilbur et al [29]; superoxide 
dismutase (SOD), catalase (CAT) and reduced glutathione (GSH) activities have been measured according to the 
methods described respectively by Misra and Fridovich [30], Sinha [31] and Ellman [32] in the homogenates of the 
different hearts. 

Evaluation of lipid parameters  

Total cholesterol rate, triglycerides were evaluated using a colorimetric enzymatic method described by Parekh et al 
[33], Rice [34], respectively, using the DIALAB and INMESCO kits. Lipoprotein levels (HDL and LDL) were evaluated 
using the method described by Burstein and Scholnick [35]. 

Histopathological examination  

After fixation, these hearts were treated with alcohol and xylene respectively at different concentrations, impregnated 
in paraffin wax and then sectioned at 4 µm for the preparation of white blades. The obtained white slides were stained 
with haematin and eosin respectively for reading under the photonic microscope (Olympus BX51) and for capturing 
micrographs (G40X, 100X, and 200 X). 

2.3. Data analysis   

Statistical analysis of the results was done using the Graph pad Prism 5.00 software. The results were presented as mean 
± SEM, for a number n = 5 rats per batch. Following the single-channel variance analysis (ANOVA), intergroup averages 
were compared using the non-parametric Turkey test. Significant differences were considered at the 0.05 probability 
threshold. 

3. Results and discussion 

3.1. Results 
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3.1.1. Qualitative phytochemical screening of AESDM result   

Phytochemical screening revealed the presence of alkaloids, glycosides and phenolic compounds such as flavonoids and 
tannins. 

 

3.1.2. Extract effect on the transaminase activities  

Table 1 presents the variations in transaminase activity (ASAT/ALAT) in the different groups of animals injected with 
doxorubicin and treated with vitamin-E and AESDM respectively. From this table, it appears that rats given an 
intraperitoneal injection of doxorubicin without any prior treatment (negative control) showed a significant increase 
(p ˂ 0.001) in ASAT and ALAT activities of 62.63 % and 82.34 % respectively. This increase ranged from 82.31 to 127.29 
for ASAT activity and from 42.25 to 118.12 for ALAT activity in negative control. AESDM at 100, 200 and 300 mg/kg, in 
the same way as vitamin-E significantly reduced the activities of these transaminases compared to the negative control 
(p ˂ 0.001). This decrease was lower than the value presented by the normal control.  

Table 1 EAGDM effect on the transaminases (ASAT/ALAT) activities 

GROUPS ASAT (UI/L) ALAT (UI/L) 

Normal control (distilled H2O, 10 mL/kg) 82.31 ± 0.45 42.25 ± 0.54 

Negative control (distilled H2O, 10 mL/kg) 127.29 ± 0.35*** 118.12 ± 0.22 *** 

Positive control (Vit-E, 100 mg/kg) 82.16 ± 1.62c 52.55 ± 0.55c 

AESDM 100 mg/kg 84.53 ± 0.51c 49.03 ± 0.48c 

AESDM 200 mg/kg 69.41 ± 0.48c 42.09 ± 0.45c 

AESDM 300 mg/kg 62.43 ± 0.49c 35.84 ± 0.42c 

Each value represents the mean ± SEM, n=5. *** p ˂ 0.001: statistically significant compared to the normal control. cp ˂ 0.001: statistically significant 
compared to the negative control. Vit-E = vitamin-E; AESDM = aqueous extract of seeds of Datura metel 

3.1.3. Effect of AESDM on some oxidative stress parameters  

Effect of AESDM on malondialdehyde (MDA) and glutathione (GSH) rate 

Figure 1 shows that the malondialdehyde (MDA) rate, a marker of lipid peroxidation, significantly increases (P ˂ 0.01) 
(Figure 1A) while the glutathione (GSH) rate significantly decreases (P ˂ 0.001) (Figure 1B) in the rats’ hearts injected 
with doxorubicin without prior pre-treatment compared to the normal group. Furthermore, the cores of the 200 and 
300 mg/kg AESDM treatment rats showed a significant reduction (P ˂ 0.001) in MDA and a significant increase                       
(P ˂ 0.001) in GSH compared to the negative control group (distilled H2O, 10 mL/kg).  
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Figure 1 Effect of AESDM on MDA (A) and GSH (B) content in rat heart tissue. 

 bp ˂ 0.01 and cp ˂0.001: 
statistically significant compared to the negative control (distilled H2O, 10 mL/kg). Vit-E = vitamin-E; AESDM= Aqueous extract of seeds of Datura 
metel. 

Effect of AESDM on superoxide dismutase (SOD) and catalase (CAT) activities 

The results presented in Figure 2 illustrate the activities of superoxide dismustase (SOD) and catalase (CAT) in the rats’ 
hearts injected with doxorubicin and various substances administered. Based on this figure, compared to the normal 
control, there was a significant decrease (P ˂ 0.001) of SOD (Figure 2A) and CAT (Figure 2B) activities in the rats’ hearts 
injected with doxorubicin without prior pre-treatment (negative control). In addition, there was a significant increase 
(P˂ 0.001) on the activity of these antioxidant enzymes in the hearts of treated rats at 200 and 300 mg/kg of AESDM as 
vitamin-E compared to the negative control (distilled water, 10 mL/kg). 

 

Figure 2 Effect of AESDM on superoxide dismutase (A) and catalase (B) activities of cardiac tissue.  

Each value represents the mean ± SEM, n=5. * p ˂ 0.05 and *** p ˂ 0.001: statistically significant compared to the normal control. bp ˂ 0.01 and cp ˂ 
0.001: statistically significant compared to the negative control (distilled H2O, 10 mL/kg). Vit-E = Vitamin-E; AESDM= Aqueous extract of seed of 
Datura metel  

3.1.4. Effect of EAGDM on lipid parameters 

Table 2 presents the effect of AESDM on lipid parameters (Total-cholesterol, Cholesterol-HDL, Cholesterol-LDL, 
Triglycerides). This table shows that serum HDL-cholesterol decreased significantly (P ˂ 0.001), whereas triglyceride 
and LDL-cholesterol increased in rats injected with doxorubicin without prior pre-treatment, compared to the normal 
control. Also, there was a significant increase (P ˂ 0.001) in serum HDL-cholesterol levels and a significant decrease in 
triglyceride (P ˂ 0.05) and LDL-cholesterol (P ˂ 0.001) levels in rats treated with 200 and 300 mg/kg AESDM, compared 
to the negative control (distilled H2O, 10 mL/kg). 

Table 2 Effect of AESDM on lipid parameters 

 

GROUPS 

Total-cholesterol 
(mg /dL) 

Cholesterol -HDL        
(mg /dL) 

Cholesterol- 
LDL (mg /dL) 

Triglycerides 
(mg /dL) 

Normal control 167.71 ± 5.60 135.71 ± 5.64                                    18.09 ± 1.07 79.48 ± 5.06 

Negative control 175.30 ± 2.21 91.69 ± 2.71*** 37.74 ± 1.98 ** 179.29 ± 3.77*** 

Positive control 139.56 ± 3.83 **b 112.89 ± 3.82 *a 15.01 ± 0.83 b 58.28 ± 4.05 c 

AESDM 100 142.36 ± 3.88 **a 108.41 ± 5.34** 11.62 ± 1.10 b 96.71 ± 9.03 a 

AESDM 200 164.81 ± 2.32 130.12 ± 3.14 **b 10.95 ± 1.23 c 118.68 ± 6.96 a 
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AESDM 300 149.39 ± 4.46 120.51 ± 4.33 b 11.23 ± 2.34 c 123.23 ± 8.98 a 

Each value represents the mean ± SEM, n=5. * p ˂ 0.05; **p ˂ 0.01; *** p ˂ 0.001: statistically significant compared to normal control. ap ˂ 0.05; bp ˂ 
0.01; cp ˂ 0.001: statistically significant compared to the negative control (distilled H2O, 10 mL/kg). Vit-E= Vitamin-E; AESDM= Aqueous extract of 
seeds of Datura metel 

3.1.5. Effects of AESDM on histological parameters 

Histological sections of the cardiac tissue in the normal control showed normal morphology, narrow intracellular 
spaces, and absence of necrosis (Figure 3A). Cardiac muscle fibers of hearts subjected only to doxorubicin without pre-
treatment (Figure 3B) are irregular with loss of striations and expanded intracellular space as well as the presence of 
necrotic cells. When the cores are treated with vitamin E (positive control), histological sections (Figure 3C) show less 
damage than the negative control group. Furthermore, the pre-treatment of the hearts at different doses of AESDM 
probably protected the myocardium as vitamin-E. Indeed, at the dose of 200 mg/kg of AESDM, we can only notice mild 
edema and narrow intracellular spaces, with a normal structure similar to that of the normal control group (Figure 3E). 

 

Figure 3 Micrograph of rat hearth (Hématoxylin- Eosin x 200). 

A= Normal control; B= Negative control (distilled H2O, 10 mL/kg; C= Positive control (Vit-E, 100 mg/kg); D, E, F= Aqueous extract of seed of D. metel 
at 100, 200 and 300 mg/kg doses respectively. Sh: Slight hemorrhage; Nis: Narrow intracellular space; Me: Mild edema; Nec: Necrosis; Co: Congestion; 
Eis: Expanded intracellular space; Dcbv: Dilated and congested blood vessel; Eh: Expanded hemorrhage. 

3.2. Discussion 

The current paper assessed the AESDM cardioprotective effect on doxorubicin-induced cardiotoxicity (DOX). DOX is a 
drug used in the treatment of a variety of solid and hematological malignant tumors [36-37]. Its anti-tumor efficacy is 
dose-dependent, but its clinical use is limited by the congestive cardiac myopathy development and insufficiencies that 
it caused [38]. It has been reported by several authors that reactive oxygen species (ROS) generated during the 
metabolism of DOX at the origin of lipid peroxidation, play an essential role in the appearance of cardiomyopathies [39, 
40, 41]. The heart is particularly sensitive to free radicals in comparison with other organs such as the liver and kidneys 
because of the deficiency of antioxidant defence systems in the latter [42-43]. It is commonly known that transaminases 
(ASAT/ALAT) are the most sensitive biomarkers, which are directly involved in the extent of cardiac damage and 
toxicity because they are directly released into the blood stream indicating the degree of cardiac damage [44-45]. They 
are generally present in all organs, used as bio-indicators and catalyze the transfer of the amino group to α-cétoglutarate 
to not only form glutamate, oxaloacetate but also pyruvate, respectively [46]. Our results showed an increase in 
enzymatic activity of ASAT and ALAT in DOX-treated rats (15 mg/kg) without previous pre-treatment (negative 
control). The increased activity of these enzymes in the blood can be explained by the massive formation of free radicals 
from DOX metabolism that attack the polyunsaturated fatty acids of the cell membrane and cause lipid peroxidation 
leading to alterations in membrane structures and consequently  weakens the functioning of the membranes by 
decreasing fluidity, increased permeability, decreased enzyme activity [47]. These results are in line with the findings 
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of Yagmurca et al and Ioanna et al [48-49] who suggested that increased transaminase activity is a clear marker for 
DOX-induced cardiac toxicity. Based on the obtained results, the AESDM preventive administration at 100, 200 and 300 
mg/kg lessened the effects of DOX and normalized the activity of these enzymes. This indicates that AESDM resulted in 
peroxidation lipid reduction which is partly due to flavonoids present within this extract. Several previous studies have 
shown the cardio-protective effect of plant extracts against DOX-induced cardiac toxicity with a significant decrease in 
ASAT and ALAT activities [50-51]. According to several authors, oxidative stress is the main mechanism by which DOX 
induces cardiotoxicity [52-53]. Doxorubicin’s production of free radicals within myocardial cells would damage the 
DNA, proteins and cell components membranes [54], with a direct consequence of the cell’s evolution towards apoptosis 
[55]. For this reason, we explore biochemical markers of oxidative stress in cardiac tissue by assessing the levels of 
malondialdehyde (MDA) and reduced glutathione (GSH), as well as the antioxidant enzymes’ activity (SOD and CAT). 
The results of this study reveal that intraperitoneal doxorubicin administration resulted in a significant increase in MDA 
levels, followed by a decrease in SOD and CAT activity. Our results are in line with those of [16, 56, 57] which reported 
that during cardiotoxicity induced by DOX, overproduction of ROS can lead to the disruption of the antioxidant defence 
system in the cell. Lipid peroxidation is a process caused by free radicals, leading to the oxidative degradation of 
membrane polyunsaturated fatty acids and the generation of reactive aldehydes such as MDA [58], considered as the 
main biomarker of oxidative stress [59-60]. Furthermore, our study shows that pre-treatment with AESDM significantly 
reduced the concentration of MDA and led to an increase in SOD and CAT activity compared to rats in the negative group. 
These results suggest that AESDM was able to protect the heart from oxidative stress and DOX cytotoxic action. These 
results are in line with those published by several authors, which found a significant decrease in MDA heart rate, an 
increase in SOD and CAT activity after pre-treatment with plant extracts [43, 61, 62]. On the other hand, the 
chemoprotector efficacy of the tested extract plant may be related to the increase in GSH concentration in AESDM-
treated rats compared to the negative control. GSH, a non-enzymatic antioxidant, is the first line of defence against free 
radicals [63]. These results are clearly indicative of the protective power of the extract against cardiotoxicity induced 
by DOX as well as vitamin-E, capable of protecting cardiomyocytes against oxidative stress damage linked to its 
antioxidant potential [64]. The protective effect of the extract could therefore be partly explained by the richness of the 
plant in bioactive substances such as alkaloids, tannins and flavonoids [22, 23] which are antioxidant molecules known 
as cardiotoxicity protector [24, 25]. According to several authors Alkaloids inhibit lipid peroxidation [65]. The results 
obtained are similar to those of Meaad et al [62] who showed that the cardioprotective effect of Ajwa date is associated 
with the antioxidant potential of the plant. An increase in lipid markers such as total cholesterol, LDL-cholesterol and 
triglycerides has been observed from the rats that received doxorubicin intraperitoneal injection without previous 
treatment. Conversely, AESDM treatment has resulted in a decrease in these lipoprotein markers. This decrease in 
serum lipoprotein concentration in this study may be explained by the fact that, D. metel is a plant very rich in bioactive 
compounds such as flavonoids that prevent the increase of cholesterol and triglycerides at the cellular level [66]. The 
most notable fact in this study is the greater effectiveness of the tested extract on lowering LDL-cholesterol and 
increasing HDL-cholesterol especially at the intermediate dose of 200 mg/kg which would be the most effective. Thus, 
like products or foods containing hypocholesterolemia and antioxidant agents, AESDM would be beneficial in 
preventing risk factors of cardiovascular diseases including ischemic heart disease. To support the results of serum and 
tissue assays of DOX cardiotoxicity biomarkers, histological study of rat cores was conducted. Based on the results 
obtained, doxorubicin-induced histological changes, including morphology change, vascular congestion, necrosis, large 
intracellular spaces [16, 67]. Conversely, in AESDM treated rats, damages were significantly reduced, suggesting 
protection from cellular damage by AESDM. These results stand as sufficient proof that AESDM has a beneficial effect in 
preventing oxidative stress and cardiotoxicity caused by doxorubicin. 

4. Conclusion 

The results obtained during this work show that AESDM prevents doxorubicin-induced toxicity. This cardioprotective 
effect of the tested extract plant is due to the antioxidant and hypolipidemic properties of this plant associated with a 
synergistic effect of certain bioactive compounds classes (alkaloids, flavonoids). This plant could be a potential source 
of natural pharmacological substances that can be used in the prevention of many heart diseases related to oxidative 
stress.  
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