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Background: Globally, cardiovascular diseases (CVDs) are becoming the major cause of 
death. Urtica simensis is one of endogenous plant which treats a wide range of disease 
conditions including heart diseases. However, there is limited information on safety and 
efficacy of the plant.
Objective: To evaluate the in vitro antioxidant, the in vivo cardioprotective activity of crude 
extract and solvent fractions of Urtica simensis leaves on cyclophosphamide-induced myocar-
dial injury.
Methods: The cardioprotective activity of the crude extract, aqueous and hexane fraction of 
Urtica simensis leaves was evaluated based on anatomical, biochemical and histopathologi-
cal methods. The in vitro antioxidant activity of the plant was also assayed in terms of free 
radical scavenging activity (RSA).
Results: Crude extract and solvent fractions of Urtica simensis significantly prevented the 
deleterious effect of cyclophosphamide on body weight (P<0.001), heart weight to body ratio 
(P<0.01), cardiac biomarkers including troponin I (P<0.01), alanine transaminase (ALT) 
(P<0.001), aspartate aminotransferase (AST) (P<0.01) and lipid profiles including triglycer-
ides (P<0.001) and total cholesterol (P<0.01). The histopathological study confirmed pre-
sence of necrosis, oedema and haemorrhage on cyclophosphamide alone-treated groups 
while the 200mg/kg and 400mg/kg of the crude extract and aqueous fraction showed normal 
cardiocytes. The antioxidant assay of Urtica simensis plant exhibited free radical scavenging 
activity of inhibitory concentration of 50% (IC50) for the crude extract with the values of 
63.27µg/mL, aqueous fraction with the values of 136.38µg/mL and hexane fraction with the 
values of 258.70µg/mL.
Conclusion: Crude extract and solvent fractions of Urtica simensis leaves have cardioprotec-
tive activities. The cardioprotective effect could be attributed to the antioxidant activity of the 
plant extracts. However, this requires further in-depth understanding.
Keywords: cardioprotective, cardiac biomarkers crude extract, cyclophosphamide, solvent 
fractions, Urtica simensis

Introduction
Cardiovascular diseases are the major global concerns as there is a sharp rise in 
prevalence rate in the last two decades.1–3 Globally, 31% of world populations died of 
CVDs which is an estimated 17.9 million people. More than 75% of CVDs deaths 
occur in developing countries that have limited access to medication. Stroke and heart 
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attack were responsible for four out of five CVDs deaths.4,5 

In 2017, nearly 10.9% of all deaths in Ethiopia were caused 
by CVDs.6 Even the available medications have the number 
of side effects and efficacy problems.

The loss of muscular or nervous function of the heart 
including myocarditis, ischemia and degeneration called 
myocardial injury.7 Acute myocardial injury may occur in 
a variety of cardiac and non-cardiac illnesses as 
a consequence of myocardial oxygen supply-demand mis-
match. A direct or indirect injury is occurred by infection, 
acute left ventricular failure and anticancer drugs.8,9 

Myocardial injury is developed to MI if the ischemia 
persists for greater than 20 minutes. In addition, myocar-
dial injury sometimes associated with a proinflammatory 
and prothrombotic state due to embolization of platelet 
aggregates and thrombus from silent vulnerable plaque.7

The cardiotoxicity effects of cyclophosphamide consist 
of acute, dose-dependent cardiac damage morphologically 
characterized by necrosis, haemorrhage, oedema and con-
sequently the fibrosis of myocytes which usually occurred 
within 10 days of administration.10–12

In the market, several classes of medicines and their com-
binational drugs are available to treat CVDs.13 However, over-
all treatment is expensive and causes side effects from 
minimal to fatal outcomes.14 For centuries, the nettle plants 
have been used in folk medicine to cure a wide range of 
ailments including inflammatory diseases and chronic 
illness.15

Urtica simensis is an endemic Ethiopian plant that 
belongs to the nettle plant family called Urticaceae. 
Urtica simensis has unpleasant stinging hairs which are 
located under the stems and lower leaf surface. The whole 
plant is covered with stinging hairs. The plant is one meter 
tall, dioecious, erect and non-branched herbal nettles. The 
leaves are opposite simple, stipules fused and interpetiolar 
0.5–1 cm long. The leaves bases are slightly cordate, the 
apex broadly acute and the margins of the leaves are also 
serrated. The flowers Urtica simensis are unisexual and 
regular, while the fruit is about 2 mm long.16,17

The plant grows mostly in the northern part of Ethiopia 
commonly known in local language as Amei’e 
(Tigrigna)18 and Samma (Amharic).19 Various ethnobota-
nic reported that different parts of Urtica simensis are used 
for the treatment of gonorrhoea, wound infections, sto-
mach ache and heart diseases in Ethiopia.20–22

Despite its use as food and traditional medicine to treat 
different diseases including cardiac illness, pharmacologi-
cal investigation into its cardioprotective effect has not 

been carried out. This study set out to partly address the 
gap by using cyclophosphamide-induced rat myocardial 
injury model.

Materials and Methods
Chemicals and Instruments
Analytical grade chemicals and solvents were used. 
Cyclophosphamide (cycloxan, India), active ingredient 
enalapril (Ethiopia), ascorbic acid (India), ethanol (Alpha 
Chemika, Mumbai, India) (France), cotton gauze 
(Ethiopia), hexane (Carlo Erba Reagents SAS, Val de 
Reuil, France), DPPH ((2, 2-diphenyl-2-picrylhydrazyl) 
(Germany)), 10% formalin (Albert Rose Chemicals IP 
Ltd, Ahmedabad, India), ethyl acetate (India), distilled 
water, normal saline 0.9%, paraffin wax, xylene, hematox-
ylin, and eosin were purchased from local suppliers in 
Ethiopia.

Collection, Identification, and Preparation 
of Plant Materials
The Urtica simensis leaves were collected from Farta 
Woreda South Gondar Zone of Amhara Regional State, 
which is 660 kilometres north of Addis Ababa. The plant 
was then identified and authenticated by a botanist and the 
sample specimen was deposited in Herbarium unit of 
Department of Biology, College of Computational and 
Natural Science, the University of Gondar for future refer-
ence with voucher number of 001BAT/2011.

Experimental Animals
The study was conducted with male SD rats (weight 335– 
402g). The rats were bought from the Ethiopian public 
health institute. All the animals were kept in a plastic cage. 
The rats were fed rodent pellets, water ad libitum and 
acclimatized for one week to the experimental environ-
ment. The care and handling of animals were according to 
international guidelines for the use and maintenance of 
experimental animals (OCED, 2008).

The study was approved by the Health Research Ethics 
Review Committee (HRERC) at College of Health 
Sciences, Mekelle University with reference number of 
ERC1535/2018.

Methods
Crude Extraction of Plant Material
The collected Urtica simensis leaves were gently washed 
with tap water to eliminate any dead matter and other 
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contaminants. The leaves were then air-dried under the 
shade at room temperature of the laboratory of the 
Department of Pharmacology and Toxicology, School of 
Pharmacy, Mekelle University. The dried leaves were then 
pulverized with a grinder to a coarse powder. A coarsely 
powdered plant leaves from Urtica simensis were weighed 
and extracted using soxhlet apparatus with 70% ethanol as 
a solvent for 48 hours at 80°C in one to five solvent-to- 
powder ratios. The filtrate was then dried in an oven at 
a temperature of 40°C. The heat-dried extract was kept in 
a desiccator and then stored in a refrigerator until 
further use.

Solvent Fractionation
Separatory funnel was used for the procedure of solvent- 
solvent fractions. A total of 110g of the Urtica simensis 
leaves powder of crude extract was dissolved in 550 mL of 
distilled water. Then, extraction was performed succes-
sively using solvents of increasing polarity, starting from 
550mL hexane three times then the same amount of ethyl 
acetate three times. After collecting the hexane and ethyl 
acetate fractions the remaining residue was an aqueous 
fraction.

The fractions were then concentrated using oven dryer 
at 40°C. Airtight container wrapped with the aluminum 
foil was used to keep the dried powder and stored in 
a refrigerator at 4°C until further use.

Percentage Yield of Crude Extract and 
Solvent Fractions of Urtica simensis
The Percentage Yield of the Crude Extract
% Yield= (Weight of extracts obtained)/(Weight of powder 
used for extraction) ×100.

The Percentage Yield of the Fractions
% Yield= (Weight of fractions obtained)/(Weight of crude 
extracts used) ×100.

Acute Oral Toxicity Test
Acute oral toxicity of the crude extract of Urtica simensis 
and the solvent fractions were evaluated in five healthy, 
nulliparous and non-pregnant female SD rats. The weight 
of the rats was from 300 to 320g of age two months as per 
the organization for economic cooperation and develop-
ment (OECD) of 425 guidelines. The different doses of 
extracts were assessed based on fasting body weight and 
volume administered was determined based on OECD 
guideline that states 1 mL/100 g of body weight of the 

animal. Accordingly, a single oral dose of 2000mg/kg 
extract was given for a single female rat (after overnight 
fasting); after administration of drug orally using oral 
gavage, the animal was supervised individually for the 
first 4 hours then periodically follow up during the first 
24 hours. The first rat was survived and the study was 
repeated on the rest four female rats; with each rat 
observed for 14 days to assess the safety of the extracts. 
The observation included gross changes such as loss of 
appetite, hair erection, lacrimation, tremors, convulsions, 
salivation, diarrhea, and death.23

In vitro Antioxidant Activity
Free radical scavenging activity was evaluated by using 
a method of DPPH assay24 (Shen et al, 2010). A three mL 
of extracts with five different concentrations range from 
12.5µg/mL to 200µg/mL was mixed with one mL of 
0.1mM DPPH in 95% ethanol solution and the mixture 
was kept in dark and cool place for 30minutes. With UV 
spectrophotometry, the absorbance of the control, each 
extract and ascorbic acid solutions at 517 nm were 
recorded against blank solution (95% ethanol). The pro-
cess was triplicated for each concentration.

The DPPH radical reduction was calculated as the 
following equation.

RSA (%) =((Ao-A1))/A0 X 100
Where A0 = control absorbance (DPPH with 95% 

ethanol), A1 is the absorbance of the sample/reference.
The average values of triplicate numbers from reading 

obtained were plotted against concentration (μg/mL) of 
sample dilutions and final results were expressed as IC50 

values (concentration of samples required to scavenge 
50% of DPPH radicals).24

Grouping and Dosing of Animals
Cardioprotective activity of the crude and solvent fractions 
of Urtica simensis leaves were assessed on SD rats with 
cyclophosphamide-induced myocardial injury. SD rats (n 
= 60) weighing from 335 to 402gram randomly divided 
into three controls and seven treatment groups with six rats 
each. Treatment group rats were weighed and pretreated 
daily with respective test extracts. The calculated test 
doses were Urtica simensis leaves extracts of 100,200 
and 400mg/kg and two fractionated doses (200 and 
400mg/kg) diluted in 2% tween 80. Treatment duration 
was 10 days then after on 11th-day rats were injected 
cyclophosphamide 200mg/kg via i.p.
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For the comparison, there were additional three groups: 
one for the positive control (EN 10 mg/kg, diluted in 2% 
tween 80, daily po for ten days before the cardiac injury at 
11th day by cyclophosphamide 200mg/kg i.p), another for 
negative control (the group that was not treated with any 
drug except the infliction of cardiac injury by cyclopho-
sphamide 200mg/kg) and a third for normal control (1mL/ 
100g of 2% tween 80 was administered for 10 days). All 
treatment doses and vehicles were given to SD rats based 
on their daily calculated weight.

Collection of Blood Samples and Plasma 
Preparation
After 11 days of treatment and injury infliction, on the 
final day (day 12) of treatment, blood was collected from 
the retro-orbital plexus of the animals into heparinized tubes 
after giving ketamine 100mg/kg i.p. The plasma was pre-
pared by centrifuging blood samples for 15 min at 3500 rpm 
using a bench centrifuge. The clear supernatant was used for 
the estimation of troponin I, AST, ALT and lipid profiles 
using BTS-350 semi-automatic analyzer.25,26

Determination of Cardiac Marker 
Enzymes
4mL of blood samples were taken and plasma was sepa-
rated by centrifugation at 3500 RPM for 5 minutes. The 
level of troponin I,27 AST and ALT were measured using 
BTS-350 semi-automatic analyzer.28

Lipid Profiles
2mL of plasma total cholesterol and triglycerides were 
analyzed and compared to each experimental group.10

Surgical Removal of the Heart
The rats were sacrificed by cervical dislocation. The thoracic 
cavity exposed after the diaphragm of the SD rats cut by 
a trans-abdominal incision. Then, the thorax was cut open on 
both sides following cartilage attachment to ribs and the 
heart was exposed, elevated by cradling it gently in the 
fingertips to avoid contusion injury. Immediately after exci-
sion, the heart was placed into a beaker containing a normal 
saline 0.9% solution for washing purposes. After washing, 
the heart was put on the filter paper to remove moisture and 
then the heart was weighed for calculating relative heart 
weight to body weight. The heart was then collected in 
a container containing 10% formalin and transferred to 
deep freeze (−80°) until further experiment.29

Measurement of Body Weight and Heart 
Weight
Each SD rat of body weight and heart weight was mea-
sured by the digital weighing balance to assess daily 
weight gain or loss.27

Heart Weight to Body Weight Ratio
To calculate the heart weight to body weight ratio, the 
heart weight was divided into the bodyweight of the rat. 
The values were expressed in g/g.30

Histopathological Studies
The heart of each rat was preserved in a 10% formalin 
solution for fixation. Then, a portion of heart tissue was 
taken, dehydrated in different grades of ethanol (40%, 
70%, 80%, 95%, and 100%) and cleared with xylene 
using an automatic processing machine. Additionally, 
xylene was cleared by paraffin wax using an automatic 
tissue processing machine. Then, the tissues were 
embedded with paraffin wax and blocked in the coronal 
plane. Section of 4–5μm thickness of the tissue was made 
using microtome and stained with hematoxylin and eosin 
dye and histological observations were made under a light 
microscope.31

Statistical Analysis
Data entered and analyzed with SPSS version 22. The data 
obtained in the study were tabulated and expressed as 
mean ± standard errors of the mean (SEM). The statistical 
analysis was carried out using one-way analysis of var-
iance (ANOVA) followed by Tukey post hoc test to com-
pare variations among groups, where P-value <0.05 was 
considered as statistically significant.

Results
Percentage Yield of the Urtica simensis 
Extract and Solvent Fractions
For the crude extraction of the plant, 1.2 kilograms of Urtica 
simensis leaves powder was used. The actual yield of the 
plant was 150grams. 12.5% (w/w) was the percentage yield 
of the plant. The crude extract colour was dark green. The 
fine powder was formed after drying in an oven and then, 
homogenization was done using mortar and pestle.

The percentage yield of each solvent fraction was also 
determined. There was variation in the colour of the frac-
tions as shown in Table 1.
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Acute Oral Toxicity Study
Acute oral toxicity study revealed that 70% ethanolic 
extract and solvent fractions of Urtica simensis leaves at 
a dose of 2000 mg/kg did not produce any behavioral 
changes including activity, hair texture, pupil size, and 
feeding. Death was not observed at the limit dose of the 
extract. Therefore, the lethal dose 50 (LD50) of the extracts 
was considered to be greater than 2000 mg/kg.

In vitro Antioxidant Activity Assays
The crude extract showed the highest free radical scaven-
ging activity with a 50% inhibition concentration of 
63.2µg/mL in comparison to the aqueous fractions 
(136.38µg/mL) and hexane fractions (258.7µg/mL). 
Hexane fractions produced weak antioxidant activity in 
comparison to the other extracts and ascorbic acid as 
showed in Figure 1. The maximum percentage of inhibi-
tion was observed at high concentration of ascorbic acid 

(86%) followed by the crude extract (76.07%), aqueous 
fractions (60.67%) and hexane fractions (39.76%) at the 
maximum concentration of 200µg/mL (Table 2).

Cardioprotective Activity of the Crude 
Extract and Solvent Fractions of Urtica 
simensis Leaves
Effect of the Crude Extract and Solvent Fractions of 
Urtica simensis on the Rats’ Body Weight
Rats administered with cyclophosphamide showed 
a significant reduction in final body weight relative to initial 
weight compared to the normal control group (P<0.01) 
Table 3. Moreover, the 100mg/kg, 200mg/kg crude extract, 
all the administered doses of aqueous and hexane fractions 
showed that a significant weight loss compared to the nor-
mal control group (P<0.05). However, pretreatment of the 
rats with the standard drug (EN 10mg/kg) and 400mg/kg 
crude extract of Urtica simensis weight loss was insignif-
icant compared with the normal control group.

Effect of the Crude Extract and Solvent Fractions of 
Urtica simensis on Heart Weight to Body Weight 
Ratio
Compared to the normal control group, cyclophosphamide 
administration caused a significant increase in heart weight to 
body weight ratio (P<0.001), Table 4. However, pretreatment 
of the rats with standard drug, all the doses of crude extract 
and solvent fractions of Urtica simensis leaves showed 

Table 1 Percentage Yield and Physical Properties of Crude 
Extract and Solvent Fractions of Urtica simensis

Fractions Colour Actual Yield (g) % Yield (w/w)

Aqueous Light brown 64 58.19

Hexane Black 45.5 41.36

Ethyl acetate Dark brown 0.5 0.45

Figure 1 DPPH scavenging activity of ascorbic acid and Urtica simensis crude extract and solvent fractions % RSA-percentage radical scavenging activity, IC50-50% inhibition 
concentration.
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a significant decrease in heart weight to body weight ratio 
compared to the cyclophosphamide-treated group (P<0.001).

Effect of the Crude Extract and Solvent Fractions of 
Urtica simensis on Cardiac Biomarkers
As shown in Table 5 troponin I level was significantly 
increased among the rats administrated with cyclopho-
sphamide compared to the normal control group 
(P<0.01). However, pretreatment of the rats with the 
200mg/kg dose of the crude extract and all doses of aqu-
eous fractions of Urtica simensis decreased troponin 
I level significantly (P<0.05). Besides, the EN-treated 
and 400mg/kg crude extract reduced the troponin I level 
significantly (p<0.01).

An elevation in plasma ALT value was noticed in the 
cyclophosphamide-treated group compared to the normal 
control group (P<0.001). The EN, crude extract and solvent 
fractions reduced plasma ALT value at all the administered 
doses relative with the negative control group (P<0.001). 
Nevertheless, the 200mg/kg and 400mg/kg hexane fraction 
treated rats showed an elevated ALT level as compared with 
the EN-treated and normal control group (P<0.05).

The plasma AST value was elevated in cyclophospha-
mide-administered group relative to the normal control 
group (P<0.01). The crude extract of 400mg/kg and the 
EN-treated group reduced the plasma AST level in com-
parison with the negative control group (P<0.01). In addi-
tion, there is a decreased plasma AST level in the 200 and 

Table 2 DPPH Scavenging Activity of Crude Extract and Solvent Fraction of Urtica simensis

Radical Scavenging Activity (%)

Concentration (µg/mL) Ascorbic Acid (Reference) Crude Extracts Aqueous Fractions Hexane Fractions

12.5 42.9 31.98 14.55 10.29

25 47.5 42.65 20.04 18.50

50 58.70 53.05 31.34 29.32

100 74.70 61.40 50.96 30.50

200 86.00 76.07 60.67 39.76

IC50 (µg/µL) 27.51 63.27 136.38 258.70

Abbreviation: IC50, 50% inhibitory concentration.

Table 3 The Influence of Plant Extracts on Body Weight

Body Weight

Experimental Groups Initial Weight Final Weight Weight Gain (+) or Loss (−)

Normal control (2% tween 80%) 377.00±8.05 385.67±7.47 8.67±4.22

Negative control CP(200mg/kg i.p) 381.50±5.75 363.33±4.68 −18.17±3.05a**

Positive control (EN10mg/kg/Po) 350.50±6.74 343.67±7.37 −2.50±9.25

CE(100mg/kg)+CP(200mg/kg) 372.67±9.38 358.17±9.38 −14.5±3.87a*

CE(200mg/kg)+CP(200mg/kg) 355.50±9.01 341.33±7.64 −14.17±2.98a*

CE(400mg/kg)+CP(200mg/kg) 356.83±6.16 355.83±6.24 −1.00±3.44

AF(200mg/kg)+ CP(200mg/kg) 360.50±9.25 346.00±8.02 −14.55±2.06a*

AF(400mg/kg)+ CP(200mg/kg) 365.33±7.32 351.00±8.58 −14.17±2.57a*

HF(200mg/kg)+ CP(200mg/kg) 372.00±8.10 357.00±7.14 −15.00±2.65a*

HF(400mg/kg)+ CP(200mg/kg) 384.33±0.80 370.00±5.11 −14.33±4.54a*

Notes: Mean ±SEM (n= 6); analysis was performed using one-way ANOVA followed by Tukey post hoc test; aCompared with normal control: *p<0.05, **p<0.01. 
Abbreviations: AF, aqueous fraction; CE, crude extract; CP, cyclophosphamide; EN, enalapril; HF, hexane fraction; SEM, standard error of mean; Wt., weight.
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400mg/kg aqueous fraction in comparison with the nega-
tive control group (P<0.05).

Effect of the Crude Urtica simensis and Solvent 
Fractions on Lipid Profiles

Triglycerides were increased significantly among the 
rats administered with cyclophosphamide relative to 

the normal control group (P<0.001). However, the EN- 
treated, crude extract and an aqueous fraction of Urtica 
simensis administered at a dose of 200 and 400mg/kg 
showed a decreased level of triglyceride (P<0.001) 
compared to the cyclophosphamide-treated group 
(Table 6). Furthermore, the 100mg/kg crude extract 
and the 200 and 400mg/kg hexane fractions also 

Table 4 The Effect of Crude Urtica simensis and Solvent Fractions on Heart Weight to Body Weight Ratio

Heart Weight to Body Weight Ratio

Experimental Groups Heart Wt. Body Wt. Heart Wt./Body Wt. (×10−4)

Normal control (2% tween 80%) 1.18±0.02 385.67±7.47 30.70±0.60

Negative control CP(200mg/kg i.p) 1.49±0.04 363.33±4.68 41.00±0.80a***

Positive control (EN 10mg/kg/Po) 1.08±0.04 343.67±7.37 31.30±0.90b***

CE(100mg/kg)+CP(200mg/kg) 1.16±0.02 358.17±9.38 32.70±1.10b***

CE(200mg/kg)+CP(200mg/kg) 1.09±0.03 341.33±7.64 31.80±0.50b***

CE(400mg/kg)+CP(200mg/kg) 1.12±0.02 355.83±6.24 31.50±0.40b***

AF(200mg/kg)+ CP(200mg/kg) 1.14±0.02 346.00±8.02 32.80±0.30b***

AF(400mg/kg)+ CP(200mg/kg) 1.14±0.07 351.00±8.58 32.30±1.80b***

HF(200mg/kg)+ CP(200mg/kg) 1.18±0.04 357.00±7.14 32.80±0.90b***

HF(400mg/kg)+ CP(200mg/kg) 1.21±0.05 370.00±5.11 32.50±1.20b***

Notes: Mean ±SEM (n= 6); analysis was performed using one-way ANOVA followed by Tukey post hoc test; aCompared with normal control; bCompared with negative 
control (CP); ***p<0.001. 
Abbreviations: AF, aqueous fraction; CE, crude extract; CP, cyclophosphamide; EN, enalapril; HF, hexane fraction; Wt., weight.

Table 5 Effect of Crude Extract and Solvent Fractions of Urtica simensis on Cardiac Biomarkers

Experimental Groups Troponin I ALT AST

Normal control (2% tween 80%) 0.11±0.01 56.33±14.34 192.83±22.85

Negative control CP(200mg/kg i.p) 0.37±0.03a** 253.33±7.41a*** 298.83±22.30a**

Positive control (EN 10mg/kg/Po) 0.12±0.01b** 62.83±6.66b*** 185.00±10.09b**

CE(100mg/kg)+CP(200mg/kg) 0.22±0.04 72.00±8.74b*** 222.83±19.80

CE(200mg/kg)+CP(200mg/kg) 0.17±0.04b* 66.00±10.17b*** 216.00±15.37

CE(400mg/kg)+CP(200mg/kg) 0.15±0.03b** 64.67±3.04b*** 188.67±12.95b**

AF(200mg/kg)+ CP(200mg/kg) 0.18±0.02b* 85.67±26.94b*** 201.00±17.32b*

AF(400mg/kg)+ CP(200mg/kg) 0.15±0.03b* 84.00±12.38b*** 196.50±10.54b*

HF(200mg/kg)+ CP(200mg/kg) 0.22±0.05 129.00±20.98a*b***c* 248.50±19.17

HF(400mg/kg)+ CP(200mg/kg) 0.22±0.06 127.33±8.77a*b***c* 249.17±28.83

Notes: Mean ±SEM (n= 3 for troponin I: n=6 for AST and ALT); analysis was performed using one way ANOVA followed by Tukey post hoc test; aCompared with normal 
control; bCompared with negative control (CP); cCompared with positive control; *p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: AF, aqueous fraction; ALT, alanine transaminase; AST, aspartate amino transferase; CE, crude extract; CP, cyclophosphamide; EN, enalapril; HF, hexane 
fraction; Wt., weight.
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reduced the triglycerides level in relative to the cyclo-
phosphamide-treated group of P<0.01 and P<0.05, 
respectively.

An elevation in plasma total cholesterol value was 
observed in the cyclophosphamide-treated compared with 
the normal control group (P<0.01). However, the crude 
extract and aqueous fractions reduced plasma total choles-
terol value at 400mg/kg administered doses in comparison 
to the toxic group (P<0.01). The EN-treated group, 
200mg/kg crude and aqueous extracts reduced the plasma 
total cholesterol with P<0.05 level of significance. On the 
other hand, the hexane fraction treated groups are also 
showed total cholesterol reduction though it was insignif-
icant statistically.

Histopathological Finding
The cardioprotective activity of the crude extract and 
solvent fractions of Urtica simensis leaves were confirmed 
by the histopathologic examination of the cardiac tissues 
of control and treated animals. As showed in Figure 2, the 
cardiac tissues in the normal control group showed normal 
morphological architecture with no cellular necrosis, inter-
stitial space oedema and haemorrhage (A). However, the 
cardiac tissues of rats administered with only cyclopho-
sphamide showed necrotic cardiocytes, haemorrhage and 
oedema (B). The histopathologic examination of animal 
groups treated with the 100mg/kg of crude extract and 200 
and 400mg/kg of hexane fractions revealed that there were 

more necrotic heart tissues and some hemorrhagic cells 
compared to the rats found in the normal control group. 
However, the cardiac tissues of the rats treated with EN, 
200 and 400mg/kg of crude extract and aqueous fractions 
of the plant showed that there were more normal cardio-
cytes and regeneration of cardiac cells were observed.

Discussion
To our best knowledge, this is the first report, which aimed 
to study the cardioprotective effect of Urtica simensis 
leaves extracts on cyclophosphamide-induced MI in an 
experimental animal model.

The major findings for this study were the level of 
cardiac enzymes (troponin I, ALT and AST) and lipid 
profiles including triglycerides and total cholesterol ele-
vated on cyclophosphamide-treated groups while the crude 
and solvent fractions of Urtica simensis especially aqu-
eous fractions treated groups reversed the problem. In 
addition, cyclophosphamide treatment caused the body 
weight reduction and heart weight elevation, which was 
expressed as heart weight to body weight ratio elevation 
and the problem was tackled by all the plant extract and 
solvent fractions. This finding was further consolidated by 
histopathological results which showed the deleterious 
effect of cyclophosphamide on heart tissue and the pro-
blem was improved in the plant extract and aqueous frac-
tion treated groups. In addition, the crude extract showed 

Table 6 Effect of Crude Extract and Solvent Fractions of Urtica simensis on Lipid Profiles

Experimental Groups Triglycerides Total Cholesterol

Normal control (2% tween 80%) 62.00±6.13 44.67±6.43

Negative control CP(200mg/kg i.p) 119.00±10.98a*** 153.83±26.36a**

Positive control (EN10mg/kg/Po) 63.17±2.07b*** 66.17±6.67b*

CE(100mg/kg)+CP(200mg/kg) 69.33±10.73b** 118.83±27.64

CE(200mg/kg)+CP(200mg/kg) 64.17±9.29b*** 59.50±14.12b*

CE(400mg/kg)+CP(200mg/kg) 56.67±2.93b*** 53.33±14.83b**

Aqueous(200mg/kg)+ CP(200mg/kg) 74.17±10.55b*** 70.33±8.88b*

Aqueous(400mg/kg)+ CP(200mg/kg) 74.00±6.35b*** 55.67±14.06b**

Hexane(200mg/kg)+ CP(200mg/kg) 76.50±8.04b* 82.00±14.86

Hexane(400mg/kg)+ CP(200mg/kg) 77.17±12.20b* 79.83±24.21

Notes: Mean ±SEM (n= 6); analysis was performed using one way ANOVA followed by Tukey post hoc test; aCompared with normal control; bCompared with negative 
control (CP);*p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: AF, aqueous fraction; CE, crude extract; CP, cyclophosphamide; EN, enalapril; HF, hexane fraction; Wt., weight.
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the highest IC50 value followed by the aqueous and hexane 
fraction of Urtica simensis based on DPPH assay method.

The antioxidant activity of the Urtica simensis was 
done based on the DPPH assay method. This assay is the 
widely used method to determine the radical scavenging 
activity of different plant samples due to its stability, 
simplicity and fast process.32 The DPPH is a purple 
colored, stable free radical having maximum absorbance 

at 517 nm. In the presence of free radical scavenger, there 
is a reduction in the absorbance measurement and color 
change of DPPH from purple to light yellow. The extent of 
reduction in absorbance measurement is an important indi-
cator of the free radical scavenging power of the extracts. 
The different extracts and fractions were compared for 
their antioxidant activity based on their IC50. The lower 
IC50 value indicates that the extracts have high radical 
scavenging activity.24

The crude extract and solvent fractions of the plant 
showed a dose-dependent free radical scavenging activity; 
by which the crude extract showed a strong antioxidant 
activity with IC50 of 63.27µg/mL compared to the aqu-
eous and hexane fractions. The antioxidant activity of the 
crude extract of Urtica simensis is much better than that of 
aqueous and hexane fractions. A similar finding was also 
stated in another study.33 The antioxidant activity may be 
related to the presence of secondary metabolites including 
flavonoids, polyphenols, and tannins. These similar rea-
sons were also reported in Karou et al; Patel Chirag et al; 
Seifu et al; Enayati et al34–37 who reported the free radical 
scavenging activity of these secondary metabolites. The 
variation in antioxidant activity of the plant extracts could 
be due to a difference in the amount and kind of phyto-
chemicals present in the crude extract and solvent fractions 
of the Urtica simensis. Thus, the highest free radical 
scavenging activity of the crude extract could be due to 
the ability of the solvent (70% ethanol) to extract non- 
polar, medium polar and polar phytochemicals that can act 
synergistically. This reason is also stated in other studies in 
which the highest free radical scavenging activity was 
associated with the presence of polar and non-polar com-
ponents in the plant of crude extract.37 The hexane frac-
tions exhibited the lowest antioxidant activity with IC50 of 
258.7µg/mL compared with ascorbic acid and other 
extracts. The possible reason might be due to the presence 
of low level of phenolic compounds in the hexane frac-
tions, and this is in good line with the Khan et al (2012) 
study.38 Previous studies have reported that the secondary 
metabolites exhibit to antioxidant, anti-inflammatory anti-
bacterial and anti-diabetic activity.39,40

In the present study, there was a significant loss in the 
final body weight relative to the initial weight in the 
cyclophosphamide-treated group when compared with the 
normal control group. In addition, experimental groups, 
except that treated 400mg/kg crude extract and standard 
drug, significantly reduced their weight compared with 
normal control groups. The weight loss observed in the 

A B

C D
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I J

Figure 2 Histopathological changes of cardiac tissue of control and experimental 
rats.
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present study may be the cyclophosphamide harms the 
appetite center in the hypothalamus or gastrointestinal 
tract which causes anorexia in the experimental rats. 
However, groups which administered the standard drug 
and 400mg/kg did not show statistically significant weight 
reduction relative to the control groups. This could be 
related with the abundant presence of phenolic compounds 
in 400mg/kg crude extract gave it the potential for best 
RSA activity which in return challenge the deleterious 
effect of cyclophosphamide on appetite.27,41

This study also found that the administration of cyclo-
phosphamide produced a significant increase in the rela-
tive heart weight to body weight ratio of the rats when 
compared with the normal control group. This might be 
due to the direct or indirect participation of cyclophospha-
mide-metabolites especially acrolein which causes damage 
directly or indirectly via oxidative stress to the heart tissue 
leading to cytoplasmic vacuolization, myocyte disruption 
oedema and fibrosis.27,41 Nevertheless, the crude extract 
and the solvent fractions of Urtica simensis have signifi-
cantly decreased heart weight to body weight ratio in all 
treatment groups compared to the negative control group. 
Accordingly, similar results were reported in 
preceding.27,41,42

The plasma troponin I, AST and ALT levels are one of 
the basic parameters for detecting cardiac injury; however, 
troponin I is most sensitive and specific to the heart. These 
cardiac biomarkers were elevated during myocardial 
insult. The reason is that these enzymes were abundantly 
found in the heart and were leaked into the blood as 
a result of membrane degradation and disruption of cardiac 
muscle cells. Thus, the increase in cardiac enzymes is 
significant indications of cellular leakage and loss of func-
tional integrity of the cell membrane of the heart.11,43,44

It is known that apart from cardiac injury, AST and 
ALT are also released in the response to liver injury. 
However, AST tends to be more specific to heart injury, 
whereas ALT is more specific to liver damage. Thus, it is 
vital to calculate the ratio of AST and ALT to know which 
organ is the more pertinent source. In heart muscle injury, 
the AST level is higher than ALT and the AST/ALT ratio 
will be more than one.45 In the current study, the troponin 
I, AST and ALT level were significantly increased among 
the rats administrated with cyclophosphamide compared to 
the normal control group. Most importantly, AST/ALT of 
cyclophosphamide-treated group was greater than one 
which implied the damage was more pronounced on the 
heart than the liver. The high levels of cardiac enzymes in 

the plasma were seen to return to the nearly normal profile 
after treatment with the crude extract and solvent fractions 
of Urtica simensis. Pretreatment of the rats with the EN, 
crude extract and solvent fractions of Urtica simensis 
leaves halted the toxic effect of cyclophosphamide on the 
heart by reducing the elevated levels of these enzymes.

Hence, suppression of the elevated plasma levels of 
troponin I, AST and ALT by the crude extract and solvent 
fractions especially the aqueous fraction of Urtica simen-
sis towards the respective normal value is an indication of 
stabilization of plasma membrane as well as repair of 
cardiac tissue damages caused by cyclophosphamide. The 
secondary metabolites of this plant including polyphenols, 
flavonoids, and tannins might help to maintain membrane 
integrity, thereby limiting the leakage of these enzymes. 
This finding is consistent with what has been found in 
previous studies by Asiri, (2010); Şekeroğlu et al; Afroos 
et al; Omole et al27,41,46,47, which showed that the cardio-
protective activity of the plant extract is due to plasma 
membrane stabilization effect and repair of cardiomyocyte 
damage.

The elevation of total cholesterol and triglycerides 
plasma levels in the cyclophosphamide-treated group indi-
cate cyclophosphamide may be interfering with biosynth-
esis or metabolism of lipids. Cyclophosphamide impaired 
secretion of heart lipoprotein lipase (LPL) which results in 
an elevation of total cholesterol and triglycerides levels of 
lipid markers. Lipoprotein lipase is an enzyme which 
degrades triglycerides to fatty acid.10,43,47,48 Treatment 
with Urtica simensis crude and aqueous extracts showed 
a reduction in plasma lipid profile levels in a dose-related 
fashion. The lipid-lowering effect of this plant may be due 
to the secondary metabolite of polyphenols that can bind 
with bile acids to increase their excretion, inhibit hepatic 
cholesterol biosynthesis and inducing LPL enzyme. 
However, the hexane fractions showed a weak activity 
regarding total cholesterol reduction. This may indicate 
that the active constituents of the plant are polar com-
pounds which could not extract by the hexane solvent. 
These findings agreed with the ideas of Sudharsan et al; 
Afroos et al; Paul et al and Tsegaye et al40,41,49,50.

The activity of the crude extract and solvent fractions 
of Urtica simensis on biochemical results were also con-
solidated by the histopathologic findings. The section of 
the normal control rats’ heart showed normal heart archi-
tecture while the section cyclophosphamide-treated group 
presented cardiac necrosis, interstitial oedema and haemor-
rhage of the myocardium. This may be a result of the 
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formation of free radicals and oxidative stress induced by 
cyclophosphamide-metabolites including acrolein. The 
haemorrhage, oedema and necrosis were also seen in the 
100mg/kg crude extract and all doses of hexane fractions. 
However, these severe pathological changes were lesser in 
the rats administered with the different doses of the crude 
extract, aqueous fractions and the standard drug followed 
by administration of cyclophosphamide. This indicates 
that pretreatment of the rats with the plant extracts, aqu-
eous fraction and EN has the potential to prevent cardio-
toxicity caused by cyclophosphamide. Therefore, the 
histopathologic findings revealed protective activity of 
the crude extract and aqueous fractions of Urtica simensis 
against cyclophosphamide-induced MI which is in good 
line with the results of the preceding studies.42,43,51,52

Sharma et al (2001) explained that the antioxidant 
activity of the plant extracts might be one of the possible 
mechanisms for their cardioprotective activity; and their 
antioxidant activity can be explained by direct trapping of 
the oxygen species, chelation of transition metals involved 
in the process of free radical formation and prevention of 
the peroxidation process by reducing ROS including 
hydrogen peroxides, superoxide radicals, and alkoxy 
radicals.53

In the previous study, preliminary phytochemical 
screening of the crude extract and solvent fractions of 
Urtica simensis revealed the presence of flavonoids, 
polyphenols, and tannins.39 Therefore, the cardiopro-
tective activity of the crude extract and solvent frac-
tions of Urtica simensis may be due to the presence of 
phytochemicals such as polyphenols, alkaloids, flavo-
noids, polyphenols and tannins which posses’ cardio-
protective activity either alone or in combination. 
These findings are in accordance with other previous 
studies that showed the cardioprotective activity of 
these phytoconstituents.14,37,54,55

The mechanism of these phytochemicals for their car-
dioprotective activity is mainly due to their free radical 
scavenging activity; as free radicals are responsible for 
oxidative stress and cardiac injury in cyclophosphamide- 
induced cardiotoxicity. Besides, phenolic compounds and 
flavonoids inhibit low-density lipoprotein peroxidation, 
platelet aggregation and maintain cell membrane stability 
or could protect leakage of the cell membrane due to 
damage by cyclophosphamide-metabolites as evidenced 
by a reduction in the cardiac biomarkers. These findings 
collaborate with Adegbola et al (2017) and Cook and 
Samman, (1996) studies.56,57 Moreover, the anti- 

inflammatory effect of the secondary metabolites includ-
ing polyphenols, tannins and flavonoids could be the 
meant for their cardioprotective activity. This reasoning 
is also stated with other studies which have shown the 
anti-inflammatory activity of these phytochemicals.57–59

The anti-inflammatory activity of the plant extracts can be 
also one of the probable mechanisms as cyclophosphamide- 
toxicity produces inflammatory mediators such as monocytes, 
neutrophils and cytokines (interleukin-6 and tissue necrosis 
factor alpha). This explanation is similar in other studies, in 
which anti-inflammatory activity could be the possible 
mechanism of medicinal plants for their cardioprotective 
activity in cyclophosphamide-induced cardiac injury.60

This study is the first report on the cardioprotective 
effect of Urtica simensis extracts on cyclophosphamide- 
induced MI which can be considered as the main strength 
of the study. However, the limitations of this study were 
that the MI inducing drug, cyclophosphamide has the 
potential to damage organs other than the heart. Since 
the designed experimental model was protective, treatment 
model can be done for the future.

Conclusion and Recommendation
The results of the present study revealed that the crude 
extract and solvent fractions of Urtica simensis have signifi-
cant cardioprotective activity in most parameters with a dose- 
dependent manner. The crude extract has the most significant 
protective effect against deleterious effect of cyclophospha-
mide in body weight, heart weight, lipid profiles and cardiac 
biomarkers followed by the aqueous fraction. The hexane 
fraction was the least active one. The cardioprotective effect 
might possibly be mediated by the antioxidant polyphenolic 
components (tannins and flavonoids) of the leaves. However, 
Isolation of the compounds is recommended to identify the 
specific phytoconstituents that were responsible for the car-
dioprotective activity of Urtica simensis crude extract and 
fractions. The finding should be substantiated by more rele-
vant models that could inflict direct cardiac damage; includ-
ing ex vivo ischemia/reperfusion model and endogenous 
antioxidant enzymes test. Moreover, proteomic analysis is 
important to investigate the protein expression level.

Abbreviations
CVD, cardiovascular diseases; DPPH, 2, 2-diphenyl- 
1-picrylhydrazyl; EN, enalapril; IC50, inhibitory concentra-
tion 50%; LD50, lethal dose 50%; LPL, lipoprotein lipase; 
MI, myocardial infarction; OECD, Organization for 
Economic Cooperation and Development; ROS, reactive 
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