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Abstract 

The effect of Vitamin E on some cardiac parameters following concomitant administration of artemether-lumefantrine 
(AL) and ciprofloxacin in male Wistar rats was investigated. Thirty-five male Wistar rats weighing between 190 – 220 
g, used for the study were randomly divided into seven groups of five animals each. Group I served as the control. Group 
II - VII were administered; 8 mg/kg body weight (bw) of AL; 7.14 mg/kg bw of Ciprofloxacin; 8 mg/kg bw of AL + 7.14 
mg/kg bw of Ciprofloxacin; 8 mg/kg bw of AL + 8.57 IU of Vitamin E; 7.14 mg/kg bw of Ciprofloxacin + 8.57 IU of Vitamin 
E; and 8 mg/kg bw of AL + 7.14 mg/kg bw of Ciprofloxacin + 8.57 IU of Vitamin E respectively. All the drugs were 
administered at their therapeutic regimen. Some cardiac parameters investigated include lipid profile, Troponin I, 
Troponin T, Creatine kinase, Lactate dehydrogenase and aspartate aminotransferase. The result showed significant (p 
< 0.05) increase in all the parameters of cardiac function when treatment groups were compared with control. The 
observed increase in cardiac indices were however significantly (p < 0.05) ameliorated in Groups V, VII and VII which 
were co-administered with Vitamin E compared with Groups II, III and IV which received the test drugs independently. 
The weights of the heart tissues showed the same trend with the parameters of cardiac function assessed and upon 
administration of vitamin E. The results obtained suggest the antioxidative role of vitamin E in alleviating the negative 
effects induced by artemether-lumefantrine and ciprofloxacin combination treatment, which may be from the impact of 
free radicals that may have been generated by the combined drugs.  
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1. Introduction

Malaria remains the World’s most important tropical parasitic disease with regards to mortality and morbidity [1]. It is 
an important public health disease in both tropical and sub-tropical countries in Africa with its major incidence 
occurring in rainy season [2]. It is life-threatening disease caused by protozoan parasites of the genus Plasmodium and 
transmitted through the bites of infected female Anopheles mosquitoes [3]. In Africa, P. falciparum is the major cause of 
the most severe form of malaria and accounts for over 60 % of outpatient visits and 30 % of hospital admission in 
Nigeria [4] and it is also resistant to the readily available over- the -counter anti- malarial drugs.  
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Diverse therapeutic approaches have been in practice over time to manage malaria in various parts of the world with 
main focus on the elimination of the vector and the development of antimalarial drugs especially against the resistance 
P. falciparum. Due to the increasing resistance of malaria parasite to older anti-malarial drugs, such as chloroquine and 
sulphadoxine-pyrimethamine, artemisinin-based combination therapies (ACTs) have been adopted worldwide for the 
treatment of uncomplicated malaria [5]. Artemether-lumefantrine is one of such ACTs and it is most commonly used in 
Sub-Saharan Africa, Nigeria in particular, for the treatment of malaria. Artemether-lumefantrine like other artemisinin 
derivatives, causes malaria parasite death through the generation of free radicals, depletes the antioxidant defense 
system causing oxidative stress [6, 7] 

Fluoroquinolones, especially ciprofloxacin are known for the treatment of typhoid due to the development of resistance 
to other antibiotics [8]. These drugs have been proven to be very effective against the pathogenic micro-organisms. 
However, the toxicities of fluoroquinolones have been reported independently, even at normal therapeutic doses [9]. 
Ciprofloxacin is one of the most commonly used antibiotics for the treatment of typhoid fever in Nigeria and it is also 
readily available as an over-the-counter medication.  

There is a report that malaria is over-diagnosed and over-treated in some endemic areas of the world thereby increasing 
further risk of drug induced toxicity [10]. Co-infection of malaria parasite and Salmonella species is also common in 
Nigeria, and anti-malarial drugs in combination with antibiotics especially ciprofloxacin are frequently administered 
concomitantly without adequate laboratory diagnoses for both diseases. There is a report that co-administration of 
artemisinin/artemisinin derivatives and ciprofloxacin is a common practice in the South-South region of Nigeria in the 
treatment of malaria [11]. Clinically, important interactions may occur between antimalarial drugs and ciprofloxacin 
compromising or potentiating the treatment of either infection.  

Concurrent or irrational treatment of malaria with antimalarial and antibiotic may have some public health implications 
such as increasing surge of drug resistance and exposure of individuals to side effects of antibiotic [12]. Multiple drug 
administration causes some harmful effects generally and has critical impact on body organs [13]. An interaction is said 
to occur when the effects of one drug are altered by the co-administration of another drug, herbal medicine, food, drink 
or other environmental chemical agents [14]. The altered effects can be physiological and / or pharmacological [15]. 
This study was designed to evaluate the effect of concomitant administration of artemether-lumefantrine and 
Ciprofloxacin on some cardiac parameters and also assess if vitamin E would remediate the observed effects in male 
Wistar rats.  

2. Methodology 

2.1. Drugs 

Artemether-lumefantrine (Coartem, 20 mg/120 mg) manufactured by Novartis Pharmaceutical Corporation – 
Switzerland, ciprofloxacin (USP 500 mg) produced by Micro Labs Limited – India and vitamin E (d-alpha tocopheryl 
Acetate) produced by Mega Life Sciences Public Company Limited – Thailand) were purchased from a commercial 
pharmaceutical store (Pharmablaze Pharmacy) in Uyo, Akwa Ibom State, Nigeria. The vitamin E (800 IU) was aspirated 
into a syringe and then reconstituted with measured amount of corn oil prior to daily administration.  

2.2. Research Design  

Thirty-five (35) mature male Wistar rats weighing between 190 – 220 g were used for the study. They were obtained 
from the Animal House, Department of Pharmacology and Toxicology, University of Uyo, Uyo, Akwa Ibom State, Nigeria. 
The animals were acclimatized for two weeks prior to the commencement of drugs administration. They were kept in 
well ventilated cages and were fed with standard rat pellets and water ad libitum throughout the experimental period. 
The Animals were randomly divided into seven groups of five (n = 5) animals each and administered therapeutic 
regimen of the drugs; artemether-lumefantrine was administered for 3 days, ciprofloxacin for 5 day and Vitamin E for 
7 days. The dosage given was equivalent to that for a 70kg man and calculated in mg/kg body weights of the 
experimental animals. The experimental design is as follow: 

 Group I: Control  
 Group II: Artemether-lumefantrine (8 mg/kg body weight, twice daily).  
 Group III: Ciprofloxacin (7.14 mg/kg body weight, twice daily). 
 Group IV: Artemether-lumefantrine (8 mg/kg body weight) and ciprofloxacin (7.14 mg/kg body weight) twice 

daily. 
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 Group V: Artemether-lumefantrine (8 mg/kg body weight, twice daily) and Vitamin E (8.57 IU per body weight, 
daily).  

 Group VI: Ciprofloxacin (7.14 mg/kg body weight, twice daily) and Vitamin E (8.57 IU per body weight, daily). 
 Group VII: Artemether-lumefantrine (8 mg/kg body weight, twice daily), ciprofloxacin (7.14 mg/kg body 

weight, twice daily) and Vitamin E (8.57 IU per body weight, daily). 

2.3. Collection and Treatment of Samples  

At the end of the experimental period, the animals were anaesthetized by chloroform inhalation in a closed chamber 
and thereafter, sacrificed. Blood sample was collected by cardiac puncture into plain sample bottle and centrifuged at 
4000 rpm for 15 minutes to obtain the serum. The serum was carefully collected with the used syringe and needle into 
plain sample bottles and used for analyses. The heart tissues were also harvested and weighed. 

2.4. Determination of Biochemical Parameters 

Serum Lipid Profile including triglycerides, total cholesterol, high-density lipoprotein cholesterol, were assayed using 
Fortress Assay Kit. Very low-density lipoprotein cholesterol and Low-density lipoprotein cholesterol were calculated 
using Friedwald’s formula [16]. The activities of creatinine kinase, lactate dehydrogenase and AST were assayed using 
reagents from Fortress Assay Kits. The concentrations of Troponin I and T were assayed using enzyme-linked 
immunosorbent assay method with ELISA Kits supplied by Calbiotech Inc. CA. The assay procedures described by the 
kits’ leaflet were employed accurately in the assay process. 

2.5. Statistical Analysis 

Data obtained were subjected to one-way analysis of variance (ANOVA) and compared using Newman Keuls Multiple 
Comparison Test. Results are presented as mean ± standard deviation (SD). Differences between experimental groups 
are considered statistically significant at p < 0.05.  

3. Results  

Serum lipid profile of male Wistar rats administered artemether-lumefantrine, Ciprofloxacin and Vitamin E is presented 
in Table 1. The administration of artemether-lumefantrine or Ciprofloxacin singly, increased the concentrations of total 
cholesterol, triglyceride, low density lipoprotein and very low-density lipoprotein when compared to the control. 
Significantly increased concentrations of serum TC, TG, LDL-c and VLDL-c were also observed in artemether-
lumefantrine with ciprofloxacin treated group when compared with the control group (p < 0.05). Furthermore, the 
administration of vitamin E with artemether-lumefantrine or ciprofloxacin and their combination was observed to 
significantly decrease the concentrations of total cholesterol, triglyceride, LDL-c and VLDL-c when compared to the 
administration of artemether-lumefantrine or Ciprofloxacin and their combination respectively. The changes in the 
concentration of high-density lipoprotein were not significantly different between the treatment groups and the control 
except for Group IV which was significantly lower than the control. 

Table 2 shows the concentrations of Troponin I and Troponin T, activities of creatine kinase, lactate dehydrogenase and 
aspartate aminotransferase in the present study. The concentrations of Troponin I and T as well as activities of 
creatinine kinase, lactate dehydrogenase and aspartate aminotransferase were also observed to increase following the 
administration of artemether-lumefantrine, ciprofloxacin and their combination when compared to the control group. 
However, significant (p < 0.05) difference was only observed in the group which received artemether-lumefantrine and 
ciprofloxacin concomitantly. The administration of vitamin E with artemether-lumefantrine or ciprofloxacin or 
combination of artemether-lumefantrine and ciprofloxacin significantly reduced the activities of the enzymes and 
concentrations of troponins when compared to respective individual treatments. 

The weight of the heart tissues treated are presented in Table 3. There were significant (p < 0.05) changes in the weight 
of the heart tissues when the treatment groups were compared with the control group. The results followed the same 
pattern with the other parameters assayed. 
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Table 1 Serum Lipid Profile of Male Wistar Rats Administered Artemether-Lumefantrine, Ciprofloxacin and Vitamin E 

Grouping/Dosage Total cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL-Cholesterol 

(mg/dl) 

VLDL-Cholesterol 

(mg/dl) 

LDL-Cholesterol 

(mg/dl) 

Group I  

Normal control  

82.72 + 3.91 69.56 + 2.22 28.87 + 1.42 13.91 + 0.44 39.93 + 4.94 

Group II  

8 mg/kg/bw AL 

110.70 + 6.92* 89.14 + 1.79* 26. 33 + 2.75* 17. 83 + 0.36* 66.56 + 9.24*  

Group III 

7.14 mg/kg /bw Cipro 

119.50 + 2.28* 93.34 + 1.80* 26.26 + 5.36* 18.67 + 0.36* 74.52 + 2.81* 

Group IV 

8 mg/kg AL + 7.14 mg/kg/bw Cipro 

120.80 + 4.37 *, a 99.50 + 1.82 *, a 21.47 + 1.19 *, a 19.90 + 0.36 *, a 79.40 + 4.88 *, a 

Group V 

8 mg/kg/bw AL + 8.57 IU Vit E 

99.42 + 2.02 *, b 71.89 + 2.51 *, b 26.25 + 4.23* 14.38 + 0.50 *, b 58.79 + 5.69 *, b 

Group VI 

7.14 mg/kg/bw Cipro + 8.57 IU Vit E 

98.40 + 4.26 *, c 70. 96 + 1.99 *, c 26.56 + 3.11* 14.19 + 0.39 *c 57.64 + 4.49 *, c 

Group VII 

8 mg/kg/bw AL + 7.14 mg/kg/bw Cipro + 8.57 IU Vit E 

104.70 + 4.54 *, d 77.03 + 3.02 *, d 23.39 + 2.27* 15.40 + 0.60 *, d 65.92 +7.21 *, d 

Values presented as Mean + Standard Deviation (SD), n = 5, AL = Artemether- Lumefantrine, Cipro = Ciprofloxacin. * = significantly different when all the test groups are compared with control Group I (p < 
0.05), a = significantly different when Group IV is compared to Group II (p < 0.05), b = significantly different when Group V is compared to Group II (p < 0.05), c = significantly different when Group VII is 

compared to Group III (p < 0.05), d = significantly different when Group VII is compared to Group IV (p < 0.05). 
HDL-Cholesterol = High-Density Lipoprotein Cholesterol; VLDL-Cholesterol = Very Low-Density Lipoprotein Cholesterol; LDL-Cholesterol = Low Density Lipoprotein Cholesterol. 
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Table 2 Some Biomarkers of Cardiac Function of Male Wistar Rats Administered Artemether-Lumefantrine, Ciprofloxacin and Vitamin E 

Grouping/Dosage Troponin I 

(ng/ml) 

Troponin T 

(ng/ml) 

Creatine Kinase 
(U/L) 

Lactate 
Dehydrogenase (U/L) 

Aspartate 
Aminotransferase (U/L) 

Group I  

Control  

0.32 + 0.06 190.50 + 11.67 43.40 + 3.91 53.50 + 4.86 107.60 + 3.21 

Group II  

8 mg/kg/bw AL 

0.57 + 0.12* 210.80 + 14.55* 132.40 + 11.63* 74.12 + 4.40 *, a 129.80 + 11.92* 

Group III 

7.14 mg/kg/bw Cipro 

0.47 + 0.05* 213.10 + 19.75* 76.60 + 12.38 *,  65.18 + 3.56 * 165.40 + 30.67* 

Group IV 

8 mg/kg AL + 7.14 mg/kg/bw Cipro 

1.33 + 0.28 *, a 229.30 + 6.61 *. a 152.00 + 14.32 *, a 87.74 + 3.15*, a 236.00 + 23.37 *, a 

Group V 

8 mg/kg/bw AL + of 8.57 IU Vit E 

0.41 + 0.06 *, b 200.70 + 12.75 *, b 110.20 + 7.5 * b 65.44 + 3.13 *, b 112.90 + 6.75*, b 

Group VI 

7.14 mg/kg/bw Cipro + 8.57 IU Vit E 

0.36 + 0.03*, c 177.80 + 11.90 *, c 37.00 + 13.13 *, c 50.70 + 2.10 *, c 93.50 + 7.11*, c 

Group VII 

8 mg/kg/bw AL + 7.14 mg/kg Cipro + 8.57 IU Vit E 

0.50 + 0.07*, d 177.40 + 10.68 *, d 109.20 + 8.06 *, d 61.84 + 4.64 *, d 172.70 + 15.88*, d 

Values presented as Mean + Standard Deviation (SD), n = 5, AL = Artemether- Lumefantrine, Cipro = Ciprofloxacin. * = significantly different when all the test groups are compared with control Group I (p < 
0.05). a = significantly different when Group IV is compared to Group II (p < 0.05). b = significantly different when Group V is compared to Group II (p < 0.05), c = significantly different when Group VII is 

compared to Group III (p < 0.05), d = significantly different when Group VII is compared to Group IV (p < 0.05)
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Table 3 Weight of the Heart Tissues of Male Wistar Rats Administered Artemether-Lumefantrine, Ciprofloxacin and 
Vitamin E 

Grouping/Dosage Heart (g) 

Group I  

Control (I ml NS) 

0.80 ± 0.07 

Group II  

8 mg/kg/bw AL 

0.74 ± 0.11* 

Group III 

7.14 mg/kg/bw Cipro 

0.62 ± 0.10* 

Group IV 

8 mg/kg AL + 7.14 mg/kg/bw Cipro 

0.60 ± 0.10* 

Group V 

8 mg/kg/bw AL + 8.57 IU Vit E 

0.78 ± 0.11* 

Group VI 

7.14 mg/kg/bw Cipro + 8.57 IU Vit E 

0.64 ± 0.13* 

Group VII 

8 mg/kg AL + 7.14 mg/kg/bw Cipro + 8.57 IU Vit E 

0.64 ± 0.15* 

Values presented as Mean + Standard Deviation (SD), n = 5, AL = Artemether-Lumefantrine, Cipro = Ciprofloxacin; * = significantly different when all 
the test groups are compared with control (p < 0.05). 

4. Discussion 

Malaria remains one of the most endemic diseases in the tropics. Di or poly treatments of ailments is a common practice 
especially in places where there is accessibility to drugs for such ailments, with or without proper laboratory 
investigations. Malaria and typhoid fever are two common febrile illnesses that are commonly treated concomitantly, 
perhaps because of ignorance or because of the poor sanitary conditions associated with the sub-tropical region of the 
world where these two diseases are very prevalent. It is therefore a common practice for ACTs to be administered with 
antibiotics such as ciprofloxacin for the treatment of malaria whether or not there is confirmed existence of typhoid 
fever. Multiple drugs administration has been reported to have some harmful effects generally and critically impact 
body organs [13]. It can also alter biochemical parameters, thereby resulting in harmful effects to the body. 

The present study revealed that concomitant administration of artemether-lumefantrine and ciprofloxacin to adult male 
Wistar rats caused significant increase in the cardiac markers (Lipid profile, Troponin I and T concentrations, activities 
of CK, LDH and AST). The significant differences may be attributed to drug interactions or synergism in the drugs action. 
All serum lipid profile parameters recorded significant increases compared to control exception of HDL-cholesterol for 
Group IV which showed significant reduction compared to control. This finding is in agreement with the findings of 
Nkereuwen et al., [17] who reported a reduction in serum HDL-cholesterol concentration following the administration 
of Artemether.  

Studies have confirmed that the free and esterified cholesterol accumulates both in the aorta, coronary arteries and 
cerebral veins [18, 19, 20, 21]. Also, high concentration of total cholesterol is an indication of coronary heart disease 
(CHD) [21]. The increased concentration of cholesterol observed in Group IV compared with the control group suggest 
that the concomitant administration of artemether-lumefantrine and ciprofloxacin may have induced 
hypercholesterolemia. This effect was however observed to be significantly reduced when Group VII which received 
Vitamin E with artemether-lumefantrine and ciprofloxacin concomitantly was compared with Group IV that received 
artemether-lumefantrine and ciprofloxacin only. The significant decrease maybe attributed to the free radical mop up 
activity of vitamin E. Studies have shown that certain isomers of vitamins E serve as a protective antioxidant that fights 
cholesterol oxidation [22]. Tocotrienol isomers of vitamins E have three double bonds that positively impact 
cardiovascular health due to their ability to reduce the activity of the enzyme that controls cholesterol 
production/synthesis (called HMG-COA reductase). Tocotrienol isomers can also prevent cell adhesion and therefore 
slow down progression of atherosclerosis, or hardening/thickening of the arteries [22].  
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There was observed significant increase in the concentrations of triacylglyceride, VLDL- cholesterol and LDL-
cholesterol in all the test groups compared with the control, with the highest concentration in Group IV that was 
administered artemether-lumefantrine and ciprofloxacin. The increased concentration was ameliorated in Group VII 
following the co-administration of vitamin E. The HDL-cholesterol concentration depicted a pattern reduction in the 
entire test compared with the control. However, the reduction of HDL-c following concomitant administration of 
artemether-lumefantrine and ciprofloxacin in Group IV was significant compared with the control. The effect was also 
remediated in Group VII that received vitamin E in addition to artemether-lumefantrine and ciprofloxacin. Significant 
increase in TG, VLDL, LDL and decrease in HDL is an indication of an unfavorable lipid modification and may result in 
the formation of atherosclerotic plaques. Reverse cholesterol transport from the peripheral tissues to the liver, where 
it is excreted, is carried out by HDL-cholesterol and decrease concentration of HDL-cholesterol with high concentration 
of triglyceride are associated with increased risk of coronary heart disease and ischaemic stroke [23].  

The ratio of LDL/HDL is suggested as an index of risk of CHD [24]. Studies confirm that treatments associated with 
increase in HDL-cholesterol are associated with low risk of CHD and significant regression of arterial lesions. This study 
is in line with Etim et al. [25] who reported that co-administration of chloroquine phosphate and cefuroxime axetil tends 
to raise serum LDL-cholesterol level and with Nna et al., [26] who also reported significantly increase concentration of 
LDL-cholesterol following coartem (artemether-lumenfantrine) administration for 7 days in albino Wistar rats. Very 
low-density lipoproteins are rich in TG. Elevated VLDL concentrations result in hypertriacylglycerolemia that may give 
rise to atherosclerosis [27, 20, 28]. Ukpanukpong et al. [29], reported significant increase in VLDL-cholesterol level 
following administration of pefloxacin. However, Nna et al. [26], reported an insignificant difference in VLDL-cholesterol 
following coartem and chloroquine administration for 3 and 7 days respectively.  

In this study, positive modulatory effect for these lipid parameters was observed in Group VII that receive artemether-
lumefantrine, ciprofloxacin and vitamin E concomitantly. Studies have shown that ingesting antioxidant helps in 
minimizing free radical exposure and reduce oxidative stress [30]. This may explain the effect that was observed when 
Vitamin E was administered along with the drugs. 

Troponin, a trimetric regulatory protein complex consisting of troponin C, troponin I and troponin T, is very necessary 
for muscle contraction in cardiac and skeletal muscles. They have absolute myocardial tissue specificity [31]. Cardiac 
Troponin I and T was observed to significantly increase following the concomitant administration of artemether-
lumefantrine and ciprofloxacin. An increase troponin concentration indicates cardiac injury, acute coronary injury, 
acute perimyocarditis, acute pulmonary embolism, acute heart failure and tachycardia [31]. The significant increase in 
test groups compare to control may be an indication of myocardial infarction and is in line with the findings of 
Amsterdam et al. [21]. WHO [32], also reported similar results that some antimalarial have been associated with 
prolongation of the QT interval on the electrocardiogram. Cardiotoxicity is a well-known side effect of several cytotoxic 
drugs, especially of the anthracyclines and can lead to long term morbidity [19].  

In this study, the suspected toxicity induced by the concomitant administration of artemether-lumefantrine and 
ciprofloxacin may have been combatted by vitamin E, as there was observed significant reduction in the concentration 
of both Troponin I and T in Group VII compared with Group IV. The same effect was observed when Group VI that 
received ciprofloxacin with vitamin E was compared with Group III that had ciprofloxacin only. These results further 
suggest that vitamin E may have prevented mitochondrial dysfunction. Reports by Wallace and Starkozy [33], Wallace 
[34] and Sardao et al. [35] states that due to the abundance of mitochondria in cardiomyocytes and the close relationship 
linking oxidative metabolism with myocardial function and viability, mitochondrial dysfunction is usually considered 
as a prime suspect in cardiotoxicity, especially when cardiomyocyte survival is compromised.  

Creatine kinase resides in the cytosol and facilitates high energy phosphates into and out of mitochondria. It is 
distributed in a number of tissues including heart and skeletal muscle. Elevated concentration of creatine kinase is an 
indicator of cardiac problems such as myocardial infarction, myositis, myocarditis and rhabdomyolysis [36]. There was 
significant increase in the concentration of creatine kinase in all the test groups compared with the control. The result 
is in agreement with the report by Young [37] who documented increase in serum level of CK following the 
administration of a wide variety of drugs. Sathasivam and Lecky [38]; Lee [39]; Bannwarth [40] and WHO [32] also 
reported increase in serum CK activity in response to drugs. The increase activity of CK observed in this study was 
ameliorated with co-administration of vitamin E, further supporting its antioxidant role.  

Lactate dehydrogenase (LDH) plays an important role in human body by catalyzing the conversion of pyruvate to 
lactate. LDH-1 isozyme is normally found in the heart muscle, liver, muscles, kidney, lungs, erythrocytes and LDH-2 
suggests myocardial infarction [18]. Under normal condition, LDH is produced in human body in little amounts with 
low monitory value. However, many factors have been reported to increase LDH levels in the blood stream such as 
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ascites, allergy and drugs; prolong exercise and severity of preeclampsia [41]. There was significant increase in the 
concentration of serum LDH in this study when all the test groups were compared with the control. This effect was also 
ameliorated when vitamin E was combined in the treatment regimen. Al-faris et al. [42] reported increases in ALT, AST, 
CK-MB and LDH activities following ciprofloxacin treatment. Artemether-lumefantrine has also been reported to 
increase blood LDH, bilirubin, total protein and haemolytic anaemia (Consumer/Non-Health Professional, USA, 2012). 
Elevated concentration of LDH may therefore be an indication of myocardial infarction.  

Aspartate aminotransferase (AST) is an enzyme found in the cells throughout the body but mostly in the heart and liver, 
to a lesser extent in red blood cells, muscle tissue and other organs, such as the pancreas and kidneys [43]. An injury to 
any of these tissues may elevate its blood level and damaged to the heart or liver cells, may release AST from the cells 
into the peripheral blood [43]. Significant increase in serum AST concentration was observed in all the treated groups 
compared to the control. This finding is line with Minuk et al. [44]; Hirsh and Lundquist [45]; Akpanyung et al. [46]; and 
Ugokwe et al. [47], who reported increased concentration of serum AST in response to antimalarials and antibiotics. 
The significant increase in AST concentration observed in this study maybe an evidence of drug induced toxicity and 
may be as a result of leakage from the cells through peroxidative damage of membranes and loss of functional integrity 
of cellular membrane in liver as reported by Iniaghe et al. [48]. The effect was significantly reduced with co- 
administration with vitamin E. Little et al. [6] and Ukwenya et al. [7] suggested that the generation of free radicals 
depletes the antioxidant defense system causing oxidative stress following administration of artemether-lumefantrine. 
The findings of Nwachukwu et al. [49], that essential vitamins such as vitamin E, vitamin C or folic acid may play 
potential harmful roles by exacerbating malaria episodes or interfere with antimalarial therapy however does not agree 
with the present findings. This is therefore a subject for further research.  

Changes in cardiac weight is an in index of drug- induced cardiotoxicity. The degree of toxicity of any drug or organ can 
be ascertained with the relative weight of organ [50]. The weight of the heart was significantly decreased following the 
drug (ACT) administration singly and combined (ACT and Cipro) compared with the control. The observed effect was 
improved with concomitant administration of the drugs combination with vit E. Otuechere et al. [51] reported a 
reduction in the weight of heart tissue following the administration of Artemether-Lumefantrine and Artesunate 
amodiaquine. A reduction in the heart/body weight ratio in rats administered ciprofloxacin was also reported by 
Obaleye et al. [52]. However, cardiac weight was reported to increase following the administration of artesunate, a 
monotherapy for malaria [53]. The observed reduction in the weight of the heart in this study may be as a result of 
interaction by the two drugs and possible generation of free radicals. Metabolism of drugs are known to generate free 
radicals and the abundance of free radicals leads to oxidative stress which may cause death of cardiac muscles [53]. The 
reduction in heart weight coupled with increase concentration of troponin in this study suggest that concomitant 
administration of artemether-lumefantrine and ciprofloxacin may be cardiotoxic. The effect was improved with 
concomitant treatment of the drugs combination with vitamin E. Vitamin E is a potent antioxidant which is able to 
interact and scavenge free radicals from the system and reduce their deleterious effect. 

5. Conclusion 

The findings of this study generally suggest that Concomitant administration of Artemether-Lumefantrine and 
ciprofloxacin may induce cardio-toxicity in male rats. Co - administration of the drugs with vitamin E, reduced the 
observed effects, suggesting its role as an antioxidant.  
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