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ABSTRACT  
            Artemisinin and its derivatives are the most rapidly effective antimalarial drugs. One of the 
derivatives, artemether is the methyl ether of dihydroartemisinin formulated for treatment of 
uncomplicated multi-drug resistant falciparum malaria. The aim of the present study is to determine 
the physiological and histopathological effects of artemether in Wistar rats. Thirty rats were divided 
into three groups of ten rats each. Group one served as a control. Group two was injected with 
artemether (25 mg/kg) and group three was injected with artemether (50 mg/kg). Injection was 
continued daily for a week. At the end of experimental period, blood was collected for determination 
of Complete Blood Count (CBC). Serum was separated for estimation of biochemical parameters 
ALT, AST, ALP, Bilirubin, BUN and creatinine. Liver and kidney were removed for hitopathological 
examination. The results of the present study showed that artemether has no effects on hematological 
parameters except for haematocrit percent and hemoglobin level when a high dose of artemether was 
used (50 mg/kg). Rats which were treated with (50 mg/kg) of the drug showed elevated levels of 
ALT, AST, ALP compared to the control group, however, bilirubin level was comparable to the 
control group. BUN level was significantly elevated compared to the control group, however, 
creatinine level was not significantly different from that shown by control group. No histopathological 
changes were observed in the liver using either low or high dose of the drug. Low dose of artemether 
showed a wide area of dilatation of the renal tubules in the medullary zone. In addition, extensive 
vacuolar degeneration was observed in the epithelial cells of the dilated renal tubules. Renal glomeruli 
have also shown mild congestion. Serious histopathological changes were exhibited by the groups 
which received high dose of the drug including prominent dilatation of the renal tubules which were 
fully stuffed and filled with a homogenous eosinophilic proteinaceous material. Furthermore, renal 
glomeruli were remarkably congested, in addition to swelling of the tubular epithelium.  
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Introduction 

Malaria is a global health challenge and a major public health concern in many countries 
(Nyarko and Cobblah, 2014). It is endemic in over 100 countries, and almost half of the worldwide 
population is at risk of malaria, where approximately one million people die from malaria each year 
(WHO, 2015). 

Artemisia annua commonly known as sweet wormwood or sweet annie is an annual herb used 
in treatment of malaria over 2000 years in China. The active ingredient artemisinin was isolated in 
1972 and subsequently other semi-synthetic antimalarial drugs were produced (Bigoniya et al., 2015). 
Artemisinin and its derivatives (artesunate, artemether, arteether, and dihydroartemisinin) have a great 
role against resistant strains of Plasmodium parasite (Chanthap et al., 2005). Artemisinins are 
effective not only against multi-resistant strains of Plasmodium falciparum, but have broad stage 
specificity against the Plasmodium life cycle including both the asexual blood stages and the sexual 
gametocyte stages (O’Neill et al., 2010).  

Zhang and Gerhard (2008) investigated the reactions of artemisinin with different redox forms 
of heme, ferrous iron, and deoxygenated and oxygenated hemoglobin, they found that heme reacted 
with artemisinin much more efficiently than the other iron-containing molecules, supporting the role 
of redox active heme as the primary activator of artemisinin. Artemisinins have also shown a broad 
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anticancer activities in cell lines and animal models, they have also exhibited anti-schistosomal 
properties (O’Neill, et al., 2008). 

Artemether (artemisinin derivative) is a lipid soluble methyl ether of dihydro artemisinin with 
rapid schizonticidal activity against Plamodium falciparium parasites in blood and parasitemia 
clearance rate of 30-84 hour (Osonuga et al., 2011). 
The aim of the present study is to determine the Physiological and histopathological effects of 
Artemether in Wistar Rats. 
 

Material and Methods 

Experimental animals 
Thirty (30) male Wistar rats weighing (180-200 g) and aged between 6-9 weeks were used for 

the present study. The rats were obtained from the animal house at King Saud University, Riyadh, 
Saudi Arabia. Animals were kept in a properly ventilated cages, at a temperature of (23-28 º) and 12 
hour light/dark cycle, humidity of (42-55%), and water and food ad libitum. Animals were acclimated 
for a week prior to experiment. Animal studies were approved by the Ethical Committee of the 
Parasitology Department, College of Science, King Saud University for the Project 437/203/484. 

 
Chemicals   

Aspartate Aminotransferase (AST) analysis was done using 015A-060, Alanine Transaminase 
(ALT) analysis was done using 007A-060, however, Alkaline phosphatase (ALP) analysis was 
performed using 004L-060 kits. Direct and total Bilirubin analysis was done using 019-085 
BILIRUBIN TOTAL/DIRECT kit. Blood Urea Nitrogen (BUN) analysis was performed using 020-
150 kit, while Creatinine analysis was done using 033K-240. All chemicals were purchased from 
(United Diagnostics Industry, Dammam, Saudi Arabia). Analysis was done according to the 
manufacturer’s instructions. 

 
Experimental design 

The rats were divided into three groups of ten rats each. Group one served as a control and 
injected intramuscularly with normal saline (0.9%). Group two was injected with artemether (25 
mg/kg) and group three was injected with artemether (50 mg/kg) (Shanghai Pharmaceutical CO., 
LTD., Shanghi China). Injection was continued daily for a week.  

 
Blood and tissue collection 
 
Determination of haematological  parameters 
 

At the end of the experimental period, blood was collected by cardiac puncture in two tubes, 
EDTA tube for Complete Blood Count (CBC) and plain tube for serum collection. Blood was 
analyzed for (Hb, HCT, RBCs, WBCs, MCV, MCH and MCHC) using COULTER Ac.T 5diff CP 
(Cap pierce) haematology analyser (Beckman Coulter, USA), according to the manufacturer’s 
instructions.  

 
Determination of biochemical parameters 
 

Serum was separated from blood by centrifuge device for estimation of (AST, ALT, ALP, 
Bilirubin, BUN and Creatinine) using (Semi auto BIOCHEMISTRY BAS 3000), according to the 
manufacturer’s instructions.  

 
Histopathological Examination 
 

At the end of experiment, rats were dissected. Liver and kidney were removed and placed in 
10% neutral buffered formalin, Placed in different concentrations of ethanol started from 70-100%. 
The organs were placed in xylene followed by paraffin wax. Tissue was then cut by Microtome device 
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into slices, stained by Hemtoxylin and Eosin and examined by a light microscope for 
histopathological changes. 

 
Statistical analysis 

All presented data is expressed as mean ± standard error (SE). One-way analysis of variance 
(ANOVA) was performed, followed by Student’s t-test to analyze group differences. Numerical data 
was correlated using Statistical Package for Social Sciences (SPSS) software (version 17.6 spss, Inc. 
Chicago IL, USA). Differences of (P ≤ 0.001) were considered highly significant and (P ≥ 0.05) were 
considered non-significant. 
 
Results and Discussion 
 

Malaria elimination has recently been considered as a global health priority but current 
therapies seem to be insufficient for the task. Artemisinins are fast acting and very potent against 
blood-stage parasites and show activity against early sexual stages of the parasite, which is important 
for blocking transmission (White et al., 2014). 

Elimination efforts require drugs that alleviate symptoms, prevent transmission and provide a 
radical cure. In the face of resistance to chloroquine by Plasmodium falciparum, the malarial parasite 
responsible for the high mortality and morbidity from malarial disease, artemisinin and its derivatives 
(artesunate, artemether, arteether, and dihydroartemisinin) have given renewed hope for combating 
resistant strains of Plasmodium falciparum malaria (Okunlola et al., 2013). 

 
Effect of artmether on haematological parameters 

The results of the present study showed that artemether has no effects on hematology 
parameters except for haematocrit percent and hemoglobin level. The hemoglobin levels and 
haematocrit percent in the group of rats which received  

25 mg/kg of artemether showed no significant difference compared to the control group 
(p≥0.05). On the other hand, the group which was treated with a high dose (50 mg/kg) exhibited 
significantly lower levels compared to the c ontrol group (p≤0.001) (Table 1).  
 
Table 1: Effect of artemether on haematological parameters: 

Doses 

RBCs 
(10^6/µl) 

(Mean ± SE) 

WBCs 
(10^3/µl) 

(Mean ± SE) 

MCV (fl) 
(Mean ± 

SE) 

MCH 
(pg) 

(Mean ± 
SE) 

MCHC 
(g/dl) 

(Mean ± 
SE) 

HCT (%) 
(Mean ± 

SE) 

Hb (g/dl) 
(Mean ± 

SE) 

Untreated 
control 

6.95 ± 
0.70 

7.40 ± 
1.68 

70.67 ± 
1.20 

22.17 ± 
0.33 

31.50 ± 
0.12 

48.37 ± 
4.45 

15.23 ± 
1.39 

Low dose 
(25mg/kg) 

7.35 ± 
0.50 ns 

15.50 ± 
0.32 ns 

71.00 ± 
2.52 ns 

22.10 ± 
0.78 ns 

31.07 ± 
0.77 ns 

52.03 ± 
1.61 ns 

16.17 ± 
0.64 ns 

High dose 
(50mg/kg) 

3.95 ± 
1.47 ns 

21.03 ± 
8.49 ns 

72.67 ± 
4.10 ns 

20.30 ± 
0.17 ns 

28.07 ± 
1.64 ns 

27.73 ± 
8.68 *** 

5.43 ± 
0.50 *** 

(ns represents non-significant (p≥0.05), *** represents highly significant  (p≤0.001).   

 The present results agree with Osonuga et al. (2012) who studied the effect of short-term 
administration of different oral doses of artemether on hemoglobin concentration of albino rats. They 
demonstrated that administration of artemether significantly reduced hemoglobin level. In a study 
performed by Yin et al. (2014) in dogs, artemether treated dogs showed decrease in both haematocrit 
and hemoglobin. Reduction in hemoglobin level in artemether treated rats could be due to haemolysis 
caused by artemether (Rehman et al., 2014). 

The levels of red blood cells (RBCs), white blood cells (WBCs), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration 
(MCHC) in both groups injected by either 25 mg/kg or 50 mg/kg of artemether showed no significant 
difference in comparison to control group (p≥0.05) (Table 1).  

In a study performed by Xiao et al. (2002), routine blood test results of artemether treated rats 
were normal except for reversible reductions of reticulocyte counts and reversible increases in 
hemoglobin levels. 
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Effect of artmether on biochemical parameters 
 
Effect on liver functions 

The current study showed the effects of artemether on the levels of bilirubin and liver enzymes 
such as Aspartate Aminotransferase (AST), Alanine Transaminase (ALT) and Alkaline phosphatase 
(ALP). There were no significant differences in AST and ALT levels between the group of rats which 
received 25 mg/kg of artemether and the control group (p≥0.05), while the group of rats which treated 
with high dose (50 mg/kg) showed highly significant difference (p≤0.001) compared to the control 
group. The ALP level in the group of rats which received 25 mg/kg of artemether has also shown no 
significant difference compared to the control group (p≥0.05), however, the group of rats that was 
treated with 50 mg/kg of the drug exhibited significant difference compared to the control group (P ≤ 
0.01). Moreover, direct and total bilirubin levels in both groups of rats which received either low or 
high dose of the drug showed no significant difference compared to the control group (p≥0.05) (Table 
2).  

 
Table 2: Effect of artemether on liver functions: 

Total bilirubin 
(mg/dl) 

(Mean ± SE) 

Direct bilirubin 
(mg/dl) 

(Mean ± SE) 

ALP (IU/L) 
(Mean ± SE) 

ALT (IU/L) 
(Mean ± SE) 

AST (IU/L) 
(Mean ± SE) Doses 

0.125 ± 0.00 0.546 ± 0.060 261 ± 1.528  68.37 ± 0.81 213 ± 0.00 Untreated 
control 

0.136 ± 0.00 ns 0.553 ± 0.051 ns 259.7 ± 4.410 ns 67.90 ± 0.97 ns 217 ± 0.58 ns Low dose 
(25 mg/kg) 

0.139 ± 0.01 ns 0.603 ± 0.026 ns 291 ± 0.577 ** 118 ± 1.59 *** 265 ± 0.33 *** High dose 
(50 mg/kg) 

 (ns represents non-significant (p≥0.05), ** represents significant (p≤0.01), *** represents highly significant       (p≤0.001).             

 
Yin et al. (2014) have reported a significant increases in serum AST in artemether treated dogs. 

Significantly high ALT and AST were observed in patients having uncomplicated falciparum malaria 
and treated with artemisinin-based therapy (Artemether-lumefantrine) (Silva-Pinto et al., 2017). In a 
study performed by Xiao et al. (2002), oral administration of artemether at 80mg/kg, liver functions 
showed no differences between treated and untreated rats. The discrepancy in results could be 
explained by that, oral intake represents a relatively safe route of administration compared to delayed 
drug release after intramuscular injection (Efferth and Kaina, 2010). Liver enzymes could be elevated 
even in mild hepatocellular injury but tend to decrease with prolonged intoxication due to liver 
damage (Adaramoye et al., 2008). 

 
Effect on kidney functions 

Compared to the control group, in the current study BUN level in the group of rats which was 
injected with 25 mg/kg does not show a significant difference, however, the group which received 50 
mg/kg showed a significant difference compared to the control group (P ≤ 0.01). When creatinine 
level was investigated, the results showed values comparable to the control group (p≥0.05) (Table 3). 
  
Table 3: Effect on kidney functions: 

Creatinine (mg/dl) 
Mean ± SE 

BUN (mg/dl) 
(Mean ± SE) 

Doses 

0.53 ± 0.03 22.47 ± 1.25 Untreated control 
0.63 ± 0.33 ns 23.40 ± 1.31 ns Low dose (25 mg/kg) 
0.60 ± 0.03 ns 31.85 ± 0.77 ** High dose (50 mg/kg) 

 (ns represents non-significant (p≥0.05) and ** represents significant (p≤0.01) 

Adaramoye et al. (2008), found no significant difference in creatinine levels in artemether 
treated rats compared to the control group (Adaramoye et al., 2008).  

It was reported that, BUN, and creatinine levels in artemether treated rats showed no difference 
from those observed in untreated control group (Xiao et al., 2008). In a previous study, it was found 
that, coadministration of artemether and lumefantrine in female Wistar rats raised renal function 
markers (Abolaji et al., 2013). The pharmacokinetic properties of artemether might be changed after 
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its combination with lumefantrine. It was reported that the pharmacokinetic properties of the drugs 
determine their toxicological potential (Yin et al., 2014). 
 
Histopathological analysis 
 
Histopathological changes in the liver 
 

Control group that was injected with normal saline shows normal central veins, blood sinusoids 
and hepatocytes (Fig 1. A, B). The current study showed that the artemether treated rats at 25 mg/kg 
exhibited no histopathological changes in the liver. Central veins, blood sinusoids and hepatocytes 
were normal (Fig 2. C, D). In addition, the group of rats which was treated with a high dose (50 
mg/kg) of artemether showed no histopathological changes as well (Fig 3. E, F). 

No histopathological changes were observed in liver of rats treated with artemether in a study 
performed by Xiao et al. (2002). Hepatocellular changes in some dogs treated with artemether were 
detected in a previous study, however, the changes were only in some sporadic cells in the liver (Yin 
et al., 2014). Using arteether (artemesinin derivative) in rats, no histopathological changes in the liver 
were observed (Okunlola et al., 2013). On the contrary, another artemesinin derivative (artesunate) 
showed mild hepatic inflammatory infiltration, sinusoidal dilation, cytoplasmic vacuolation, focal 
necrosis, sinusoidal congestion and extensive inflammatory changes in rats when used for 45 days. 
Liver damage could be attributed to the prolonged period of artesunate treatment (Bigoniya et al., 
2015). 
 
Histopathological changes in the kidney 
 
  Fig 4. A, B shows normal renal tubular epithelium in the cortical area, normal renal tubules, 
glomerular cells and glomerular tuft of the control group. In the present study, there were 
histopathological changes in the kidney of rats which received a low dose of artemether (25 mg/kg). 
These changes included a wide area of dilatation of the renal tubules in the medullary zone. In 
addition, extensive vacuolar degeneration was observed in the epithelial cells of the dilated renal 
tubules (Fig 5. C). Renal glomeruli have also shown mild congestion (Fig 5. D). The experimental 
group which was treated with a high dose of the drug (50 mg/kg) showed serious histopathological 
changes. In those groups, dilatation of the renal tubules was more prominent and extensive involving 
most of the proximal and distal tubules. The dilated tubules were fully stuffed and filled with a 
homogenous eosinophilic proteinaceous material (Fig 6. E, F) Furthermore, renal glomeruli were 
remarkably congested by the presence of large numbers of erythrocytes inside the glomerular tufts, in 
addition to swelling of the tubular epithelium (Fig 6 G). The present results shows serious severe 
histopathological changes observed in the kidney of rats treated with the high dose of artemether.  

Toxicity study revealed dose-dependent effects after intramuscular injection of artemether at 
higher doses (Osonuga et al., 2012). The findings of the present study are in agreement with others 
obtained by Yin et al. (2014) who found histopathological changes in the kidney included tubular 
epithelium vacuolation and necrosis in artemether treated dogs compared to the control groups. In a 
previous study performed by Amaza et al. (2013) using artesunate (artemesinin derivative), kidney 
tissue sections from treated rats revealed moderate to severe glomerular degeneration, focal 
haemorrhage, edema, congested blood vessels, cloudy swelling of the tubules, degenerative changes 
of the tubules, severe focal congestion in the cortex and pale staining of tubules.  
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A B 

 
Fig 1: Liver of rat treated with normal saline (control) (A) showing normal central vein (CV) and 

blood sinusoids (BS) (arrows), (H&E 100). (B) showing normal hepatocytes (H) (arrows), 
(H&E 400). 

C D 

 
Fig 2: Liver of rat treated with 25 mg/kg of artemether (C) showing normal central vein (CV) and 

blood sinusoids (BS) (arrows), (H&E 100). (D) showing normal hepatocytes (H) (arrows), 
(H&E 400). 

E F 

 
Fig. 3: Liver of rat treated with 50 mg/kg of artemether. (E) showing normal central vein (CV) and 

blood sinusoids (BS) (arrows), (H&E 100). (F) showing normal hepatocytes (H) (arrows), 
(H&E 400) 
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A B 

 
Fig 4:  Kidney of rat treated with normal saline (control) . (A)  showing normal renal tubular 

epithelium in the cortical area and normal renal tubules (RT) (arrows), (H&E 100). (B) showing 
normal glomerular cells and glomerular tuft (GL) (arrows), (H&E X 400). 

 
C D 

 
Fig 5: Kidney of rat treated with 25 mg/kg of artemether. (C) showing dilatation of the renal tubules 

and vacuolar degeneration of the renal tubular epithelium. (arrows), (H&E X400). (D) showing 
mild congestion in the renal glomeruli (arrows), (H&E X100) 

 
E F 

 
Fig 6: Kidney of rat treated with 50 mg/kg of artemether. (E) showing deposition of homogenous 

eosinophilic proteinaceous material in the lumen of the dilated tubules (arrows). (H&E X100). 
(F) higher magnification of figure (E). (H&E X400). 
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G 

 
Fig. 6: (G) showing remarkable congestion of glomeruli (stars) and swelling of the tubular epithelium 

(arrows), (H&E X400). 
 
In conclusion, artemesinin exerted decrease in HCT and Hb levels in Wistar rats. It also 

exhibited elevation in liver enzymes, namely ALT, AST and ALP. In kidney, artemesinin induced 
elevation in BUN level. Histopathological changes were shown in the kidney including dilatation of 
the renal tubules in the medullary zone with extensive vacuolar degeneration in their epithelial cells, 
in addition to mild congestion in renal glomeruli when a low dose of the drug was used. However, the 
high dose induced prominent dilatation of the renal tubules which were fully stuffed and filled with a 
homogenous eosinophilic proteinaceous material, in addition to remarkable congestion of glomeruli. 
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