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ABSTRACT 11 
 12 
This study investigated the comparative efficacy of different doses of the methanol leaf 13 
extract of Artemisia annua and a brand of ACT antimalarial drug, in Plasmodium berghei-14 
infected mice. A total of thirty albino mice weighing between 20g and 40g were used for the 15 
study. They were randomly assigned into six groups (I-VI) of five mice each. All mice in 16 
groups I-V were infected with 1 × 10^5 Plasmodium berghei suspended in 0.2 ml of 17 
phosphate-buffered saline. Group V was left untreated, whereas group VI served as the 18 
uninfected untreated control. Groups I, II, and III were treated respectively with 250 mg/kg, 19 
500 mg/kg, and 1000 mg/kg of Artemisia annua methanol leaf extract for 4 days. Group IV 20 
was treated with 56 mg/kg  ACT antimalarial drug, every day for 4 days. Parasitaemia, 21 
packed cell volume (PCV) and haemoglobin concentration (HB), were used to assess the 22 
efficacy of treatment. The Total leucocyte count (TLC) and Differential leucocyte count 23 
(DLC) were also determined. Parasitaemia became evident in all infected mice on day 7 PI. 24 
Parasitaemia was increased in groups I and II after treatment but was significantly decreased 25 
in groups III and IV. An overall significant decrease (P <0.05) in haemoglobin and PCV was 26 
seen, particularly in groups I, II, and V. However, a significant increase (P <0.05) in TLC was 27 
seen in all infected animals, with a sustained increase in groups I, II, and V after treatment. 28 
The infection caused a significant increase (P < 0.05) in absolute lymphocyte, eosinophil, and 29 
monocyte counts of all infected groups, with a sustained increase in groups I, II, and V even 30 
after treatment. It is therefore concluded that the methanol leaf extract of Artemisia annua had 31 
significant efficacy as the ACT against Plasmodium berghei infection in mice at a dose of 32 
1000 mg/kg body weight and justified its continual use as an herbal remedy against malaria 33 
in humans. 34 
 35 
Keywords: Plasmodium berghei, Artemisia annua, ACT, Comparative efficacy, 36 
Mice. 37 
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INTRODUCTION 40 
 41 
Malaria is one of the most common human infections worldwide and a leading cause of 42 
morbidity and mortality in endemic areas (10). Its impact has surpassed that of any other 43 
infectious disease globally, and it is endemic in over 90 countries, affecting a total population 44 
of 2.4 billion, which represents a significant portion of the world's population (9). According 45 
to the WHO, malaria is caused by the protozoan parasite of the Plasmodium genus. Between 46 
300 and 500 million individuals are infected with Plasmodium spp., among these population, 47 



 

 

1.5 to 2.7 million people, mostly children, die from the infection, Ninety percent of these 48 
deaths occur in Africa (9). In 2022, a WHO report stated that Nigeria accounted for 27% of 49 
global malaria cases and 31% of malaria deaths. Additionally, in December 2024, the BBC 50 
reported that Nigeria accounts for almost a third of those who die from malaria each year. The 51 
interactions among humans, mosquitoes, and the malaria parasite lead to malaria infection 52 
(20). The blood-feeding of infectious female Anopheles mosquitoes serves as the mode of 53 
malaria transmission (8). Five major Plasmodium species cause Malaria in humans, and they 54 
are Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, Plasmodium vivax, 55 
Plasmodium knowlesi (18). However, Plasmodium falciparum accounts for 60 – 70% of 56 
malaria deaths, being the most pathogenic among the Plasmodium species (27). Malaria is 57 
recognised as one of the diseases of economic importance to humans in Africa. 58 
Severe malaria should be treated with highly effective drugs that have potency against the 59 
malaria parasite and are able to clear the infection within a short period without any 60 
complications (1). Antimalarial drug resistance has become a major threat to the treatment of 61 
malaria (18). Artemisinin combination therapy (ACT), in which the Artemisinin component is 62 
obtained from the plant Artemisia annua (A. annua), is currently the best therapy for the 63 
treatment of malaria (30). In Nigeria, there is still a high dependence on herbal medicine for 64 
the treatment of the disease, with a belief among some people that it is more effective than 65 
orthodox medicine (17). People in South-Eastern Nigeria use tea from boiled Artemisia 66 
annua leaves to treat malaria. A WHO report of 10

th
 October 2019 does not support people 67 

using Artemisia plant material in any form for the treatment of malaria, citing that the herbal 68 
remedies are often insufficient to kill all malaria parasites in a patient’s bloodstream, and their 69 
widespread use could hasten the development and spread of Artemisinin resistance. In this 70 
study, we compared a known Artemisinin combination therapy (ACT) Artemef

®
 and the 71 

Artemisia annua leaf extract in the treatment of malaria in albino mice. 72 
 73 
MATERIALS AND METHODS 74 
 75 
Experimental Animals 76 
 77 
Thirty (30) adult albino mice weighing between 20 g and 40 g were used for the study. The 78 
mice were procured from the laboratory animal unit of the Faculty of Veterinary Medicine, 79 
University of Nigeria Nsukka. They were randomly assigned into six (6) groups of five (5) 80 
mice each. They were identified with body markings and housed throughout the study in 81 
clean plastic cages in the laboratory animal house of the Department of Veterinary 82 
Parasitology and Entomology, University of Nigeria Nsukka. The mice were acclimatized for 83 
3weeks before, and were provided clean water and proprietary mice feed ad libitum 84 
throughout the experiment. 85 
 86 
Plasmodium 87 
 88 
The Plasmodium used in the study was obtained from the National Institute of 89 
Pharmaceutical 90 
Research and Development Abuja, Nigeria. They were then maintained by serial passage in 91 
mice which served as the donors for inoculation of the experimental mice. 92 
 93 
Plant Extract 94 
 95 
The already dried and pulverized plant material of Artemisia annua was obtained from Nike, 96 
in Enugu State, Nigeria. It was then extracted in the Department of Veterinary Pharmacology 97 



 

 

and Toxicology, Faculty of Veterinary Medicine, University of Nigeria, Nsukka, Nigeria, 98 
using the cold maceration method (14) with 80% methanol. After extraction, the percentage 99 
yield was calculated  100 
 101 
% Yield =Weight of extract.           x 100 102 
                Original weight of plant      1 103 
 104 
                       16.12g × 100 105 
                       150g          1 106 
 107 
and 10.75% was obtained. 108 
Where weight of extract =16.12g 109 
Original weight of plant = 150g 110 
 111 
Experimental Design 112 
 113 
The thirty mice were assigned into groups as follows: 114 
Group 1: Infected and treated with Artemisia annua at 250 mg/kg. 115 
Group 2: Infected and treated with Artemisia annuaat 500 mg/kg. 116 
Group 3: Infected and treated with Artemisia annua at 1000 mg/kg. 117 
Group 4: Infected and treated with ACT (Artemeter&Lumefantrine) at 56 mg/kg. 118 
Group 5: Infected and untreated. 119 
Group 6: Uninfected and untreated. 120 
 121 
Infection of Experimental Animals 122 
 123 
Each mouse in groups 1-5 was inoculated intraperitoneally with 1.0 X 10

5
 Plasmodium 124 

berghei suspended in 0.2 ml of Phosphate buffered saline (PBS). The mice were screened 125 
from the 4th day post infection (PI) by examining the stained thin blood smear to establish 126 
the onset and level of parasitemia. 127 
 128 
The efficacy of the treatments were assessed using parasitaemia, packed cell volume (PCV), 129 
hemoglobin concentration (Hb), total erythrocyte count (TEC), total leucocyte count (TLC) 130 
and the differential leucocyte counts. 131 
 132 
For the acute toxicity test, four groups of three mice each were administered methanol leaf 133 
extract of Artemisia annua at graded doses of 250 mg/kg, 500 mg/kg, 1000 mg/kg, and 2000 134 
mg/kg body weight. Each group was housed separately, and the mice were closely monitored 135 
for clinical signs of toxicity, behavioral changes, and mortality for 24 hours post-136 
administration. 137 
 138 
 139 
Blood was collected from the tail vein by nipping a small portion of the tip of the tail with a 140 
pair of scissors. A thin smear was then made by milking the tail, placing a drop of blood on a 141 
clean grease-free microscope slide, and another slide was used to make a thin smear on the 142 
slide. The smear was then fixed with absolute methanol and stained with Giemsa stain. The 143 
slide was allowed to dry and then examined carefully under the microscope for Plasmodium 144 
parasitized red blood cells using ×100 objective lens (oil immersion). The level of 145 
parasitemia was then estimated by expressing the number of infected cells as a percentage of 146 
red blood cells (29). 147 



 

 

 148 
Estimation of PCV was done using the microhaematocrit method (6). Blood was collected 149 
from the retro-orbital plexus of the median cantus of the eye into heparinized sample 150 
bottles. Heparinized haematocrit tubes were used to collect blood from the sample bottles by 151 
capillary action up to three-quarters full. One end was sealed with plasticine and centrifuged 152 
in a microhaematocrit centrifuge (Hawksley, England) at 10,000 revolutions per minute (rpm) 153 
for 5 minutes. The PCV was then read as a percentage using a microhaematocrit reader 154 
(Hawksley, England). 155 
 156 
Hemoglobin concentration was determined using the cyanohaemoglobin method (21 ), 5mls 157 
of Drabkins reagent was put in a clean test tube, and 20 µl of blood was added to the reagent 158 
and mixed properly. The mixture was then allowed to react for 20 minutes, and the 159 
absorbance was read at 540 nm wavelength against a reagent blank on a colorimeter (Lab-160 
tech, India). 161 
 162 
The red blood cells were counted using an improved Neuber chamber (6). Briefly, 4 ml of 163 
RBC diluting fluid was added to test tubes in which 20 µl of blood was equally added and 164 
mixed properly. The counting chamber was charged with the diluted cells, mounted on a 165 
microscope, and allowed to settle. The cells were then viewed using x 40 objective lens and 166 
counted in the four (4) edge squares and the inner square of the central square of the 167 
Neubauer chamber, and values were recorded with the aid of a tally counter. The number 168 
obtained was then multiplied by 10

4
 and expressed as cells (millions) per cubic millimeter 169 

(x10
6
 cells/mm

3
). 170 

 171 
The white blood cells were counted using the improved Neuber chamber (6). Here 380 µl of 172 
WBC diluting fluid was added to the test tubes in which 20 µl of blood was equally added 173 
and mixed properly. The counting chamber was charged with the diluted cells, mounted on a 174 
microscope, and allowed to settle. The cells were then viewed using x10 objective lens and 175 
counted in the 4 corner squares and values were recorded with the aid of a tally counter. The 176 
number obtained was then multiplied by a factor of 50 and expressed as cells (thousand) per 177 
cubic millimeter (x10

3
 cells/mm

3
) 178 

 179 
A thin blood smear was made on a grease-free microscope slide, allowed to dry and then 180 
stained with Giemsa staining technique (6). The smears were fixed in methanol for 2 minutes 181 
and then placed in a tank containing a 10% diluted Giemsa stain for 45 minutes. They were 182 
then rinsed with buffered distilled water (pH 6.8) and left to air dry. The different leucocyte 183 
proportions were enumerated and recorded. The values of the different proportions were then 184 
converted to absolute numbers based on the counts recorded for the total leucocyte count for 185 
each corresponding mouse. 186 
 187 
Data collected were computed into means and standard error of means and analyzed using 188 
one way analysis of variance (ANOVA) using SPSSS statistical software version 15.0 for 189 
windows. Means were separated using Duncan’s multiple range test at Post hoc. Probability 190 
values of ≥ 95 were considered significant. 191 
RESULTS 192 

clinical signs  193 



 

 

The clinical signs observed in the mice include anaemia, emaciation, dullness, and anorexia. 194 
Wetting of the abdominal and anal region with urine was noticed in group administered with 195 
2000mg/kg during the acute toxicity study. 196 
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 217 
 218 
Fig 1: Mean Parasitaemia of mice infected with Plasmodium berghei and treated with 219 
different doses of Artemisia annua 220 

Fig 1 shows the mean parasitaemia. Parasitaemia became evident in all infected mice 7 days 221 
post infection. On day 10 post infection, there was an increase in parasitaemia in mice in 222 
groups 1, 2 and 5. On day 14 post infection, mice in groups 3 and 4 showed significantly 223 
lower (P < 0.05) parasitaemia than groups 1, 2 and 5 with group 5 (infected control) having 224 
the highest parasitaemia  225 
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Fig 2: Mean total Erythrocyte count of mice infected with Plasmodium 244 

berghei and treated with different doses of Artemisia annua 245 

Fig 2 shows the mean total erythrocyte count. On day seven post infection, there was a 246 
significantly higher (p < 0.05) total erythrocyte count in groups 3 and 4 than other groups, 247 
with group 5 (infected control) showing the lowest total erythrocyte count. On day 14 post 248 
infection, mice in groups 3, 4 and 6 had significantly higher (P < 0.05) total erythrocyte count 249 
than those in groups 1, 2 and 5  250 
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 279 
Fig 3: Mean PCV of mice infected with Plasmodium berghei and treated with 280 

different doses of Artemisia annua 281 

Fig 3 shows the mean PCV. At day 7 post infection, there was a higher PCV in mice in group 282 
6 (uninfected treated) than mice in group 1(250mg/kg). On day 14 post infection, mice in 283 
groups 3 and 4 had a significantly higher PCV (P < 0.05) than mice in groups 1 and 2  284 
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 316 
Fig 4: Mean Haemoglobin concentration of mice infected with Plasmodium berghei and 317 
treated with different doses of Artemisia annua 318 
 319 

Fig 4 shows the mean haemoglobin concentration. On the day of infection, mice in group 1 320 
had the highest haemoglobin concentration than mice in other groups. On day 7 post 321 
infection, mice in group 1 showed the lowest haemoglobin concentration while group 6 322 
(uninfected control) showed the highest. On day 14 post infection, there was a significantly 323 
higher (P < 0.05) haemoglobin concentration in groups 4 and 6 than those in group 1, 2, 3 and 324 
5 with group 1 showing the lowest haemoglobin concentration.  325 
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 361 

Fig 5: Mean Total Leucocyte count of mice infected with Plasmodium berghei 362 

and treated with different doses of Artemisia annua 363 

Fig 5 shows the mean total leucocyte count (TLC). At day 7 post infection, mice in group 1 364 
(250mg/kg) showed higher TLC than other groups, with group 2 (500mg/kg) showing the 365 
lowest TLC. On day 14 post infection, mice in groups 1, 2 and 5 had significantly higher (P < 366 
0.05) TLC than those in groups 3, 4 and 6.  367 
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Fig 6: Mean Lymphocyte of mice infected with Plasmodium berghei and treated with 400 
different doses of Artemisia annua 401 

Fig 6 shows the mean lymphocyte count. On day 7 post infection, there was no significant 402 
difference (P > 0.05) in the absolute lymphocyte count in mice in all the groups (group 1-6). 403 
On day 14 post infection, there was a significantly higher (P<0.05) lymphocyte count in 404 
groups 1, 2 and 5 with the highest in group 1 than in groups 3, 4 and 6.  405 
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Fig 7: Mean Eosinophil of mice infected with Plasmodium berghei and treated with 425 
different doses of Artemisia annua 426 

Fig 7 shows the mean eosinophil count. On the day of infection, there was no significant 427 
difference (P>0.05) in the eosinophil count of mice in all the groups (groups 1-6). On day 7 428 
post infection, mice in group 6 (uninfected control) had the lowest eosinophil count while 429 
mice in group 1 had the highest eosinophil count. On day 14 post infection, the eosinophil of 430 
mice in groups 3, 4 and 6 were significantly lower (P<0.05) than those in group 1, 2 and 5.  431 
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Fig 8: Mean Monocyte of mice infected with Plasmodium berghei and treated with 463 
different doses of Artemisia annua 464 

Fig 8 shows the mean monocyte count. On day 7 post infection, mice in group 3 had a 465 
significantly higher monocyte count than those in group 6 (uninfected control). On day 14 466 
post infection, mice in group 1 (250mg/kg) had a significantly higher (p < 0.05) monocyte 467 
count than all other groups of mice, while those in group 3 had the lowest count.  468 
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Fig 9: Mean Neutrophil of mice infected with Plasmodium berghei and treated with 486 
different doses of Artemisia annua 487 

Fig 9 shows the mean neutrophil count. On day 7 post infection, mice in groups 1 and 6 had 488 
significantly higher (p < 0.05) neutrophil count than those in all other groups. On day 14 post 489 
infection, mice in group 5 had a significantly higher neutrophil count than mice in groups 1, 490 
3, 4, 5 and 6. 491 

Survivability  492 

The mice in groups 3, 4 and 6 all survived but those in groups 1, 2 and 5 all died.  493 

 494 
DISCUSSION 495 
 496 
Following the infection of the albino mice (Groups 1-5) with Plasmodium berghei, an 497 
average pre-patent period of 4 days was recorded. A similar pre-patent period has been 498 
recorded in mice elsewhere (23). The parasitaemia and anaemia observed in the infected 499 
groups were typical of Plasmodium infection (25)(31). Parasitaemia was cleared in group 3, 500 
following the administration of 1000 mg/kg of the methanol leaf extract of Artemisia annua, 501 
and group 4 following the administration of 56 mg/kg of ACT. The parasitaemia in group 1 502 
(250mg/kg), 2 (500mg/kg), and 5 (infected control) continued to increase, which suggested a 503 
failure of the extract to inhibit the multiplication of the parasite in vivo at those doses. 504 
 505 
The significant reduction in the mean total erythrocyte count and haemoglobin concentration 506 
in groups 1 (250mg/kg), 2 (500mg/kg), and 5 (infected control) was thought to be as a result 507 
of continued increase in parasitaemia and destruction of red blood cells as also reported by 508 
(31). 509 
 510 
Leucocytosis was observed in all infected groups, as previously reported by (24)(5). 511 
Leucocytosis persisted in the groups treated with 250 mg/kg, 500 mg/kg, and the infected 512 
control as the study progressed, but the group treated with 1000 mg/kg and 56 mg/kg ACT 513 
showed a return of leucocytes to the pre-infection values. This suggested that the extract did 514 
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stop the leucocytosis caused by the multiplication of the parasite at the low and medium 515 
doses, but had an effect on the parasite when the medium dose was doubled at 1000mg/kg, an 516 
effect similar to and comparable with that of the ACT. Leucocytosis in malaria infection is 517 
the result of the immune response to the parasite invasion of the red blood cells, causing an 518 
increased proliferation of leucocytes in response to the infection (5). Leucocytosis had been 519 
reported to be associated with the severity of, and mortality seen in malaria patients (13). 520 
 521 
There was no significant change in the mean lymphocyte count on day 7 post-infection, but 522 
lymphocytosis was noticed as the infection progressed. There was a significant increase in 523 
lymphocyte count in groups 1(250mg/kg), 2(500mg/kg) and the infected control, which has 524 
also been recorded by (26)(22). 525 
 526 
Eosinophilia was noticed in all infected groups, which returned to the normal baseline level 527 
pre-infection in group 3 (1000mg/kg) and group 4 (ACT). Eosinopenia has been reported in 528 
malaria infection (19)(11), but cases of Eosinophilia have also been reported in malaria 529 
(12)(16). The activation of the eosinophils is believed to be a result of the inflammatory and 530 
immune response to the parasite (12).  531 
 532 
Monocytosis seen in malaria has been reported by (3) (10) to be due to activation of the 533 
innate immune response to the malaria parasite, phagocytosis of infected cells/parasite, 534 
Cytokine secretion, and antigen presentation. This report agrees with the findings from the 535 
study, which showed monocytosis in the infected group, but was only reversed in the groups 536 
treated with 1000 mg/kg and ACT, suggesting the clearance of the Plasmodium parasite from 537 
the bloodstream, leading to the return of the mean absolute monocyte count to near pre-538 
infection values. 539 
 540 
Neutrophil function in malaria is understudied (4)(2). Some researchers have reported 541 
Neutropenia to be found in acute and severe malaria (7)(28), while some have reported cases 542 
of Neutrophilia (15). From the study, there was mild neutropenia in all infected groups except 543 
group 1 (250mg/kg), which was gradually returning to normal count in all infected groups. 544 
There was no significant difference in the neutrophil count in group 1, while neutrophilia was 545 
observed in group 6 (uninfected control), which returned to normal on day 14. These 546 
differences in the mean neutrophil count call for further studies into neutrophils in malaria 547 
infection. 548 
 549 
CONCLUSION 550 
From the study, it was concluded that the methanol leaf extract of Artemisia annua was 551 
efficacious against Plasmodium berghei infection in mice at 1000 mg/kg. at this dose, the 552 
extract had a comparable efficacy to Artemef

®
. The efficacy of Artemisia annua was dose-553 

dependent, showing the highest observed activity at 1000 mg/kg body weight.   554 
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