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Abstract 
Malaria treatment studies often infer efficacy from parasite clearance, although functional responses may follow different 

trajectories. This study compared artesunate, clindamycin and their combination in Plasmodium berghei ANKA-infected Wistar 

rats. Sixty-four rats were allocated equally to eight infected or uninfected groups receiving vehicle, artesunate (4 mg/kg/day 

intraperitoneally), clindamycin (10 mg/kg/day orally), or both drugs on Days 3–7 post-inoculation. Day 3 assessments preceded 

the first dose. Parasitaemia was monitored on Days 3–8 in infected rats; body weight and open-field line crossing, rearing and 

grooming were also evaluated. Parasitaemia showed a significant time-by-treatment interaction (Greenhouse–Geisser F (9.643, 

89.998) = 366.461, p < 0.001, partial η² = 0.975). Artesunate produced microscopically undetectable parasitaemia by Day 6, 

whereas clindamycin and the combination did so by Day 7. Mean Day 3–8 parasitaemia area under the curve was 45.65 ± 1.16 %-

days with infected vehicle, 8.01 ± 0.22 with artesunate, 9.27 ± 0.46 with clindamycin and 7.44 ± 0.31 with combination therapy 

(Welch F (3, 14.442) = 2547.698, p < 0.001); every pairwise comparison was significant. Time-by-group interactions were 

significant for line crossing, rearing and grooming, but the combination showed no consistent behavioural advantage. Day 7 body 

weight differed among groups after adjustment for Day 3 weight (F (7, 55) = 4.703, p < 0.001). All animals reached the scheduled 

Day 8 endpoint. Artesunate provided the earliest microscopic clearance, while the combination modestly reduced cumulative 

parasite exposure without demonstrating pharmacological synergy or uniform behavioural benefit. 
KEYWORDS:  Artesunate, Clindamycin, Plasmodium berghei ANKA, Parasitaemia, Neurobehaviour

1. Introduction 

Malaria remains a major global health challenge, with an 

estimated 282 million cases and 610,000 deaths worldwide in 

2024 [1]. The African Region bears approximately 95% of this 

burden, with Nigeria remaining among the most severely 

affected countries [1]. Cerebral involvement is one of the most 

serious complications of malaria and may be followed by 

persistent motor, neurobehavioural, seizure-related, and early- 
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and late-onset neurocognitive abnormalities among survivors 

[2–5]. Although human cerebral malaria is principally caused by 

Plasmodium falciparum, rodent malaria models provide 

controlled experimental systems for investigating parasite 

progression and treatment responses. However, findings from 

these models require cautious interpretation because no single 

animal model reproduces all features of human cerebral malaria 

[6–10]. 

Parenteral artesunate is the preferred treatment for severe 

malaria because of its rapid parasiticidal activity and established 

survival advantage [11]. Its principal therapeutic effect is the 

rapid reduction of circulating parasitaemia [12,13]. Nevertheless, 

parasite clearance may not immediately reverse the 

inflammatory, endothelial, metabolic, and neurological 

disturbances established during infection [9,10,14–16]. 

Experimental studies indicate that although artesunate can 

reduce parasite burden and disease severity, behavioural or 

neurological abnormalities may persist following parasitological 

rescue [7,17–20]. Thus, parasitaemia and behavioural 

performance should be regarded as complementary but 

biologically distinct indicators of treatment response. 

Clindamycin possesses antiplasmodial activity through 

inhibition of protein synthesis within the parasite apicoplast 

[21,22]. Its characteristic delayed-death effect results in 

relatively slow parasite clearance, limiting its suitability as a 

rapidly acting monotherapy for severe malaria [21–23]. 

Combining clindamycin with artesunate is pharmacologically 

plausible because artesunate rapidly reduces parasite load, 

whereas clindamycin may act against surviving parasites 

through a distinct cellular target. Artesunate–clindamycin 

regimens have previously demonstrated antimalarial efficacy in 

human P. falciparum infection, although the clinical dosing 

schedules and patient populations differ from the present 

experimental setting [24]. Evidence remains limited regarding 

whether adding clindamycin to artesunate reduces cumulative 

parasite exposure or improves short-term behavioural outcomes 

in P. berghei ANKA-infected animals. Accordingly, 

behavioural assessment provides an important functional 

endpoint for determining whether any reduction in parasite 

burden following adjunctive therapy is accompanied by 

measurable changes in neurological and behavioural function. 

The open-field test provides measures of spontaneous locomotor 

and exploratory behaviour under standardised conditions [25]. 

Line crossing primarily reflects horizontal locomotor activity, 

whereas rearing reflects vertical exploratory activity. Grooming 

is a context-dependent self-directed behaviour influenced by 

arousal, stress, and motor capacity [25]. However, these 

measures are not specific to cerebral malaria and cannot, in 

isolation, establish cognition, neurological recovery, or a direct 

neuroprotective effect. Their inclusion alongside serial 

parasitaemia measurements nevertheless permits an exploratory 

assessment of whether parasitological responses are 

accompanied by changes in observable behaviour. 

Accordingly, this study compared artesunate, clindamycin, and 

their combination in infected and corresponding uninfected 

Wistar rat groups. The primary objective was to compare 

parasitaemia progression, parasite-clearance timing, and 

cumulative parasite exposure, measured as the area under the 

parasitaemia–time curve. The secondary objective was to 

compare changes in line crossing, rearing, and grooming 

between the pretreatment assessment on Day 3 and the final 

behavioural assessment on Day 7. By integrating serial 

parasitaemia with longitudinal behavioural assessment, this 

study sought to determine whether adjunctive clindamycin 

provides a measurable benefit beyond artesunate alone in 

reducing parasite exposure and improving short-term functional 

outcomes in P. berghei ANKA-infected rats. 

 

2. Materials and Methods 

2.1. Study Design and Setting 

This controlled, parallel-group animal experiment was 

conducted at the Animal House Facility and Pharmacology 

Laboratory, Department of Pharmacology and Therapeutics, 

College of Health Sciences, Ladoke Akintola University of 

Technology, Ogbomoso, Nigeria. A total of 64 rats were 

randomly assigned into eight experimental groups according to 

infection status (infected or uninfected) and treatment 

intervention (vehicle, artesunate, clindamycin, or artesunate–

clindamycin). The study was conducted and reported in 

accordance with the ARRIVE 2.0 guidelines [26]. 

2.2 Experimental Animals and Ethical Considerations 

Sixty-four apparently healthy Wistar rats of both sexes were 

obtained from the Experimental Animal Breeding Unit, 

Department of Pharmacology and Therapeutics, Ladoke 

Akintola University of Technology, Ogbomoso, Nigeria. The 

animals had Day 0 body weights ranging from 59 to 140 g. They 

were acclimatised for 10 days before commencement of the 

experiment and housed under controlled laboratory conditions 

consisting of a 12-hour light–dark cycle, ambient temperature of 

22–25°C, and relative humidity of 50–60%. Standard rat chow 

and clean drinking water were provided ad libitum throughout 

the experimental period. Both sexes were included without sex-

stratified allocation. Following acclimatisation, the animals 

were manually randomised into eight experimental groups, with 

eight animals assigned to each group. 

Ethical approval for the study was obtained from the Research 

and Ethics Committee, College of Health Sciences, Ladoke 

Akintola University of Technology, under approval number 

CHS/REC/1103. Animal handling and all experimental 

procedures were conducted in accordance with the 

institutionally approved protocol and the Guide for the Care and 

Use of Laboratory Animals [27]. 
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2.3  Experimental Groups 

The 64 animals were randomly allocated into eight groups, with 

eight rats per group. The uninfected groups comprised animals 

receiving vehicle, artesunate, clindamycin, or the combination 

of artesunate and clindamycin. The infected groups similarly 

comprised animals receiving vehicle, artesunate, clindamycin, 

or the artesunate–clindamycin combination. Thus, the 

experimental groups consisted of uninfected + vehicle, 

uninfected + artesunate, uninfected + clindamycin, uninfected + 

artesunate and clindamycin, infected + vehicle, infected + 

artesunate, infected + clindamycin, and infected + artesunate and 

clindamycin. 

Plasmodium berghei, ANKA strain was obtained from the 

Institute for Advanced Medical Research and Training 

(IAMRAT), University of Ibadan and maintained by passage in 

mice. Infection in the donor rat was confirmed microscopically 

using Giemsa-stained thin blood films. The donor parasitaemia 

used for inoculum preparation was 16.7%. The concentration of 

parasitised erythrocytes was calculated from the measured 

parasitaemia and erythrocyte count. The infected blood was 

subsequently diluted to prepare a standardised inoculum 

containing 1 × 10⁶ parasitised erythrocytes in 0.2 mL. The 

inoculum was prepared immediately before administration, and 

parasite stages were neither separately synchronised nor 

quantified. 

On Day 0, each rat assigned to an infected group received 0.2 

mL of the standardised inoculum by intraperitoneal injection. 

Animals assigned to the four uninfected groups did not receive 

parasitised erythrocytes. Establishment of infection was 

confirmed 72 hours after inoculation by microscopic 

examination of Giemsa-stained blood films. Parasitaemia was 

confirmed before commencement of treatment, and all pre-

treatment assessments were completed before administration of 

the first treatment dose.  

2.4 Drug Preparation and Treatment 

Treatment commenced on Day 3 post-inoculation. Artesunate 

was prepared at a working concentration of 1 mg/mL and 

administered intraperitoneally at a dose of 4 mg/kg once daily, 

whereas clindamycin was prepared at a working concentration 

of 2 mg/mL and administered orally at 10 mg/kg once daily. 

Treatment was continued for five consecutive days, from Day 3 

through Day 7 post-inoculation. Animals assigned to 

combination therapy received artesunate and clindamycin 

separately through the intraperitoneal and oral routes, 

respectively. The volume of drug administered to each animal 

was calculated according to its body weight. Body weight was 

recorded on Days 0, 3, 5, and 7, and treatment volumes were 

adjusted using the most recent body-weight measurement. The 

uninfected and infected vehicle-control groups received the 

corresponding vehicles without active drug. All Day 3 pre-

treatment measurements, including parasitaemia assessment and 

open-field behavioural testing, were completed before 

administration of the first treatment dose. The final treatment 

dose was administered on Day 7, and terminal sample collection 

was performed on Day 8.  

2.5 Parasitaemia Assessment and Definition of Parasite 

Clearance 

Parasitaemia was assessed daily from Day 3 to Day 8 post-

inoculation. The Day 3 assessment was performed before 

administration of the first treatment dose and was therefore 

designated as the pretreatment parasitaemia measurement. A 

small quantity of blood was collected from the tail vein after the 

sampling site had been cleaned with 70% ethanol. A thin blood 

film was prepared on a clean, grease-free glass slide, allowed to 

air-dry, and fixed in absolute methanol for approximately two 

minutes. The fixed film was stained with freshly prepared 

Giemsa working solution, rinsed with buffered water, and 

allowed to air-dry. 

Each stained blood film was examined by light microscopy 

using the ×100 oil-immersion objective. Parasitised and non-

parasitised erythrocytes were counted systematically across 

multiple microscopic fields, with approximately 1,000 

erythrocytes evaluated per film. Technically inadequate or 

poorly stained films were repeated where necessary. 

Microscopic assessment and parasite counting were performed 

by experimenters who were blinded to the experimental 

groupings. The microscopy procedure followed established 

principles for the preparation, staining, and examination of 

malaria blood films [28]. 

Percentage parasitaemia was calculated as the number of 

parasitised erythrocytes divided by the total number of 

erythrocytes counted, multiplied by 100. Daily animal-level 

parasitaemia values were retained for longitudinal analysis and 

calculation of the area under the parasitaemia–time curve. For 

the purposes of this study, parasite clearance was operationally 

defined as the first scheduled assessment day on which no 

parasitised erythrocyte was detected in the examined blood film. 

A recorded parasitaemia value of zero therefore represented 

microscopic non-detection under the study procedure and was 

not interpreted as evidence of sterile parasitological cure. 

2.6 Body Weight and Clinical Monitoring 

Body weight was measured in all 64 animals on Days 0, 3, 5, 

and 7 using a calibrated weighing balance. Day 0 represented the 

pre-inoculation measurement, while the Day 3 measurement was 

obtained before administration of the first treatment dose. 

Measurements on Days 5 and 7 were similarly obtained before 

the scheduled drug administration. The recorded body weights 

were used to calculate weight-adjusted treatment volumes. 

Treatment-period percentage change in body weight was 

calculated from Day 3 to Day 7 using the formula: percentage 

weight change = [(Day 7 weight − Day 3 weight) / Day 3 weight] 

× 100. Animals were observed daily from inoculation until the 
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planned Day 8 endpoint for general clinical condition and 

mortality. Survival was monitored as a safety observation and 

was not designated as a separate efficacy outcome.  

2.7 Open-Field Neurobehavioural Assessment 

Neurobehavioural performance was assessed using the open-

field test on Days 3 and 7 post-inoculation. The Day 3 

assessment was conducted immediately before administration of 

the first treatment dose and therefore served as the post-infection 

pretreatment reference. The same animals were reassessed on 

Day 7. Behavioural testing was conducted during the light phase 

under standardised laboratory conditions. 

The open-field apparatus consisted of a square enclosure with 

opaque walls and a floor divided into equal, permanently marked 

squares. Each rat was assessed individually for a 10-minute 

observation period, during which the frequencies of line crossing, 

rearing, and grooming were recorded. Behavioural scoring was 

performed by experimenters who were blinded to the 

experimental groupings. A line crossing was recorded when all 

four paws crossed a marked boundary. Rearing was defined as 

standing on the hind limbs, with or without support from the 

enclosure wall. Grooming included face washing, body 

grooming, licking, and scratching. These behavioural outcomes 

were considered indicators of locomotor, exploratory, and self-

directed activity, respectively, rather than direct measures of 

cerebral pathology [29]. For each behavioural outcome, a 

change score was calculated by subtracting the Day 3 value from 

the corresponding Day 7 value. A positive change score 

indicated increased activity, whereas a negative score indicated 

decreased activity over the treatment period 

2.8 Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics 

version 27.0 (IBM Corporation, Armonk, NY, USA). 

Continuous variables were expressed as mean ± standard 

deviation. Distributional assumptions were assessed using the 

Shapiro–Wilk test, Q–Q plots, and boxplots, while homogeneity 

of variance was evaluated using Levene’s test. All statistical 

tests were two-sided, and statistical significance was set at p < 

0.05. Probability values displayed by SPSS as .000 were 

reported as p < 0.001. 

Parasitaemia analyses were restricted to the 32 infected rats. 

Changes in parasitaemia from Days 3 to 8 were evaluated using 

repeated-measures analysis of variance, with time specified as 

the within-subject factor and treatment group as the between-

subject factor. Greenhouse–Geisser-adjusted results were used 

when the assumption of sphericity was violated, and effect sizes 

were expressed as partial eta squared. Because the daily 

parasitaemia data demonstrated unequal variances, group 

differences on Days 3–5 were evaluated using Welch’s analysis 

of variance followed by Games–Howell pairwise comparisons. 

Parasitaemia on Days 6–8 was analysed using the Kruskal–

Wallis test with Bonferroni-adjusted pairwise comparisons 

because treatment-related parasite clearance resulted in zero 

values and zero within-group variance. Individual parasitaemia 

area under the curve from Days 3 to 8 was calculated using the 

trapezoidal method and compared among the infected groups 

using Welch’s analysis of variance followed by Games–Howell 

post hoc tests. 

Day 7 body weight was compared across the eight experimental 

groups using analysis of covariance, with Day 3 body weight 

included as the covariate. Homogeneity of regression slopes was 

examined using the body-weight-by-group interaction before 

fitting the final model. Adjusted group means were compared 

using Bonferroni correction. Because the model residuals were 

not normally distributed, percentage change in body weight from 

Day 3 to Day 7 was additionally evaluated using the Kruskal–

Wallis test with Bonferroni-adjusted pairwise comparisons as a 

sensitivity analysis. 

Line crossing, rearing, and grooming were analysed separately 

using repeated-measures general linear models, with assessment 

time (Day 3 and Day 7) specified as the within-subject factor and 

experimental group as the between-subject factor. The main 

effects of time and group, as well as the time-by-group 

interaction, were evaluated, with partial eta squared reported as 

the measure of effect size. For each behavioural outcome, a 

change score was also calculated as the Day 7 value minus the 

Day 3 value. Differences in change scores among groups were 

assessed using one-way analysis of variance, with Welch’s 

robust test and Games–Howell pairwise comparisons applied 

where variance heterogeneity was present.  

3. Result  

3.1 Animal Retention and Body-Weight Changes 

All 64 rats completed the experiment through Day 8, with eight 

animals retained in each experimental group and no mortality 

recorded before sacrifice. Body weight on Day 0 ranged from 

59 to 140 g, with an overall mean of 89.33 ± 18.31 g. The 

overall mean body weight increased to 92.34 ± 19.61 g on Day 

3 and 101.98 ± 21.18 g on Day 7. After adjustment for Day 3 

body weight, a significant difference in Day 7 body weight was 

observed among the experimental groups (ANCOVA: F (7,55) 

= 4.703, p < 0.001, partial η² = 0.374). Day 3 body weight was 

a strong predictor of Day 7 body weight (F (1,55) = 541.037, p 

< 0.001, partial η² = 0.908). The adjusted mean Day 7 body 

weights were 104.53 g for the uninfected vehicle group, 106.03 

g for the uninfected artesunate group, 102.93 g for the 

uninfected clindamycin group, 103.80 g for the uninfected 

combination group, 105.59 g for the infected vehicle group, 

95.55 g for the infected artesunate group, 101.22 g for the 

infected clindamycin group, and 96.22 g for the infected 

combination group. Bonferroni-adjusted pairwise comparisons 

showed that the infected artesunate group had a significantly 

lower adjusted Day 7 body weight than the uninfected vehicle 

group (p = 0.027), uninfected artesunate group (p = 0.005), and 
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infected vehicle group (p = 0.007). The infected combination 

group also had a significantly lower adjusted Day 7 body 

weight than the infected vehicle group (p = 0.019). No other 

adjusted pairwise comparisons reached statistical significance. 

The body-weight findings are summarised in Table 1,. 

Sensitivity analysis of percentage change in body weight from 

Day 3 to Day 7 also demonstrated a significant overall group 

difference (Kruskal–Wallis H (7) = 26.468, p < 0.001). 

Following Bonferroni adjustment, percentage weight gain was 

significantly lower in the infected artesunate group than in the 

uninfected artesunate group (adjusted p = 0.003) and 

significantly lower in the infected combination group than in 

the uninfected artesunate group (adjusted p = 0.010). 

3.2 Parasitaemia Progression and Parasite Clearance 

Daily parasitaemia and cumulative parasite burden are 

presented in Table 2 and Figure 1. Parasitaemia was 

confirmed in all infected groups on Day 3 before 

administration of the first treatment dose. Mean Day 3 

parasitaemia was 5.55 ± 0.22% in the infected vehicle group, 

5.90 ± 0.62% in the infected artesunate group, 5.80 ± 0.16% in 

the infected clindamycin group, and 5.54 ± 0.23% in the 

infected combination group. Although the overall Welch test 

indicated a significant difference among groups (p = 0.040), 

none of the Games–Howell pairwise comparisons reached 

statistical significance, indicating no clearly identifiable 

pairwise pretreatment differences among the infected groups. 

Mauchly’s test indicated violation of the sphericity assumption 

(W = 0.119, χ²(14) = 55.519, p < 0.001); consequently, 

Greenhouse–Geisser-adjusted results were interpreted. 

Parasitaemia changed significantly over time (F(3.214,89.998) 

= 305.161, p < 0.001, partial η² = 0.916), and a significant time-

by-treatment-group interaction was observed (F(9.643,89.998) 

= 366.461, p < 0.001, partial η² = 0.975). These findings 

indicate that the trajectory of parasitaemia from Days 3 to 8 

differed substantially according to treatment group. 

In the infected vehicle group, parasitaemia increased 

progressively from 5.55 ± 0.22% on Day 3 to 6.79 ± 0.61% on 

Day 4, 8.83 ± 0.84% on Day 5, 9.58 ± 0.37% on Day 6, 11.00 

± 0.33% on Day 7, and 13.34 ± 0.93% on Day 8. In contrast, 

parasitaemia declined following treatment in all three treated 

groups. On Day 4, the artesunate–clindamycin combination 

group had significantly lower parasitaemia than both the 

artesunate group (p = 0.001) and the clindamycin group (p = 

0.036), whereas no significant difference was observed 

between the artesunate and clindamycin groups (p = 0.997). All 

three treatment groups had significantly lower Day 4 

parasitaemia than the infected vehicle group (all p < 0.001). 

By Day 5, mean parasitaemia had declined to 1.33 ± 0.23% in 

the artesunate group, 1.85 ± 0.23% in the clindamycin group, 

and 1.15 ± 0.06% in the combination group, compared with 

8.83 ± 0.84% in the infected vehicle group. Artesunate 

produced significantly lower Day 5 parasitaemia than 

clindamycin (p = 0.002), whereas the difference between 

artesunate and combination therapy was not statistically 

significant (p = 0.212). The combination group had 

significantly lower parasitaemia than the clindamycin group (p 

< 0.001). 

By Day 6, no parasites were detected in the artesunate group, 

whereas residual parasitaemia remained detectable in the 

clindamycin group (0.81 ± 0.05%) and the combination group 

(0.38 ± 0.28%). The Day 6 distributions differed significantly 

among the infected groups (Kruskal–Wallis H (3) = 28.258, p 

< 0.001). Parasitaemia remained undetectable in all three 

treatment groups on Days 7 and 8, whereas parasitaemia 

continued to increase in the infected vehicle group. The 

distributions on both Day 7 and Day 8 differed significantly 

among groups (H(3) = 30.175, p < 0.001 for each day). 

Following Bonferroni adjustment, the infected vehicle group 

differed significantly from each of the treated groups on both 

days (all adjusted p < 0.001), whereas no significant 

differences were observed among the three treated groups. 

 
Figure 1. Parasitaemia progression from Days 3–8 in infected rats. 

Values are mean ± SD (n = 8 per group). The shaded region denotes the 

treatment period (Days 3–7). Day 3 measurements preceded the first 

dose; 0% indicates no parasites detected by the study microscopy 

procedure. 

3.3 Cumulative Parasitaemia Burden 

Cumulative parasitaemia burden from Days 3 to 8 differed 

significantly among the infected groups. Because the 

assumption of homogeneity of variance was violated (Levene’s 

test, p = 0.027), Welch’s robust analysis was used. A 

significant treatment-group effect was observed for the 

parasitaemia area under the curve (Welch F(3,14.442) = 

2547.698, p < 0.001). The infected vehicle group had the 

highest parasitaemia area under the curve, with a mean value 

of 45.65 ± 1.16 percentage-parasitaemia-days. Substantially 

lower values were observed in the artesunate (8.01 ± 0.22) 
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Table 1. Body weight by experimental group and adjusted Day 7 comparisons 

Group Day 0 (g) Day 3 (g) Day 5 (g) Day 7 (g) Adjusted Day 7 

mean (95% CI) 

Day 3–7 

change (%) 

G1: Uninfected + Vehicle 69.88 ± 9.51 76.25 ± 13.44 80.00 ± 12.60 86.75 ± 19.65 104.53 (100.69–

108.37) 

12.92 ± 6.90 

G2: Uninfected + 

Artesunate 

76.38 ± 9.68 75.12 ± 7.66 84.12 ± 8.22 87.00 ± 8.54 106.03 (102.14–

109.91) 

15.96 ± 6.47 

G3: Uninfected + 

Clindamycin 

82.25 ± 4.98 88.00 ± 6.21 92.38 ± 5.76 98.12 ± 8.69 102.92 (99.38–

106.47) 

11.44 ± 4.58 

G4: Uninfected + 

Artesunate + Clindamycin 

106.00 ± 8.75 99.88 ± 8.18 104.50 ± 9.93 112.12 ± 8.66 103.80 (100.21–

107.40) 

12.36 ± 3.55 

G5: Infected + Vehicle 96.75 ± 18.75 104.25 ± 18.34 116.12 ± 21.31 118.75 ± 22.48 105.59 (101.90–

109.29) 

13.72 ± 6.53 

G6: Infected + Artesunate 86.38 ± 15.26 90.38 ± 15.46 93.62 ± 17.18 93.38 ± 18.49 95.55 (92.03–
99.08) 

3.14 ± 7.29 

G7: Infected + 

Clindamycin 

89.50 ± 12.00 84.00 ± 9.20 92.12 ± 8.59 92.00 ± 9.59 101.22 (97.61–

104.83) 

9.65 ± 4.15 

G8: Infected + Artesunate 

+ Clindamycin 

107.50 ± 23.56 120.88 ± 23.61 130.88 ± 20.11 127.75 ± 23.52 96.22 (91.78–
100.67) 

5.91 ± 3.21 

Raw values and percentage changes are mean ± SD (n = 8). Adjusted Day 7 means were estimated by ANCOVA at Day 3 weight = 92.344 g. Group effect: 

F(7,55) = 4.703, p < 0.001, partial η² = 0.374. Bonferroni comparisons: G6 < G1 (p = 0.027), G2 (p = 0.005) and G5 (p = 0.007); G8 < G5 (p = 0.019). 
Percentage-change sensitivity analysis: H(7) = 26.468, p < 0.001; G6 < G2 (adjusted p = 0.003) and G8 < G2 (adjusted p = 0.010). 

 

    Table 2. Parasitaemia progression and Day 3–8 area under the curve in infected rats 

Treatment group Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 AUC (%-

days) 

Infected + Vehicle 5.55 ± 0.22ᵃ 6.79 ± 0.61ᵃ 8.83 ± 0.84ᵃ 9.58 ± 

0.37ᵃ 

11.00 ± 

0.33ᵃ 

13.34 ± 

0.93ᵃ 

45.65 ± 

1.16ᵃ 

Infected + 

Artesunate 

5.90 ± 0.62ᵃ 3.74 ± 0.27ᵇ 1.33 ± 0.23ᶜ 0.00 ± 

0.00ᵇ 

0.00 ± 

0.00ᵇ 

0.00 ± 

0.00ᵇ 

8.01 ± 0.22ᶜ 

Infected + 

Clindamycin 

5.80 ± 0.16ᵃ 3.70 ± 0.44ᵇ 1.85 ± 0.23ᵇ 0.81 ± 

0.05ᵃᶜ 

0.00 ± 

0.00ᵇ 

0.00 ± 

0.00ᵇ 

9.27 ± 0.46ᵇ 

Infected + 

Artesunate + 

Clindamycin 

5.54 ± 0.23ᵃ 3.15 ± 0.19ᶜ 1.15 ± 0.06ᶜ 0.38 ± 

0.28ᵇᶜ 

0.00 ± 

0.00ᵇ 

0.00 ± 

0.00ᵇ 

7.44 ± 0.31ᵈ 

Values are mean ± SD (n = 8). Within a column, values sharing at least one superscript letter did not differ after multiplicity adjustment. Day 3–5: Games–

Howell; Day 6–8: Kruskal–Wallis pairwise comparisons with Bonferroni adjustment; AUC: Games–Howell. A value of 0.00 denotes no parasites detected by the 
study microscopy procedure.
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clindamycin (9.27 ± 0.46), and artesunate–clindamycin 

combination (7.44 ± 0.31) groups. 

Games–Howell pairwise comparisons showed that each 

treatment significantly reduced cumulative parasitaemia 

relative to the infected vehicle group (all p < 0.001). 

Combination therapy produced a significantly lower 

cumulative parasite burden than artesunate monotherapy 

(mean difference = −0.57, p = 0.005) and clindamycin 

monotherapy (mean difference = −1.83, p < 0.001). Artesunate 

monotherapy also produced a significantly lower cumulative 

parasite burden than clindamycin monotherapy (mean 

difference = −1.26, p < 0.001). Thus, although artesunate 

monotherapy achieved the earliest complete microscopic 

parasite clearance, the artesunate–clindamycin combination 

produced the lowest overall cumulative parasitaemia burden. 

3.4 Open-Field Performance: Line-Crossing Activity 

Line-crossing frequency decreased significantly overall 

between Day 3 and Day 7 (time effect: F (1,56) = 25.467, p < 

0.001, partial η² = 0.313). However, the magnitude and 

direction of change varied significantly among the 

experimental groups, as demonstrated by a significant time-by-

group interaction (F(7,56) = 4.748, p < 0.001, partial η² = 

0.372). A significant overall group effect was also observed (F 

(7,56) = 28.834, p < 0.001, partial η² = 0.783). 

Mean line-crossing frequency in the uninfected vehicle group 

decreased from 56.38 ± 18.45 on Day 3 to 49.75 ± 7.01 on Day 

7, while the uninfected artesunate group decreased from 55.75 

± 8.88 to 46.88 ± 13.44. In contrast, line crossing increased 

from 76.63 ± 11.31 to 94.13 ± 10.54 in the uninfected 

clindamycin group and decreased from 59.38 ± 5.66 to 49.63 ± 

7.21 in the uninfected combination group. Among the infected 

groups, line crossing decreased from 41.75 ± 10.22 to 20.25 ± 

7.70 in the vehicle group, from 64.38 ± 20.49 to 42.00 ± 14.48 

in the artesunate group, from 49.63 ± 17.41 to 22.88 ± 14.11 in 

the clindamycin group, and from 44.00 ± 13.66 to 32.25 ± 8.92 

in the combination group. 

The mean Day 7-minus-Day 3 change scores were −6.63 ± 

24.14, −8.88 ± 11.52, 17.50 ± 14.81, −9.75 ± 7.23, −21.50 ± 

11.63, −22.38 ± 20.66, −26.75 ± 26.42, and −11.75 ± 17.44 for 

Groups 1–8, respectively. Group differences in change scores 

remained significant using Welch’s robust test (F (7,23.590) = 

5.107, p = 0.001). Games–Howell comparisons showed that the 

increase observed in the uninfected clindamycin group differed 

significantly from the changes observed in the uninfected 

artesunate (p = 0.024), uninfected combination (p = 0.013), 

infected vehicle (p = 0.001), infected artesunate (p = 0.012), 

infected clindamycin (p = 0.025), and infected combination (p 

= 0.044) groups. However, no statistically significant 

differences in line-crossing change were observed among the 

four infected groups. 

 

 

  Table 3A. Open-field line-crossing counts 

Group Day 3 Day 7 Change (Day 7 

− Day 3) 

G1: Uninfected + 

Vehicle 

56.38 ± 18.45 49.75 ± 7.01 -6.63 ± 24.14 

G2: Uninfected + 

Artesunate 

55.75 ± 8.88 46.88 ± 13.44 -8.88 ± 11.52 

G3: Uninfected + 

Clindamycin 

76.63 ± 11.31 94.13 ± 10.54 17.50 ± 14.81 

G4: Uninfected + 

Artesunate + 

Clindamycin 

59.38 ± 5.66 49.63 ± 7.21 -9.75 ± 7.23 

G5: Infected + 

Vehicle 

41.75 ± 10.22 20.25 ± 7.70 -21.50 ± 11.63 

G6: Infected + 

Artesunate 

64.38 ± 20.49 42.00 ± 14.48 -22.38 ± 20.66 

G7: Infected + 

Clindamycin 

49.63 ± 17.41 22.88 ± 14.11 -26.75 ± 26.42 

G8: Infected + 

Artesunate + 

Clindamycin 

44.00 ± 13.66 32.25 ± 8.92 -11.75 ± 17.44 

Values are mean ± SD (n = 8). Time × group: F(7,56) = 4.748, p < 0.001, partial 

η² = 0.372. No Games–Howell comparison of change scores among the four 
infected groups was significant. 

3.5 Open-Field Performance: Rearing Activity 

Rearing frequency decreased significantly overall between 

Day 3 and Day 7 (time effect: F (1,56) = 14.123, p < 0.001, 

partial η² = 0.201). A significant time-by-group interaction was 

also observed, indicating that changes in rearing frequency 

differed among the experimental groups (F (7,56) = 14.961, p 

< 0.001, partial η² = 0.652). The overall group effect was 

significant (F (7,56) = 20.471, p < 0.001, partial η² = 0.719). 

In the uninfected vehicle group, mean rearing frequency 

increased from 11.25 ± 3.88 on Day 3 to 19.38 ± 4.57 on Day 

7, while the uninfected clindamycin group increased from 

20.25 ± 6.14 to 29.88 ± 5.59. Rearing decreased from 26.63 ± 

5.71 to 12.25 ± 4.56 in the uninfected artesunate group, 

whereas little change was observed in the uninfected 

combination group, from 25.75 ± 3.24 to 26.75 ± 11.60. 

Among the infected animals, mean rearing frequency changed 

from 11.75 ± 1.91 to 10.38 ± 4.98 in the vehicle group, from 

22.50 ± 4.47 to 9.13 ± 3.31 in the artesunate group, from 15.63 

± 4.00 to 7.00 ± 5.10 in the clindamycin group, and from 11.63 

± 5.73 to 5.63 ± 2.26 in the combination group. 

The mean Day 7-minus-Day 3 change scores for Groups 1–8 

were 8.13 ± 6.18, −14.37 ± 4.87, 9.63 ± 6.39, 1.00 ± 12.08, 

−1.37 ± 5.13, −13.37 ± 5.93, −8.62 ± 3.50, and −6.00 ± 5.63, 

respectively. Change scores differed significantly among 

groups using Welch’s robust test (F (7,23.837) = 16.919, p < 

0.001). Among the infected groups, the decline in rearing was 

significantly greater in the artesunate group than in the infected 

vehicle group (Games–Howell mean difference = −12.00, p = 

0.012). No other pairwise differences in rearing change among 

the infected groups reached statistical significance following 

multiple-comparison adjustment. 
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   Table 3B. Open-field rearing counts 

Group Day 3 Day 7 Change (Day 

7 − Day 3) 

G1: Uninfected + Vehicle 11.25 ± 3.88 19.38 ± 4.57 8.13 ± 6.18 

G2: Uninfected + Artesunate 26.63 ± 5.71 12.25 ± 4.56 -14.37 ± 4.87 

G3: Uninfected + Clindamycin 20.25 ± 6.14 29.88 ± 5.59 9.63 ± 6.39 

G4: Uninfected + Artesunate + 

Clindamycin 

25.75 ± 3.24 26.75 ± 

11.60 

1.00 ± 12.08 

G5: Infected + Vehicle 11.75 ± 1.91 10.38 ± 4.98 -1.37 ± 5.13 

G6: Infected + Artesunate 22.50 ± 4.47 9.13 ± 3.31 -13.37 ± 5.93 

G7: Infected + Clindamycin 15.63 ± 4.00 7.00 ± 5.10 -8.62 ± 3.50 

G8: Infected + Artesunate + 

Clindamycin 

11.63 ± 5.73 5.63 ± 2.26 -6.00 ± 5.63 

Values are mean ± SD (n = 8). Time × group: F(7,56) = 14.961, p < 

0.001, partial η² = 0.652. Among infected groups, G6 declined more 

than G5 (Games–Howell p = 0.012); other infected-group comparisons 

were not significant. 

3.6 Open-Field Performance: Grooming Behaviour 

Grooming frequency did not change significantly overall 

between Day 3 and Day 7 (time effect: F (1,56) = 0.650, p = 

0.423, partial η² = 0.011). However, the significant time-by-

group interaction indicated that the pattern of change in 

grooming differed among the experimental groups (F (7,56) = 

7.587, p < 0.001, partial η² = 0.487). A significant overall group 

effect was also observed (F (7,56) = 10.770, p < 0.001, partial 

η² = 0.574). Mean grooming frequency increased from 6.00 ± 

0.54 on Day 3 to 8.50 ± 2.56 on Day 7 in the uninfected vehicle 

group, while it decreased from 9.38 ± 2.45 to 6.25 ± 1.17 in the 

uninfected artesunate group. The uninfected clindamycin 

group showed an increase from 6.50 ± 0.54 to 10.13 ± 3.83, 

whereas grooming decreased from 7.63 ± 2.13 to 4.00 ± 1.51 

in the uninfected combination group. Among infected animals, 

grooming frequency changed from 4.50 ± 1.77 to 3.75 ± 2.38 

in the vehicle group, from 4.25 ± 1.28 to 9.50 ± 2.33 in the 

artesunate group, from 5.13 ± 1.25 to 4.50 ± 2.33 in the 

clindamycin group, and from 4.50 ± 3.89 to 3.88 ± 0.84 in the 

combination group. 

The mean Day 7-minus-Day 3 change scores for Groups 1–8 

were 2.50 ± 2.67, −3.12 ± 3.31, 3.63 ± 4.27, −3.62 ± 2.45, 

−0.75 ± 3.54, 5.25 ± 2.77, −0.62 ± 2.72, and −0.62 ± 3.85, 

respectively. Change scores differed significantly among the 

groups using Welch’s robust test (F(7,23.941) = 8.208, p < 

0.001). Among the infected groups, the increase in grooming 

frequency observed in the artesunate group was significantly 

greater than the changes observed in the infected vehicle group 

(p = 0.034) and infected clindamycin group (p = 0.013). The 

difference between the infected artesunate and infected 

combination groups did not reach statistical significance 

following adjustment (p = 0.057), while no significant 

difference was observed between the infected clindamycin and 

infected combination groups (p = 1.000). 

 

Table 3C. Open-field grooming counts 

Group Day 3 Day 7 Change (Day 

7 − Day 3) 

G1: Uninfected + Vehicle 6.00 ± 0.54 8.50 ± 2.56 2.50 ± 2.67 

G2: Uninfected + Artesunate 9.38 ± 2.45 6.25 ± 1.17 -3.12 ± 3.31 

G3: Uninfected + 

Clindamycin 
6.50 ± 0.54 10.13 ± 3.83 3.63 ± 4.27 

G4: Uninfected + Artesunate 

+ Clindamycin 
7.63 ± 2.13 4.00 ± 1.51 -3.62 ± 2.45 

G5: Infected + Vehicle 4.50 ± 1.77 3.75 ± 2.38 -0.75 ± 3.54 

G6: Infected + Artesunate 4.25 ± 1.28 9.50 ± 2.33 5.25 ± 2.77 

G7: Infected + Clindamycin 5.13 ± 1.25 4.50 ± 2.33 -0.62 ± 2.72 

G8: Infected+ Artesunate + 

Clindamycin 
4.50 ± 3.89 3.88 ± 0.84 -0.62 ± 3.85 

Values are mean ± SD (n = 8). Time × group: F(7,56) = 7.587, p < 

0.001, partial η² = 0.487. Among infected groups, the increase in G6 

exceeded G5 (p = 0.034) and G7 (p = 0.013); G6 versus G8 was not 

significant (p = 0.057). 

Discussion 

This study evaluated the effects of artesunate, clindamycin, and 

their combination on parasitaemia and parasite clearance in 

infected animals. The treatment was associated with a marked 

reduction in parasitaemia compared with the infected vehicle 

group, although the magnitude and timing of the response 

differed among treatment groups. Artesunate produced the most 

rapid microscopic clearance, clindamycin showed a slower 

response, and the combination produced the lowest cumulative 

parasitaemia burden. These findings support considering the 

distinct pharmacodynamic profiles of the two drugs and the 

potential value of combining them. 

Before treatment, Games–Howell comparisons did not identify 

significant pairwise differences among the infected groups on 

Day 3, indicating no clear evidence of pre-treatment 

parasitaemia imbalance. This finding should not, however, be 

interpreted as proof of statistical equivalence. After treatment 

commenced, parasitaemia increased progressively in the 

infected vehicle group but declined markedly in all treated 

groups, demonstrating the antiplasmodial effects of artesunate, 

clindamycin and their combination. 

Artesunate produced the most rapid response, with parasitaemia 

becoming microscopically undetectable by Day 6. Artemisinin 

derivatives produce steep parasite-clearance profiles and are 

consequently used as the rapid-acting components of 

artemisinin-based combination therapies [1, 2, 12, 13]. 

Artesunate has similarly rapid therapeutic effects in 

experimental cerebral malaria, supporting the biological 

plausibility of the response observed in the present study [7]. 

Parasite-clearance rates nevertheless reflect both drug-mediated 

parasite killing and host-dependent removal of parasitised 

erythrocytes; microscopy therefore measures the disappearance 
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of detectable circulating parasites rather than proof of sterile 

cure [12, 13]. 

Clindamycin produced a slower response, with residual 

parasitaemia persisting on Day 6 before becoming 

microscopically undetectable on Day 7. Clindamycin inhibits 

prokaryotic-type protein translation within the parasite 

apicoplast [21, 22]. Its antiplasmodial action commonly exhibits 

a delayed-death phenotype in which initially treated parasites 

may complete the current erythrocytic cycle, whereas their 

progeny failed to develop normally during the subsequent cycle 

[21–23]. The observed lag in parasite clearance is therefore 

consistent with clindamycin’s established mechanism rather 

than evidence of therapeutic inactivity. 

The artesunate–clindamycin combination also produced a 

marked parasitological response and generated the lowest 

cumulative parasitaemia burden. Its area under the curve was 

significantly lower than those of both monotherapies, although 

the absolute difference from artesunate was modest. Moreover, 

artesunate monotherapy achieved microscopically undetectable 

parasitaemia one day earlier than the combination. The 

combination therefore improved cumulative parasite 

suppression but did not accelerate the time to microscopic 

clearance beyond that achieved with artesunate alone. The 

different pharmacodynamic profiles of the two drugs provide a 

plausible basis for a complementary effect: artesunate rapidly 

reduces the circulating parasite biomass, whereas clindamycin 

contributes a slower apicoplast-directed action [12, 21, 22]. This 

rationale aligns with the established use of a rapidly acting 

antimalarial alongside a slower-acting partner drug to sustain 

parasite suppression [1, 2]. The clinical plausibility of 

combining artesunate with clindamycin is supported by a 

randomised trial in which artesunate–clindamycin produced 

significantly shorter parasite- and fever-clearance times than 

quinine–clindamycin in children with uncomplicated falciparum 

malaria, while the final cure rates were comparable [24]. This 

evidence supports the feasibility of the drug combination but 

does not establish direct clinical equivalence with the present 

findings. Experimental Plasmodium berghei infection differs 

from human Plasmodium falciparum malaria in parasite biology, 

host response, disease progression and treatment exposure; 

translation must therefore remain cautious [6, 8]. 

The conclusion drawn from this study is that artesunate–

clindamycin enhanced cumulative parasite suppression, while 

artesunate monotherapy retained the advantage of the fastest 

microscopic clearance. The findings support complementarity 

between the treatments but do not establish pharmacological 

synergy or the combination's universal superiority across all 

parasitological endpoints. 

Body weight provides a useful but nonspecific indication of the 

general health and welfare of experimental animals [27]. The 

observed clinical changes in body weight require a cautious 

interpretation because changes in body weight may reflect 

altered food intake, hydration, metabolism, infection severity, 

experimental stress, or treatment tolerability [26, 27]. 

In the present study, percentage weight change during the 

treatment period differed significantly among the groups. 

However, every group recorded a positive mean weight change, 

and no experimental rat died before Day 8. These findings 

indicate that overt group-level wasting or early mortality did not 

occur during the observation period. Nevertheless, maintenance 

of body weight alone does not exclude transient illness or other 

physiological disturbances [27]. 

Experimental Plasmodium berghei ANKA infection has been 

associated with progressive weight loss in susceptible rodent 

models [8]. The magnitude of this response may vary with the 

rodent species, parasite–host combination, inoculum and 

duration of observation [8]. In the present study, the infected 

vehicle group gained weight, whereas the infected artesunate 

and infected artesunate–clindamycin groups showed 

comparatively smaller gains. Infection alone therefore cannot 

fully explain the reduced weight gain observed in the artesunate-

containing groups. 

Systemic infection and inflammatory signalling may reduce 

feeding, alter spontaneous activity and produce sickness-related 

behaviour [31]. Consequently, behavioural reductions during 

infection may reflect a combination of systemic illness and 

neurological or motivational changes rather than an isolated 

motor deficit [31]. Because we did not quantify feed and water 

consumption, we could not determine their possible 

contributions to the observed weight patterns. 

The smaller weight gains in the artesunate-containing infected 

groups should not be interpreted as evidence of drug toxicity. 

Establishing treatment-related toxicity would require 

corroborating clinical, biochemical or histopathological 

evidence in addition to body-weight measurements [27]. 

ARRIVE 2.0 similarly recommends reporting body-weight 

changes alongside clinical monitoring, adverse events, and 

humane-endpoint observations [26]. Body weight should 

therefore be treated as a secondary indicator of systemic 

condition and treatment tolerability rather than as independent 

evidence of behavioural recovery, therapeutic efficacy or 

toxicity. 

Line-crossing frequency provides an index of spontaneous 

locomotor and horizontal exploratory activity in the open-field 

test [25, 29]. It is not specific to neurological integrity because 

performance may also be influenced by anxiety, motivation, 

fatigue, habituation and systemic illness [25, 31, 32]. Changes 

in line crossing should therefore be interpreted as alterations in 

overall activity rather than direct evidence of cerebral injury or 

neuroprotection. 

Although line-crossing activity declined over time and the time-

by-group interaction was significant, the pattern did not 
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demonstrate a consistent treatment-related benefit among 

infected rats. All infected groups showed reduced activity 

between Days 3 and 7, and none of the treated groups differed 

significantly from the infected vehicle group in the Games–

Howell comparisons. The numerically smaller decline in the 

combination group consequently cannot be interpreted as 

preservation or restoration of locomotor activity. 

The interaction appeared to be influenced partly by increased 

line crossing in the uninfected clindamycin group, whereas most 

other groups showed reductions. This divergent response 

indicates that the omnibus interaction was not driven primarily 

by behavioural recovery in the infected treatment groups. 

Repeated exposure to an open-field arena can itself reduce 

exploration through habituation and increasing familiarity with 

the test environment [25,29]. Systemic sickness and 

inflammatory signalling may further suppress spontaneous 

activity independently of permanent neurological damage [31]. 

The absence of behavioural improvement despite marked 

parasite clearance suggests that parasitological and functional 

recovery did not occur in parallel. Persistent motor and cognitive 

abnormalities have been reported after successful antimalarial 

treatment in murine cerebral malaria, indicating that removal of 

circulating parasites may not immediately reverse established 

inflammatory or neurological disturbances [33,36]. Conversely, 

locomotor impairment has not been consistently demonstrated 

in less severe experimental malaria, showing that behavioural 

expression varies with infection severity, host characteristics 

and assessment timing [34]. 

These findings therefore provide evidence of group-dependent 

changes in spontaneous locomotor activity but not of treatment-

induced neurobehavioural recovery. They also do not establish 

equivalence among the infected treatments, because 

nonsignificant pairwise comparisons indicate an absence of 

detectable differences rather than proof that the treatment effects 

were identical. 

Rearing reflects vertical exploration and responsiveness to 

environmental novelty, but it is sensitive to stress, habituation 

and general motor capacity [25,35]. It should therefore be 

considered alongside other behavioural measures rather than 

treated as an isolated marker of neurological function. The 

significant time-by-group interaction for rearing indicated that 

the experimental groups followed different behavioural 

trajectories. However, none of the treatments significantly 

improved relative to the infected vehicle group. Artesunate was 

associated with a significantly greater decline than the infected 

vehicle group, whereas clindamycin and combination therapy 

did not differ significantly from the infected vehicle group. The 

infected treatment groups also did not differ significantly from 

one another. This pattern does not support preservation of 

vertical exploratory activity by any treatment. Although the 

combination group showed a numerically smaller decline than 

either monotherapy, the corresponding comparisons were not 

significant and therefore do not establish behavioural protection. 

Likewise, the greater reduction observed with artesunate should 

not be interpreted as drug-induced neurotoxicity. Rearing is 

particularly responsive to contextual and habituation effects, and 

a reduction may reflect diminished novelty-driven exploration 

rather than neurological injury [35]. 

Interpretation is further limited because Day 3 represented a 

post-infection, pre-treatment assessment rather than a true pre-

infection baseline. The groups also differed in rearing activity at 

that assessment. Consequently, subsequent changes could reflect 

differences in starting values, infection-related sickness, 

habituation or treatment response. Experimental malaria can 

produce abnormalities in locomotor, exploratory and cognitive 

behaviour, some of which may persist after parasitological 

improvement [33, 36, 37]. Nevertheless, those reports were 

principally derived from mouse models and provide mechanistic 

context rather than direct confirmation of the present findings in 

rats. Overall, the rearing findings indicate heterogeneous 

behavioural changes without demonstrating treatment-related 

neurological recovery. The strong parasitological responses 

were therefore not accompanied by measurable preservation of 

vertical exploration during the short observation period. 

Grooming showed no uniform change over time, but a 

significant time-by-group interaction indicated that the direction 

of change differed among groups. Among infected rats, 

artesunate increased grooming relative to infected vehicle and 

clindamycin, whereas clindamycin and combination therapy did 

not differ significantly from infected vehicle. The comparison 

between artesunate and combination therapy was also not 

statistically significant. The pattern therefore suggests an 

artesunate-associated behavioural response rather than a general 

benefit shared by all antimalarial treatments. Self-grooming is a 

normal maintenance behaviour, but its frequency and 

organisation are also influenced by stress, arousal and anxiety-

related states [38, 39]. Increased or decreased grooming may 

therefore have biological significance, depending on the context 

and sequencing of the behaviour [38,39]. Because this study 

measured grooming frequency without assessing duration, 

anatomical sequence or behavioural microstructure, the 

artesunate-associated increase cannot be interpreted 

unequivocally as reduced anxiety, neurological recovery or 

improved well-being. 

The absence of a comparable increase in the combination group 

is particularly informative because that group had the lowest 

cumulative parasitaemia burden. This dissociation indicates that 

the grooming response was not simply proportional to parasite 

suppression. Behavioural abnormalities may persist or evolve 

independently after parasitological control in experimental 

malaria [33, 37]. Alternatively, the observed increase could 
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reflect treatment-associated changes in arousal or behavioural 

organisation rather than neuroprotection. 

Together, the three open-field measures do not demonstrate a 

uniform behavioural advantage of artesunate, clindamycin or 

their combination. Artesunate produced a distinct increase in 

grooming but did not preserve line-crossing or rearing activity, 

while combination therapy achieved the lowest cumulative 

parasitaemia without corresponding superiority across the 

behavioural endpoints. The findings therefore support a 

dissociation between parasite clearance and short-term 

behavioural recovery. Given the absence of a true pre-infection 

behavioural baseline and the nonspecific nature of open-field 

measures, these results should be interpreted as treatment- and 

group-dependent behavioural changes rather than definitive 

evidence of neurological protection or injury. 

 

Strengths and limitations 

This study used a balanced eight-group design with complete 

observations for all 64 animals. We confirmed infection before 

treatment, monitored parasitaemia from Days 3–8, and estimated 

cumulative parasite burden using the area under the curve. We 

applied robust, non-parametric procedures when distributional 

assumptions were not met. The sample size of eight animals per 

group limits the precision of some behavioural comparisons. 

Day 3 testing occurred after infection but before treatment and 

was therefore not a true pre-infection baseline. Consequently, 

repeated measures and change-score analyses characterised 

behavioural trajectories but could not eliminate the influence of 

initial group differences. Open-field measures are also affected 

by habituation, motivation, anxiety and systemic illness and are 

not specific measures of neurological recovery [25, 29, 31, 32]. 

Microscopic clearance did not exclude submicroscopic 

parasitaemia or establish sterile cure [12, 28]. Follow-up ended 

on Day 8, preventing assessment of recrudescence, survival 

differences and long-term behavioural recovery. Both sexes 

were included, but sex-specific effects were not analysed 

 

Conclusion 

Within the conditions of this study, artesunate, clindamycin and 

their combination produced substantial antimalarial effects in 

Plasmodium berghei ANKA-infected Wistar rats. Artesunate 

achieved the earliest microscopic parasite clearance by Day 6, 

whereas clindamycin and the combination achieved clearance by 

Day 7. Although the combination produced the lowest 

cumulative parasitaemia, all three active treatments significantly 

reduced parasite burden relative to infected vehicle-treated 

animals. Behavioural responses were less consistent than the 

parasitological effects. Artesunate selectively improved 

grooming but did not prevent reductions in line crossing or 

rearing. The combination did not demonstrate consistent 

behavioural superiority over either monotherapy. Treatment-

period body-weight changes also differed among groups but did 

not establish a uniformly superior weight-related effect of the 

combination.  

These findings indicate that artesunate provided the most rapid 

parasite clearance, while the artesunate–clindamycin 

combination reduced cumulative parasite exposure. However, 

the results do not establish pharmacological synergy, 

neurological recovery or neuroprotection. Longer-duration 

studies incorporating post-treatment parasite monitoring, 

validated neurological assessments, and neuropathological 

confirmation are required to determine the durability and 

neurological relevance of these treatment effects. 

 

Acknowledgement 

The authors acknowledge the technical and animal-house 

personnel who assisted with animal care, drug administration, 

parasitaemia monitoring and laboratory procedures. The authors 

also gratefully acknowledge the Animal Breeding Laboratory, 

Veterinary Department, University of Ibadan, for providing the 

Plasmodium berghei ANKA-infected donor animal. 

 

Funding 

This research received no specific grant from any funding 

agency in the public, commercial or not-for-profit sectors. 

 

Author Contributions 

Conceptualisation: AAO. Methodology: OOJ, OAY, AAO & 

AGO Investigation: AOO, AAO, AGO Data curation: OBM, 

MOT & AAO. Formal analysis: ABD, AOO & OBM Writing 

original draft: AAO, OBM & MOT Editing: OAY, OOJ, AAO. 

All authors reviewed and approved the final manuscript. 

 

Data Availability 

The data supporting the findings of this study are available from 

the corresponding author upon reasonable request, subject to 

applicable institutional and ethical requirements. 

 

Declaration Of Conflict Of Interest 

The authors declare no conflict of interest. 

 

Received: 4th August, 2026, Revised 25th August, 2026, Accepted: 1st September, 

2026, Published online:25/9/26 

 

References 

1. World Health Organization. World Malaria Report 2025: 

Addressing the Threat of Antimalarial Drug Resistance. 

Geneva: World Health Organization; 2025 

2. White NJ, Pukrittayakamee S, Hien TT, Faiz MA, Mokuolu 

OA, Dondorp AM. Malaria. Lancet. 2014;383(9918):723–

735. doi:10.1016/S0140-6736(13)60024-0. 

3. Schiess N, Villabona-Rueda A, Cottier KE, Huether K, 

Chipeta J, Stins MF. Pathophysiology and neurologic 



 
Acta Bioscientia 2026:2(5); 618-631                                                                                             Alabi et al., 2026 

630 
 

sequelae of cerebral malaria. Malar J. 2020;19(1):266. 

doi:10.1186/s12936-020-03336-z. 

4. Idro R, Marsh K, John CC, Newton CR. Cerebral malaria: 

mechanisms of brain injury and strategies for improved 

neurocognitive outcome. Pediatr Res. 2010;68(4):267–274. 

doi:10.1203/PDR.0b013e3181eee738. 

5. Idro R, Kakooza-Mwesige A, Asea B, Ssebyala K, 

Bangirana P, Opoka RO, et al. Cerebral malaria is 

associated with long-term mental health disorders: a cross-

sectional survey of a long-term cohort. Malar J. 2016; 

15:184. doi:10.1186/s12936-016-1233-6. 

6. Craig AG, Grau GE, Janse C, Kazura JW, Milner D, 

Barnwell JW, et al. The role of animal models for research 

on severe malaria. PLoS Pathog. 2012;8(2):e1002401. doi: 

10.1371/journal.ppat.1002401. 

7. Clemmer L, Martins YC, Zanini GM, Frangos JA, Carvalho 

LJM. Artemether and artesunate show the highest efficacies 

in rescuing mice with late-stage cerebral malaria and rapidly 

decrease leukocyte accumulation in the brain. Antimicrob 

Agents Chemother. 2011;55(4):1383–1390. 

doi:10.1128/AAC.01277-10. 

8. Basir R, Rahiman SSF, Hasballah K, Chong WC, Talib H, 

Yam MF, et al. Plasmodium berghei ANKA infection in 

ICR mice as a model of cerebral malaria. Iran J Parasitol. 

2012;7(4):62–74. 

9. Wassmer SC, Taylor TE, Rathod PK, Mishra SK, Mohanty 

S, Arevalo-Herrera M, et al. Investigating the pathogenesis 

of severe malaria: a multidisciplinary and cross-

geographical approach. Am J Trop Med Hyg. 2015;93(3 

Suppl):42–56. doi:10.4269/ajtmh.14-0841. 

10. Sahu PK, Satpathi S, Behera PK, Mishra SK, Mohanty S, 

Wassmer SC. Pathogenesis of cerebral malaria: new 

diagnostic tools, biomarkers, and therapeutic approaches. 

Front Cell Infect Microbiol. 2015;5:75. 

doi:10.3389/fcimb.2015.00075. 

11. Dondorp AM, Fanello CI, Hendriksen ICE, Gomes E, Seni 

A, Chhaganlal KD, et al. Artesunate versus quinine in the 

treatment of severe falciparum malaria in African children 

(AQUAMAT): an open-label, randomised trial. Lancet. 

2010;376(9753):1647–1657. doi:10.1016/S0140-

6736(10)61924-1. 

12. White NJ. Malaria parasite clearance. Malar J. 2017;16:88. 

doi:10.1186/s12936-017-1731-1. 

13. White NJ. The parasite clearance curve. Malar J. 

2011;10:278. doi:10.1186/1475-2875-10-278. 

14. Hadjilaou A, Brandi J, Riehn M, Friese MA, Jacobs T. 

Pathogenetic mechanisms and treatment targets in cerebral 

malaria. Nat Rev Neurol. 2023;19(11):688–709. 

doi:10.1038/s41582-023-00881-4. 

15. Dunst J, Kamena F, Matuschewski K. Cytokines and 

chemokines in cerebral malaria pathogenesis. Front Cell 

Infect Microbiol. 2017; 7:324. 

doi:10.3389/fcimb.2017.00324. 

16. Hunt NH, Grau GE. Cytokines: accelerators and brakes in 

the pathogenesis of cerebral malaria. Trends Immunol. 

2003;24(9):491–499. doi:10.1016/S1471-4906(03)00229-1. 

17. Miranda AS, Brant F, Rocha NP, Cisalpino D, Rodrigues 

DH, Souza DG, Machado FS, Rachid MA, Teixeira AL Jr, 

Campos AC. Further evidence for an anti-inflammatory role 

of artesunate in experimental cerebral malaria. Malar J. 

2013; 12:388. doi:10.1186/1475-2875-12-388. 

18. Reis PA, Comim CM, Hermani F, Silva B, Barichello T, 

Portella AC, et al. Cognitive dysfunction is sustained after 

rescue therapy in experimental cerebral malaria and is 

reduced by additive antioxidant therapy. PLoS Pathog. 

2010;6(6):e1000963. doi:10.1371/journal.ppat.1000963. 

19. Varo R, Crowley VM, Sitoe A, Madrid L, Serghides L, Kain 

KC, et al. Adjunctive therapy for severe malaria: a review 

and critical appraisal. Malar J. 2018; 17:47. 

doi:10.1186/s12936-018-2195-7.Bensalel J, Gallego-

Delgado J. Exploring adjunctive therapies for cerebral 

malaria. Front Cell Infect Microbiol. 2024; 14:1347486. 

doi:10.3389/fcimb.2024.1347486. 

20. Ganeshpurkar, A., Singh, R., Tripathi, P., Alam, Q., 

Krishnamurthy, S., Kumar, A., Singh, S. K. (2024). 

Neuropharmacological Assessment of Sulfonamide 

Derivatives of Para-Aminobenzoic Acid through In Vivo 

and In Silico Approaches. Drugs and Drug Candidates, 3(4), 

674-693. 

21. Dahl EL, Rosenthal PJ. Multiple antibiotics exert delayed 

effects against the Plasmodium falciparum apicoplast. 

Antimicrob Agents Chemother. 2007;51(10):3485–3490. 

doi:10.1128/AAC.00527-07. 

22. Goodman CD, Su V, McFadden GI. The effects of 

antibacterials on the malaria parasite Plasmodium 

falciparum. Mol Biochem Parasitol. 2007;152(2):181–191. 

23. Kennedy K, Cobbold SA, Hanssen E, Birnbaum J, Spillman 

NJ, McHugh E, et al. Delayed death in the malaria parasite 

Plasmodium falciparum is caused by disruption of 

prenylation-dependent intracellular trafficking. PLoS Biol. 

2019;17(7): e3000376. doi:10.1371/journal.pbio.3000376. 

24. Ramharter M, Oyakhirome S, Klein Klouwenberg P, 

Adegnika AA, Agnandji ST, Missinou MA, et al. 

Artesunate-clindamycin versus quinine-clindamycin in the 

treatment of Plasmodium falciparum malaria: a randomized 

controlled trial. Clin Infect Dis. 2005;40(12):1777–1784. 

doi:10.1086/430309. 

25. Seibenhener ML, Wooten MC. Use of the open-field maze 

to measure locomotor and anxiety-like behavior in mice. J 

Vis Exp. 2015;(96):e52434. doi:10.3791/52434. 

26. Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, 

Baker M, et al. The ARRIVE guidelines 2.0: updated 

guidelines for reporting animal research. PLoS Biol. 

2020;18(7):e3000410. doi: 10.1371/journal.pbio.3000410. 

27. National Research Council (US) Committee for the Update 

of the Guide for the Care and Use of Laboratory Animals. 

Guide for the care and use of laboratory animals. 8th ed. 

Washington (DC): National Academies Press (US); 2011. 

doi:10.17226/12910. 

28. World Health Organization. Basic malaria microscopy. Part 

I: learner’s guide. 2nd ed. Geneva: World Health 

Organization; 2010. 

29. Kraeuter AK, Guest PC, Sarnyai Z. The open field test for 

measuring locomotor activity and anxiety-like behavior. 

Methods Mol Biol. 2019; 1916:99–103. doi:10.1007/978-1-

4939-8994-2_9.  



 
Acta Bioscientia 2026:2(5); 618-631                                                                                             Alabi et al., 2026 

631 
 

30. Chou TC. Drug combination studies and their synergy 

quantification using the Chou–Talalay method. Cancer Res. 

2010;70(2):440–446. doi:10.1158/0008-5472.CAN-09-

1947.  

31. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley 

KW. From inflammation to sickness and depression: when 

the immune system subjugates the brain. Nat Rev Neurosci. 

2008;9(1):46–56. doi:10.1038/nrn2297.  

32. Klein CJMI, Budiman T, Homberg JR, Verma D, Keijer J, 

van Schothorst EM. Measuring locomotor activity and 

behavioral aspects of rodents living in the home-cage. Front 

Behav Neurosci. 2022; 16:877323. 

doi:10.3389/fnbeh.2022.877323.  

33. Dai M, Reznik SE, Spray DC, Weiss LM, Tanowitz HB, 

Gulinello M, Desruisseaux MS. Persistent cognitive and 

motor deficits after successful antimalarial treatment in 

murine cerebral malaria. Microbes Infect. 2010;12(14–

15):1198–1207. doi: 10.1016/j.micinf.2010.08.006.  

34. Rosa-Gonçalves P, de Sousa LP, Maia AB, Ribeiro-Gomes 

FL, Gress CCTL, Werneck GL, Souza DO, Almeida RF, 

Daniel-Ribeiro CT. Dynamics and immunomodulation of 

cognitive deficits and behavioral changes in non-severe 

experimental malaria. Front Immunol. 2022; 13:1021211. 

doi:10.3389/fimmu.2022.1021211.  

35. Sturman O, Germain PL, Bohacek J. Exploratory rearing: a 

context- and stress-sensitive behavior recorded in the open-

field test. Stress. 2018;21(5):443–452. 

doi:10.1080/10253890.2018.1438405.  

36. Desruisseaux MS, Gulinello M, Smith DN, Lee SC, Tsuji 

M, Weiss LM, Spray DC, Tanowitz HB. Cognitive 

dysfunction in mice infected with Plasmodium berghei 

strain ANKA. J Infect Dis. 2008;197(11):1621–1627. 

doi:10.1086/587908.  

37. de Sousa LP, de Almeida RF, Ribeiro-Gomes FL, de Moura 

Carvalho LJ, e Souza TM, de Souza DOG, Daniel-Ribeiro 

CT. Long-term effect of uncomplicated Plasmodium 

berghei ANKA malaria on memory and anxiety-like 

behaviour in C57BL/6 mice. Parasit Vectors. 2018;11:191. 

doi:10.1186/s13071-018-2778-8.  

38. van Erp AMM, Kruk MR, Meelis W, Willekens-Bramer DC. 

Effect of environmental stressors on time course, variability 

and form of self-grooming in the rat: handling, social 

contact, defeat, novelty, restraint and fur moistening. Behav 

Brain Res. 1994;65(1):47–55. doi:10.1016/0166-

4328(94)90072-8. 

39. Kalueff AV, Tuohimaa P. The grooming analysis algorithm 

discriminates between different levels of anxiety in rats: 

potential utility for neurobehavioural stress research. J 

Neurosci Methods. 2005 Apr 30;143(2):169-77. doi: 

10.1016/j.jneumeth.2004.10.001.  

 

 

 

Cite as: Alabi AO, Alabi GO Aworinde OO, Adekunle AD, Oladipupo BM, Mmoto OT, Onaolapo AY, Onaolapo OJ Comparative Effects of Artesunate, 

Clindamycin and Their Combination on Parasitaemia, Body Weight and Open-Field Behaviour in Plasmodium berghei ANKA-Infected Wistar Rats. Acta 

Bioscientia 2026:2(5);618-631. https://doi.org/10.71181/actabioscientia12699 

 

 

 

 

 

 

 

 

 

https://doi.org/10.71181/actabioscientia12699

