
Kassimu et al. Malaria Journal          (2024) 23:103  
https://doi.org/10.1186/s12936-024-04935-w

RESEARCH Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Malaria Journal

The effect of an anti-malarial herbal remedy, 
Maytenus senegalensis, on electrocardiograms 
of healthy Tanzanian volunteers
Kamaka R. Kassimu1,4*, Ali M. Ali1, Justin J. Omolo2, Abel Mdemu2, Francis Machumi3 and Billy Ngasala4 

Abstract 

Background The emergence of resistance to artemisinin-based combination therapy necessitates the search 
for new, more potent antiplasmodial compounds, including herbal remedies. The whole extract of Maytenus senega-
lensis has been scientifically investigated for potential biological activities both in vitro and in vivo, demonstrating 
strong antimalarial activity. However, there is a lack of data on the electrocardiographic effects of M. senegalensis 
in humans, which is a crucial aspect in the investigation of malaria treatment. Assessing the electrocardiographic 
effects of M. senegalensis is essential, as many anti-malarial drugs can inadvertently prolong the QT interval on elec-
trocardiograms. Therefore, the study’s objective was to evaluate the electrocardiographic effects of M. senegalensis 
in healthy adult volunteers.

Methods This study is a secondary analysis of an open-label single-arm dose escalation. Twelve healthy eligible 
Tanzanian males, aged 18 to 45, were enrolled in four study dose groups. A single 12-lead electrocardiogram (ECG) 
was performed at baseline and on days 3, 7, 14, 28, and 56.

Results No QTcF adverse events occurred with any drug dose. Only one volunteer who received the highest 
dose (800 mg) of M. senegalensis experienced a moderate transient change (△QTcF > 30 ms; specifically, the value 
was 37 ms) from baseline on day 28. There was no difference in maximum QTcF and maximum △QTcF between vol-
unteers in all four study dose groups.

Conclusions A four-day regimen of 800 mg every 8 h of M. senegalensis did not impact the electrocardiographic 
parameters in healthy volunteers. This study suggests that M. senegalensis could be a valuable addition to malaria 
treatment, providing a safer alternative and potentially aiding in the battle against artemisinin-resistant malaria. The 
results of this study support both the traditional use and the modern therapeutic potential of M. senegalensis. They 
also set the stage for future research involving larger and more diverse populations to explore the safety profile of M. 
senegalensis in different demographic groups. This is especially important considering the potential use of M. senega-
lensis as a therapeutic agent and its widespread utilization as traditional medicine.
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Background
Malaria remains a major global public health prob-
lem due to its association with high rates of illness and 
mortality. The 2023 World Malaria Report of the World 
Health Organization (WHO) stated that 249 million 
malaria cases occurred worldwide in 2022, resulting in 
the loss of 608,000 lives [1]. Artemisinin-based com-
bination therapy (ACT) has been the most extensively 
used and successful control strategy for treating uncom-
plicated malaria [2]. However, the imminent threat of 
resistance to artemisinin and partner drugs jeopardizes 
global progress in controlling and eliminating malaria 
[3]. Furthermore, partial artemisinin resistance has been 
confirmed in Africa, specifically in Eritrea [4], Rwanda 
[5], and Uganda [6]. Therefore, the search for new, more 
potent antiplasmodial compounds, including herbal rem-
edies, is necessary [7].

The use of herbal remedies for the treatment of malaria 
has been reported in ancient civilizations. There are 
more than 1000 species used to treat fevers and malaria 
[8]. For the first time in 1977, the World Health Assem-
bly (WHA) pointed out the potential efficacy of herbal 
medicine in the national health systems of member coun-
tries [9]. In African endemic countries, herbal medicine 
has been used as an anti-malarial since ancient times, 
and without it, malaria would have devastated Africa 
[10, 11]. Recent estimates show that 80% of the African 
population uses herbal remedies [12]. Herbs are plants 
or parts of plants that are used for their taste, fragrance, 
or medicinal purposes and can be obtained in different 
forms such as fresh or dried plants, tablets, capsules, 
powders, teas, and extracts [13]. Maytenus senegalensis is 
one of the medicinal plants belonging to the Celastraceae 
family. It is a shrub or tree (known under the common 
name spike thorn) that grows up to 15  m high and is 
widely distributed in most African countries, as well as 
Arabia, Afghanistan, and India [14].

The whole extract of M. senegalensis has been scien-
tifically investigated for potential biological activities 
both in vitro [15–17] and in vivo [18–20], demonstrating 
strong anti-malarial activity.

This treatment approach using whole plant extracts is 
believed to be more appropriate and has higher chances 
of success. Reports from animal models suggest that 
extracts from the whole plant Artemisia annua have a 
low tendency to gain parasite resistance compared to the 
purified product artemisinin [21], which may be due to 
the synergistic effect of various compounds within the 
extract.

In Tanzania, M. senegalensis is one of the most impor-
tant medicinal plants for the treatment of malaria, fever, 
pain, and chronic diseases [18]. Traditional uses of M. 
senegalensis have also been reported in other African 

countries, such as Benin, Ivory Coast, Kenya, Sudan, 
Zambia, and Zimbabwe [15, 22, 23].

The history of medicine reminds us that no therapeu-
tic advance comes without vigilance. The discovery of 
halofantrine’s cardiotoxicity following its registration 
and introduction into clinical practice has brought atten-
tion to the significance of properly evaluating the poten-
tial cardiotoxic effects of newly introduced anti-malarial 
medications [24–26]. The urgent need for this scrutiny is 
underscored by the recognition that many anti-malarial 
drugs can inadvertently induce prolongation of the elec-
trocardiographic QT interval [24, 27–31].

The QT interval in the PQRST complex of an ECG, 
represents the time for ventricular depolarization and 
repolarization in the cardiomyocytes and is correlated 
with heart rate; a higher heart rate results in a shorter QT 
interval and vice versa [32]. Therefore, multiple formulas 
are used to adjust the interpreted QT interval for heart 
rate to obtain the corrected QT interval (QTc). Among 
the frequently employed formulae are those by Bazett 
(QTcB) and Fridericia (QTcF) [33, 34]. Drugs that cause 
TdP block the heart’s herG potassium channel, but not all 
herG blockers lead to TdP [35]. The US Food and Drug 
Administration has noted that a prolonged QTc inter-
val > 60 ms increases the risk of TdP [36, 37].

In spite of the evaluation of the whole extract of M. sen-
egalensis for acute toxicity and antiplasmodial activity, 
an important area—the electrocardiographic effects of 
M. senegalensis in humans—remains unexplored. Given 
that myriad factors can affect the QT interval, including 
malaria infection [28], the deliberate investigation of the 
electrocardiographic effects of M. senegalensis in a cohort 
of healthy adult volunteers, not only prevents incor-
rect interpretation of electrocardiographic data but also 
enhances the accuracy and applicability of our findings.

The objective of this study was to evaluate the elec-
trocardiographic effects of M. senegalensis in a group of 
healthy adult volunteers. As the repercussions of malar-
ia’s impact continue to reverberate, emphasizing the need 
for novel approaches, this study contributes a vital com-
ponent to the evolving array of anti-malarial strategies.

Methods
Study design and ethical considerations
This study presents a secondary analysis data of clinical 
trial conducted at the Bagamoyo Clinical Trial Facility 
(BCTF) from June to September 2021. The trial aimed 
to assess the safety and tolerability of the anti-malarial 
herbal remedy M. senegalensis in healthy adult Tanzanian 
volunteers aged 18 to 45 years. The study design has been 
previously described in detail elsewhere [38]. Briefly, 12 
study volunteers were randomized into four groups of 
three volunteers each and gave their written informed 
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consent to participate. Study group 1 received 400 mg of 
M. senegalensis, study group 2 received 600 mg, and study 
groups 3 and 4 received 800 mg every 8 h for 4 days.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Healthy men 
aged 18 to 45, with a BMI ranging from 18 to 30 kg/m2; 
(2) Long-term residents of the study area; (3) Willingness 
to disclose medical information and undergo examina-
tions by a study clinician before and during the study; 
(4) Willingness to provide contact details of a third-party 
household member or close friend to the study team; (5) 
Availability by mobile phone at all times during the study 
period; (6) Non-participation in any other clinical trial or 
blood donation during the study period; (7) Adherence 
to study protocol procedures; (8) Willingness to undergo 
HIV, hepatitis B (HBV), and hepatitis C (HCV) tests; (9) 
Demonstrated understanding of the study; (10) Provision 
of written informed consent; and (11) Absence of malaria 
parasitaemia, confirmed by blood smear at enrollment.

The exclusion criteria were as follows: (1) Previous use 
of an investigational malaria drug within the past 5 years; 
(2) Participation in any other clinical study involving 
investigational medicinal products within 30 days before 
the start of this study; (3) History of arrhythmias, pro-
longed QT interval, or other cardiac disease; (4) Clinically 
significant abnormalities in the electrocardiogram (ECG) 
at screening; (5) Positive family history of cardiac dis-
ease in a first or second-degree relative at age 50; (6) His-
tory of psychiatric disease or suffering from any chronic 
disease (e.g., diabetes mellitus, cancer, HIV/AIDS); (7) 
Confirmed or suspected immunosuppressive or immune-
deficient condition; (8) History of drug or alcohol abuse; 
(9) Chronic use of immunosuppressive or other immu-
nomodifying drugs within three months before the study, 
except for inhaled and topical corticosteroids; (10) Clini-
cally significant deviation from the normal range in bio-
chemistry, hematology, blood tests, or urine analysis; 
(11) Positive HIV, hepatitis B virus, or hepatitis C virus 
tests; (12) Suspected clinically active tuberculosis (TB) or 
positive QuantiFERON-TB Gold Test in-tube assay; (13) 
Symptoms, physical signs, or laboratory values sugges-
tive of systemic disorders that could affect the interpreta-
tion of study results or jeopardize volunteer health; (14) 
Medical, social, or occupational reasons contraindicating 
participation, impairing the ability to provide informed 
consent, increasing risk to the volunteer, affecting partic-
ipation in the study, or impairing interpretation of study 
data, as judged by the study clinician.

Investigation product preparation
The investigational product preparation details have 
been previously reported [38]. In brief, On June 9, 2020, 

root barks of M. senegalensis were harvested in Bugabo 
Buzi village, Missenyi District, Kagera Region. The 
pulverized root barks, totaling 20  kg, were extracted 
three times with 80% ethanol through cold percola-
tion at room temperature. The resulting filtrates were 
then passed through Macherey–Nagel filter paper. Sub-
sequently, the filtrates underwent distillation under 
reduced pressure at 40 ℃, resulting in the production 
of 2.24 kg of brown gummy extract. The presence of the 
active ingredient, Pristimerin, was qualitatively deter-
mined using the Thin Layer Chromatography (TLC) 
method. Finally, the extract was granulated by blend-
ing it with starch in a 2:1 ratio (2 parts extract to 1 part 
starch) and encapsulated in hard-shell capsules.

ECG measurement
The study measured a single 12-lead ECG at vari-
ous time points, including baseline and 3, 7, 14, 28, 
and 56 days, using an ECG machine from Nihon Koh-
den (ECG 1550  K) in Tokyo, Japan. Participants were 
assessed in a supine position after a brief rest in the 
same position. To correct for heart rate, the QTcF and 
QTcB were calculated using Fridericia’s and Bazett’s 
formulas, respectively:

The difference between the QTc values before and 
after the drug intervention was used to calculate the 
QTc change. If the QT interval was prolonged by more 
than 30 ms, it was classified as moderate, and if it was 
prolonged by more than 60  ms, it was classified as 
severe [36, 37].

Statistical analysis
Statistical analysis was done using STATA (version 15; 
StataCorp, College Station, TX, USA) and R Statistical 
Software (version 3.4.3,  https:// www.r- proje ct. org/). 
Data visualization was performed using R statistical 
software (version 3.4.3,  https:// www.r- proje ct. org/). 
Weight and height measurements were used to calcu-
late the body mass index, and frequency tables were 
employed to describe distributions of categorical data. 
For continuous data, median, interquartile range, and 
2.5th and 97.5th percentile ranges were calculated. To 
compare the distributions of the two groups, the Wil-
coxon-Mann Whitney test was used.

QTcF = QT/RR1/3

QTcB = QT/RR1/2

https://www.r-project.org/
https://www.r-project.org/
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Results
Study volunteers
A total of 30 male volunteers were screened for inclusion 
in the study and 12 of them were enrolled. Table 1 pre-
sents the baseline demographic information of the volun-
teers. In general, the median age (2.5th, 97.5th range) and 
the body mass index were 26 (20.1, 41.5) years and 22.2 
(18.5, 27.2), respectively. The median dose (2.5th–97.5th 
range) was 5.1 (4.9–5.7) mg/kg/day for volunteers who 
received 400  mg, 11.5 (9.6–12.0) mg/kg/day for volun-
teers who received 600 mg, and 39.3 (34.5–47.2) mg/kg/
day for volunteers who received 800 mg.

Prolongation of QTcF interval
Table  2 and Fig.  1A present the electrocardiogram 
parameter profile of the study participants. All parame-
ters were within the acceptable range (Table 2), although 
there was notable intra- and interindividual variability 
in QTcF measures (Fig.  1A). A total of 48 ECG meas-
urements were collected across four visits, and no QTcF 
adverse events were reported for any dose of M. senega-
lensis. Notably, the highest maximum DQTcF (14.1  ms) 
was observed in participants who received 600 mg of M. 
senegalensis, compared to those who received 400  mg 
(7.7 ms) or 800 mg (7.3 ms) (Table 3).

One participant who received 800 mg of M. senegalen-
sis every 8 h for 4 days had a maximum △QTcF > 30 ms; 
this value of 37  ms occurred on day 28 (Table  3 and 
Fig.  1B). Maximum QTcF and maximum △QTcF did 
not differ significantly between participants who received 
800 mg of M. senegalensis every 8 h for 4 days and those 
who received 400 mg and 600 mg combined (Fig. 2).

Discussion
The primary objective of this study was to assess the elec-
trocardiographic effects of M. senegalensis in a cohort of 
12 healthy adult volunteers in Tanzania. The study evalu-
ated the electrocardiographic parameters of the par-
ticipants after controlled exposure to M. senegalensis to 

achieve this goal. In light of the study’s research objec-
tive, significant insights have been generated that shed 
light on the potential implications and applications of M. 
senegalensis in the context of cardiac health. This study 
represents the first investigation into the electrocardio-
graphic effects of M. senegalensis in humans. The find-
ings, derived from a cohort of 12 healthy individuals, 
demonstrate that various dosage regimens of M. senega-
lensis extract did not induce a significant prolongation of 
the QT interval. These results underscore the favorable 
cardiac profile of M. senegalensis, enhancing its overall 
safety profile.

A change of > 30 ms (moderate) in the QT interval from 
the baseline may raise concern, and a change of > 60 ms 
(severe) may raise even greater concern regarding the 
potential for arrhythmias [36, 37]. According to the cor-
rection of the QT interval made by the Federica formula, 
only one volunteer who received the highest dose in this 
study had a moderate transient change from baseline on 
day 28. As there have been no studies on drug metabo-
lism, it is unclear whether the abnormality observed in 
one patient after 28  days was caused by the trial or by 
some other factor.

The study provides critical safety information regard-
ing use of M. senegalensis. The absence of significant 
electrocardiographic effects in healthy volunteers is reas-
suring from a cardiac safety standpoint. The findings sug-
gest that, M. senegalensis is less likely to elicit the cardiac 
arrhythmias associated with QT interval prolongation 
within the studied dose range and regimen. This favoura-
ble safety profile enhances the prospects of M. senegalen-
sis as a potential therapeutic agent, particularly compared 
to other antimalarial drugs that carry cardiotoxic risks. 
From the perspective of traditional use, the findings sup-
port the traditional wisdom surrounding M. senegalensis 
as an herbal remedy for malaria and other conditions.

Torsades de pointes often occur in the presence of mul-
tiple risk factors, including QTc prolongation, female sex, 
advanced age (> 65 years), bradycardia, hypokalemia, and 
underlying heart disease [37, 39–43].

It is worth noting that the QT interval begins to exhibit 
sex-based differences during puberty due to the influ-
ence of sex hormones, making female sex a known risk 
factor for QT prolongation [39]. In addition, the litera-
ture has shown that malaria infection can affect the QT 
interval. Fever, which often accompanies malaria, can 
lead to an increase in core temperature. The increase in 
core body temperature by 1 ℃ may result in an 8.5-beat-
per-minute (bpm) increase in heart rate of 8.5 beats 
per minute (bpm). These heart rate changes are closely 
related to alterations in the QTc interval [31]. The study 
cohort consisted of healthy adult male volunteers aged 
18 to 45  years. This composition effectively neutralizes 

Table 1 Baseline demographic characteristics of study 
participants

Group 1: Volunteers received 400 mg of Maytenus senegalensis once; Group 2: 
volunteers received 600 mg of M. senegalensis once; Group 3 and 4: volunteers 
received 800 mg of M. senegalensis every 8 h for 4 days. Values are reported as 
median (2.5th, 97.5th) percentile range

Parameter Group 1 (N = 3) Group 2 (N = 3) Group 3 and 4 
(N = 6)

Age (years) 28.2 (24.4, 29.2) 23.7 (19, 28.3) 26 (24.7, 43)

Weight (Kg) 78 (70.4, 81.1) 52 (50.1, 62.5) 61 (51, 69.5)

Height (cm) 169 (166, 174) 164 (163, 168) 169 (161, 173)

BMI (Kg/m^2) 27.1 (25.5, 27.3) 18.6 (18.4, 23.5) 21.9 (19.7, 23.1)
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many of the aforementioned risk factors, thereby adding 
a substantial layer of confidence to the safety profile of M. 
senegalensis.

While recognizing the significant progress the study 
has made, it is essential to take into account its limita-
tions. The first limitation is the enrollment of a small 
number of male volunteers. It is clear that this calls for 
caution when extrapolating the study findings to larger 
populations. However, the data reported here provide 
a foundation for further clinical research on M. senega-
lensis. The second limitation is that the assignment was 

not designed with a placebo or blank control group. The 
absence of a placebo or blank control group in the study 
design may hinder the ability to accurately assess the true 
impact of Maytenus senegalensis on electrocardiograms 
of healthy Tanzanian volunteers.

Further, the absence of pharmacokinetic information 
on M. senegalensis extract limited the ability to relate 
plasma concentrations of its components to the results 
on the electrocardiogram, which opens a key area for fur-
ther investigation.

Fig. 1 QTcF profiles (A) and change in QTcF from predose over time (B) in volunteers received Maytenus senegalensis. Dashed lines in pane 
A represent individual volunteers who received 400 mg once (group 1, green line), 600 mg once (group 2, orange line) and 800 mg every 8 h 
for 4 days (group 3 and 4, blue line). Dots in panel B represent individual observations. QTcF = Fridericia-corrected QT interval. Dashed red line 
represents a change in QTcF from pre-dose of 30 ms. Solid gray line represents a change in QTcF from pre-dose of 0 ms

Table 3 Summary of QTcF-prolongation by treatment group

Group 1: volunteers received 400 mg of Maytenus senegalensis once; Group 2: volunteers received 600 mg of M. senegalensis once; Group 3 & 4: volunteers received 
800 mg of M. senegalensis every 8 h for 4 days; QTcF: QT interval corrected by Fridericia formula; DQTcF: change in QTcF from baseline; mild QT prolongation: QTcF 
interval > 450 to ≤ 480 ms; moderate QT prolongation: QTcF interval > 480 to ≤ 500 ms; severe QT prolongation: QTcF interval > 500 ms. Values are reported as n or 
median (2.5th, 97.5th) percentile range

Variable Group 1 Group 2 Group 3 and 4

ECG measurements 12 12 24

QT prolongation events 0 0 0

Grade 1 (mild) 0 0 0

Grade 2 (moderate) 0 0 0

Grade 3 (severe) 0 0 0

Maximum △QTcF (ms) 7.7 (5.8, 15) 14.1 (11.5, 20.2) 7.3 (− 7.6, 34)

Events with DQTcF > 30 ms < 60 ms 0 0 1

Events with DQTcF ≥ 60 ms 0 0 0

Maximum QTcF (ms) 383.9 (379.5, 403.6) 403.5 (400.7, 427.9) 413.1 (388.5, 420.1)

Time after dose at maximum QTcF (days) 7.9 (4.2, 27.9) 7.7 (7.7, 26.9) 28.9 (4.4, 29.1)
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Conclusions
A dose of 800 mg every 8 h for four days of M. senega-
lensis did not affect the electrocardiographic parameters 
in healthy volunteers. These findings have broad impli-
cations, reaching beyond potential therapeutic appli-
cations of M. senegalensis to its traditional use as an 
herbal remedy. Across various cultures, M. senegalensis 
has traditionally treated a range of ailments, including 
malaria. The results of this study lend support to both 
its traditional use and its modern therapeutic potential. 
Furthermore, this study represents a significant step in 
understanding of the safety profile of M. senegalensis, 
reaffirming its historical significance and bridging the 
gap between traditional knowledge and modern scientific 
inquiry.

Moreover, this study on the evaluation of electrocardi-
ographic effects provides a foundation for future clinical 
research involving larger and more diverse populations. 
A larger sample size and a potentially broader age range 
could provide additional information on the safety pro-
file of M. senegalensis in different demographic groups. 
Additionally, the integration of pharmacokinetic evalu-
ation in these studies could provide a more comprehen-
sive understanding of the relationship between plasma 
concentrations of M. senegalensis compounds and their 
cardiac effects.

The study’s findings also open avenues for the strategic 
integration of M. senegalensis into malaria treatment reg-
imens. M. senegalensis could be explored as a potential 
anti-malarial therapy in the pipeline. The observed lack 
of QT interval prolongation suggests that M. senegalensis 
might offer a safer option for malaria treatment, address-
ing the critical need to mitigate cardiotoxic risks associ-
ated with some anti-malarial agents.
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