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Background: With the problems of increasing levels of drug resistance and difficulties to afford and access effective antimalarial
drugs in poor and remote areas, herbal medicines could be an important and sustainable source of treatment. Argemone mexicana
L. (AM) is a medicinal plant known long ago in several countries for treatment of numerous diseases including malaria. The aim of
this study was to conduct a survey on the use of AM in the prevention and treatment of uncomplicated malaria in selected districts of
Jimma Zone, Oromia Regional state, Ethiopia.
Methods: A community-based cross-sectional study was conducted in two selected districts in Jimma Zone, southwest Ethiopia. In
total, 552 participants from 17 kebeles (villages/communities) and 18 traditional healers of the districts were interviewed. Data
collection was conducted from April 27 to May 18, 2020 using pre-tested structured questionnaires. The data were analyzed using Epi
Info 7.0 and the descriptive statistics were used to summarize the results.
Results: The study indicated that AM is available, known by 39.8% of the respondents and used for prevention and treatment of
malaria by 5.7% of the population. All traditional healers interviewed knew the plant, and 44.4% use it for treatment of malaria. In
addition, AM is especially used to treat malaria, amoebiasis, diarrhea, cough, and tuberculosis.
Conclusion: The availability and use of AM to treat malaria was verified in both community and traditional healers. AM, which was
found effective as antimalarial plant in high Plasmodium falciparum endemicity in Mali, is also well known and accepted in these
areas of Ethiopia for the treatment of malaria. Further research is needed to assess wether AM is also effective against malaria in
Ethiopia where P. vivax and P. falciparum coexist.
Keywords: Argemone mexicana L., traditional medicine, antimalarials, Malaria

Introduction
Malaria is still a disease of public health concern in developing countries. It is estimated that there were over 200 million cases
and over 4,50,000 related deaths in 2019 alone. Of all malaria cases reported in 2019, around 94% were in sub-Saharan African
countries.1 In Africa, pregnant women and children are the most commonly affected segment of the population.2 In Ethiopia,
more than 68% of the people live in areas are at risk of malaria transmission, primarily at altitudes below 2000m.3 Ethiopia is
afflicted by two types of malaria species: Plasmodium falciparum (60%) and Plasmodium vivax (40%).3–5 More than 80% of the
population living in rural areas of Ethiopia primarily use traditional medicine to treat their ailments.5 Studies show that Ethiopia
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has about 200 medicinal plants that have been in use against malaria across various parts of the country, and a higher number of
these medicinal plants are found in the western and southwestern parts of the country.5–8

Traditional herbal medicines are the source of twomain groups of modern anti-malarial medicines: artemisinin and quinine
derivatives.With the problems of increasing levels of drug resistance and difficulties to afford and access effective antimalarial
drugs in poor areas, traditional herbal medicines could be an important and sustainable source of treatment.9 AM, a pantropical
weed originating fromMexico, belongs to the Papaveraceae family with a long history of use in traditional medicine.10,11 The
plant has been used in Indian folk medicine to treat a wide variety of diseases including malaria.12 It is also being used in
several African countries as an antimalarial agent.13 A population survey conducted in 2005 in Mali found that 87% of
uncomplicated episodes of malaria were first treated at home with either traditional or modern medicines, or a combination of
both. The best outcome was associated with the use of AM decoction, which is a traditional recipe for curative and preventive
treatment in the villages.14 After the population survey, AM was selected as the most promising treatment. It was further
assessed in a prospective, dose-escalating clinical trial. The remedy was prescribed in three regimens in order to determine the
optimal dose. At D14, the proportion of adequate clinical response (ACR) was the highest (73%) with the group taking
decoction twice daily for 7 days. Another observation was that the overall proportions of ACR were lower in children aged
<1 year (45%) and higher in patients aged >5 years (81%). Very few patients had complete parasite clearance, but 67% of the
patients with ACR had a parasitaemia <2000/l.15

A second clinical trial was conducted in Mali in 301 patients with presumed uncomplicated malaria with AM
decoction versus ACT (Artemisinin Combination Therapy) standard treatment (artesunate-amodiaquine). Both treatments
were well tolerated. Over 28 days, second-line treatment was not required for 89% of the patients on AM, versus 95% on
ACT. Deterioration to severe malaria was 1.9% in both groups in children aged ≤5 years and 0% had coma/convulsions.
The 3-month follow-up showed that the residual parasitemia at D28 was not associated with a subsequent malaria
episode and/or anemia.14 There was thus no statistical difference in efficacy between ACT and AM, and the latter is now
government-approved in Mali, in order to improve access to validated antimalarials and also to reduce the drug pressure
for development of resistance to ACT.16 In Ethiopia, AM is locally known as korehare17; Yahyaeshoh5 and Kolcolich.8,18

It is mainly reported to grow in the northern and southern parts of the country.5,7,18,19

In some districts of Amhara Regional State, the plant is mainly recognized as an invasive alien weed.18,20 However, in
those areas, the plant leaf is also traditionally used to treat wounds19,21 and rabies.22 Furthermore, in southern Ethiopia, in
the Sidama Region, decoction of AM roots is used to treat malaria.6,8 The plant is also well known in Bale, Oromia
Regional State,17 but, to date the literature does not have any ethno-botanical report of AM in the Jimma area. This paper
aims to present a preliminary survey study on the use of AM in the prevention and treatment of uncomplicated malaria in
selected districts of Jimma Zone, Oromia Regional state, Ethiopia.

Methods and Materials
Study Area and Source Population
The Jimma Zone consists of 20 rural districts that belong to Oromia Regional State in southwestern Ethiopia with its
capital, Jimma town. It is located 357 km southwest of Addis Ababa. The zone generally lies between 1000 and
3500 m above sea level. The annual rainfall is between 1300 mm and 2100 mm.7,23 This cross-sectional survey was
conducted in two selected districts of Jimma Zone. The districts were Shebe-sombo and Seka-chekorsa. Shebe-sombo is
located 50 km away from Jimma town. The district has 21 kebeles (the smallest administrative unit in Ethiopia) and has an
estimated population of 159,110 (unpublished, Shebe-Sombo district office, 2020). Seka-Chekorsa is located 10 km from
Jimma town. The district has 36 kebeles and a population of 280,741 (unpublished, Seka Chekorsa district office, 2020).

Sample Size
The required sample size of the survey was estimated by a single proportion formula using the following assumptions:
malaria prevalence (P=20.7%) from a recently published study in the nearby Asendabo in Jimma Zone, southwest
Ethiopia,24 5% margin of error and 95% confidence interval. Finally, after considering 10% of non-response rate and
design effect of 2, the final sample size became 554.
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Sampling Procedures
The total sample size was allocated to kebeles selected from the two districts. A total of 17 kebeles (more than 30%) were
selected using simple random sampling from each district. Then, specific households were selected using systematic
random sampling technique by using house numbers from selected kebeles. Mothers and/or caretakers and/or members of
the household whose age was greater than 18 years were interviewed every 17th house after selection of the first house
by lottery method. To support the quantitative findings, 18 traditional healers or knowledgeable persons found in the
community were also interviewed using the snowball technique.

Data Collection
Data collection was conducted from April 27 to May 18, 2020 using validated structured questionnaires, and participants
were interviewed in Afaan Oromo and Amharic languages. Answers were recorded on paper, and then entered into Epi
Info software.

Data Quality Assurance and Analysis
During data entry, to ensure accuracy, data were coded and fed into Epi Info 7.0 (CDC, Atlanta, USA) by two
individuals, and the data entered was double-checked for its validity, accuracy and completeness. Finally, data analysis
were done using Epi info 7.0 and presented with tables, frequency, and percentages.

Results
Characteristics of Study Participants
A total of 554 participants have been interviewed in this survey, but 552 of them were included in the final analysis as
two participants interrupted the interview. Participants of the study were either a mother or a caretaker from a given
household. Mean age was 37.5 years, and most of participants were females (Table 1). Eighteen traditional healers and
knowledgeable persons in the villages were also interviewed. Malaria is locally known as abusa, busa, and sakera (in the
Afaan Oromo language) or woba (in the Amharic language) in the districts selected for this specific study.

Table 1 Characteristics of Respondents in Selected Districts of Jimma Zone, from April 27 to May 18, 2020

Variables Variables Category Frequency (N=552) Percentages (%)

Gender Female 315 57.1
Male 237 42.9

Age of the respondents 18–25 years 61 11.1
26–35 years 161 29.2
36–45 years 192 34.8

46–55 years 73 13.2

>56 years 65 11.8

Occupational status of the head of the household Farmer 462 83.7
Daily labor 20 3.6
Gov`t employee 15 2.7

Merchant 29 5.3
Others 26 4.7

Occupational status of respondents Farmer 467 84.6
Daily labor 19 3.4

Gov`t employee 8 1.4

Housewife 18 3.3
Merchant 24 4.3

Others 16 2.9
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The most common symptoms cited for malaria were high-grade fever 552 (100%), headache 545 (98.7%), shivering
550 (99.6%), loss of appetite 547 (99.1%), vomiting 476 (86.2%) and diarrhea (47.6%). Traditional healers cited the
same symptoms at very similar percentage: high-grade fever (100%), headache (100%), shivering (100%), loss of
appetite (94.4%), vomiting (88.9%), diarrhea (55.6%), and fatigue (62.5%). The characteristics, mode of treatment,
and outcomes of patients who had history of malaria in the past 3 months are presented in Table 2. Among participants
who had malaria episode, all went to health facility and received modern medicines, while 4.3% also used home remedies
in addition to modern treatment. Papaya and Amygdalina were mentioned by one patient as traditional herb. Prayer or
other actions were not mentioned as a mode of treatment. Results about malaria prevention methods are presented in
Table 3. Almost all study participants (99.1%, n=547) believed that malaria was a preventable disease. The prevention
measures used are insecticide treated bed nets (ITN, 99.3%), indoor residual spraying (IRS, 99.6%), home treatments
(35.5%) and smoke (30.6%) (Figure 1). Amongst the home treatments, 98.9% were medicinal plants used while one
participant witnessed his use of coffee slaughter – it is a traditional ceremony held using coffee when an individual is
infected with malaria. After the ceremony in the study districts, people believe that an infected person would get healed.
After public health malaria prevention measures, the large majority of participants (98.9%) reported that malaria episodes
were less frequent in their area. Participants also reported that they had not observed significant problems associated with
those prevention measures, but one of them complained that following measures like indoor residual spraying, for
example, had observed increased flies in unusual rate in the house. All the traditional healers beleived that malaria is
a preventable disease, and 94.4% use ITN and IRS, most of them (77.8%) additionally used home treatments or smoke
(55.6%). Among those who undertook home treatments, 92.8% used medicinal plants. All the traditional healers
interviewed perceived that malaria is less frequent while applying those prevention methods and none found any new
problem following their uses. Among participants, 509 (92.2%) beleived that it is also possible to prevent malaria

Table 2 Characteristics, Mode of Treatment, and Outcome of Respondents Who Had History of Malaria in the Past 3
Months in Two Selected Districts of Jimma Zone from April 27 to May 18, 2020

Variables Frequency
(N=552)

Percentages
(%)

Malaria episode among family Members within 3 months Yes 23 4.2

Sex of the patient Female 10 43.5
Male 13 56.5

Age of those who had malaria episode in the past 3 months Age group

≤9 9 39.1
10–19 4 17.4

20–29 1 4.3
30–39 3 13.0

40–49 3 13.0

60–69 2 8.7
≥70 1 4.3

Relationship of respondents with Patients Father 7 30.4
Mother 8 34.8

Other 8 34.8

Occurrence of the episode ≤2 weeks 5 21.7
≥1 month 10 43.5
>2 weeks and <1 month 8 34.8

Mode of the treatments Modern only 20 87
Modern and traditional herb 3 13

Treatment outcome Better 5 21.7

Cured 18 78.3
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episodes during pregnancy. Of the 315 women who responded to the questionnaire, 5 of them only reported using
antimalarials prophylaxis during their pregnancy.

Malaria Diagnosis
In this study, malaria diagnosis was based on symptoms (98.8%), microscopy (98%), and RDTs (18.5%), respectively.
Similarly, traditional healers reported that they too or members of their families also went to the Health Centers. Amongst
the traditional healers or their families, nine (100%) of the respondents who claimed that they suspected malaria were
tested by microscopy, two respondents (2.2%) by RDT, and eight respondents (88.9%) were based on symptoms when
they or their family had malaria episode.

Knowledge and Practice Related to AM
About 40% (219/551) of participants recognized the plant either fresh or on picture. Out of this sample, 37.5% did not
know its name. Some knew it as white thorn (“Kore adi” or “asangira adi”), hyena thorn (“kore maja”), or medicine for
amoebiasis (“Qoricha didda”) or medicine for evil eye (“Qoricha nyaattuu”) or “Aksir” in Arabic. Almost all of the
traditional healers (n = 17/18) knew AM, and they name it. Among the participants, 31/552 (5.7%) have already used
AM to treat a disease for themselves or for others. Among the traditional healers, 16/17 (94.1%) reported that they used it
or saw somebody using it for its medicinal value in their community, as in Table 4. Participants using AM reported that
they got the plant either from nearby street (17/19), their own garden (5/21) or from herbalists (4/21) in their community.

99.3% 99.6%

35.0%

0.7% 0.4%

65.0%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

Insecticide treated
bed net

Indoor Residual
Spraying

Home Treatment

Yes

No

Figure 1 Method of malaria preventions used by respondents of Jimma Zone from April 27 to May 18, 2020.

Table 3 Respondents Understanding About Method of Prevention and Diagnosis of Malaria in Two Selected Districts of
Jimma Zone from April 27 to May 18, 2020

Items Frequency
(n)

Percentages
(%)

Do you think malaria is a preventable disease? No 4 0.7
Yes 548 99.3

Do you think malaria can be prevented during pregnancy? No 43 7.8
Yes 509 92.2

Did you notice any problem that could be linked to your prevention

method?

No 546 98.9
Yes 6 1.1

Status of malaria after implementation of malaria prevention methods Less frequent 546 98.91
More frequent 6 1.09
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It is not a plant sold in the market. Similar frequencies were given by traditional healers: nearby street (n=7/16), from
own garden (n=4/16) and from herbalist (n=4/16). One traditional healer mentioned that he collected the plant from
another region (Asosa). Amongst the six participants who used AM in the treatment of malaria, five used the root while
one used the aerial part. Five use it fresh and one dried while three of them use it in a powdered form. Five participants
also boil it with water while one let it soak in cold water. All participants using the plant for treatment of malaria
recommended the daily dose of one cup of coffee (about 60mL) once per day. The duration of treatment of malaria
according to study participants was 3–10 days. Of the nine respondents, all would volunteer to be part of a future study if
there is any study on AM in the prevention or treatment of malaria. Eight traditional healers (TH) who reportedly used
AM to treat or prevent malaria, all mainly use the roots. Leaves, stem, whole plant and whole aerial part were also used
by one of the TH. The plant is used fresh or dry and reduced into powder. TH, all boil it with water except for a single
TH who prepared a cold maceration. They all recommended drinking a unit dose, a cup of coffee. Five of the TH
recommended taking a single dose per day while three of the TH recommended taking a cup three times per day. The
duration of the treatment recommended (3–10 days) is not dependent on the daily dosage. One traditional healer reported
nausea, vomiting, and diarrhea as new symptoms occurring after the use of AM, while the others did not mention any
new symptom. One traditional healer recommended drinking milk as a precaution while AM is used. One traditional
healer prescribed AM as an adjuvant of modern malaria treatment, and 12/12 traditional healers said they would be
pleased to take part in the future research that may involve AM, while the answers of the six others were missing.

Discussion
Malaria used to be known locally as abusa/busa/sakera among Oromo people or as woba among Amharic-speaking
inhabitants in the districts selected. In this survey, almost all participants could articulate common malaria signs and
symptoms like high-grade fever, headache, shivering, loss of appetite and vomiting. In a similar study in Uganda,
respondents reported the same clinical presentations of malaria.25

In the current study, 99.1% of the participants stated that malaria can be prevented. Moreover, the majority of
participants (92.2%) and traditional healers (77.8%) believed that malaria prevention is possible during pregnancy, either
with traditional medicines or with modern treatment. In particular, malaria prevention in pregnant women is done via the
provision of a package through antenatal care, in order to reduce maternal and fetal malaria episodes.2,26

Table 4 Medical Uses of A. mexicana in Selected Districts of Jimma Zone from April 27 to May 18, 2020

Types of Diseases Frequency (N=552) Frequency Amongst TH (N=18)

Treatment of malaria 6 8

Prevention of malaria 0 1

Treatment of fever 1 3

Prevention of fever 0 1

Others 21 7

Other diseases Amebiasis 7 3

Amebiasis/diarrhea 1 0
Amebiasis/diarrhea/ stomachache 1 0

Amebiasis/stomachache 5 0

Medicine for bite of koskoso 2 0
Medicine for snake bite 2 0

Stomachache 2 1

Evil spirit 1 2
Cough/TB 0 1
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Moreover, antenatal care service and use of other prevention techniques like insecticide-treated bed nets (ITN) are
well practiced according to national set targets in the study area:27 According to Ethiopian Health Sector Plan of 2020;
90% goal was set for ITN and 95% for ANC for malaria prevention and in Jimma, the coverage reached was comparable
to the one planned. All participants used several methods for malaria prevention: the one recommended by the authorities
like insecticide treated bed nets and indoor residual sprayings (IDS), but also home treatments and smoke. These strategic
prevention measures are mainly practiced in study districts and are linked to the current declining pattern of malaria
prevalence in the Jimma area.

Reports indicated that declining malaria positivity rate might be due to intensive prevention interventions and raising
awareness in the last decades.23,27

Malaria diagnosis techniques reported in this study are in line with the national malaria diagnosis guideline.4

Specificity of clinical diagnosis of malaria depends on the age group, time, place, and epidemiology of the disease. In
particular, a parasitological test is crucial in low malaria transmission setting, unlike high malaria transmission area
where the pre-test probability is high and therefore rapid test or clinical diagnosis more likely to be correct.28

Malaria is still the major health problem in the study area even though its prevalence is declining.24 The expected
malaria incidence was 7% and 16% in the two selected districts. In the present study, only 4% of the respondents reported
malaria episode. This might be because the census covered the last 3 months only and not included the year as is the case
in the official incidence measures. Additionally, the time of study (April–May) corresponds to the minor malaria episode,
September to December being the major one in Jimma area.29–32 The other reason for low prevalence and declining
pattern of malaria could also be linked to the activities of Health Extension Workers (HEWs) in the community and
various malaria control interventions.24

Even though high use of traditional medicine is expected in rural area, most study participants who had malaria episode
preferred modern health institutions for treatment. A similar study in Uganda also found that modern health care was more
sought than herbal medicine.30 Several factors affect treatment seeking behaviors of traditional medicine users like perceived
efficacy, safety, age, availability of modern medicine, and cost.9 In another study in Mali, respondents preferred a modern
health facility when they had malaria.31 However, it can be assumed that if the population has access to information on the
proper use of a clinically validated plant against malaria and available locally for free, this could enable people to treat
themselves in the case of a non-complicated episode, even when standard treatment is not available, and this should avoid
progress to severe episode in most cases. In the case of traditional healers, 77.8% of them used home treatments additionally
to ITN and IRS as preventive methods. AM was known by 219 participants (39.8%), and 31 of them (5.7%) reported that
they either used the plant or knew someone who used it for medicinal purpose in their community. Moreover, this survey
revealed that three respondents as well as one traditional healer interviewed use AM in prevention of malaria in pregnant
women. In other studies AM was, as here, used to treat several diseases such as malaria, wound, and rabies.11,12,18,19,25

Although the exact mechanism of action and active compounds of AM remains unknown, the aerial part of the plant can be
used as a first alternative treatment when conventional antimalarial medicines are unavailable due to its good safety profile
and proven clinical efficacy.31 Looking to the phytochemistry of the plant, a bioguided fractionation of AM on P. falciparum
led to the isolation of three active alkaloids: berberine, protopine and allocryptopine, with a respective IC50 of 0.32 µg/mL;
1.46 µg/mL and 0.32 µg/mL.32 However, those measured activities, even if high, are too weak to explain the powerful
activity of AM decoction on human. The antimalarial activity of the AM decoction in human could be due to synergic effects
of biomolecules, or pro-drugs or another explanation could be that the in vitro test used in the bio-guided fractionation
process could not have been suitable as the plant decoction may not have a direct toxicity on the parasite but any other
biological activity involved in the overall clinical effect.16,33 Qualitatively traditional healers or knowledgeable persons in the
community were interviewed in order to support quantitative study. However, since it was a retrospective study, it may
introduce recall bias, and the cross-sectional nature of the method that considers a single study setting may also be regarded
as another limitation.

Conclusion
Both community and traditional healers revealed the availability and use of AM to treat malaria, with no report of
adverse reaction and with good satisfaction regarding efficacy. Thus, this population survey allowed us to see that this
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plant is known, and culturally accepted in this region of Ethiopia, in particular for the treatment of malaria. Future
research is needed to assess whether AM is effective against malaria in the Ethiopian context, and especially with a low
endemicity and with the combined occurrence of P. vivax and P. falciparum.

Ethical Approval and Informed Consent
This study was conducted in accordance with the Declaration of Helsinki. The ethical clearance was obtained from
Jimma University with a letter dated 11/03/2020 and reference number “JU/R/122/12”. As such, the verbal informed
consent process was acceptable and approved by the Jimma University Ethics Committee. Then, an official letter was
sent to respective administrators of each district. Verbal informed consent was obtained from all participants (mothers
and/or care takers and/or members of the household whose age was greater than 18 years) enrolled in the study.
Participants’ names and other personal identifiers were not included to maintain confidentiality.
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