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ABSTRACT

Context: Snake envenomation is one of the neglected health problems in Tanzania. Since most people,
especially in rural areas, suffer from its burden, their cases are not documented due to reliance on medi-
cinal plants. Despite the pivotal role of medicinal plants in treating snakebites, there is a paucity of
information.

Objective: This review documents medicinal plants used to treat snakebites in Tanzania.

Materials and methods: A systematic search using electronic databases such as PubMed, Google
Scholar, Scopus, Science Direct and grey literature was conducted to retrieve relevant information on
medicinal plants used to treat snakebites in Tanzania. The review was conducted as per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. The obtained information
from 19 published articles was organized and analysed based on citation frequency.

Results: A total of 109 plant species belonging to 49 families are used as snakebite antivenom in
Tanzania. Fabaceae had the highest number of medicinal plants (19.3%). The dominant plant growth
forms were trees (35%) and shrubs (33%). Roots were the most frequently used plant part (54%), followed
by leaves (26%) and bark (11%). Annona senegalensis Pers. (Annonaceae), Dichrostachys cinerea (L.)
(Fabaceae), Suregada zanzibariensis Baill. (Euphorbiaceae), Antidesma venosum E.Mey. ex Tul.
(Phyllanthaceae), Cissampelos pareira L. (Menispermaceae) and Dalbergia melanoxylon Guill. & Perr.
(Fabaceae) were the most cited medicinal plants.

Conclusions: Tanzania has diverse plants used for snakebite treatment; a few have been analysed for
their bioactive components. Further study of the phytochemicals may provide scientific information to
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develop snakebite drugs.

Introduction

Globally, snake envenomation is considered a neglected disease
and a significant public health concern (World Health
Organization (WHO) 2007). About 5.5 million people are enve-
nomed annually, whereas 9% of the cases are reported in Africa
(Chippaux 1998; Giovannini and Howes 2017). Of the reported
cases globally, 36% die due to snakebites, and about 7% survive
permanent injuries (WHO 2007; Omara 2020). These figures can
be lower than the truth because most snakebite incidences occur
in rural areas where there are insufficient health facilities, and
most cases are not recorded (Zolfagharian and Dounighi 2015;
Yirgu and Chippaux 2019; Omara 2020). In sub-Saharan Africa,
about one million cases of snake envenomation are reported
annually, causing 2% of death cases and 1% get permanent inju-
ries (Chippaux 2015). In East Africa, 108 and 151 cases of snake-
bite were reported in Uganda (Wangoda et al. 2004) and Kenya
(Snow et al. 1994), respectively. In Tanzania, there are no proper
records on snakebite cases despite diverse types of snakes
(Chippaux 2011; Kipanyula and Kimaro 2015).

Venomous snakes are found in most parts of the world, in all
climatic conditions except in frozen environments and at higher
altitudes (WHO 2007; Kasturiratne et al. 2008). Africa alone is a

home of 400 different snake types, whereby nearly 50% are
found in East Africa. Some of them are black mamba
(Dendroaspis polylepis Giinther (Elapidae)), spitting cobra (Naja
nigricollis  Hallowell ~ (Elapidae)),  Rufous-beaked  snake
(Ramphiophis rostratus Peters (Psammophiidae)), puff adder
(Bitis  arietans Parker (Viperidae)) and green mamba
(Dendroaspis jamesoni Traill (Elapidae)) (Kipanyula and Kimaro
2015; Omara 2020). Snakebites are life-threatening due to the
scarcity of proven medication. Although antivenom serum has
been developed as a lifesaving option, it is associated with the
development of immediate or delayed hypersensitivity (anaphyl-
axis or serum sickness) and does not avert local tissue damage
(Maya Devi et al. 2002). For example, an antidote such as
immunoglobulin G produced in horses could react to serum and
cause sickness, renal failure and anaphylaxis (Cannon et al. 2008;
Giovannini and Howes 2017). Still, antivenom administration is
considered chiefly a definitive treatment for snakebites. Other
treatments include respiratory support therapy, surgical of
affected necrosis tissues or even amputation (Cannon et al. 2008;
de Moura et al. 2015).

Regardless of the funding issues, there is a paucity of snake
venom antiserum in most African countries, predominantly rural
areas. Tanzania faces a similar problem that makes the rural
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Figure 1. PRISMA study flow diagram for the ethnomedicinal data against snakebites.

inhabitants depend on traditional medicines, particularly herbal
remedies (Maregesi et al. 2013). Other reasons for reliance on
traditional medication are distance to medical facilities, poor
infrastructure, storage conditions, scarcity of antidotes in hospi-
tals, restricted application, traditional beliefs, and the high cost
of antivenom and modern facilities (Giovannini and Howes
2017; Steinhorst et al. 2021; Kacholi and Amir 2022). Therefore,
the use of medicinal plants in addressing snakebite problems has
been increasing in the modern era due to their safety, effective-
ness, cultural preferences, inexpensiveness, abundance and avail-
ability (Maregesi et al. 2013; Omara et al. 2020). Despite the
critical role of medicinal plants in combating snakebite problems,
there is no specific ethnobotanical study that has compiled data
on medicinal plants used to manage snakebites in Tanzania.
Thus, this review fills that gap by documenting medicinal plants
used in various parts of the country to treat snakebites.

Methods
Description of the country

Tanzania is a country located in East Africa, covering an area of
947,303 km?. It is bordered in the North by Uganda, South by
Malawi and Mozambique, Northeast by Kenya, East by the
Indian Ocean and Comoro Island, Southwest by Zambia, and
West by Burundi, Rwanda and the Democratic Republic of
Congo. The country is estimated to have about 56.31 million
population, making it the second-most-populous country south
of the equator after South Africa. The population comprises over
120 ethnic groups with different beliefs and cultural practices.
The great African lakes are partly within this country. Lake
Victoria, Africa’s largest lake, is located to the north; Lake
Tanganyika, Africa’s deepest lake, is to the west, and Lake Nyasa

lies to the south. Africa’s highest mountain, Mount Kilimanjaro,
is found on the north-eastern side of the country.

Literature search strategy

This systematic review has compiled information on ethnomedi-
cinal plants used to treat snakebites in different parts of
Tanzania. The study was conducted following the recommenda-
tions stated in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (Liberati et al.
2009). The PRISMA flow diagram is presented in Figure 1. A
web-based literature search was carried out using various elec-
tronic databases, including Google Scholar, Web of Science,
African Journals Online (AJOL), Science Direct, Scopus,
PubMed, Wiley online library and grey literature to access rele-
vant studies. The following search terms and combinations were
used to gather relevant studies; medicinal plants, traditional med-
icines, ethnomedicine, ethnopharmacology, ethnobotany, alterna-
tive medicine, antivenin plants, antivenom, antitoxin,
antiophidian, snake antidotes, antisera, snakebite, snake
envenomation and Tanzania.

All the searches were conducted independently in all the data-
bases, and only articles published and theses or dissertations hav-
ing any of the above key terms were considered. The studies
written in the English language were only searched and consid-
ered. Finally, Tanzanian traditional medicinal plants exclusively
utilized to treat snakebites were selected. Records from outside
Tanzania, ethnoveterinary studies, pharmacological studies and
reviewed articles were excluded from the present study. Also, the
studies with no scientific names and the plant parts used were
excluded. Studies that possessed required information, such as
family name, scientific name, local name, growth habits, method
of preparation (if available) and route of administration
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Figure 2. Distribution of medicinal plants across nine Tanzanian regions.

(if available), were extracted. The precision of the botanical
names was also searched and confirmed in botanical databases
such as International Plant Names Index (https://www.ipni.org)
and Tropicos (https://www.tropicos.org).

Data analysis

Microsoft Excel software (Redmond, WA) was employed to ana-
lyse the frequency distribution of families, plant parts, growth
forms and routes of administration. Moreover, the distribution
in regions where the medicinal plants were reported was ana-
lysed. The results are presented in figures and tables.

Results and discussion
Distribution of medicinal plants

This study has used 19 ethnobotanical studies from nine regions
in the country. This indicates that studies on the prevalence of
snakebites in different regions of Tanzania are limited
(Kipanyula and Kimaro 2015). The regions with the highest eth-
nomedicinal records were Pwani (49 species) and Tabora (34
species). The remaining regions had less than 17 medicinal
plants (Figure 2). The high number of reported antivenin plants
in the Pwani and Tabora regions indicates that the locals in the
two regions have good indigenous knowledge of the use of
plants, and perhaps the regions have many snakebite incidences.

Diversity of medicinal plants

This review reports 109 plant species belonging to 49 families to
manage snakebite problems (Table 1). Globally, the highest num-
ber of medicinal plants used against snakebites was reported
from India (Upasani et al. 2017), while in sub-Saharan Africa,
Ethiopia (Yirgu and Chippaux 2019) recorded the highest num-
ber of plants, followed by Uganda (Omara et al. 2020) and
Kenya (Omara 2020). This is probably because the highest num-
ber of ethnobotanical studies and reviews have been conducted
in these countries, making the data more accessible. The majority
of the documented plants in this review belong to the family
Fabaceae 21 (19.3%), followed by Euphorbiaceae nine (8.3%),
Rubiaceae seven (6.4%), Asteraceae and Combretaceae, each with
four (3.7% each). The remaining 43 families were represented by
less than four species each. The most cited plant species were
Annona senegalensis Pers. (Annonaceae), Dichrostachys cinerea
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(L.) (Fabaceae), Antidesma venosum EMey. ex Tul
(Phylanthaceae), Cissampelos pareira L. (Menispermaceae) and
Dalbergia melanoxylon Guill. & Perr. (Fabaceae) suggesting con-
siderable potential for possessing snake envenomation bioactive
compounds that can be isolated and combined with commercial
antiserum to prepare snakebite antidotes. Details on all medicinal
plant species with their respective family, local names, growth
form, part used and the region in which they were reported are
summarized in Table 1.

The predominance of the family Fabaceae was similarly
reported in Uganda (Omara et al. 2020), Ethiopia (Yirgu and
Chippaux 2019) and India (Upasani et al. 2017). This family’s
highest usage is associated with richness in terms of species and
comprehensive coverage of ecological habitats (Kadir et al. 2015;
Ajao et al. 2019). The family Fabaceae is characterized by active
phytochemical compounds such as tannins, phenols and alka-
loids (Lufs et al. 2011; Zarnowski et al. 2014). Other families
reported in this study were also reported to possess antivenin
potential for treating or avoiding snakebites in other countries
within and outside Africa. For example, Aristolochiaceae and
Lamiaceae in Djibouti (Hasan et al. 2016; Yirgu and Chippaux
2019), Acanthaceae, Apocynaceae, Asteraceae, Euphorbiaceae,
Moraceae, Rubiaceae and Rutaceae in India (Upasani et al
2017), Bangladesh (Hasan et al. 2016) and Central America
(Giovannini and Howes 2017), Euphorbiaceae, Asteraceae,
Amaryllidaceae and Solanaceae in Uganda (Omara et al. 2020),
and Malvaceae, Annonaceae, Combretaceae and Lamiaceae in
Kenya (Omara 2020).

Growth forms of medicinal plants

Among the reported medicinal plants in this review, trees (35%)
and shrubs (33%) constituted the greatest proportions, followed
by herbs (22%), and the remaining growth forms had a small
proportion of less than 10% (Figure 3). The finding is consistent
with an ethnobotanical study conducted in Uganda (Omara et al.
2020), which reported that trees and shrubs were the most dom-
inant plant growth forms used for making herbal remedies
against snakebites. The predominance of trees and shrubs in
treating snakebites could be due to their accessibility throughout
the year, local socio-cultural beliefs, and the practice of healers
in treating snakebites (Asmeron et al. 2021; Kacholi and Amir
2022). Also, the frequent use of the two growth forms indicates
that the locals are conversant with using higher plants in the for-
mulation and preparations of herbal remedies (Kacholi and
Amir 2022).

Plant parts used

This review observed that locals in Tanzania use different plant
parts to treat snakebites. Roots were the most frequently used
plant part (54%), followed by leaves (26%), bark (11%) and
whole plant (6%). Other parts, such as fruits, seeds and aerial
parts, were rarely used (Figure 4). The common use of roots for
treating snakebites was also reported in Kenya (Omara 2020),
Ethiopia (Yirgu and Chippaux 2019), Uganda (Omara et al.
2020) and India (Upasani et al. 2017). The regular use of roots
and leaves in antivenin preparations is a characteristic feature of
traditional antivenin therapy (Owuor and Kisangau 2006; Yirgu
and Chippaux 2019); that is why some of these medicinal plants
are named ‘snakeroot’ in some rural communities.

The recurrent use of roots is also reported in treating various
ailments in other countries apart from snakebites (Maroyi 2013;
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Figure 3. Growth forms of plants used for the treatment of snakebites.
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parts preparations

Jima and Megersa 2018; Mathibela et al. 2019; Hu et al. 2020;
Kacholi and Amir 2022). Plant roots are believed to possess
more bioactive compounds than other parts (Chinsembu 2016;
Tugume and Nyakoojo 2019). The over exploitation of roots for
herbal preparations may endanger plants’ existence, especially
when uprooting (Kacholi and Mvungi 2021). Plants whose roots
are preferred for medicinal purposes have been reported to be
the most threatened species (Cunningham 2001). Thus, this
study suggests that local and traditional healers’ awareness of
harvesting and conserving medicinal plants is paramount.

Preparation and administration of remedies

The treatment of snakebite in most of the areas in Tanzania
involves mono-preparations of plant extracts, while in a few
cases, mixtures of various plants and parts are used to prepare
the antidotes. The common mode of preparation of herbal rem-
edies is decoction (23%), followed by crushing (22%) and pound-
ing (15%) (Figure 5). Other ethnobotanical studies (Yirgu and
Chippaux 2019; Omara et al. 2020) reported decoction as a dom-
inant preparation technique in preparing herbal remedies for
snakebite management. On the other side, the most common
route of administration of the medicinal plants was topical
(57%), followed by oral (43%). Other previous studies showed
that herbal remedies could be internal or external, whereas the
intake of the plant extract mainly achieves the former, and the
latter involves the application of the remedy to the bite site
(Snow et al. 1994; Omara 2020). It should be noted that the
study has collected limited information on how remedies are

Decoction
Crushing
Pounding

Infusion

MoP

Chewing
Powdering
Juicing

Maceration

0 10 20 30 40 50 60
Percentage (%)

Figure 5. Modes of preparation (MoP) and Routes of administration (RoA) of
snakebite remedies.

prepared and administered as 35.7% of the reported species lack
the information (Table 1). Thus, it suggests that a significant
effort is still needed to gather information on the mode of prep-
aration and administration route.

Pharmacological evidence against snake venoms

Various pharmacological studies (Nunez et al. 2004; Mali 2010;
Sonibare et al. 2016) have proven the wide use of medicinal
plants, which revealed that different plant metabolites could
antagonize the activity of various crude venoms and purified tox-
ins. For instance, Solanaceae is reported to possess atropine, an
alkaloid which inhibits the activity of green and dark mamba
(Dendroaspis angusticeps A. Smith (Elapidae) and D. polylepis)
venoms by blocking cholinergic nerve terminals (Omara et al.
2020). Additionally, the family Aristolochiaceae contains aristolo-
chic acid, an alkaloid that acts similarly to atropine (Kini 2005;
Kemparaju and Girish 2006).

Moreover, the reported species in the present study have been
reported elsewhere to have antivenin activities. For instance, the
extract from combined roots, bark and leaves of Securidaca longi-
pedunculata Fresen (Polygalaceae) (Sanusi et al. 2014), stem bark
of Commiphora africana (A.Rich.) Engl. (Burseraceae) (Isa et al.
2015), folium extract of Dichrostachys cinerea (L.) Wight et Arn.
(Fabaceae) (Agusi and Ogbunachi 2018), roots of Capparis
tomentosa Lam. (Capparaceae) and Ziziphus mucronata Wild.
(Rhamnaceae) (Molander et al. 2014), and those from the whole
plant of Euphorbia hirta L. (Euphorbiaceae) inhibit venom activ-
ities of N. migricollis. Also, extracts from leaves and roots of A.
senegalensis inhibit venom activities of Echis ocellatus Stemmler
(Viperidae), N. nigricollis and B. arietans (Molander et al. 2014),
whereas extracts from aerial parts and roots of Cissampelos par-
eira L. var. orbiculata (DC.) Miq. (Menispermaceae) are reported
to neutralize venom activity of Bothrops diporus Cope
(Viperidae) (Verrastro et al. 2018). Leaves and roots extracts of
Cassia occidentalis L. (Fabaceae) are reported to inhibit venom
activities and accelerate wound healing caused by Bothrops moo-
jeni Hoge (Viperidae) (Molander et al. 2014), while the roots
and bark extract of Acalypha fruticosa Forssk. (Euphorbiaceae)
(Molander et al. 2014), and Paullinia pinnata (Iful 2008; Sanusi
et al. 2014) are reported to inhibit venom activities of Echis cari-
natus Schneider (Viperidae). Therefore, the present study high-
lights the wealthy knowledge locals in Tanzania possess in
dealing with snakebites. It also suggests that further pharmaco-
logical scrutiny of the recorded medicinal plants is imperative in



understanding bioactive compounds that can be used to prepare
antivenin in modern science.

Conclusions

This review presents compiled information on medicinal plant
species used to treat snakebites in Tanzania. One hundred and
nine medicinal plants representing 48 families were documented.
Fabaceae and Euphorbiaceae were the families with the highest
number of antivenom plants. Trees and shrubs were the most
preferred growth forms to prepare herbal remedies for snake-
bites, and root was the most used plant part. Despite the diver-
sity of plant species used to treat snakebites problems in
Tanzania compiled in this review, few have been analysed for
their bioactive components and potential for developing modern
drugs. Therefore, effort should be geared towards this area to
provide scientific information to develop snakebite drugs and
solve the major health challenge. We believe that the data pre-
sented in this review will provide baseline information for future
research on developing modern drugs for treating snakebite.
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