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ABSTRACT

Medicinal plants still play an important role in the primary healthcare of lay people in
northern Maputaland in spite of the availability of hospitals and clinics. According to
an ethnobotanical survey conducted in 2014, the lay people in northern Maputaland
use plant species independently and in combination to treat gynaecology and
obstetrics medical conditions. These plant species were generally regarded as safe
by the lay people except for one plant species, Trichilia dregeana. Consequently, this
study’s aim was to investigate the safety of medicinal plant species used by the lay
people in northern Maputaland. Furthermore, as these plant species were used to treat
medical conditions specifically related to woman, the inclusion of the efficacy of these
plant species against Candida stains was included due to the prevalence of vaginal
thrush.

The agueous and organic (1:1 methanol-dichloromethane) extracts were prepared
from 51 plant samples (including leaf samples collected for potential substitution for
the roots). Toxicology of these plants was assessed using the brine shrimp lethality
assay (BSLA) and the Ames assay (using Salmonella typhimurium TA98 and TA100
strains) for mutagenicity. The anti-Candidal activity was assessed using the
antimicrobial micro-dilution assay to determine the minimum inhibitory concentration
of of the plant samples aginst Candida albicans ATCC 10231, C. tropicalis ATCC 750
and C. glabrata ATCC 900300.

There were three plant spescies (Acalypha villicaulis root, Grewia occidentalis root
and Gymnosporia senegalensis leaves) that indicated neither toxicity nor mutagenicity
in this study. All the toxic plants samples (in BSLA) were further subjected to two-fold
dilution and demonstrated acceptable toxic concentrations, which were found to range
from 0.98 to 0.10 mg/ml. However, Hermannia boraginiflora, Sapium integerrimum,
Scadoxus puniceus and Tabernaemontana elegans remained toxic even after diluted

to the lowest concentration of 0.031 mg/ml.

Plant species combinations that were found to be non-toxic in BSLA in both aqueous
and organic extract were Euphobia tirucalli (root) + Ozoroa engleri (bark) + Scadoxus

puniceus (bulb) + Senecio serratuloides (whole plant), Bridelia cathartica (root) +



Opuntia stricta (stem) + Searsia nebulosa (bark) and B. cathartica (root) + Erythrina

humeana (root).

In the Ames test, plant samples that appeared to be non-mutagenic against both S.
typhimurium TA98 and TA100 strains were A. villicaulis root, Cyperus natalensis root,
Euclea natalensis leaves, G. occidentalis root, Ochna natalitia leaves, S. integerrimum
leaves and S. puniceus bulb. However, Hypoxis hemerocallidea and O. stricta
appeared to be the most mutagenic against both the S. typhimurium TA98 and TA100

strains with both agueous and organic extracts showing mutagenicity.

The antimicrobial microdilution assay indicated a small number of plant species that
were active against Candida strains and were in most cases these were the methanol-
dichloromethane extracts. A moderate activity against C. albicans was observed with
the aqueous extract of Euclea natalensis root and Rhoicissus digitata leaves. The
methanol-dichloromethane extracs of O. stricta stem, P. africanum root and S. birrea
stem were also active (moderately) against C. albicans. Against the C. tropicalis, a
moderate activity was observed against A. villicaulis leaves, Acanthospermum
glabratum whole plants, B. cathartica leaves, Cassytha filiformis whole plant,
Euphorbia tirucalli stem and Garcinia livingstonei root. A noteworthy anti-Candidal
activity was observed with Commiphora neglecta root and leaves both with the
minimum inhibitory concentration (MIC) of 0.13 mg/ml against Candida tropicalis.

There was no activity observed against C. glabrata.

This study has indicated that medicinal plant species may have toxic and/ or
mutagenic effects, even without any noteworthy signs after consumption. However, it
was determined that toxicity can be reduced by carefully managing the dose. The
reduction of concentration is not known whether it may affect the efficacy, therefore

further studies on the efficacy are recommended.
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CHAPTER 1

Introduction to the study

1.1 Background of the study

This study is a follow up of an ethnobotanical survey that was conducted by De Wet
and Ngubane (2014) where medicinal plant species used for gynaecological and
obstetric conditions were investigated (50 interviews) and documented. According to
De Wet and Ngubane (2014), the plant species were used mostly by women in their
reproductive age i.e. from menarche (first menstrual cycle/period) to menopause (end
of menstrual cycle/period). Women can experience gynaecological problems at any
point in their lifetime, especially in their reproductive ages. Obstetric problems are
prevalent at child-bearing age, during a pregnancy term. According to Abam (2015),
gynaecological conditions can result in infertility, chronic diseases and may also be
fatal. The prevalence of gynaecological and obstetric problems can be further
increased by sexual activity, when women experience vaginal tract infections such as

human papillomavirus (HPV) and candidiasis (Abam, 2015; Gao et al., 2021).

The women in northern Maputaland understand and associate gynaecological
conditions to vaginal warts, fibroids and menstrual problems, which are mostly
detected by pain and bleeding abnormalities. They associate obstetrics problem to
conditions such as infertility, miscarriage, antepartum haemorrhage, preterm birth,

delayed labour, insufficient milk production and postpartum haemorrhage.

1.1.1 Medicinal plant species use for gynaecology and obstetric conditions in

Maputaland

De Wet and Ngubane (2014) documented (Table 1.1) 36 traditionally used medicinal
plant species for the treatment of gynaecological and obstetric conditions by the lay
women in northern Maputaland. The most frequently reported plant species for various
women conditions was Bridelia cathartica G.Bertol. (mentioned by 36% of the
participants), followed by Ranunculus multifidus Forssk. (by 26% of the participants).
Bridelia cathartica was reported for conditions that includes dysmenorrhoea, infertility,

amenorrhoea, menorrhagia, oligomenorrhoea, to prevent premature birth and blood



cleansing. Ranunculus multifidus was reported to work against genital warts and to

suppress the swelling of limbs during pregnancy. Although the current study focuses

on medicinal plant species that are used by mostly women in their reproductive age

(between menarche to menopause), these plant species are also used for other health

conditions in northern Maputaland such as diarrhoea (De Wet et al., 2010), respiratory

infections (York et al., 2012), sexually transmitted infections (De Wet et al., 2012), skin
disorders (De Wet et al., 2013) and hypertension (De Wet et al., 2016). These studies

signify the importance of these medicinal plant species for the healthcare of the lay

people of northern Maputaland.

Table 1.1 Medicinal plant species used for gynaecological and obstetric conditions

(De Wet and Ngubane, 2014)

Number of
times .
Plant names Part used _ Ailments treated
mentioned
(Total = 50)
Acalypha villicaulis Hochst. Dysmenorrhoea, blood
. Roots 3 ) .
ex A.Rich. cleansing and delivery
Acanthospermum glabratum Whole _ _
_ 1 Cervical pain
(DC.) Wild plant
Dysmenorrhoea,
infertility, amenorrhoea,
o . menorrhagia,
Bridelia cathartica G.Bertol. Roots 18 _
oligomenorrhoea,
prevent premature birth
and blood cleansing
N _ Whole _
Cassytha filiformis L. 1 Induce lactation
plant
Dysmenorrhoea,
Commiphora neglecta I.Verd. Roots 1 infertility, menorrhagia,

oligomenorrhoea,



http://www.ipni.org/ipni/idAuthorSearch.do;jsessionid=2324C87252BCACEF6BE563CB4751C7B9?id=3983-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Bjsessionid%3D2324C87252BCACEF6BE563CB4751C7B9%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DAcalypha%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3Dvillicaulis%26output_format%3Dnormal
http://www.ipni.org/ipni/idAuthorSearch.do;jsessionid=2324C87252BCACEF6BE563CB4751C7B9?id=8349-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Bjsessionid%3D2324C87252BCACEF6BE563CB4751C7B9%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DAcalypha%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3Dvillicaulis%26output_format%3Dnormal

Number of

times _
Plant names Part used ) Ailments treated
mentioned
(Total = 50)
prevent premature birth
and blood cleansing
Dysmenorrhoea,
Crotalaria monteiroi Taub. ex infertility, menorrhagia,
Baker f. var. galpinii Burtt Roots 1 oligomenorrhoea,
Davy prevent premature birth
and blood cleansing
Cyperus natalensis Hochst. _
Roots 1 Menorrhagia
ex. Krauss
Diospyros villosa (L.) De
_ Roots 1 Dysmenorrhoea
Winter
Dysmenorrhoea,
_ infertility, fibroids,
Erythrina humeana Spreng Roots 4 )
menorrhagia and
miscarriage
Euclea natalensis A.DC. Roots 1 Blood cleansing
Euphorbia tirucalli L. Stem 1 Genital warts
Fleuggea virosa (Wild.) Modified 1 After-birth pain and
Voigt roof preterm birth
S . Dysmenorrhoea and
Garcinia livingstonei
Roots 2 post-partum
T.Anderson
haemorrhage
Dysmenorrhoea,
infertility, menorrhagia,
Grewia occidentalis L. Roots 1 oligomenorrhoea, blood

cleansing and prevent

premature birth




Number of

times _
Plant names Part used ) Ailments treated
mentioned
(Total = 50)
' . Prevent infantile colic

Gymnosporia senegalensis _

Roots 3 when the baby is born

(Lam.) Loes. ) .
and infertility

Hermannia boraginiflora Dysmenorrhoea and

Roots 1 )

Hook. labour pains
Dysmenorrhoea,
infertility, after-birth

Hyphaene coriacea Gaertn. Stem 7 pain, post-partum
haemorrhage and
labour pains

. o Warts, menorrhagia

Hypoxis cf. longifolia Baker Corm 3 _

and blood cleansing
. ) Cervical pain, infertility,

Hypoxis hemerocallidea _

) ] Corm 6 genital warts and

Fisch., C.A.Mey. & Ave-Lall. _
menorrhagia
Cervical pain, blood

Kigelia africana (Lam.) cleansing, induce

Bark 3 )

Benth. lactation and
dysmenorrhoea
Dysmenorrhoea,
infertility, menorrhagia,

N oligomenorrhoea,

Ochna natalitia Walp. Roots 8
prevent premature
birth, labour pains and
blood cleansing

) _ Cervical pain and blood

Opuntia stricta Haw. Stem 3 )
cleansing

Ozoroa engleri R.Fern & Dysmenorrhoea, after-

Bark 3

A.Fern.

birth pain, infertility,
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Number of

times _
Plant names Part used ) Ailments treated
mentioned
(Total = 50)
menorrhagia,
oligomenorhoea,
prevent premature
birth, genital warts and
blood cleansing
. Dysmenorrhoea,
Peltophorum africanum
Roots 3 amenorrhoea and
Sond. .
blood cleansing
N Genital warts and
Ranunculus multifidus Whole _ _
13 swelling during
Forssk. plant
preghancy
Dysmenorrhoea,
. o ) infertility, menorrhagia,
Rhoicissus digitata (L.f.) Gilg _ _
Roots 3 oligomenorrhia, prevent
& M.Brandt .
premature birth and
blood cleansing
Sapium integerrimum
(Hochst. ex. Krauss) Roots 1 Dysmenorrhoea
J.Léonard
Scadoxus puniceus (L.) Friis _
Bulb 1 Blood cleansing
Norda
Sclerocarya birrea (A. Rich.) .
Bark 1 Abortion
Hochst.
Searsia nebulosa Dysmenorrhoea,
(Schoenland) Moffett forma Bark 3 infertility and genital
nebulosa warts
) ) Whole Warts, infertility and
Senecio deltoideus Less 1

plant

pelvic pain




Number of

times _
Plant names Part used ) Ailments treated
mentioned
(Total = 50)
Cervical pain, infertility,
_ . Whole _
Senecio serratuloides DC. | 9 blood cleansing and
ant
P genital warts
Senegalia burkei (Benth.)
Kyal. & Boatwr. (= Acacia Bark 1 Blood cleansing
burkei Benth.)
Tabernaemontana elegans Dysmenorrhoea and
Roots 1 . -
Stapf infertility
o Roots 8 Abortion
Trichilia dregeana Harv. & :
Leaves 1 Labour pains
Sond. _
Bark 1 Infertility
Vangueria infausta Burch. Menorrhagia and ante-
Leaves 1

subsp. Infausta

partum haemorrhage

Bold — No plant material was collected; hence it was excluded in the current study.

1.1.2 The use of medicinal plants for pregnancy-related conditions

The use of medicinal plant species during pregnancy is common, especially in Africa

(Nergard et al., 2015). Women rely on medicinal plant species to induce or facilitate

labour, prevent preterm birth or miscarriage, or as a preventative health tonic during

pregnancy (Steenkamp, 2003; Malan and Nauba, 2011; Nergard et al., 2015). In spite

of the availability of medical healthcare facilities in northern Maputaland, the women

in this area still believe in the use of medicinal plants during pregnancy especially as

a health tonic for blood cleansing. The women in northern Maputaland believe that the

uncleansed blood during pregnancy could result in pregnancy complications including

complicated labour and delivery (De Wet and Ngubane, 2014).




1.1.3 The use of medicinal plants for gynaecological conditions

According to De Wet and Ngubane (2014), the women also rely on medicinal plants
for conditions associated with menstruation i.e. dysmenorrhoea, amenorrhoea,
menorrhagia and oligomenorrhoea. Some of the women believed that traditional
medicine is the only medicine that is effective to cure dysmenorrhoea, while allopathic
medicine only temporarily supresses the pain.

1.1.4 Plant species combinations used for gynaecology and obstetric

conditions in Maputaland

Some of the plant species in Maputaland were used in combination by the women to
treat gynaecological and obstetric conditions. In the study conducted by De Wet and
Ngubane (2014), 17 plant species combinations were documented (Table 1.2). Plant
species combinations are believed to be more effective and also to reduce toxicity
(Van Vuuren and Viljoen, 2011; Mundy et al., 2016). It is evident in South Africa that
lay people, and other medicinal plant users know the importance of combining
medicinal plants for increased therapeutic efficacy (Varga and Veale, 1997; Van
Vuuren and Viljoen, 2008; York et al.,, 2012; De Wet and Ngubane, 2014). For
example, Isihlambezo is an herbal mixture prepared from a combination of medicinal
plant species and is widely used in KwaZulu-Natal province as a health tonic during
pregnancy to promote a good term of pregnancy and facilitate easy labour and delivery
(Varga and Veale, 1997). According to Naidoo et al. (2013), in some cases, plant
species combinations may exhibit a greater potential for toxicity. Syzygium cordatum
Krauss and S. birrea are used in northern Maputaland to treat sexually transmitted
infections (De Wet et al., 2012) and it is documented that both contain potentially toxic
metabolites (gallic acid and ellagic acid) (Ojewole, 2003). Cytotoxicity of the two
metabolites is enhanced when these plant species are used in combination (Naidoo
et al., 2013). Therefore, these results emphasise the importance of assessing safety

of plant species combinations.

In the ethnobotanical study done by De Wet and Mngubane (2014), none of the 17
plant species combinations have been previously assessed for safety or anti-Candidal

activity. Although there has been a toxicological study on plant species combinations



used for hypertension in northern Maputaland (Ramulondi et al., 2019), the plant

species combinations were different from those examined in the current study.
1.1.5 Relevance of the study

There is a vast number of medicinal plant species that have been documented in this
Northern Maputaland, but the toxicological aspect of these plant species is poorly
explored. Most recently, Ramulondi et al., (2018) documented toxicity and
mutagenicity of some medicinal plant species used to treat hypertension in this area.
In that study, some of the plant species were toxic, indicating that medicinal plants can
be toxic even though the lay people often refer to them as safe based on the long-term

use without any noticeable poisonous effect.

Table 1.2 Plant species combinations used in Maputaland to treat gynaecological and
obstetric conditions (De Wet and Ngubane, 2014)

Number of
_ o times _
Plant species combinations _ Ailments treated
mentioned
(Total = 50)
Dysmenorrhoea,
_ menorrhagia,
B. cathartica (roots) + C. neglecta (roots) +
o o ) amenorrhoea,
C. monteiroi (root) + G. livingstonei (root) + .
_ _ N 1 oligomenorrhoea,
G. occidentalis (root) + O. natalitia (root) + . N
o infertility, prevent
R. digitata (root) _
premature birth and
blood cleansing.
E. tirucalli (root) + O. engleri (bark) +
S. puniceus (bulb) + 1 Blood cleansing
S. serratuloides (whole plant)
B. cathartica (root) + E. humeana (root) +
N Dysmenorrhoea and
O. natalitia (root) + T. elegans (root) + 1 _ N
infertility
S. nebulosa (bark)




Number of

times
Plant species combinations _ Ailments treated
mentioned
(Total = 50)
A. villicaulis (root) + B. cathartica (root) + L Dysmenorrhoea and
S. nebulosa (bark) infertility
B. cathartica (root) + P. africanum (root) + 5 Dysmenorrhoea and
R. digitata (root) amenorrhoea
Dysmenorrhoea and
) ) infertility, after-birth
B. cathartica (root) + H. coriacea (stem) + .
. 6 pain, postpartum
O. engleri (bark)
haemorrhage and
labour
R. multifidus (whole plant) +
_ 5 Warts
S. serratuloides (whole plant)
B. cathartica (root) + O. stricta (stem) + _
3 Blood cleansing
S. nebulosa (bark)
R. multifidus (whole plant) + H. hemerocallidea 5 Blood cleansing and
(corm) warts
K. africana (bark) + C. filiformis (whole ) .
1 After-birth pain
plant)
E. humeana (root) + O. natalitia (root) 1 Menorrhagia,
B. cathartica (root) + E. humeana (root) 1 Menorrhagia
Senecio deltoideus (whole plant) +
_ _ 1 Ease labour
Senecio serratuloides (whole plant)
G. senegalensis (root) + H. hemerocallidea . _
3 Infantile colic
(corm)
K. africana (bark) + S. nebulosa (bark) 1 Dysmenorrhoea
) N Dysmenorrhoea and
B. cathartica (root) + O. natalitia (root) 1 _ N
infertility
S. birrea (bark) + T. dregeana (bark) 1 Induce abortion

Bold — plant material not collected, hence the combination was excluded in the current

study.




Apart from the menstruation and pregnancy conditions that were reported by De Wet
and Ngubane (2014), there is a need to also assess these plants for potential anti-
Candidal activity. Candida spp. are among the most common micro-organisms that
cause vaginal infections in women. There were only 11 medicinal plant species in the

current study that have been previously assessed for anti-Candidal activity.
1.2 Toxicity of medicinal plant species

Scientists throughout the world have developed an interest in evaluating safety of
medicinal plants despite their long-term traditional uses, like studies from Europe
(Masullo et al., 2015; Kristanc and Kreft, 2016) and Africa (Edziri et al., 2011; Adewale
et al., 2016). Toxicological studies investigate the deleterious effect of any agent or
substance capable of harming the biological system (Kuete, 2014). Such agents are
known as toxicants or xenobiotics. A toxicant can induce adverse and irreversible
effects that could change the organism’s physiology either permanently or temporarily
(Kuete, 2014). Various methods can be used to assess the toxicity of medicinal plant
species such as the brine shrimp lethality assay (BSLA) and the Ames test to assess
toxicity and mutagenicity respectively. It is plausible to assume that the long-term
traditional use of medicinal plants and herbal remedies do not always guarantee safety
(Madingou et al., 2016). The most notable factors that influences human poisoning
from using medicinal plants include the misidentification and unintentional use of toxic

plant species and/or over dosage of home preparations (Ndhlala et al., 2013).

In South Africa, the human intoxication by plants is common. According to hospital
data, traditional herbal medicine has caused about 2.4% cases of acute toxicity in
South Africa (Malangu and Ogunbanjo, 2009; Malangu, 2011). Children have been
reported to constitute most of these cases in South Africa (Fennell et al., 2004). It
should be acknowledged that there are many similar unreported incidents that are
mostly treated at home and therefore cannot be found on health records. According to
the literature, quite a few medicinal plant species used in South Africa to treat various
conditions have been reported to also have toxic effects. These plants include:
Dioscorea dregeana (Kunth) T. Durand & Schinz, Flueggea virosa (Roxb. ex Willd.)
Voigt (Ndhlala et al., 2013), Catharanthus roseus (L.) G.Don (Verschaeve and Van

Staden, 2008), Trichilia emetica Vahl, Erythrina caffra Thunb. and Tetradenia riparia
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(Hochst.) Codd (Tamokou and Kuete, 2014) just to name a few. The seeds of Ricinus
communis are known to be toxic when ingested because of the compound toxalbumin
which the plant produces and inhibit mitosis and protein synthesis, and eventually
results in gastrointestinal toxicity and body organ failure. Ndhlala et al. (2013) reported
that South Africans continue to use some toxic plant species for their medicinal
properties without knowing the short or long-term consequences. Sometimes toxic
effects may only show after years of repeated use of the plant/s, and in such cases it
is difficult to relate the symptoms to an herbal medicine.

1.2.1 Acute and sub-acute toxicity

Like any other toxic compounds, medicinal plant toxicants may vary in intensity as well
as in the severity of damage to the human body. The various degrees of toxicity include
acute toxicity, sub-acute toxicity and/or chronic toxicity after administration. Acute
toxicity is the kind of toxicity that occurs shortly after a single or multiple drug
administration within 24 hrs. This type of toxicity is easy to test in the laboratory
because results can be observed in a short period of time. Sub-acute toxicity is usually
observed after repeated administration of a drug over a period of days to weeks (Teke
and Kuete, 2014). Chronic toxicity differs from acute and sub-acute toxicity because
of the adverse effects that occur only after a repeated exposure to a drug. Symptoms
may be experienced only after a number of months to years (Adeneye, 2014). The
toxicity of substances may vary from minor adversities to fatalities. The extent of
toxicity by herbal preparations may sometimes vary depending on the route of
administration, amount of the medicine consumed, growth stage of a plant or plant
part used as well as the plant species used (Ndhlala et al., 2013), other factors include
the health status of the consumer as some plant can induce diarrhoea, nausea or an

upset stomach.

1.2.2 Mutagenicity and carcinogenicity

Mutagenicity is the type of toxicity that results in the change of DNA sequence, which
can either be chromosomal or the gene mutation as a result of exposure to chemical
substances (Richardson et al., 2007). Carcinogenicity is described by Tomakou and
Kuete (2014) as the ability of a chemical to induce cancer/tumours. According to Ames
et al. (1975), the majority (85%) of carcinogens that have been tested reacted as
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mutagens, which implies that their sources may be similar. Agents that bring about the
changes in the genetic material are called mutagens. The mechanism of mutagenicity
varies. Sometimes the mutagens work directly by chemically promoting the changes
in the DNA sequence, or by damaging the building blocks of the DNA, which will
eventually damage the DNA (Reha-Krantz, 2013). Other mutagens work indirectly by
inhibiting the ability of the cell to repair damage to the DNA. Exogenous or
environmental mutagens that are usually introduced into the body are found in food,
nicotine, sunlight, industrial by-products as well as in medicinal plant species (Reid et
al., 2006; Verschaeve and Van Staden, 2008; Edziri et al., 2011; Ndhlala et al., 2013;
Reha-Krantz, 2013; Tamokou and Kuete, 2014). Some medicinal plants in South
Africa that have been reported to have mutagenic effects are: Ekebergia capensis
Sparrm, Helichrysum herbacea (Andrews) Sweet, Helichrysum regulosum Less., and
Helichrysum simillimum DC. (Reid et al., 2006; Verschaeve and Van Staden, 2008;
Mulaudzi et al., 2013). It is thus important to make practitioners of medicinal plants
use aware of plant species that cause side effects, especially as these mutagenic
effects are most likely to progress into cancer (Razak et al., 2007).

1.2.3 Genotoxicity and teratogenicity

Genotoxicity is a chemical-induced damage of genetic information within the cell. The
resulting mutations can cause malignancies. Genotoxic agents may result in
chromosomal abnormality or changes in the DNA structure, which will eventually affect
the reliability of the portrayed message (Sponchiado et al., 2016). Some plant species
that are commonly used in traditional medicine can induce genotoxicity (Ananthi et al.,
2010; Seukep et al., 2014; Sponchiado et al., 2016). Medicinal plant species used in
South Africa that have demonstrated genotoxic potential are: C. roseus,

H. hemerocallidea, S. birrea, and T. emetica (Seukep et al., 2014).

Teratogenicity is referred to as congenital toxicity that results in malformation or
abnormalities to physiological development of the foetus and children (Zeliger, 2011;
Cassina et al., 2012; Seukep et al., 2014). Teratogenic effects can also extend to
cause abnormalities at puberty (Seukep et al., 2014). Susceptibility to teratogenic
substances is higher at early stages of foetal development (first trimester). Teratogens
are present in the environment, xenobiotics as well as untested herbal medications
(Zeliger, 2011; Cassina et al., 2012; Seukep et al., 2014; Mohammed et al., 2016). A
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few sources of teratogens include air pollution, organic solvents, wood preservative
chemicals, pesticides, chemical radiation mixture, alcohol, paint and cigarette smoke
(Zeliger, 2011; Cassina et al., 2012).

Mohammed et al. (2016) reported that consumption of herbal remedies at an early
stage of pregnancy (first trimester) might not be safe for foetal development as it may
result in embryo toxicity. Some plant species used in Africa (including South Africa)
that have teratogenic effects are: Asparagus rasemosus Willd, Cannabis sativa L.,
Nicotiana glauca Graham, Solanum tuberosum L. and Sorghum bicolor (I.) Moench
(Seukep et al., 2014). Garcia-Algar et al. (2016) reported that dosages that are usually
harmless to adults may cause adverse effect in children.

1.2.4 Hepatotoxicity

The liver plays a central role in transforming and clearing chemicals that enter the body
(Chaundhary et al., 2016). The toxicity associated with the liver is called hepatotoxicity.
More than 900 drugs have been associated with liver damage and this subsequently
resulted in their withdrawal from the market (Chaundhary et al., 2016). Hepatotoxicity
may result in liver damage that is mild, asymptomatic or the cause of severe liver
failure. Liver susceptibility to drug toxicity is higher when it is exposed to higher
concentrations of oral administration (Attia, 2010). According to Chaundhary et al.
(2016), medicinal plants are also capable of causing hepatotoxicity and may even
cause lethal hepatic dysfunctions (Olaleye and Rocha, 2008). In South Africa Senecio
and Crotalaria species are among medicinal plant species that have been reported to
have hepatotoxic effects (Botha and Penrith, 2008).

1.2.5 Nephrotoxicity

Nephrotoxicity is the poisonous effect of substances that causes damage to kidneys
(Yao et al., 2007; Souza et al., 2016). When the kidney is exposed to nephrotoxins,
their function becomes impaired. Renal filtration declines and eventually results in an
increased concentrations of blood urea, nitrogen and serum creatine (Chandrakumar
etal., 2016). As the kidney pursues its function of metabolizing xenobiotics (a chemical
compound foreign to a given biological system), this increases susceptibility to

nephrotoxicity (Ekor, 2014). Medicinal plant species such as Solanum grandiflorum
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Ruiz & Pav. have nephrotoxic effects when fruit extracts are consumed (Ekor, 2014).
In South Africa, some plant species including Aloe ferox Mill., Callilepsis laureola DC.

have been associated with nephrotoxicity (Liwa and Jaka, 2016).
1.2.6 Cytotoxicity

While many studies focus on testing plant extracts and isolating new potential
bioactive phytochemicals for therapeutic exploration, it is always important to also test
for their potential cytotoxicity. Any chemical substance that has a quality of being
deleterious to the cell is referred to as cytotoxic. Medicinal plant extracts have also
been known to be cytotoxic (Booth et al., 2012; Nemati et al., 2013). Plant toxins may
result in a variety of cell fates such as necrosis, apoptosis, autophagy or the cells may
cease to proliferate (McGaw et al., 2014). Dicoma capensis Less. is a South African
medicinal plant species where the leaves are used to treat cancer, fever and
hypertension (Steenkamp and Gouws, 2006). The aqueous infusion of this plant
species was found to have cytotoxic effects when tested against DU-145 prostate
cancer cells, MCF-7 breast cancer cells and MCF-12A non-malignant breast cells
(Steenkamp and Gouws, 2006).

1.3 Anti-Candidal activity of medicinal plant species

Candida species are the most common fungal pathogens that are capable of causing
the opportunistic vulvovaginal candidiasis/ infection (VVC) (Donders et al., 2018), also
known as vaginal thrush. Candida is a fungal yeast normally found in the mouth,
digestive system, and on the skin without causing any problems to the host (Vilander
et al., 2016). However, when conditions are favourable (i.e. in immunocompromised
conditions), this yeast can cause an infection. The Candida strains such as
C. albicans, C. glabrata, and C. tropicalis are among the species that have been
reported to cause the majority of VVC in women (Vilander et al., 2016). It has been
reported that a woman is likely to contract a yeast infection at least once in her lifetime.
An estimated one in every ten women may experience a recurrence more than three
episodes per year (Emeribe et al., 2015; Donders et al., 2018). Candida infection may
cause an irritation, dysuria, discharge and intense itchiness in the vulva and vagina.
The risk factors that are associated with causing VVC include hormonal changes (e.g.

elevated oestrogen), diabetes mellitus, immunosuppression and broad-spectrum
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antibiotic use (which can kill the normal vaginal flora including Lactobacillus species
that produce hydrogen peroxide which inhibit the excessive yeast growth) (Jeanmonod
and Jeanmonod, 2019). Some medicinal plant species have demonstrated good anti-
Candidal activities. Plant species such as Allium sativum L., Glycyrriza glabra Linn.,
Polygala myrtifolia L., Solanum nigrescens M. Martens & Galeotti (Giron et al., 1988),
Tulbaghia violacea Harv., Vertiveria zazinioides (L.) Nash and Warburgia salutaris
(Bertol.f.) Chiov. (Motsei, 2003) have been reported to have anti-Candidal activity at
low concentrations. An in-vitro minimum inhibitory concentration test is often used to
determine susceptibility and the lowest concentration of a sample that could inhibit the
growth of this yeast (Samie et al., 2010; Soliman et al., 2017; Jayachandran et al.,
2018). However, most studies have focused on a single strain of Candida, especially
C. albicans (Buwa and Van Staden, 2006; More et al., 2008; Shai et al., 2008; Samie
et al., 2010; Mamba et al. 2016; Owotade et al., 2016; Ohikhena et al., 2017). Other
strains such as C. glabrata (Akhalwaya, 2017) and C. tropicalis are poorly studied in

South Africa and therefore require exploration.
1.4 The study area

Medicinal plant species that are used in this study are reported to treat gynaecology
and obstetrics conditions in northern Maputaland. Northern Maputaland is a biodiverse
rich area located in the north eastern part of KwaZulu-Natal between 32°22’S and
32°52’S latitudes and 27°15’E and 27°30’E longitudes (De Wet et al., 2010), as shown
in Figure 1.1. It falls under the Umhlabuyalingana municipality with an estimated
population of 172 077 people and an average of five people per homestead
(Umhlabuyalingana municipality IDP, 2017/2018). About 99% of this area is classified
as rural, with a high rate of poverty, where 44.9% of the households do not have a
stable monthly income. Umhlabuyalingana municipality has 17 clinics and two
hospitals, but people must walk long distances (approximately 10 km) to access these
healthcare services (Umhlabuyalingana municipality IDP, 2017/2018). Therefore,
people rely heavily on medicinal plants growing in and around the homesteads as their
primary source of healthcare that is also influenced by their traditional beliefs. The

villages reflected in this study are Mabibi, Mseleni, Kwajozana and Tshongwe.
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Figure 1.1: Study area: northern Maputaland located in KwaZulu-Natal, South Africa

(De Wet et al., 2010).

1.5 Hypothesis

Based on the scientific studies that have been conducted on the toxicity of medicinal

plant species, it can be hypothesised that some of the medicinal plant species used

by women in northern Maputaland to treat gynaecology and obstetrics complaints

possess various degrees of toxicity, genotoxicity and anti-Candidal effects.

1.6 Aim and objectives of the study

This study intended to evaluate the safety and potential anti-Candidal activity of 36

medicinal plant species and 17 plant species combinations used by women in northern

Maputaland to treat gynaecology and obstetrics complaints (De Wet and Ngubane,

2014).
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However, due to the seasonal variations some of the plants were not available for
collection during the time of study. In order to conduct this study, the following

objectives were followed,;

e To collect plant material of the plant species mentioned in the study of De Wet
and Ngubane (2014).

e To prepare agueous (using sterile distilled water) and organic extracts (using

dichloromethane: methanol at 1:1 ratio).

e To perform the BSLA on plant extracts (individual plant species and

combinations documented).

e To perform an Ames test on plant extracts (independently and different

combinations documented).

e To perform a minimum inhibitory concentration assay on the plant extracts

(independently and in combination) against several Candida strains.

e To assess the interactions between the plant species used in combination using
the sum of the fractional inhibitory concentration (ZFIC) to measure the

interaction efficacy.
1.7 Significance of this study

There are twelwe plant species that have not been tested previously for any toxicity,
namely, Acalypha villicaulis, Acanthospermum glabratum, Crotalaria monteiroi,
Cyperus natalensis, Diospyros Vvillicaulis, Erythrina humeana, Hermannia
boraginiflora, Opuntia stricta, Rhoicissus digitata, Sapium integerrimum, Searsia
nebulosa and Senegalia burkei. These results will contribute towards the toxicological
and ethno-pharmacological data base of South African medicinal plants. The leaves
were collected for all the plant species where the roots were mentioned for medicinal
use, this will help determine the safety of the leaves for potential root substituents.
This study will also help raise awareness to lay people to use certain medicinal plant

species with caution.
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CHAPTER 2

Toxicity evaluation of plant extracts using the brine shrimp lethality

assay

2.1 Introduction

For the current study, the brine shrimp lethality assay (BSLA) was used as a
preliminary screen of medicinal plant extracts for toxicity. This technique is very
common because it is quick, simple and inexpensive. It can also give results at a very
low concentration of toxicant in a micro-well scale (Krishnaraju et al., 2005). The BSLA
is easy to accommodate and maintain under laboratory conditions and it has high
adaptability to various testing conditions (Libralato et al., 2016). Artemia spp. are a
group of crustaceans that is used in the BSLA. These salt water animals are
extensively used in pharmacology and toxicology to screen various biologically active
substances and to assess the effects of various toxicants (Anufriieva and Shadrin,
2014). These invertebrates have been recommended as a suitable alternative model
to mammals for pre-screening pharmaceutical substances for toxicity (Nunes et al.,
2006). Considering that the life span of Artemia spp. varies between 2 — 4 months
depending on the living conditions such as temperature, salinity and species-specific
characteristics, these animal species can be used to screen for acute (short-term) and
chronic (long-term) effects of toxicants (Libralato et al., 2016). In a laboratory
experiment, toxicity is commonly articulated as a lethal concentration that results in
the death of 50% of the group of test organisms (Libralato et al., 2016). Acute toxicity
can be declared in the BSLA when 50% death is observed within 48 hrs of exposure.
According to Coe et al. (2010), when a concentration above 1.00 mg/mL is required to
exhibit a toxic effect against Artemia spp., the test sample is considered non-toxic in
nature. The BLSA does not have a capacity to provide sufficient information with
regards to the mechanism of action of the toxicant. Nevertheless, it is very useful in
evaluating and indicating the toxicity potential of various medicinal plant extracts
(Hamidi et al., 2014). This assay can also be used in the evaluation of heavy metals,

pesticides and medicine (Wu, 2014). The results from this chapter will preliminarily
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indicate whether the plant species used by the woment in northern Maputaland for

gynaecological and obstetric conditions are safe or toxic.

2.2 Material and methods

2.2.1 Plant material

Plant materials were collected from four areas (Mseleni, Kwajozana, Tshongwe and
Mabibi) in northern Maputaland (KwaZulu-Natal) following all ethical considerations as
per the University of Zululand Research Ethics Committee (Appendix D), with the
permission from the home owners. Voucher specimens were prepared and deposited
in the Botany Herbarium (ZULU), University of Zululand. Botanical identification of
plant species was done by Dr T.H.C. Mostert (Department of Botany, University of
Zululand) and Mr M. Ngwenya (SANBI, KwaZulu-Natal Herbarium). Table 2.1
represents the 33 plant species collected with their voucher numbers. Among the 35
collected plant samples (33 different plant species), roots of 16 species were collected
(De Wet and Ngubane, 2014). However, the harvesting of roots is considered not
sustainable in terms of conservation, therefore, leaves of these plants were also
collected to compare results. According to Manohar (2012), different parts of a plant
can share the same properties, therefore it is important to find out whether the leaves
can be used instead of the roots.

Table 2.1 Plant species that were collected and their voucher numbers

Plant name Family Plant part Voucher
used number
Acalypha villicaulis Hochst. Root bark

Euphorbiaceae SC Ngubane 14

Ex A.Rich. and leaves

Acanthospermum glabratum Asteraceae Whole plant | SC Ngubane 29

(DC.) Wild
Bridelia cathartica G.Bertol. Euphorbiaceae R?:;f’/::d SC Ngubane 9
Cassytha filiformis L. Lauraceae Whole plant | SC Ngubane 18
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http://www.ipni.org/ipni/idAuthorSearch.do;jsessionid=2324C87252BCACEF6BE563CB4751C7B9?id=8349-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Bjsessionid%3D2324C87252BCACEF6BE563CB4751C7B9%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DAcalypha%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3Dvillicaulis%26output_format%3Dnormal

. Plant part Voucher
Plant name Family used number
Commiphora neglecta I.Verd. Burseraceae Ri)eo;\s/easnd SC Ngubane 28
Crotalaria monteiroi Taub. Ex Roots and
Baker f. var. galpinii Burtt Papilionaceae | SC Ngubane 31
eaves
Davy
Cyperus natalensis Hochst. Cyperaceae Roots and SC Ngubane 32
Ex. Krauss leaves
Dlpspyros villosa (L.) De Ebenaceae Roots and SC Ngubane 17
Winter leaves
Erythrina humeana Spreng Leguminosae Roots SC Ngubane 10
Euclea natalensis A.DC. Ebenaceae R?Ots and SC Ngubane 5
eaves
Euphorbia tirucalli L. Euphorbiaceae Stem SC Ngubane 7
Garcinia livingstonei Clusiaceae Roots and SC Ngubane 8
T.Anderson leaves
. . . - Roots and
Grewia occidentalis L. Tiliaceae leaves SC Ngubane 16
Gymnosporia senegalensis Celastraceae Roots and SC Ngubane 3
(Lam.) Loes. leaves
Hermannia boraginiflora Sterculiaceae Roots and SC Ngubane 27
Hook. leaves
Hyphaene coriacea Gaertn. Arecaceae Stem SC Ngubane 35
Hypoxis hemerocallidea Hypoxidaceae Corm SC Ngubane 15
Fisch., C.A.Mey. & Avé-Lall. yp 9
Kigelia africana (Lam.) Benth. | Bignoniaceae Bark SC Ngubane 19
Ochna natalitia Walp. Ochnaceae RIOOtS and SC Ngubane 4
eaves
Opuntia stricta Haw. Cactaceae Stem NZ-41
Ozoroa engleri R.Fern & Anacardiaceae Bark SC Ngubane 1
A.Fern.
Peltophorum africanum Sond. | Leguminosae Rloeo;\s/:;d SC Ngubane 20
Ranunculus multifidus Ranunculaceae | Whole plant NZ-36
Forssk.
Rhoicissus digitata (L.f.) Gilg . Roots and
& M.Brandt Vitaceae leaves SC Ngubane 2
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http://www.ipni.org/ipni/idPlantNameSearch.do?id=65431-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DHypoxis%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3D%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do?id=65431-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DHypoxis%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3D%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do?id=65431-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DHypoxis%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3D%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do?id=65431-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DHypoxis%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3D%26output_format%3Dnormal

Plant name Family Plant part Voucher
used number
Sapium integerrimum Roots and
(Hochst. Ex. Krauss) Euphorbiaceae | SC Ngubane 6
. eaves
J.Léonard
Scadoxus puniceus (L) Friis Amaryllidaceae Bulb TYORK 5
Norda
Sclerocarya birrea (A. Rich.) Anacardiaceae Bark S. Nciki 17
Hochst.
Searsia nebulosa
(Schoenland) Moffett forma Anacardiaceae Bark SC Ngubane 25
nebulosa
Senecio serratuloides DC. Asteraceae Whole plant S. Nciki 1
Senegalia burkei (Benth.)
Kyal. & Boatwr. (= Acacia Fabaceae Bark SC Ngubane 26
burkei Benth.)
Tabernaemontana elegans Apocynaceae Roots and SC Ngubane 13
Stapf leaves
Trichilia dregeana Harv. & Meliaceae Bark, roots SC Ngubane 11
Sond. and leaves
Vangueria infausta Burch. .
subsp. Infausta Rubiaceae Leaves SC Ngubane 21

Bold = plant parts not specified by lay people for the treatment gynaecology and obstetrics

complaints

2.2.2 Preparation of plant extracts

Collected plant materials were chopped into small pieces and left to dry at room
temperature. The dried plant material was then ground into fine powder using a
Scientec RSA hammer mill. The powdered plant material was used to prepare

agueous and organic extracts.
2.2.2.1 Aqueous extracts

Agueous extracts were prepared in a similar method as described by interviewees in
northern Maputaland (De Wet and Ngubane, 2014). Two basic preparation methods
were considered for this study, and were a decoction and an infusion, to mimic the
instructions given by the lay people during the ethnobotanical survey (De Wet and
Ngubane, 2014). To prepare a decoction, 10.00 g of dried plant material was boiled in

200 ml of water for 30 min, and for an infusion the same amount of plant material was
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soaked in 200 ml of warm water and the preparation was left for 24 hrs on a platform
shaker. The extract was then filtered and frozen using the ultra-low temperature
-80 °C freezer (VF120-86) for 24 hrs and lyophilized using CHRIST Alpha 1-2 LD plus.
The dried aqueous extract was stored at room temperature away from sunlight until

needed.

2.2.2.2 Organic extracts

Two hundred millilitres of methanol-dichloromethane (1:1) solvent was used to
immerse 10.00 g of ground plant material. This preparation method was used to
ensure that both polar and non-polar compounds are extracted. The extraction solution
was then left for 24 hrs on a platform shaker at 37 °C after which, it was filtered through
a 90 mm grade 3 hw filter paper (Whatman). The liquid extract was kept in a fume
hood to evaporate the solvent, and the resulted solid extract was stored in a
refrigerator (4 °C) until it was needed.

2.2.3 Percentage yield

After the solid extract was obtained, the percentage yield was calculated for organic
and aqueous extracts. This was obtained by dividing the total mass of the extract by
the total mass of plant material that was used for the preparation of the extract (w/w)
(Table 2.2). Ozoroa engleri bark gave the highest percentage yield in both aqueous
(32.16%) and organic (32.73%) extracts. The lowest yield was found with the aqueous
root extract of C. natalensis (1.01%) and the organic root extract of G. senegalensis
(1.18%).

Table 2.2 Percentage yield of organic and aqueous plant extracts

Extract yield in percentage (%)
Plant name Plant part used
Organic Aqueous

o _ Root 9.38 7.78

Acalypha villicaulis
Leaves 14.68 16.76
Acanthospermum glabratum Whole plant 14.77 16.64
Bridelia cathartica Roots 2.19 2.52
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Extract yield in percentage (%)

Plant name Plant part used
Organic Agueous
Leaves 20.86 13.22
Cassytha filiformis Whole plant 1.28 19.53
. Roots 9.76 3.62
Commiphora neglecta
Leaves 4.23 14.29
Crotalaria monteiroi var. Roots 3.85 8.11
galpinii Leaves 5.82 7.04
_ Roots 1.01 13.83
Cyperus natalensis
Shoot 19.59 7.68
_ ' Roots 5.12 16.03
Diospyros villosa
Leaves 10.12 17.08
Erythrina humeana Roots 3.13 13.39
) Roots 8.46 6.87
Euclea natalensis
Leaves 20.33 5.09
Euphorbia tirucalli L. Stem 7.88 17.87
S . Roots 10.71 18.54
Garcinia livingstonei
Leaves 7.71 9.35
Roots 4.97 10.01
Grewia occidentalis
Leaves 8.01 14.45
Roots 1.18 5.85
Gymnosporia senegalensis
Leaves 9.22 17.46
Roots 7.76 15.91
Hermannia boraginiflora
Leaves 9.34 10.13
Hyphaene coriacea Stem 6.28 17.76
Hypoxis hemerocallidea Corm 19.81 26.21
Kigelia africana Bark 20.13 18.89
Ochna natalitia Roots 6.58 13.78

23
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http://www.ipni.org/ipni/idPlantNameSearch.do?id=65431-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3DHypoxis%2B%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3D%26output_format%3Dnormal

Extract yield in percentage (%)

Plant name Plant part used
Organic Agueous

Leaves 11.72 5.74
Opuntia stricta Stem 15.69 19.97
Ozoroa engleri Bark 32.16 32.73

Roots 19.61 6.77
Peltophorum africanum

Leaves 14.15 12.74
Ranunculus multifidus Whole plant 9.62 21.62

Roots 18.07 11.03
Rhoicissus digitata

Leaves 4.20 11.09

Roots 7.58 9.19
Sapium integerrimum

Leaves 11.08 21.35
Scadoxus puniceus Bulb 4.16 10.18
Sclerocarya birrea Bark 16.02 10.45
Searsia nebulosa Bark 6.56 8.16
Senecio serratuloides Whole plant 15.87 21.09
Senegalia burkei Bark 13.37 6.18

Roots 2.45 2.87
Tabernaemontana elegans

Leaves 9.99 17.34

Roots 3.69 6.34
Trichilia dregeana Leaves 5.32 14.21

Bark 17.51 16.02

Vangueria infausta subsp. Leaves 18.92 16.98

Infausta
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2.2.4 Sample preparation for the BSLA

Dimethyl sulfoxide (DMSOQO) (2%) was used to dissolve the organic extracts. Aqueous
extracts were dissolved in distilled deionised water (Figure 2.1). Considering that a
concentration of 1.00 mg/ml or lower is required for the BSLA, a concentration of

2.00 mg/ml was prepared for all plant extracts to be tested.

4 )
DEIONISED WATER
or
2% DMSO

o /

Plant extracts Solvents to Dissolved plant
(aqueous/organic) in dissolve the extracts in

sample containers extracts sample bottles

Figure 2.1 A diagrammatic illustration of sample preparation for BSLA. Photo credit:
S.C. Ngubane

2.2.5 Hatchery of the brine shrimp eggs

Growth medium was prepared by dissolving 16.00 g of Tropic Marine® Sea Salt in
500.00 ml of distilled water to make artificial sea water (Figure 2.2). The prepared
medium was then transferred into an inverted, bottomless plastic container, into which
the dried eggs of brine shrimp (Artemia franciscana) (0.50 g) were added. The culture
was aerated with a rotary pump and kept at constant temperature, and a light source
of 220 — 240V to ensure a high hatch rate. The eggs were incubated for 18 — 24 hrs
at 25 °C. After the incubation, saltwater containing hatched brine shrimp was
transferred into a shallow plastic container, which was tilted so that the solution lies on
one side of the container. Light was placed over the side for approximately 30 min to
attract the shrimp on one side.
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Figure 2.2 A diagrammatic representation of the hatchery of brine shrimp eggs.

2.2.6 The brine shrimp lethality assay

To assess the toxicity of the individual extracts, 400.00 pl of salt water (containing
40-60 live brine shrimp) were added along with 400.00 ul of the plant extract into
48-well microtiter plates (Figure 2.3). The number of dead brine shrimp was counted
immediately after adding the plant extract using a light microscope (Olympus). The
experiment for each extract was done in triplicate and repeated on consecutive days
allowing for at least six repeats per sample. Four hundred microliters of artificial sea
water (32.00 g/L) was added to 400.00 ul of sea water with live brine shrimp as a
negative control (toxin-free). Potasium dichromate (AR grade, Chem-Supply) was
used as the standard reference positive control for the brine shrimp assay. The
positive control was prepared by adding 400.00 ul of potassium dichromate
(1.60 mg/ml) into 400.00 ul of sea water with live brine shrimp. Counting of dead brine
shrimp was done using a light microscope (Olympus) after 24 and 48 hrs. After the
dead brine-shrimp count at 48 hrs, a lethal dose of 50.00 ul of glacial acetic acid (100%
v/v) was added to each well. Then the total dead shrimp were counted. Plant extracts
that were toxic in BSLA were further analysed at various concentrations of 0.031,

0.063, 0.125, 0.25 and 0.5 mg/ml to determine the dose response effects.
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Figure 2.3 A diagrammatic illustration of the BSLA.

The percentage mortality was calculated for each plant extract using Equation 2.1,

% Mortality - dead shrimp at 48 hrs (before acetic acid) — dead shrimp (time 0) x 100
dead shrimp (after acetic acid)

Time zero being the time immediately after the plant samples were added with the
brine shrimp. Plant samples that induced a percentage mortality of 50% and above

were considered toxic in nature (Cock and Ruebhart, 2009; Libralato et al., 2016).

2.3 Results and discussion

2.3.1 Toxicity analysis of plant extracts towards brine shrimp larvae

The results in Table 2.3 show the average percentage mortality of brine shrimp when
exposed to 1.00 mg/ml of organic and aqueous plant extracts. Among the 51 plant
extracts tested, 35 were prepared from plant parts (root, bark, leaves, bulb, corm, etc.)
that were specified by lay people to treat gynaecology and obstetrics complaints.
Where traditional use referred specifically to root material (16 plant species) additional

leaf samples were prepared to determine whether substitution of plant parts might play
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a role in conservation (over harvesting of roots can be detrimental to plants). As
expected, there was an increase in the toxicity from 24 to 48 hrs of exposure. An
overall 24% of aqueous extracts showed toxicity (= 50% mortality) effects on the brine

shrimp within 24 hrs of exposure and this increased to 55% after 48 hrs.

The toxicity of the aqueous extracts varied from 0% to 100% mortality after 24 hrs and
1% to 100% after 48 hrs. The organic extracts varied from 0% to 78% mortality after
24 hrs and 0% to 100% after 48 hrs. For the purpose of this study, the extracts that
demonstrated >80% mortality were observed as having extremely high toxic effects
and mortality below 10% was considered as having minimal toxicity and recognised
as “safe”. The aqueous extracts that demonstrated the least toxic effects (<10%
mortality after 48 hrs) in this study were A. villicaulis (roots, 1%), B. cathartica (roots,
9%), G. occidentalis (roots, 2%), S. integerrimum (roots, 8%) and S. nebulosa (bark,
1%). The aqueous extract of E. tirucalli was the most toxic among all extracts by killing
all (100%) brine shrimp within 24 hrs. This plant species is reported in numerous
studies as having toxic activities (Silva et al., 2007; Schlamovitz et al., 2009; Kumar et
al., 2010). The majority (86%) of the plant extracts had a major increase in percentage
mortality from 24 to 48 hrs, whereas 14% had very little to no change throughout the
test period. The increase in toxicity in the BSLA with the increase in the period of
exposure to the test sample has also been observed in a toxicological study by
Ramulondi et al. (2018).

Table 2.3 Average percentage mortality of brine shrimp when exposed to aqueous

and organic plant extracts

Aqueous Organic
Plant names P'?Jr;te%aft extract Extract
24 hrs | 48 hrs | 24 hrs | 48 hrs
. _ Roots 0 1 17 27
Acalypha villicaulis

Leaves 90 93 4 24
Acanthospermum glabratum | Whole plant 10 17 29 34
Bridelia cathartica Roots 3 9 2 89
Leaves 3 87 28 93
Cassytha filiformis Whole plant 6 29 20 69
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Aqueous Organic
Plant names Plant part extract Extract
used 24 hrs | 48 hrs | 24 hrs | 48 hrs
Commiphora neglecta Roots 18 32 0 40
Leaves 11 92 0 97
Crotalaria monteiroi Roots 55 74 0 68
Leaves 16 30 13 14
Cyperus natalensis Roots 21 38 45 2
Shoot a7 74 45 96
Diospyros villosa Roots 6 14 35 61
Leaves 59 80 14 28
Erythrina humeana Roots 22 92 5 49
Euclea natalensis Roots 2 24 96
Leaves 15 81 0 87
Euphorbia tirucalli Stems 100 100 78 90
o . Roots 1 30 45
Garcinia livingstonei
Leaves 27 67 22
_ ) _ Roots 0 2 44
Grewia occidentalis
Leaves 45 94 26 44
) ) Roots 4 13 0 1
Gymnosporia senegalensis
Leaves 10 14 1
_ o Roots 28 86 13 91
Hermannia boraginiflora
Leaves 76 98 59 89
Hyphaene coriacea Stems 14 25 38
Hypoxis hemerocallidea Corms 4 40 28 66
Kigelia africana Bark 13 40 30 35
N Roots 15 52 55
Ochna natalitia
Leaves 6 67 59 68
Opuntia stricta Stems 79 88 19 38
Ozoroa engleri Bark 50 74 23 54
_ Roots 47 49 23 28
Peltophorum africanum
Leaves 45 47 37 53
Ranunculus multifidus Whole plant 11 15 17 34
Rhoicissus digitata Roots 22 43 38 80
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Aqueous Organic
Plant names Plinste%art extract Extract
24 hrs | 48 hrs | 24 hrs | 48 hrs
Leaves 28 51 27 56
S _ Roots 3 8 65 100
Sapium integerrimum
Leaves 87 93 61 81
Scadoxus puniceus Bulb 50 93 22 94
Sclerocarya birrea Bark 3 17 23 90
Searsia nebulosa Bark 1 1
Senecio serratuloides Whole plant 4 14
Senegalia burkei Bark 17 48
Roots 19 85 27 96
Tabernaemontana elegans
Leaves 18 89
Roots 75 92
Trichilia dregeana Leaves 1 27
Bark 20 100 25 79
Vangueria infausta Leaves 67 73 66 95
Potassium dichromate (positive control) 100 100 100 100
Distilled water /2% DMSO (negative
1 7 1 8
control)
Bold = toxic

Acalypha villicaulis root is administered twice a day for various menstruation and
pregnancy related problems in Maputaland (De Wet and Ngubane, 2014). In this
study, both the aqueous and organic extracts of the root of A. villicaulis did not show
toxic activity in the BSLA (Table 2.3). However, the aqueous extracts of the leaves
were toxic with over 90% death of brine shrimp within 24 hrs. The organic extract of
the leaves was not toxic. As established from the current toxicity results, the leaves
(aqueous extract) of this plant cannot be used to substitute the roots and the roots still
remain a safer choice for medicinal purposes. No information could be found on
toxicity of A. villicaulis in the literature. However, other species of the genus such as
Acalypha wilkesiana have been studied and was reported to be non-toxic to Wistar
albino rats at 3000.00 mg/kg (Olukunle et al., 2015), but have been reported to cause

lesions in the kidney and liver tissue (Olukunle et al., 2015). A clinical study on
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Acalypha indica revealed effects such as acute hemolysis and methemoglobinemia
(Alli et al., 2015).

Acanthospermum glabratum was recorded only once and used for cervical pains
during pregnancy (De Wet and Ngubane, 2014). In the current toxicity study
A. glabratum (both the organic and agueous extracts) was non-toxic when tested in
the BSLA for (Table 2.3). There were no previous studies on the toxicity of the crude
extract of this plant. However, the in vivo and in vitro cytotoxic constituents including
melapholides and cis, cis-germacranolides from this plant species has been reported
(Lotter et al., 1979; Ashidi et al., 2010). Other metabolites in the crude extract may
also impact on the overall toxicity of the plant. When the other species of the same
genus (A. hispidum) was tested for toxicity, it was also regarded as non-toxic with the
LCs0>5000.00 mg/kg when tested in the rat model (Chika et al., 2018).

Bridelia cathartica root was the most mentioned (18 times, 36%) plant species for
treating various menstrual and pregnancy related problems (De Wet and Ngubane,
2014). When the current toxicity study was conducted, the aqueous root extract of
B. cathartica demonstrated non-toxicity in the BSLA for the full 48 hrs of exposure.
However, the organic extract was non-toxic (2%) in the first 24 hrs and escalated to
89% toxicity after 48 hrs. The leaves of this plant were toxic in both aqueous and
organic extracts after 48 hrs. In a previous toxicity study of this plant, 20% aqueous-
ethanol extract of the stem-bark of B. cathartica has been reported as non-toxic with
the LCso of 58.45 pug/ml in the BSLA (Moshi et al., 2004). The American National
Cancer Institute considered crude extracts that have LCso <30.00 pg/ml as toxic
(Fadeyi et al., 2013). When these results are compared with the current study on the
roots and the leaves, it is understandable that the roots are the preferred choice of

plant part for medical purposes.

The aqueous extract of C. filiformis was not toxic when tested in the BLSA with the
percentage mortality of 29% (48 hrs exposure). However, Hoet at el. (2004), reported
that the aqueous extract of this plant species contains cytotoxic aporphine alkaloids
when tested against the Hela cell line using the MTT assay. These findings focus on
isolated compounds, as opposed to the current study, which looks at the crude extract
and thus is not directly comparable. It is also possible that while selected compounds
are toxic, when combined in the whole extract, toxicity can be reduced due to the
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synergistic interaction of compounds. The study conducted by Mythili et al. (2011)
tested the aqueous extract of C. filiformis in male Wister albino rats, and concluded
that an agueous herbal extract of this plant is less likely to result in severe toxic effects
when administered at normal therapeutic doses (Mythili et al.,, 2011). The organic
extracts of C. filiformis correlate with the Mythili et al. (2011) and Prayong et al. (2008).
Prayong et al. (2008) reported that the ethanol extract of this plant exhibited cytotoxic
effects against the HepG2 cell line. This plant was reported in Maputaland as used to
induce lactation (De Wet and Ngubane, 2014).

Commiphora neglecta root is used in Maputaland for menstruation and pregnancy
problems including infertility (De Wet and Ngubane, 2014). In this study, both aqueous
and organic extracts of C. neglecta root demonstrated no toxicity. There was no
information in the literature about the toxicity of the root extract on this plant species.
In the current study, both the aqueous and organic leaf extract of this plant species
exhibited toxicity after 48 hrs of exposure. Paraskeva et al. (2008), also reported
cytotoxic activity of the leaves against the Graham 293 cell line with an LCso of
11.50 g/ml using the MTT assay. Haemolytic activity was also reported on the leaves
of C. neglecta (Van Zyl and Viljoen, 2009). Therefore, based on these results, the use

of roots is likely to be the safer choice.

The aqueous and organic root extracts of C. monteiroi were mostly toxic in the current
study (Table 2.3). Crotalaria monteiroi was reported by Botha et al. (2012), to have
somewhat toxic metabolites such as the pyrlizidine alkaloids. The pyrrolizidine
alkaloids were reported to have a pneumotoxic effect when tested in a horse’s
respiratory system (Botha et al., 2012) and were also associated with hepatotoxicity
(Neuman et al.,, 2015). A long-term consumption of herbal medicine containing
pyrrolizidine alkaloids is reported to potentially result in cancer (Neuman et al., 2015).
This plant species was only mentioned once in Maputaland for medicinal use to treat
menstrual problems such as dysmenorrhoea, menorrhagia, oligomenorrhoea,
infertility and to prevent premature birth; and to cleanse the blood when pregnant
(De Wet and Ngubane, 2014). The unpopularity of this plant species could be
associated with its toxicity. In the current study, both the aqueous and organic extracts
of the leaves were non-toxic. Although the current study indicates the leaves as “safe”,

the previous study on the whole plant has indicated a potential toxicity of this plant
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(Botha et al., 2012). Therefore, caution needs to be taken when using this plant

species for medicinal purposes.

The aqueous root extract of C. natalensis (Table 2.3) was non-toxic in this study, but,
the organic extract exhibited toxicity after 48 hrs. The result indicates that the
traditional aqueous extraction method may be extracting fewer toxic compounds, and
therefore may be safer to use. The shoot (leaves) of this plant species was, however,
toxic in both aqueous (74%) and organic extract (96%) after 48 hrs of exposure. The
women in Maputaland use the roots to treat menorrhagia. Therefore, roots remain the
safer parts of the plant species in this study. No additional toxicity information was

found in the literature on C. natalensis.

The aqueous root extracts of D. villosa demonstrated no toxicity in the BSLA, but the
aqueous leaf extract was highly toxic (80% at 48 hrs). However, the organic root
extract was toxic (61% at 48 hrs) but the organic leaves extract was non-toxic (28% at
48 hrs). These results shows that the traditional (aqueous preparation) use of the roots
is safer than the leaves. The root is traditionally used during menstruation to treat
period pains (De Wet and Ngubane, 2014). Therefore, in this case, leaves may not be
used as a substitute for the roots. No information could be found in the literature on

the toxicity of this plant species.

In this study, the aqueous extract of E. humeana roots exhibited toxicity of 92%
mortality in BSLA after 48 hrs (Table 2.3). However, the organic extract of the plant
species was non-toxic, showing 5% and 49% mortality after 24 and 48 hrs
respectively. No information was found in the literature on the toxicity of E. humeana.
However, the bark of another species of this genus (Erythrina senegalensis) was
reported to be moderately safe at low doses in short-term use, but produced lesions
on the liver and heart tissue after the prolonged use (Udem et al., 2010). The roots of
this plant species are medicinally used for illnesses such as bronchitis, tuberculosis
(Pillay et al., 2001) dysmenorrhea and infertility (De Wet and Ngubane, 2014).
Therefore, this plant species should be used with caution.

The aqueous root extract of E. natalensis (Table 2.3) demonstrated minimal toxicity in
the BSLA with 2% and 24% percentage mortality of the brine shrimp after 24 and
48 hrs respectively. However, the organic roots extract had a high percentage mortality
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(96%). A MTT assay has previously indicated the aqueous root extract of E. natalensis
as having LCso of 0.20 mg/ml towards the primary vervet monkey kidney cells (Lall et
al., 20059). Numerous other studies were found that tested the toxicity of the organic
extracts. The current results correlated with the ethanol root extract of E. natalensis
that was reported by Moshi et al. (2006) to have some degree of toxicity in the BSLA
with an LCso of 19.33 ug/ml. Lall et al. (2005P), reported that a chloroform root extract
had an LCso of 64.87 pg/ml on Vero cells. The root has been reported to contain
cytotoxic phytochemicals against selected cancer cells (Kishore et al., 2014). The
leaves of E. natalensis exhibited toxicity (81% and 87% respectively) to brine shrimp
in both aqueous and organic extractions. These results suggest that the leaves may
not be an alternative of the roots for medicinal purposes in terms of safety. Cytotoxicity
of the ethanol leaf extract against the Vero cell line, had a LCso of 285.10 ug/ml (More
et al., 2008) which was less toxic and different from the current results. The solvent
used in these tests may have an influence on the range of phytochemicals extracted.
In spite of the toxicity reports on this plant species, E. natalensis is widely used to treat
various diseases such as sexually transmitted infections (Tshikalange et al., 2005)
schistosomiasis (Sparg et al., 2000), diabetes (Deutschlander et al., 2009) and as a

blood purifier for pregnant women (De Wet and Ngubane, 2014).

The stem extract of E. tirucalli was the most toxic extract among all plant species
tested (Table 2.3). This plant species demonstrated 100% mortality in BSLA after 24
and 48 hrs of exposure to the agueous extract and the organic extract exhibited 78%
and 90% mortality after 24 and 48 hrs of exposure respectively. This plant species
leaks a white latex when cut or wounded. This latex has been tested in numerous
studies for toxicity. It was reported to be non-toxic in the embryo development of rat
(Silva et al., 2007). However, the majority of the studies reported this plant to have
toxic effects in various in vivo tests. Kumar et al. (2010) reported the aqueous latex
extract as being toxic to cat fish (Heteropneustes fossilis) with the LCso of 3.45 pl/L
after 24 hrs and 1.31 pl/L after 96 hrs. The latex powder was toxic when it was tested
on Colisa fasciatus with the LCso of 8.14 mg/L after 24 hrs and LCsp of 9.01 on Channa
panctatus (Kumar et al.,, 2010). When the latex was tested on Tillapia zilli, it also
demonstrated toxic effects with LCso of 1.20 mg/L after 96 hrs of exposure (Kumar
et al., 2010). The diterpene ester constituent of the latex is reported to promote tumor

growth and to also have ocular toxicity (Schlamovitz et al., 2009). A single woman in
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Maputaland reported this plant species as used in a concoction to cleanse blood
during pregnancy (De Wet and Ngubane, 2014). This plant species was not popular
to treat gynaecological conditions in Maputaland, which may relate to it being toxic
and previously reported as an abortifacient (Samuelsson et al., 1992).

The G. livingstonei root extract was non-toxic in the BSLA (Table 2.3) with 30% and
45% mortality in both agueous and organic extracts after 48 hrs respectively. The
aqueous leaf extract of this plant demonstrated toxicity with 67% mortality (48 hrs) and
non-toxicity in the organic extracts (22% mortality) after 48 hrs. No studies were found
in the literature on the toxicity of either the roots or leaves of G. livingstonei. However,
other plant parts have been assessed including the the ethyl acetate extract of the fruit
peel, which was reported to be highly toxic with 100% MeWo cell death within 48 hrs
(Mulholland et al., 2013). Some of the compounds isolated from the stem bark such
as morrelloflavone, morrelloflavone-7"-sulphate and sargaol demonstrated up to 20%
cell death, with the highest observed with guttiferone A, which demonstrated
approximately 80% cell death at 25.00 puM (Mulholland et al., 2013). The other
G. livingstonei active xenthone compounds exhibited gastric toxicity which damages
the hydrophobic lipid layer of the gastric mucosa (Markiewicz et al., 2017). The roots
of this plant species were reported to treat various gynaecology and pregnancy
problems in Maputaland (De Wet and Ngubane, 2014).

The root extracts of G. occidentalis showed no toxicity (<50%) in this study in both the
agqueous and organic extracts. In Maputaland the root is traditionally used by women
to treat dysmenorrhoea, menorrhagia, infertility, oligomenorrhoea, premature birth,
and for blood purification during pregnancy (De Wet and Ngubane, 2014). However,
the leaves demonstrated toxicity (94%) in the aqueous extract after 48 hrs, whereas
the organic extract was non-toxic (44%). No previous studies on toxicity were found
on the roots, which are traditionally used in this study. However, the current results of
the leaves contrast the previous study where the methanol extract of the leaves was
reported to have weak cytotoxic effects, which resulted in 17% death of lung
carcinoma cells (A-549), 13.5% colon carcinoma cells (HCT-116), 5.7% hepatocellular
carcinoma (HepG2) and non-cytotoxic effects (0%) on breast carcinoma (MCF-7)
using the MTT assay (Moustafa et al., 2014). The difference in the results could be

influenced by the different tests and solvents used in these studies. Regarding the
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traditional use (aqueous root extract) of this plant species, the results in this study

supports the use of roots instead of leaves as medicine.

The aqueous extracts of the roots and leaves of G. senegalensis (Table 2.3) were
non-toxic (13% mortality against root and 14% against the leaves) in the BSLA. The
methanol dichloromethane extract of both plant parts were also non-toxic (1% mortality
in both plant parts). These results correlated to Ahmed et al. (2013), which
demonstrated that the acetone leaf extract was non-cytotoxic (LCso of 87.62 pg/ml)
against the Vero African green monkey kidney cell line. The results from the current
study show that the organic extract of G. senegalensis was less toxic than the aqueous
extract. Therefore, the leaves of G. senegalensis have a potential to substitute for the
roots in terms of toxicity, however, efficacy must be evaluated. The roots are used to
treat infertility and during pregnancy prevent infantile colic when the baby is born (De
Wet and Ngubane, 2014).

The aqueous and organic extract of H. boraginiflora roots and leaves (Table 2.3)
demonstrated toxicity in the BSLA after 48 hrs. The root demonstrated toxic activity
only after 48 hrs in both aqueous and organic extracts whereas the leaves were toxic
at both 24 and 48 hrs of exposure. This plant species was only mentioned once in the
ethnobotanical study to treat dysmenorrhea and to ease labor and delivery (De Wet
and Ngubane, 2014). No other information was found in the literature to verify its
medicinal use. To date, no information was found on the toxicity of this plant species
in the literature.

Both the aqueous and methanol-dichloromethane extract of H. coriacea stem was
non-toxic in the BSLA (Table 2.3). The extracts demonstrated percentage mortality
below 50% (14% and 38%) after 48 hrs for the agueous and organic extracts
respectively. No information was found in the literature on toxicity of H. coriacea stem
extracts. However, the other plant parts of this species have been tested for toxicity.
The methanol fruit extract was reported to be non-cytotoxic against human colon
carcinoma (DLD-1) cellsin the MTT assay (El Seoud et al., 2003). The aqueous extract
of the root demonstrated toxic activity in the BSLA and the methanol-dichloromethane
extract was toxic with percentage mortality of 67% on brine shrimp after 48 hrs of
exposure (Ramulondi et al., 2018). The different results to this study maybe due to
different plant parts used in these assays, and therefore they are not entirely
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comparative. Hyphaene coriacea was reported to treat dysmenorrhea, reduce labour

pains and to control postpartum bleeding (De Wet and Ngubane, 2014).

The corm extract of H. hemerocallidea was non-toxic (40% mortality) in the aqueous
extract, but the methanol-dichloromethane extract demonstrated toxicity (66%
mortality) after 48 hrs of exposure (Table 2.3). This study corresponds with previous
similar studies. The aqueous extract of H. hemerocallidea was reported to be non-
cytotoxic in the MTT assay against prostate cancer cells (Du-145), breast cancer cells
(MDA-MB-23 and MCF-7) and non-malignant breast cancer cells (MCF-12A)
(Steenkamp and Gouws, 2006). Non-cytotoxicity of the aqueous extract of
H. hemerocallidea was reported against the human epithelial cell line (Naidoo et al.,
2013). The methanol-dichloromethane (organic) extract of this plant was reported to
be toxic (54% mortality) against the brine shrimp (Ramulondi et al., 2018), which
corresponds with the current findings. The organic extract was reported to be non-
cytotoxic against the human epithelial cell line (Naidoo et al., 2013) in the MTT assay.
This variance of the toxicity results could be influenced by the difference in the
methods used. The use of H. hemerocallidea was reported in association to conditions
such as pelvic pains, genital warts, infertility and menorrhagia (De Wet and Ngubane,
2014).

The K. africana bark extracts demonstrated non-toxicity against the brine shrimp, with
both aqueous (40%) and organic (35%) extracts showing less than 50% mortality after
48 hrs (Table 2.3). These results are in agreement with a previous study by Adoum,
(2009), where the bark was non-toxic with the LCso of 1000.00 pg/ml against brine
shrimp. Zofou et al. (2011), assessed the cytotoxicity of K. africana using the MTT
assay. When the bark was tested against the monkey epithelial cells (LLC-MK2), the
hexane extract had a cytotoxic concentration (LCso) of 125.00 pg/ml and the ethyl
acetate extract of LCso 0f 125.00 pg/ml and this was considered as non-cytotoxic. The
women in Maputaland use K. africana during pregnancy to cleanse the blood and after
delivery to induce lactation. It was also reported to treat dysmenorrhea and genital
warts (De Wet and Ngubane, 2014).

The aqueous extract of O. natalitia roots (Table 2.3) was non-toxic (15% mortality) in

the BSLA over a period of 48 hrs. However, the methanol-dichloromethane extract of
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the root demonstrated toxicity activity against brine shrimp with 55% mortality after
48 hrs. No information was found in the literature on the toxicity of the root extract of
this plant species. The root is traditionally used in Maputaland to treat infertility and
menstrual disorders (period pains, oligomenorrhoea and menorrhagia). During
pregnancy it is used for blood cleansing, to prevent pre-term birth, to ease labour and
minimize complications during delivery (De Wet and Ngubane, 2014). When the
leaves were tested, mortality was observed in both aqueous (67%) and organic (68%)
extracts. The leaf acetone extract was reported to have cytotoxic activity against Vero
kidney cell line LCso of 0.05 mg/ml, Bovine dermis cell line (LCso of 0.07 mg/ml) and
C3A liver cell line (LCs, of 0.10 mg/ml) (Makhafola et al., 2014). Suleiman et al. (2010),
also reported that the leaf acetone extract had high cytotoxicity, resulting in the death
of 80% of Vero monkey kidney cells when treated with 1.00 mg/ml of the extract. The
leaves seem to have more toxicity than the roots, therefore, the potential to substitute

the roots with leaves is not suitable.

The stem extract (aqueous) of O. stricta was toxic towards the brine shrimp, with a
percentage mortality of 88% after 48 hrs. The toxicity potential of the aqueous extract
is concerning as the plant species is used during pregnancy to cleanse blood and to
aid in cervical dilation during child birth (De Wet and Ngubane, 2014). However, the
methanol-dichloromethane extract was non-toxic, with only 38% mortality after 48 hrs.
No studies were found in the literature that have investigated the toxicity of the
O. stricta stem. As the results indicated high toxicity, this is of concern for the traditional
use, and therefore other toxicity assays and different range of concentrations are

recommended to determine a safe dose.

The O. engleri bark extract was found to be toxic towards brine shrimp in this assay.
The aqueous extract resulted in 74% mortality and the organic extract 54% after
48 hrs. A study reported that the bark extract (dichloromethane) was toxic with a LCso
of 35.00 pug/ml (Prozesky et al., 2001). In another study, the aqueous extract of the
roots was found to be non-toxic against brine shrimp with a mortality of 7% over
48 hrs and the methanol-dichloromethane extract resulted in a mortality of 58%
(Ramulondi et al., 2018). The differences in these results occur because of different
plant parts being tested. The previous study focused on the roots, while the current
study focused on the bark. It is known that different plant parts can yield different
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pharmacological activities (Raya et al., 2015; Altemimi et al., 2017). The bark of
O. engleri is used in Maputaland to treat period pains, irregular menses, excessive
bleeding, infertility, after-birth pains, to prevent preterm birth, and also used for blood
purification (De Wet and Ngubane, 2014).

The root extract of P. africanum was non-toxic in this assay. The mortality percentage
values were 49% (aqueous) and 28% (organic) after a maximum period of 48 hrs. The
value of the aqueous root extract was very close to the borderline value to be toxic
(50%). A previous study on the toxicity of this plant reported that the roots were non-
toxic in the BSLA as well as when tested against the Vero monkey cell line (Naidoo
et al., 2013; Madikizela et al., 2017). The root of P. africanum is used in Maputaland
for period pains, heavy bleeding during menstruation and blood purification during
pregnancy (De Wet and Ngubane, 2014). The aqueous leaf extract of this plant
species was also non-toxic, but the organic extract had a mortality percentage of 53%
which is classified as toxic. No studies were found in the literature to verify the current
results found for the toxicity levels in the leaves.

After a maximum duration of 48 hrs, both organic and aqueous extracts of R. multifidus
were non-toxic against brine shrimp, with percentage mortalities of 15% and 34%,
respectively. A study by Naidoo et al. (2013), reported that R. multifidus was non-toxic
against the human kidney epithelial cells in the MTT assay, which corresponds with
the current results. There were no other studies found in the literature with the
toxicological information of this plant species. It is a popular medicinal plant species
used (reported 13 times, 26%) among the women in Maputaland for the treatment of
genital warts (De Wet and Ngubane, 2014).

The aqueous root extract of R. digitata was non-toxic in the BSLA with a mortality of
43% after 48 hrs. However, the methanol dichloromethane extract was toxic by killing
80% of brine shrimp in the assay after 48 hrs exposure. The roots of this plant species
are used in Maputaland for various medical conditions specifically related to the female
conditions such as infertility, menstrual disorders (period pains, amenorrhoea,
oligomenorrhoea and menorrhagia) and during pregnancy as a blood purifier and to
prevent pre-term birth (De Wet and Ngubane, 2014). The leaves of R. digitata
demonstrated toxic effects in both the aqueous (51%) and organic (56%) extracts after

48 hrs. No previous documentation was found on the toxicity of this plant species. The
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traditional use of the plant species which is the aqueous root appears to be safe for

lay people, as found in the current study.

Sapium integerrimum is traditionally used in Maputaland to treat menstrual pains (De
Wet and Ngubane, 2014). The aqueous root extract of S. integerrimum presented no
toxicity in the BSLA, with a percentage mortality of 8% after 48 hrs. However, the
organic extract of the roots was highly toxic by killing all (100%) of the brine shrimp in
the assay after 48 hrs. The leaves of this plant species also demonstrated a high toxic
activity. The aqueous leaf extract resulted to 93% mortality of the brine shrimp and the
organic extract killed 93% of brine shrimp after a duration of 48 hrs. No studies were
found in the literature on the toxicity of this plant species. However, according to the
current results, the traditional use (aqueous extract) of this plant species is non-toxic
and the roots cannot be substituted by the leaves as the leaves demonstrated higher

toxicity than the roots.

The aqueous extract of S. puniceus showed 50% toxicity towards the brine shrimp
after 24 hrs and this increased to 93% after 48 hrs. The organic extracts also resulted
in the death of 94% of the brine shrimp after 48 hrs. This plant species has
demonstrated toxicity in numerous other studies. It was reported by Nair and Van
Staden, (2013) that S. puniceus extract contains alkaloids such as haemanthamine,
haemanthidine and 6-hydroxycrinamine, that are cytotoxic. These compounds are
capable of causing adverse effects on the central nervous system, on visual
impairment, and may even be fatal (Nair and Van Staden, 2013). A BSLA study by
Coe et al. (2010) also reported toxicity for this plant species supporting the current
findings. In spite of the toxic nature of this plant species, it is one of the widely used
medicinal plants for various ailments such as cleansing blood during pregnancy and
ensuring safe delivery of the baby during birth (Ndhlala et al., 2013; De Wet and
Ngubane, 2014). The concern is that the concoction of this plant species is supposed
to be taken daily during pregnancy, which increases the exposure to the toxins (De
Wet and Ngubane, 2014).

The aqueous extract of S. birrea bark demonstrated non-toxicity in the BSLA, with a
mortality percentage of 17% after 48 hrs. There was no previous study found in the
literature that was done using BSLA. However, when the extract was tested using the
MTT assay on human embryonic kidney epithelial cell line (Graham HEK-293), it was
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found to be non-cytotoxic (Naidoo et al., 2013). In the current study, a percentage
mortality of 90% (highly toxic) was observed in the organic extract after 48 hrs.
Numerous toxicity studies of the organic extract of S. birrea have reported a variation
in toxicological results. Naidoo et al. (2013) reported that the methanol-
dichloromethane extract demonstrated no cytotoxic effect against the human
embryonic kidney cell line (Graham HEK-293) in the MTT assay. Sharma and Lall,
(2014) reported that the ethanol extract had low cytotoxicity against the mouse
melanocytes (B16-F10) with a LCs, of 92.07 ug/ml. The methanol extract, however,
had an LCs, of >200.00 pg/ml against the HepG2 and it was >400 pg/ml against the
human dermal fibroblast (Russo et al., 2018). The difference in toxicity results of this
plant could be influenced by the different extraction solvents and the assay used.
Furthermore, geographical variation could yield variant chemotypes resulting in
differences of toxicity levels. Future studies should focus on identifying geographical
variability within this species. Nonetheless, S. birrea was reported by women in
Maputaland as an abortifacient (De Wet and Ngubane, 2014), and concern is

warranted regarding possible toxic effects.

Both the organic and aqueous extracts of S. nebulosa bark were non-toxic when tested
in the BSLA. A brine shrimp mortality of 1% (aqueous extract) and 2% (organic extract)
was observed after 48 hrs of exposure. To the best of my knowledge, this is the first
report on the toxicity profiles of S. nebulosa. The women in Maputaland use
S. nebulosa daily for infertility and during menstruation for period pains (De Wet and
Ngubane, 2014).

Both aqueous and organic extracts of S. serratuloides were non-toxic (14% and 0%
mortality, respectively) in the BSLA after a maximum duration of 48 hrs. When the
same study was conducted by Ramulondi et al. (2018), both aqueous and organic
extracts were also reported as non-toxic with the highest mortality of 36% (48 hrs) from
the organic extracts. This plant species is used by women in Maputaland to treat
genital warts, infertility and pelvic pains (De Wet and Ngubane, 2014).

The aqueous and organic extracts of S. burkei bark demonstrated no toxicity in the
BSLA at 1.00 mg/ml after 24 and 48 hrs of continuous exposure. No information could

be found in literature pertaining the toxicity of this plant species. Senegalia burkei was
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mentioned once to maintain healthy pregnancy (De Wet and Ngubane, 2014).
According to the current study, this plant species is non-toxic. Another plant species
of the same genus, S. nilotica root, was reported to be safe for a single dose
administration >250.00 mg/kg body weight, but potential hepatotoxicity was reported
with repeated administration (Alli et al., 2015). Therefore, S. burkei may also need to

be evaluated for repeated long-term use.

Both the aqueous (85% mortality) and organic root (96% mortality) extracts of
T. elegans demonstrated high toxicity after 48 hrs. The aqueous leaf extracts also
demonstrated toxicity (89% after 48 hrs), but no toxicity was observed for the organic
leaf extract after 48 hrs. Lou et al. (2011), reported that the ethanol root extracts were
cytotoxic towards the human monocytic THP -1 cells with the LCs, <4.00 pg/ml. The
acetone leaf extract demonstrated an LCs, of 32.35 pg/ml towards the Vero cells
(Fouche et al., 2016). Tabernaemontana elegans is traditionally used by women to
treat dysmenorrhoea, amenorrhoea and infertility (Steenkamp, 2003; De Wet and
Ngubane, 2014). The medicinal use of this plant species has therefore been proven
to be unsafe, especially when used under unmonitored circumstances such as home-

made concoctions.

The aqueous root extract of T. dregeana demonstrated high toxic effects when tested
in the BSLA. This extract induced death of 75% of the brine shrimp within 24 hrs and
up to a total of 92% after 48 hrs. This therefore implies that the roots were toxic in the
BSLA. In the ethnobotanical study by De Wet and Ngubane, (2014), the roots were
reported to be used as an enema to treat infertility. When the stem-bark aqueous
extract was tested, the results after 24 hrs demonstrated less toxicity (20%). However,
this escalated to the extreme toxicity in killing all (100%) the brine shrimp after 48 hrs.
The women in Maputaland had frequently mentioned the use of the stem-bark of
T. dregeana as an abortifacient (De Wet and Ngubane, 2014). When correlating this
with the toxicity results, one can see why this plant species was used as an
abortifacient. The aqueous leaf extract of T. dregeana was also tested for toxicity and
the results were non-toxic. This extract had a percentage mortality of 27% and 1%
after 48 hrs for the agueous and organic extracts respectively. Naidoo et al. (2013),
also reported that the aqueous leaf extracts of T. dregeana to be non-cytotoxic when

tested against the human embryonic kidney epithelial cells (Graham, Hek-293). The
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non-toxicity of the leaves compared to the roots that are traditionally used for medicine,
leads to the possibility for substituting the toxic roots with the non-toxic leaves. The
leaves are used topically for women to massage their belly during labour to ease the
pain (De Wet and Ngubane, 2014).

The aqueous and organic leaf extracts of V. infausta were toxic towards the brine
shrimp. The aqueous extract demonstrated 73% (aqueous) and 95% (organic)
mortality of brine shrimp after 48 hrs of exposure. Vangueria infausta was one of the
four plant species in this study which demonstrated toxicity at both exposure periods
(24 and 48 hrs) and both extracts (aqueous and organic). Vangueria infausta is used
for various female related medicinal treatments such as dysmenorrhoea, infertility,
menorrhagia, labour induction and antepartum haemorrhage (Steenkamp, 2003;
Bruschi et al., 2011; De Wet and Ngubane, 2014). Therefore, the toxic impact is
alarming and it suggests that the medicinal use of this plant species must be taken
with caution. However, a previous study by Ramulondi et al. (2018), reported that the
leaf extract of V. infausta to be non-toxic with mortality percentage of 5% and 26% for
aqueous and organic extracts respectively using BSLA. Discrepancy, of the results
could be associated to the variation of the individual plant chemotype. This variation
usually causes the individuals of the species or sub-species to have differences in the
quality and quantity of chemical components as a result of differences in genetic
expression (Polatoglu, 2013). These differences may also be due to environmental
factors. Different plants of the same species can have different phytochemical profiles

when grown in different areas.

2.3.2 Overview on toxicity of plant extracts specified by lay people towards the

brine shrimp larvae

Overall, among the 35 aqueous extracts studied, 14 aqueous extracts were found to
have toxicities in the BSLA. Seven of these extracts (C. monteiroi, E. tirucalli, O. stricta,
O. engleri, S. puniceus, T. dregeana and V. infausta) exhibited signs of toxicity within
24 hrs. The highest mortality observed after 48 hrs was 100% with E. tirucalli stem
(100%) and T. dregeana bark (100%) extracts. There were no toxicity reports on
T. dregeana bark to support the current results. The other aqueous extracts that
demonstrated high mortality >80% after 48 hrs were E. humeana root, H. boraginiflora

roots, O. stricta stem, S. puniceus bulb, T. elegans root and T. dregeana root. In this
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study, the toxicity of the aqueous extracts is more important because this extraction
method is traditionally used by the lay people. The organic extracts of the same plant
species demonstrated 16% toxicity in the first 24 hrs and this increased to 55% after
48 hrs. In the first 24 hrs the lowest mortality value was 0%, and that was observed in
nine different extracts, however, the highest value was 78% and it was obtained from
E. tirucalli extract. After 48 hrs the highest mortality was 100%, which was obtained
from S. integerrimum root extract. It is often expected that organic extracts will have a
higher rate of toxicity because of its ability to extract both polar and non-polar
compounds when compared to the aqueous extracts. This is also true for the plant
species tested in this study. Overall, the organic extracts were more toxic than
agueous extracts. The organic plant extract demonstrating the highest toxicity (>80%)
at both 24 and 48 hrs was only E. tirucalli, while the extracts that demonstrating the
least toxicity (< 10%) were G. senegalensis (both roots and leaves), S. nebulosa (bark)
S. serratuloides (whole plant), S. burkei (bark), T. elegans (leaves) and T. elegans (all
plant parts tested).

2.3.3 Comparative toxicity between different plant species parts

In Table 2.4, the outcome of the toxicity study of 16 leaf extracts (potential root
substituents) are presented alongside their respective roots for comparison. Fourteen
of these leaf extracts demonstrated toxicity in the BSLA. Eight of these leaf extracts
(B. cathartica, C. neglecta, C. natalensis, E. natalensis, H. boraginiflora, O. natalitia,
R. digitata and S. integerrimum) were toxic in both aqueous and organic extracts. The
other six (A. villicaulis, D. villosa, G. livingstonei, G. occidentalis, P. africanum and
T. elegans) were toxic in either aqueous or organic extract (with five of them showing
toxicity only in agueous extracts except for P. africanum, which demonstrated toxicity
only in organic extract). It was established that these leaves have limited potential to
substitute the roots as the respective roots were mostly non-toxic. However, H.
boraginiflora demonstrated toxicity with both leaves and roots when testing both in the
aqueous and organic extracts. Only two leaf extracts were non-toxic in the current
study. The leaf extracts which demonstrated a potential substitute were C. monteiroi
and G. senegalensis. These leaves were non-toxic in both agueous and organic
extracts. Interestingly, the roots of C. monteiroi had demonstrated toxicity in both

aqueous and organic extracts in this study. Therefore, the leaves may be a better
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substitute, should the leaf be verified as having the same medicinal efficacies. In spite

of G. senegalensis root also being non-toxic, leaves can be a better alternative for

safeguarding the trees. The high toxicity rate of the leaf extracts overrides the

hyphothesis that the leaves from these plants can possibly be used to substitute for

the roots.

Table 2.4 Summary of the toxicity of the roots versus the leaves

Plant part Toxicity of Toxicity of
Plant names )
used agueous extracts | organic extracts
Acalypha villicaulis Roots Non-toxic Non-toxic
Leaves Toxic Non-toxic
Bridelia cathartica Roots Non-toxic Toxic
Leaves Toxic Toxic
Commiphora neglecta Roots Non-toxic Non-toxic
Leaves Toxic Toxic
Crotalaria monteiroi Roots Toxic Toxic
Leaves Non-toxic Non-toxic
Cyperus natalensis Roots Non-toxic Toxic
Leaves Toxic Toxic
Diospyros villosa Roots Non-toxic Toxic
Leaves Toxic Non-toxic
Euclea natalensis Roots Non-toxic Toxic
Leaves Toxic Toxic
Garcinia livingstonei Roots Non-toxic Non-toxic
Leaves Toxic Non-toxic
Grewia occidentalis Roots Non-toxic Non-toxic
Leaves Toxic Non-toxic
Gymnosporia Roots Non-toxic Non-toxic
senegalensis Leaves Non-toxic Non-toxic
Hermannia boraginiflora Roots Toxic Toxic
Leaves Toxic Toxic
Ochna natalitia Roots Non-toxic Toxic
Leaves Toxic Toxic
Peltophorum africanum Roots Non-toxic Non-toxic
Leaves Non-toxic Toxic
Rhoicissus digitata Roots Non-toxic Toxic
Leaves Toxic Toxic
Sapium integerrimum Roots Non-toxic Toxic
Leaves Toxic Toxic
Tabernaemontana Roots Toxic Toxic
elegans Leaves Toxic Non-toxic

Bold = Toxic parts not specified by lay people
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2.3.4 Dose response on plant extracts

When the aqueous extracts were tested for toxicity at a concentration of 1.00 mg/ml,
a total of 24 extracts were toxic. Among the toxic extracts, 11 plant extracts formed a
major component of traditional medicinal usage for women in Maputaland. The other
13 extracts were the leaves, which were initially tested for comparison to their
respective roots for potential substitution. Therefore, these toxic extracts were further
analysed at different concentrations to determine whether their toxicity is concentration
dependant and at what concentration the plant species could be used without any toxic
effects. The results of the aqueous extracts were toxic are given in Figures 2.4 to 2.7.
Organic extracts are presented in Figures 2.8 to 2.11. The negative control used was
distilled water for aqueous extracts and a 2% DMSO for organic extracts. The positive
control was potassium dichromate. The results from the controls are not displayed in
the figures for the sake of brevity. However, they responded as expected and correlate

with control values in Table 2.3.

The results of the aqueous extracts (dose response) are divided into two groups (the
plant parts specified by lay people and the leaves for potential substitution) and these
were further sub-divided into four figures. Figure 2.4 present the agueous extracts
specified by lay people which had demonstrated toxicity at both 24 and 48 hrs and
Figure 2.5 presenting only the ones toxic only after 48 hrs. Figure 2.6 and 2.7 were
used to represent the aqueous leaf extracts (potential substituents) in similar divisions

as described for the extracts specified by lay people.

All the aqueous extracts presented in Figure 2.4 demonstrated an expected dose
response. Toxicity of the aqueous extracts was proportional to the concentration of the
extract at both 24 and 48 hrs. It was also noted that acceptable toxic concentrations
(ATCs) were higher after 24 hrs and lower after 48 hrs. This indicated that the period
of exposure affected the safety of the plant species samples against the brine shrimp.
The ATC can be defined as the toxic concentration that intercepts the dotted red line
separating toxic (>50%) from non-toxic (<50%) values. The best response observed
after 24 hrs was among the five plant extracts that has the ATC between 0.50 and
0.94 mg/ml, and those were C. monteiroi, O. engleri, S. puniceus, T. dregeana and

V. infausta. Euphorbia tirucalli and O. stricta demonstrated lower ATC below 0.35 and
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0.25 mg/ml, respectively. After 48 hrs, the best results decrease and ranged between
0.48 and 0.44 mg/ml. The extract that demonstrated the most toxicity was E. tirucalli
(ATC of 0.15 mg/ml). This is linked to this extract being the most toxic (100%) at 1.00
mg/ml at both 24 and 48 hrs.

100

Percentage Mortality (%)

1 0,5 0,25 0,125 0,063 0,031
Concentration (mg/ml)

= = = C. monteiroi root 24 hrs e C. Monteiroi root 48 hrs
E. tirucalli stem 24 hrs E. tirucalli stem 48 hrs
O. stricta stem 24 hrs O. stricta stem 48 hrs

==« O. engleri bark 24 hrs O. engleri bark 48 hrs

=== S, puniceus bulb 24 hrs = S, puniceus bulb 48 hrs
T. dregeana root 24 hrs T. dregeana root 48 hrs
V. infausta leaves 24 hrs V. infausta leaves 48 hrs

Figure 2.4 Dose response of aqueous extracts that were toxic at 1.00 mg/ml (at both

24 and 48 hrs) against brine shrimp. Dotted red line delineates toxicity (>50%) from
non-toxicity (<50%).

Extracts that had demonstrated toxicity only after 48 hrs are presented in Figure 2.5.
An overall response to the dilutions demonstrated that the percentage mortality of
brine shrimp decreased with the decrease in extract concentration. Three of the four
extracts demonstrated an ATC between 0.50 and 0.98 mg/ml. The extract that

appeared to be more toxic than others was H. boraginiflora root, with the ATC of

47



0.34 mg/ml. This plant extract had also demonstrated high mortality of 98% at
1.00 mg/ml and demonstrated the least favourable toxic profile in this group. The best

results were observed with T. dregeana bark having an ATC of 0.98 mg/ml.
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1 0,5 0,25 0,125 0,063 0,031
Concentration (mg/ml)

—E. humeana root —H. boraginiflora root

T. elegans root - T dregeana bark

Figure 2.5 Dose response of aqueous extracts that were toxic at 1.00 mg/ml (after 48
hrs) against brine shrimp. Dotted red line delineates toxicity (>50%) from non-toxicity
(<50%).

All the aqueous leaf extracts (potential substituents) that demonstrated toxicity at both
24 and 48 hrs are presented in Figure 2.6. After a 24 hrs period, the ATC ranged
between 0.41 mg/ml (H. boraginiflora) and 0.92 mg/ml (D. villosa) across all the leaf
extracts. However, after 48 hrs the ATC ranged between 0.25 mg/ml (H. boraginiflora)
and 0.50 mg/ml (D. villosa). Some of the leaf extracts that were only toxic after 48 hrs
at 1.00 mg/ml were studied in different dose concentrations and the results are
presented in Figure 2.7. The lowest ATC observed with these extracts was 0.33 mg/ml
from C. neglecta. This plant had demonstrated the highest mortality (100%) when it
was tested at 1.00 mg/ml. The organic extracts were also diluted to provide a dose
response to brine shrimp and were likewise divided into plant parts used traditionally

and the leaves which were considered as substitutes for root material. Each was then
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Concentration (mg/ml)

=== A villicaulis leaves 24 hrs

A. villicaulis leaves 48 hrs

D. vilosa leaves 24 hrs D. vilosa leaves 48 hrs
=== H. boraginiflora leaves 24 hrs = H. boraginiflora leaves 48 hrs
S. integerimum leaves 24 hrs S. integerimum leaves 48 hrs

Figure 2.6 Dose response of aqueous leaf extract (potential substituents) that were
toxic at 1.00 mg/ml (at both 24 and 48 hrs) against brine shrimp. Dotted red line
delineates toxicity (>50%) from non-toxicity (<50%).
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—B. cathartica leaves = =—==C. neglecta leaves C. natalensis leaves
—E. natalensis leaves ===G. livingstonei leaves ====G. occidentalis leaves
O. natalitia leaves - . digitata leaves —T, elegans leaves

Figure 2.7 Dose response of aqueous leaf extract (substituents) that were toxic at
1.00 mg/ml (after 48 hrs) against brine shrimp. Dotted red line delineates toxicity
(>50%) from non-toxicity (<50%).
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subdivided into extracts that were toxic at 24 and 48 hrs (Figure 2.8 and 2.10), and
those toxic only after 48 hrs (Figure 2.9 and 2.11).

The organic extracts that were toxic at both 24 and 48 hrs (Figure 2.8), indicated a
decrease in toxicity with a decrease in concentration against brine shrimp as expected.
However, S. integerrimum was toxic at all concentrations after 48 hrs, with a mortality
percentage of 61% at the lowest concentration. Sapium integerrimum (roots) did not
show toxicity with the aqueous extract. However, the methanol dichloromethane
extract in this case demonstrated a notable impact a solvent may have during
extraction. Clearly more or different toxic compounds were extracted during the

process of extraction.

100
90
80
70
60
50
40
30
20
10

0 Thme=

1 0,5 0,25 0,125 0,063 0,031

Percentage Mortality (%)

Concentration (mg/ml)
=== E_ tirucalli stem 24 hrs = E . tirucalli stem 48 hrs
O. natalitia root 24 hrs O. natalitia root 48 hrs
S. integerrium root 24 hrs S. integerrium root 48 hrs
V. infausta leaves 24 hrs V. infausta leaves 48 hrs

Figure 2.8 Dose response of organic extracts that were toxic at 1.00 mg/ml (at both

24 and 48 hrs) against brine shrimp. Dotted red line delineates toxicity (>50%) from
non-toxicity (<50%).

In Figure 2.9, 14 organic extracts that demonstrated toxicity only after 48 hrsat 1.00
mg/ml were studied. The lowest ATC was observed with the E. natalensis roots extract
at 0.12 mg/ml and the least toxic (highest ATC) was H. hemerocallidea with the highest

ATC of 0.80 mg/ml. However, three extracts remained toxic throughout the dilution
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process and therefore there was no ATC. Those extracts were S. puniceus
bulb (by 66% mortality), H. boraginiflora root (by 65%) and T. elegans root (by 58%),

demonstrating toxicity even at the lowest concentration tested.

100

Percentage Mortality

1 0,5 0,25 0,125 0,063 0,031
Concentration (mg/ml)

B. cathartica root C.filiformis whole plant
C.monteiroi root C. natalensis root

D. villosa root E. natalensis root

H. boraginiflora root - H. hemerocallidea corm
O. engleri bark —R. digitata root

S. puniceus bulb - S. birea bark

T. elegans root —T. dregeana bark

Figure 2.9 Dose response of organic extracts that were toxic at 1.00 mg/ml (after 48
hrs) against brine shrimp. Dotted red line delineates toxicity (>50%) from non-toxicity
(<50%).

Figure 2.10 shows the dose response of the organic leaf extracts that were toxic at
1.00 mg/ml (at both 24 and 48 hrs). The dose response was as expected, although it
was observed with H. boraginiflora after 48 hrs (ATC at 0.10 mg/ml) that the ATC was
much lower than the rest of the extracts. This was the lowest ATC in this study.
Hermannia boraginiflora was initially (at 1.00 mg/ml) indicated to be toxic in both
aqueous and organic extracts, which may be the reason it was only mentioned once
for medicinal use (De Wet and Ngubane, 2014). The overall dose response of the
extracts against the brine shrimp indicated that aqueous extracts had higher ATCs

(less toxic at higher concentrations) than the organic extracts.
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In Figure 2.11 the dose response of the organic leaf extracts that were toxic at
1.00 mg/ml after 48 hrs were further studied at different concentrations. The ATCs of
all six extracts was determined. The best result (highest ATC) was found with

P. africanum at 0.94 mg/ml and the lowest ATC was 0.22 with B. cathartica.

100

Percentage Mortality (%)

1 0,5 0,25 0,125 0,063 0,031
Concentration (mg/ml)

= = = H, boraginiflora leaves 24 hrs

H. boraginiflora leaves 48 hrs

O. natalotia leaves 24 hrs O. natalotia leaves 48 hrs

= = = S_integerrimum leaves 24 hrs S. integerrimum leaves 48 hrs

Figure 2.10 Dose response of organic leaf extract (substituents) that were toxic at

1.00 mg/ml (at both 24 and 48 hrs) against brine shrimp. Dotted red line delineates
toxicity (>50%) from non-toxicity (<50%).

Table 2.5 is a summary of the ATC for all samples that demonstrated toxicity when
initially tested at 1.00 mg/ml and further diluted as per Figures 2.4 to 2.11. The ATCs
presented reflect the results recorded after the maximum exposure period (48 hrs) for
this study. The duration of 48 hrs was selected as it would indicate the most
appropriate results, considering that it is unknown for how long these extracts may

remain active in the system after consumption.
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Figure 2.11 Dose response of organic leaf extract (substituents) that were toxic at

1.00 mg/ml (after 48 hrs) against brine shrimp. Dotted red line delineates toxicity

(>50%) from non-toxicity (<50%).

Table 2.5 The acceptable toxic concentration of agueous and organic extracts when

tested in varied concentrations after 48 hrs

_ ATC (mg/ml)
S Toxic plant
Plant scientific name
part .
Aqueous Organic
A. villicaulis Leaves 0.34 —
) Roots — 0.26
B. cathartica
Leaves 0.57 0.22
C. filiformis Whole plant — 0.72
C. neglecta Leaves 0.74 0.65
C. monteiroi Roots 0.48 0.23
_ Roots — 0.80
C. natalensis
Shoot 0.78 0.60
_ Roots — 0.35
D. villosa
Leaves 0.50 —
E. humeana Roots 0.50 —
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. ATC (mg/ml)
L Toxic plant
Plant scientific name
part .
Aqueous Organic
Roots — 0.12
E. natalensis
Leaves 0.75 0.65
E. tirucalli L. Stem 0.5 0.58
G. livingstonei Leaves 0.89 —
G. occidentalis Leaves 0.58 —
. Roots 0.34 Toxic
H. boraginiflora
Leaves 0.25 0.10
H. hemerocallidea Corm — 0.80
N Roots — 0.75
O. natalitia
Leaves 0.64 0.83
O. stricta Stem 0.25 —
O. engleri Bark 0.45 0.45
P. africanum Leaves — 0.94
o Roots — 0.71
R. digitata
Leaves 0.98 0.85
_ . Roots — Toxic
S. integerrimum
Leaves 0.38 0.43
S. puniceus Bulb 0.30 Toxic
S. birrea Bark — 0.53
roots 0.83 Toxic
T. el
elegans Leaves 0.50 —
Roots 0.44 —
T.d
regeana Bark 0.89 0.70
V. infausta Leaves 0.48 0.34

— = Non-toxic at 1.00 mg/ml, therefore no further dose response was determined

Four of the organic extracts (H. boraginiflora root, S. integerrimum root, S. puniceus
bulb and T. elegans root) remained toxic in all concentrations. These extracts had
initially indicated mortality of between 91% and 100% towards brine shrimp at

1.00 mg/ml concentration. However, at 0.031 mg/ml the mortality decreased and
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ranged between 58% and 66%, with T. elegans showing the lowest mortality (58%).
Reducing the dose of toxic extracts is of importance to determine a safe concentration.
Although there are no previous studies on the dose response of the plant species
extracts used in this study, the response correlated with numerous previous studies,
which indicated similar responses to concentrations in toxicity studies (Ali et al., 2011;
Apu et al., 2013; Abesede et al., 2015; Kolbeck and Tintjer, 2016; Ahmed et al., 2018).
The same response was also observed with some medicinal plant species (C. roceus

and Citrus limon (L.) Burm.) from Maputaland (Ramulondi et al., 2018).
2.4 Summary

e In this study, a total of 51 aqueous and methanol dichloromethane plant extracts
were tested for toxicity using the BSLA assay at 1.00 mg/ml. Extracts that
demonstrated toxicity were diluted further to determine a dose response
concentration.

e The toxicity of the extracts increased when the exposure time to brine shrimp
increased from 24 hrs to 48 hrs.

e The methanol-dichloromethane extracts were generally more toxic than the
aqueous extracts.

e Thirteen of the 35 medicinally mentioned aqueous extracts were toxic with the
highest mortality (100%) observed with E. tirucalli at both 24 and 48 hrs. This plant
species was reported only once and used regularly during pregnancy to cleanse
the blood.

e Only three aqueous leaf extracts were non-toxic (C. monteiroi, G. senegalensis
and P. africanum) when tested for potential in substituting for the roots, therefore
substitution with leaves are generally not suitable if toxicity is the only biological
parameter considered.

¢ Nineteen of the 35 organic extracts demonstrated toxic activity in the BSLA, with
the highest mortality of 100% observed with S. integerrimum. This plant species
was reported once to treat dysmenorrhea.

e All toxic aqueous and organic extracts demonstrated a decrease in toxicity when

concentrations were decreased and ATCs were attained.

e The organic extracts of H. boraginiflora root, S. puniceus bulb, S. integerrimum and

T. elegans root remained toxic even at the lowest concentration (0.031 mg/ml)

55



tested. These plant species were unpopular for medicinal use by women in

Maputaland as they were only reported once during the survey.
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CHAPTER 3
Toxicity evaluation of plant species combinations using the brine

shrimp lethality assay

3.1 Introduction

The plant species combinations to be evaluated in this study were reported by women
in Maputaland for treating gynaecology and obstetrics problems (De Wet and
Ngubane, 2014). Plant combinations in this study referred to two or more medicinal
plant species that are mixed together to form a medicinal concoction based on the
knowledge given by the women in Maputaland (De Wet and Ngubane, 2014).

The BSLA can preliminarily screen for toxicity of the selected plant species
combinations as explained in Chapter 2, Section 2.1. The results from this study can
give a good indication on the toxicity when plant species are combined. The women
in Maputaland prepare these concoctions using water. Therefore, in this study, the
aqueous extracts of the combinations were examined for toxicity. The organic
(methanol-dichloromethane) combinations were also tested for comparison purposes.
The plant species combination is then compared to the toxicity of the individual plant
species (Chapter 2) using the sum of fractional inhibitory concentration (ZFIC)

calculation.
3.2 Materials and methods

The plant materials used in this assay were collected in the four areas of northern
Maputaland as mentioned in Chapter 2 (Section 2.2.1). This study was performed
using 16 different plant combinations encompassing a total of 25 different plant
species (Table 3.1). The agueous and organic extracts were initially prepared from the
plant materials independently (Chapter 2, Section 2.2.2), to be later incorporated into
the various combinations. Plant combinations incorporated two to a maximum of seven
plant species within a combination, which were mixed in equal ratios depending on the
number of plant species to be incorporated (see Figure 3.1). For the toxicity
assessment (BSLA), the method explained in Chapter 2 (Section 2.2.4 to 2.2.6) was

followed.
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Figure 3.1 A typical example for plant combination preparation.

Table 3.1 Plant combinations that were evaluated and the plant species parts used

Combination of plant species Combination
code

B. cathartica (roots) + C. neglecta (roots) + C. monteiroi (root)
+ G. livingstonei (root) + G. occidentalis (root) + O. natalitia AC1/0C1
(root) + R. digitata (root)
E. tirucalli (root) + O. engleri (bark) + S. puniceus (bulb)+ AC2/OC2
S. serratuloides (whole plant)
B. cathartica (root) + E. humeana (root) + O. natalitia (root) + AC3/OC3
T. elegans (root) + S. nebulosa (bark)
A. villicaulis (root) + B. cathartica (root) + S. nebulosa (bark) AC4/0C4
B. cathartica (root) + P. africanum (root) + R. digitata (root) AC5/0C5
B. cathartica (root)+ H. coriacea (stem) + O. engleri (bark) AC6 / OC6
R. multifidus (whole plant) + S. serratuloides (whole plant) AC7/0OC7
B. cathartica (root) + O. stricta (stem) + S. nebulosa (bark) AC8/0C8
R. multifidus (whole plant) + H. hemerocallidea (corm) AC9/0C9
K. africana (bark) + C. filiformis (whole plant) AC10/0C10
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Combination of plant species Comclzlg:tlon
E. humeana (root) + O. natalitia (root) AC11/0C11
B. cathartica (root) + E. humeana (root) AC12/0C12
G. senegalensis (root) + H. hemerocallidea (corm) AC13/0C13
K. africana (bark) + S. nebulosa (bark) AC14/0C14
B. cathartica (root) + O. natalitia (root) AC15/0C15
S. birrea (bark) + T. dregeana (bark) AC16/0OC16

AC = aqueous combination, OC = organic combination

Plant species combinations were further assessed to determine whether the
combination therapy is more or less toxic (antagonism or synergism respectively)
when compared to the toxicity of the extracts tested independently (Chapter 2). This
was determined using Equation 3.1 to calculate the sum of fractional concentration
(ZFIC).

Fic® = Toxicity (a) in combination with (b)
Toxicity (a) independently

Toxicity (a) in combination with (b)
Toxicity (b) independently

FIC®

SFIC = FIC® + FIC ®

Equation 3.1

The letters (a) and (b) represent different plant extracts. In some instances, more than
two plant species are combined and then the equation is expanded to include each of
these components, and (iii), (iv) etc. were then calculated.

When you look at other studies, potentiated toxicity particularly in substances used to
kill a particular thing (such as fungi and insects) and in anticancer therapy is often
regarded as synergy. However, in this instance, a lower toxicity is considered a
positive effect. Therefore, when toxicity is reduced, it becomes a synergistic effect,
and thatb was determined as follows; the ZFIC value <0.50 was regarded as
synergistic; >0.50 — 1.00 as additive; >1.00 — 4.00 as indifferent and >4.00 as
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antagonistic (Hall et al., 1983). A synergistic interaction was interpreted as a
combination resulting in a remarkably reduced toxicity when it is compared to the
respective extracts independently. The interaction was additive when the combination
produced a slightly better result when compared to the independent extracts. When
the combinations produced results that were similar than those exhibited by plant
species independently, it was regarded as indifferent. Lastly, the antagonistic
interactions were interpreted as combinations that are highly toxic when compared to
the individual extracts working independently (Cedergreen, 2014; Hubsch et al., 2014).

3.3 Results and discussion

An overview of the 16 plant species combinations (Table 3.2) indicated that
combinations were generally less toxic when tested in the aqueous form. No aqueous
combination demonstrated toxicity in the BSLA in the first 24 hrs. However, three
(19%) aqueous combinations (AC7, AC9, and AC13) were toxic after 48 hrs of
exposure. Among the three aqueous combinations that were toxic, it was noted that
plant species such as R. multifidus and/or H. hemerocallidea were included. Other
plant species involved were G. senegalensis and S. serratuloides. When these plant
species were tested individually (aqueous extract), they were all non-toxic. No
previous studies have been found which studied the toxicity of these combinations.
However, according to Naidoo et al. (2013), the interactions within the combination
can potentially bring about toxic activity, regardless of the non-toxic nature of the
individual extracts. The highest percentage mortality acquired with the aqueous
combination was 69.33%, which was obtained from combination AC7 (Table 3.2) after
48 hrs. The lowest mortality observed after 48 hrs of brine shrimp exposure to the
agqueous combinations was 0.23% with the plant species combination AC2.

When the organic combinations were tested, seven (44%) combinations indicated
toxicity against the brine shrimp after 24 hrs and this increased to 81% after 48 hrs.
After 48 hrs, the highest percentage mortality for organic combinations was 92% from
the combination OC7; and the lowest mortality was 40% with the combination OCS8.
All combinations in this study are tested for the first time for toxicity, hence no
comparison with previous studies could be done. However, two of the plant species

(H. hemerocallidea and S. serratuloides) have been previously mentioned in other
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medically related combinations and their toxicity using the BSLA assay has been

documented (Ramulondi et al., 2018).

In the study by Ramulondi et al., (2018), H. hemerocallidea was incorporated in four
different combinations, and two of these combinations (H. hemerocallidea + C. roseus
and Aloe marlothii + H. hemerocallidea + Mamordica balsamina) were toxic to brine
shrimp. Senecio serratuloides was incorporated in four combinations of which two
were toxic (Albertisia delagoensis + S. serratuloides, both aqueous and organic
extracts were toxic at 2.00 mg/ml; and organic extracts of M. balsamina +

S. serratuloides was toxic at 2.00 mg/ml).

In the current study, S. serratuloides was used in two combinations (AC2/0C2 and
AC7/0C7), where AC2/0OC2 was non-toxic and AC7/OC7 was toxic in agueous and
organic combinations. Hypoxis hemerocallidea was used in AC9/0OC9 and
AC13/0C13 combinations, which were both toxic. Although some similarities can be
observed with these combinations (where the same plant species as the current study
were used) comparing them is not possible as they incorporate totally different plant

species apart from the two discussed.

All plant combinations were further analysed using the 2FIC calculation (Table 3.3).
When studying the toxicity of combinations each plant species involved is important
as it can increase or reduce the toxicity of the combination. However, in some
combinations, the 2FIC could not be calculated as the mortality percentages of some
extracts were 0%. In that case the ZFIC value was not determined, but the interaction
was estimated. Some combinations indicated a change in the interaction between 24
and 48 hrs, e.g., a synergistic demonstration after 24 hrs changing to antagonistic/
indifferent interaction after 48 hrs. A longer period may have allowed these
combinations to undergo some processes such as excretion, metabolization,
transportation, uptake and binding at the target sites (Cock and Ruebhart, 2009;
Cedergreen, 2014) and thus the difference in interaction was observed. For this
reason, the discussion of the results in this section focuses more on the results
obtained after the maximum period of 48 hrs. However, the 24 hrs results were

presented in Table 3.3 to indicate the reaction progress.
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Table 3.2 Average percentage mortality of brine shrimp when exposed to aqueous and organic combinations of plant extracts

Average percentage mortality

Plant combination Plants in combination Aqueous Organic
codes combination (AC) combination (OC)
24 hrs 48 hrs 24 hrs 48 hrs
B. cathartica (roots) + C. neglecta (roots)+ C. monteiroi (root) +
AC1/ 0OC1 G. livingstonei (root) + G. occidentalis (root) + O. natalitia (root) 0.67 10.33 45.67 75.33
+ R. digitata (root)
E. tirucalli (root) + O. engleri (bark)+ S. puniceus (bulb) +
AC2/ OC2 S. serratuloides (whole plant) 0.09 0.23 32.00 49.00
AC3/ OC3 B. cathartica (root) + E. humeana (root) + O. natalitia (root) + 0.67 2333 30.00 6167
T. elegans (root) + S. nebulosa (bark)
AC4/ OC4 A. villicaulis (root) + B. cathartica (root) + S. nebulosa (bark) 1.67 3.33 68.33 75.33
AC5/ OC5 B. cathartica (root) + P. africanum (root) + R. digitata (root) 5.33 22.00 55.67 66.33
AC6/ OC6 B. cathartica (root)+ H. coriacea (stem) + O. engleri (bark) 20.00 38.33 45.67 69.67
AC7/ OC7 R. multifidus (whole plant) + S. serratuloides (whole plant) 11.67 69.33 86.33 92.00
AC8/ 0C8 B. cathartica (root) + O. stricta (stem) + S. nebulosa (bark) 0.02 34.00 21.00 40.00
AC9/ OC9 R. multifidus (whole plant) + H. hemerocallidea (corm) 4.33 66.67 74.67 88.67
AC10/ 0C10 K. africana (bark) + C. filiformis (whole plant) 0.00 0.67 78.00 78.67
AC11/0Cl11 E. humeana (root) + O. natalitia (root) 9.67 40.67 26.33 60.67
AC12/0C12 B. cathartica (root) + E. humeana (root) 0.01 36.00 24.00 48.00
AC13/0C13 G. senegalensis (root) + H. hemerocallidea (corm) 0.00 52.33 53.67 82.33
AC14/ OC14 K. africana (bark)+ S. nebulosa (bark) 0.00 0.67 44.00 57.00
AC15/ OC15 B. cathartica (root) + O. natalitia (root) 0.00 5.67 56.33 57.67
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Average percentage mortality

Plant combination Plants in combination Aqueous Organic
codes combination (AC) combination (OC)
24 hrs 48 hrs 24 hrs 48 hrs
AC16/ 0OC16 S. birrea (bark) +T. dregeana (bark) 16.67 49.33 36.00 57.67
Controls
Potassium dichromate (positive control) 100 100 100 100
Salt water (negative control for aqueous extracts) 0.00 2.00 - -
2% DMSO (negative control for organic extracts) - - 0.00 0.00

Values in bold — Toxic
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Having a look at the type of interaction in the aqueous combinations after 48 hrs, the
most frequently encountered was an antagonistic interaction, observed in nine (56%)
combinations. This indicated that toxicity of the extracts in a combination was
enhanced compared to the independent extracts. There were five (31%) combinations
that demonstrated indifferent interaction with ¥FIC values between 1.00 and 4.00. This
implies that the joint effect of these combinations compared to the individual plant
species studied had little to no notable impact from a toxicity point of view. Observing
the results after 48 hrs, synergistic interactions were detected in two combinations,
namely the AC2 and AC10 (Table 3.3) with the ZFIC value of 0.02 and 0.10,
respectively. These two combinations were considered as having the most reduced
toxicity among the aqueous combinations over the exposure period of 48 hrs. The
aqueous combination that demonstrated the highest 2FIC value was OC8 with the
2FIC value of 38.16 after 48 hrs. Therefore, this combination is an indication of the
most enhanced toxicity among the aqueous combinations when compared to their

relative independently studied extracts.

Although there has been reports that plant species combinations give better benefits
than single plant species. The results of this study shows that these combinations are
also likely to result in adverse effects. The popular combinations in Maputaland such
as AC7 and AC9 were referred to 13 times (26%) as a traditional treatment for genital
warts (De Wet and Ngubane, 2014). In this study, these combinations were toxic and
also demonstrated an antagonistic interaction. The other popular combination (AC16)
was a two-plant combination traditionally reported as an abortifacient when the
T. dregeana bark concentration was higher than S. birrea bark concentration in the
mixture (De Wet and Ngubane, 2014). Trichilia dregeana killed 100% of brine shrimp
whereas S. birrea killed 17% and in combination 49% of brine shrimp were killed,
which was considered non-toxic. The ZFIC of this combination indicated that the
interaction between these two extracts is indifferent. This shows the effect that
S. birrea extract have in this combination by reducing the toxicity level of T. dregeana.
However, T dregeana also increased the toxicity of S, birrea hence the interaction is

indifferent.

The ZFIC of the organic extract combinations (Table 3.4) indicated 50% of the extracts

to be antagonistic and the other 50% being indifferent. This was an observation after
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Table 3.3 Interactions (2FIC) and interpretation for the aqueous extracts in combination

Plant species combinations

. hebulosa (bark) [1.00; 1.00]

. . _ S % mortality of | ZFIC index Toxicological
[% mortality after 24 and 48 hrs of brine shrimp | Codes | Timein hrs ] ' '
_ _ o combination value interactions
when investigated individually]
B. cathartica (root) [3.00; 9.00] +
C. neglecta (root) [18.00; 32.00] + 24 1.00 ND Synergistic @
C. monteiroi (root) [55.00; 74.00] +
G. occidentalis (root) [0.00; 2.00] + AC1
O. natalitia (root) [1.00; 15.00] +
R. digitata (root) [22.00; 43.00] + 48 10.00 7.80 Antagonistic
G. livingstonei (root) [1.00; 30.00]
E. tirucalli (root) [100.00; 100.00] + -
24 0.09 0.03 Synergistic
O. engleri (bark) [50.00; 74.00] + AC2
S. puniceus (bulb) [50.00; 93.00] + o
_ 48 0.23 0.02 Synergistic
S. serratuloides (whole plant) [4.00; 14.00]
B. cathartica (root) [3.00; 9.00] +
E. humeana (root) [22.00; 92.00] + 24 1.00 2.40 Indifferent
O. natalitia (root) [ 1.00; 15.00] + AC3
T. elegans (root) [19.00; 85.00] + 48 23.00 27.60 Antagonistic
S




Plant species combinations

_ _ _ o % mortality of | ZFIC index Toxicological
[% mortality after 24 and 48 hrs of brine shrimp | Codes | Timein hrs o ) )
_ _ o combination value interactions
when investigated individually]
A. villicaulis (root) [0.00; 1.00] + 24 200 ND Indifferent
B. cathartica (root) [3.00; 9.00] + AC4
S. nebulosa (bark) [1.00; 1.00] 48 3.00 6.30 Antagonistic
B. cathartica (root) [3.00; 9.00] + 24 5.00 2 00 Indifferent
P. africanum (root) [47.00; 49.00] + AC5
R. digitata (root) [22.00; 43.00] 48 22.00 3.40 Indifferent
B. cathartica (root) [3.0; 9.00] + 24 20.00 12.10 Antagonistic
H. coriacea (stem) [4.00; 14.00] + AC6
0. engleri (bark) [50.00; 74.00] = = =l AEERIEIE
R. multifidus (whole plant) [11.00; 15.00] + ACT 24 12.00 4.09 Antagonistic
S. serratuloides (whole plant) [4.00; 14.00] 48 69.00 953 Antagonistic
B. cathartica (root) [3.00; 9.00] + 24 0.02 0.03 Synergistic
O. stricta (stem) [79.00; 88.00] + ACS8
S. nebulosa (bark) [1.00; 1.00] 48 34.00 38.16 Antagonistic
R. multifidus (whole plant) [11.00; 15.00] + 24 4.00 1.36 Indifferent
H. hemerocallidea (corm) [4.00; 40.00] AC9
48 67.00 6.14 Antagonistic
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Plant species combinations

% mortality of | ZFIC index Toxicological
[% mortality after 24 and 48 hrs of brine shrimp | Codes | Timein hrs o ) )

combination value interactions
when investigated individually]
K. africana (bark) [13.00; 40.00] + ACLO 24 0.00 0.00 Synergistic
C. filiformis (whole plant) [6.00; 29.00] 48 1.00 0.10 Synergistic
B. cathartica (root) [3.00; 9.00] + ACLL 24 0.01 0.00 Synergistic
E. humeana (root) [22.00; 92.00] 48 36.00 4.39 Antagonistic
B. cathartica (root) [3.00; 9.00] + ACL2 24 0.01 0.003 Synergistic
E. humeana (root) [22.00; 92.00] 48 36.00 4.39 Antagonistic
G. senegalensis (root) [4.00; 13.00] + ACL3 24 0.00 0.00 Synergistic
H. hemerocallidea (corm) [4.00; 40.00] 48 52.00 5.30 Antagonistic
K. africana (bark) [13.00; 40.00] + ACLA 24 0.00 0.00 Synergistic
S. nebulosa (bark) [1.00; 1.00] 48 1.00 1.10 Indifferent
B. cathartica (root) [3.00; 9.00] + ACLE 24 0.00 0.00 Synergistic
O. natalitia (root) [1.00; 15.00] 48 6.00 1.10 Indifferent
S. birrea (bark) [3.00; 17.00] + ACLE 24 17.00 6.50 Antagonistic
T. dregeana (bark) [20.00; 100.00] 48 49.00 3.40 Indifferent

ND — not determined, @ — estimated interaction, Shaded area indicates 48 hrs for analysis, bold — synergy after 48




Table 3.4 Interaction among the organic extracts involved in combinations using the ZFIC calculation

Plant species combinations

.
S. nebulosa (bark) [1.00; 2.00]

' . . Time in % mortality of | ZFIC index Toxicological
[% mortality after 24 and 48 hrs of brine shrimp Codes o ' '
when investigated individually] hours combination value interactions
B. cathartica (root) [2.00; 89.00] +
C. neglecta (root) [0.00; 40.00] + 24 46.00 ND Antagonistic @
C. monteiroi (root) [0.00; 68.00] +
G. occidentalis (root) [4.00; 44.00] + OC1
O. natalitia (root) [52.00; 55.00] +
R. digitata (root) [38.00; 80.00] + 48 75.00 9.50 Antagonistic
G. livingstonei (root) [8.00 ;45.00]
E. tirucalli (root) [78.00; 90.00] + 24 32 00 ND Antagonistic ®
O. engleri (bark) [23.00 ;54.00] + 0C2
S. puniceus (bulb) [22.00; 94.00] +
S. serratuloides (whole plant) [0.00; 0.00] 48 49.00 ND Antagonistic
B. cathartica (root) [2 .00; 89.00] +
E. humeana (root) [5.00; 49.00] + 24 30.00 52.70 Antagonistic
O. natalitia (root) [52.00; 55.00] + OC3
. legans (root) [27.00; 96.00] + 48 62.00 34.70 Antagonistic
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Plant combinations

_ _ _ Time in % mortality of | ZFIC index Toxicological
[% mortality after 24 and 48 hrs of brine shrimp Codes o ) )
_ _ o hours combination value interactions
when investigated individually]
B. cathartica (root) [2.00; 89.00] + 24 56.00 31.90 Antagonistic
P. africanum (root) [23.00; 28.00] + OC5
R. digitata (root) [38.00; 80.00] 48 66.00 3.90 Indifferent
B. cathartica (root) [2.00; 89.00] + 24 46.00 25 70 Antagonistic
H. coriacea (stem) [25.00; 38.00] + OC6
0. engleri (bark) [23.00; 54.00] 48 70.00 3.90 Indifferent
e
R. multifidus (whole plant) [17.00; 34.00] + ocT 24 86.00 ND Antagonistic ©
S. serratuloides (whole plant) [0.00; 0.00] 48 92.00 ND Antagonistic @
B. cathartica (root) [2.00; 9.00] + 24 21.00 3261 Antagonistic
O. stricta (stem) [19.00; 38.00] + OC8
S. nebulosa (bark) [100, 200] 48 40.00 21.50 AntagonIStIC
R. multifidus (whole plant) [17.00; 34.00] + ocs 24 75.00 3.70 Indifferent
H. hemerocallidea (corm) [28.00; 66.00] 48 89.00 230 Indifferent
K. africana (bark) [30.00; 35.00] + oc1o 24 78.00 6.50 Antagonistic
C. filiformis (whole plant) [20.00; 69.00] 48 79.00 3.40 e




Plant combinations

_ _ _ Time in % mortality of | ZFIC index Toxicological
[% mortality after 24 and 48 hrs of brine shrimp Codes o ) )
_ ) o hours combination value interactions
when investigated individually]
24 24.00 16.80 Antagonistic
B. cathartica (root) [2.00; 98.00] +
_ OC12
E. humeana (root) [5.00; 49.00] 48 48.00 1.46 e e
G. senegalensis (root) [0.00; 1.00] + oc1a 24 53.00 ND Antagonistic (
H. hemerocallidea (corm) [28.00; 66.00] 48 82 00 83.20 Antagonistic
K. africana (bark) [30.00; 35.00] + oc14 24 44.00 45.50 Antagonistic
S. nebulosa (bark) [1.00; 2.00] 48 57.00 30.10 Antagonistic
B. cathartica (root) [2.00; 89.00] + oc1s 24 56.00 29.08 Antagonistic
O. natalitia (root) [52.00", 55.00] 48 58.00 1.70 e e
S. birrea (bark) [23.00% 90.00] + ce1s 24 36.00 3.00 Indifferent
T. dregeana (bark) [25.00; 79.00] 48 58.00 1.40 Indifferent

ND — not determined, ® — estimated interaction, Shaded area indicates 48 hrs for analysis
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a maximum period of 48 hrs. There were no synergistic or additive interactions
observed with organic combinations. The lowest acquired 2FIC value was 1.40
(indifferent), which was obtained with the combination OC16. The highest 2FIC value
obtained was 83.20 (antagonistic) with combination OC13. It was noted that with the
organic extracts, the 2FIC values were lower after 48 hrs when compared to 24 hrs.
For example, some combinations such as OC5, OC6, OC10, OC12 and OC15 were
initially (after 24 hrs) antagonistic and later (after 48 hrs) an indifferent interaction. This
indicated that the exposure time have an influence on the interactions among the
extracts. Other factors such as bioavailability of the toxic phytochemicals and /or the
target site for binding the phytochemicals may have declined with the extended time
(Cedergreen, 2014).

3.3.1 Dose response of combinations

As with individual plant species samples, those aqueous combinations (AC7, AC9 and
AC13) that demonstrated toxicity after 48 hrs (Table 3.2) were tested further at varying
lower concentrations to determine the dose response and ATC to cause <50%
mortality in the BSLA (Figure 3.1). It was noted that combinations AC7 and AC9 were
non-toxic at concentrations below 0.62 mg/ml and 0.59 mg/ml, respectively, and AC13
was non-toxic at a concentration below 0.88 mg/ml. Overall, these aqueous
combinations had demonstrated a potential for being used at safer (lower)
concentrations (0.62 mg/ml for AC7, 0.59 mg/ml for AC9 and 0.88 mg/ml for AC13).

Traditionally, a decoction of AC7 or AC9 is taken orally by women to treat vaginal
warts. The AC13 combination is taken during the third trimester by a pregnant woman
to prevent infantile colic when the baby is born (De Wet and Ngubane, 2014). A total
of 13 organic extract combinations (based on results obtained from Table 3.2) were
subjected to serial dilution from a concentration of 1.00 mg/ml to 0.031 mg/ml. To
simplify the results, a set of two figures (Figures 3.2 and 3.3) was used to present the
response of toxic organic combinations to brine shrimp after dilution. Figure 3.2,
represents a set of seven organic combinations that were toxic at both 24 and 48 hrs
of exposure time. The overall results of this set indicated that these combinations

demonstrate non-toxicity after dilution. After 24 hrs these extract-combinations were
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Figure 3.2 Dose response of aqueous combinations that were toxic at 1.00 mg/ml

against brine shrimp. Dotted red line delineate toxicity (>50%) from non-toxicity

(<50%).
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= e = OC4 24 hrs
= e« OC7 24 hrs
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0.5 0.25 0.125 0.063 0.031
Concentration (mg/ml)
0OC4 48 hrs « =« OC5 24 hrs OC548 hrs
OC7 48 hrs = == OC9 24 hrs 0C9 48 hrs
OC1048 hrs === OC13 24 hrs OC13 48 hrs
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Figure 3.3 Dose response of organic combinations that were toxic at 1.00 mg/ml (at
both 24 and 48 hrs) against brine shrimp. Dotted red line delineate toxicity (>50%)
from non-toxicity (<50%).
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Figure 3.4 Dose response of organic combinations that were toxic only after 48 hrs at
1.00 mg/ml against brine shrimp. Dotted red line delineate toxicity (>50%) from non-
toxicity (<50%).

non-toxic at concentrations between 0.71 mg/ml and 0.93 mg/ml, and after 48 hrs

revealed non-toxic concentrations between 0.45 mg/ml and 0.75 mg/ml.

All combinations were successfully diluted and ATC were attained. In this set of
combinations, the ATCs obtained were ranging between 0.42 mg/ml and 0.94 mg/ml.
The ATCs of all aqueous and organic combinations are collectively presented in
Table 3.5. This table indicated that all aqueous extracts were non-toxic at
concentrations below 0.59 mg/ml and organic extracts were non-toxic at
concentrations below 0.42 mg/ml. Overall, both the aqueous and the organic extract
combinations could be successfully diluted to non-toxic concentrations when tested in
the BSLA. Therefore, the current results (Figures 3.1 — 3.3) indicate that the
concentration of toxic combinations can be diluted to an ATC and lower concentrations
that would be safer. However, these combinations are used for self-medication by
women, and it is common that preparations may differ from person to person, which

also includes the difference in doses. It was established that the women in Maputaland
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Table 3.5 The ATC of aqueous and organic combinations after 48 hrs in BSLA

Combination

ATC of aqueous
combination (AC)

ATC of organic
combination (OC)

. birrea (bark) + T. dregeana (bark)

Combination of plant species code @b)
(mg/ml) (mg/ml)

B. cathartica (roots) + C. neglecta (roots)+ C. monteiroi (root) +

G. livingstonei (root) + G. occidentalis (root) + O. natalitia (root) + AC1/0C1 — 0.42
R. digitata (root)

T clegans (foof) + 5. nebuloea (bark) oo AC3/OC3 - 067
A. villicaulis (root) + B. cathartica (root) + S. nebulosa (bark) AC4/0C4 — 0.75
B. cathartica (root) + P. africanum (root) + R. digitata (root) AC5/0C5 — 0.68
B. cathartica (root) + H. coriacea (stem) + O. engleri (bark) AC6/ OC6 — 0.70
R. multifidus (whole plant) + S. serratuloides (whole plant) AC7/0C7 0.62 0.70
R. multifidus (whole plant) + H. hemerocallidea (corm) AC9/0C9 0.59 0.66
K. africana (bark) + C. filiformis (whole plant) AC10/0C10 — 0.71
E. humeana (root) + O. natalitia (root) AC11/0C11 — 0.74
G. senegalensis (root) + H. hemerocallidea (corm) AC13/0C13 0.95 0.60
K. africana (bark) + S. nebulosa (bark) AC14/0C14 — 0.88
S AC16/0OC16 — 0.94

— = Non-toxic at 1.00 mg/ml therefore no further dose response was determined, a/b — aqueous combination/organic combination
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mostly do not have a standard procedure and they are also not aware of the

concentrations they used for their herbal medicine.

What is alarming is that this study demonstrated that many of the plant species
combinations had some level of toxicity. Therefore, the primary users of these
concoctions should be made aware and educated on the importance of dosage when
preparing herbal medicine. In this study, the plant species combination determined to
be the safest was E. tirucalli (root) + O. engleri (bark) + S. puniceus (bulb) +
S. serratuloides (whole plant) (AC2/0OC2). In this combination, these plant species
were non-toxic in both aqueous and organic extracts and demonstrated the lowest
percentage mortality (0.23%) after 48 hrs. An enema of this combination was reported

only once for blood cleansing during pregnancy (De Wet and Ngubane, 2014).

In the study conducted in the same study area by Naidoo, et al. (2013), 92% of the
plant species combinations used for sexually transmitted diseases were non-toxic and
the ZFIC indicated that they were also synergistic. The traditional use of these
medicinal plant species by the people of Maputaland was then validated as non-toxic.
However, in the current study, 81% of the combinations that were investigated were
toxic and the ZFIC indicated that the majority (56%) being antagonistic and 31% being
indifferent. The differences in these results shows how the general perception of plant
species combinations as safe could be wrong. As it was observed with the aqueous
combinations in this study, more extracts that were synergistic and non-toxic in the
first 24 hrs, changed later to either antagonistic, indifferent or toxic. This shows not
only the importance of giving the experimentation more time before taking the final
results when assessing acute toxicity, but it also indicates that the adverse effect of
these combinations may show up rather later than expected. Overall, it was

established that agueous extracts in combination are safer than the organic extracts.
3.4 Summary

e A total of 16 aqueous and organic plant species combinations were tested for
toxicity using the BSLA.

e These combinations were further analyzed using the ZFIC method, to determine
whether a combination increases or decreases toxicity when compared to

individual extracts tested independently.
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All toxic aqueous and organic extracts were diluted to assess dose response and
determine the ATC concentration.

When the 16 plant species combinations were tested, three aqueous-extract
combinations were toxic (AC7, AC9 and AC13) after 48 hrs.

Thirteen organic-extract combinations were toxic after 48 hrs.

It was determined that toxic extract combinations can be diluted to ATCs that are
non-toxic.

The interactions of aqueous extracts in combination demonstrated nine
combinations as having antagonistic, five indifferent and two demonstrated
synergisms. Those were AC2 and AC10 after the maximum period of 48 hrs.
Eight (50%) of the organic combinations demonstrated antagonistic interaction.
The best combination in this study is AC2/0OC2, since it is non-toxic in both aqueous
and organic extract combinations. The ZFIC also indicated that the aqueous extract
of this combination is synergistic. Even though the organic extract combinations

were antagonistic, it was still non-toxic.
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CHAPTER 4
Mutagenicity of some medicinal plant species traditionally used for

the treatment of gynaecology and obstetrics

4.1 Introduction

The most widely used assay to test for the mutagenicity of medical plant species is the
Ames test (also known as the Salmonella typhimurium microsome assay) (Elgorashi
et al., 2003; Mashele and Fuku, 2011; Della et al., 2011; Moosavi et al., 2013; Eren et
al., 2015; Lee et al., 2018). This test is widely accepted for the detection of substances
that can cause damage to genes or lead to gene mutation (Mortelmans and Zeiger,
2000). The Ames test uses previously mutated strains of S. typhimurium. These
adaptive mutations hinder the bacteria to synthesize essential amino acid histidine,
which is important for protein synthesis and as result, the mutant bacteria cannot grow
to form colonies (Mortelmans and Zeiger, 2000). During the assay, the mutant strains
are exposed to the test sample and bacterial growth is observed. The test substance
or extract is considered mutagenic (toxic) if it can cause the growth of colonies
(revertants) greater than two-fold when compared to the negative control (Resende et
al., 2015). Colony growth is an indication that the applied substance has resulted in a
reverse mutation that restored the gene function to synthesize histidine and thus the

bacteria can grow.

The most commonly used S. typhimurium strains in the Ames test are, TA98 and
TA100. These strains have high sensitivity and the ability to identify a large range of
mutagenic substances (Sui et al., 2009). The TA98 strain carries a frameshift mutation
while TA100 have a base-pair substitution (Alanyali et al., 2011). The Ames test can
be conducted in the present or absence of a metabolic enzyme called the S9
microsomal fraction, which can enhance the bio-activation of the test samples (Hakura
et al., 1999). In the absence of the metabolic activation enzymes, a phosphate buffer
is used to maintain a constant pH of the test. This buffer is reported to be isotonic and
non-toxic to most cells (Wieczorowska-Tobis et al., 2001). In the absence of the
activation enzymes, the Ames test is used to identify the direct-acting substances or
chemicals as mutagens. For positive controls, direct-acting mutagens such as sodium
azide (TA100 strain) and 4-nitroquinoline 1-oxide (4NQO) (TA98 strain) are used.
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Medicinal plant extracts are among the popular substances that have been tested
using the Ames test for safety. Therefore, this chapter aims to evaluate the potential
mutagenic effects of 35 medicinal plant samples (from 33 plant species) traditionally
reported to treat gynecology and obstetrics complaints in the study area Maputaland,
KwaZulu-Natal, South Africa.

4.2 Materials and methods

4.2.1 Sample and culture preparation

The mutagenicity of plant extracts was evaluated using the standard Ames test
method that was established by Ames et al., (1973). Organic plant extracts used in
this study were dissolved in 10% DMSO to a concentration of 5 mg/ml. The aqueous
extracts were dissolved in distilled water to the same concentration as the organic
extracts. Staphylococcus typhimurium TA98 and TA100 bacterial strains were used in
this assay to test mutagenicity of the extracts. The strains were obtained from
Prof. Lyndy McGaw, Phytomedicine group, University of Pretoria, South Africa.
A 0.1 ml of the stock culture was sub-cultured into 10 ml of Nutrient broth (Oxoid) and

incubated at 37 °C for 18 to 24 hrs before it was used in the assay.

4.2.2 Media preparation

To perform the Ames test, two types of media were prepared i.e. the minimum glucose
plates (Figure 4.1) and the top agar with traces of L-histidine (Sigma-Aldrich) and biotin
(Sigma-Aldrich). Minimum glucose plates were prepared by mixing 15 g of agar (Oxoid
agar bacteriological) in 930 ml of distilled water and autoclaving. When the agar was
slightly cooled down to approximately 50 °C, 20 ml of the Vogel Bonner medium/salts
(50X VB) and 40% glucose was added, gently mixed and poured into the petri dishes.
The 50X VB medium was prepared by adding a series of salts [10 g of magnesium
sulphate (Sigma-Aldrich), 100 g of citric acid monohydrate (ChemLab), 500 g of
potassium phosphate (dibasic) (Sigma-Aldrich) and 175 g sodium ammonium
phosphate (ChemLab)] in sequence into 1 L of distilled water and dissolving each one
completely before the next one could be added. A 40% glucose solution was prepared
by dissolving 400 g of D-glucose (Sigma-Aldrich) into 1 L of distilled water. The top

agar was prepared by first preparing a histidine/biotin solution, which was prepared by
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dissolving 12 mg of D-biotin (Sigma-Aldrich) and 10.5 mg L-histidine (Sigma-Aldrich)
in 100 ml of autoclaved distilled water. The agar was prepared by mixing 6 g of
bacteriological agar, and 5 g of sodium chloride (Merck) in 1 L of distilled water and
autoclaved. Then 10 ml of biotin /histidine solution was added to 100 ml of the top

agar. The bottles were then stored in 50 °C in a water bath until used.

20 ml

50 ml sterile

sterile 40% 50X VB

glucose salts

15 g agar |
o— A LS
I — O
T T

930 ml o N
distilled Minimum Minimum glucose
water glucose agar agar plates

Figure 4.1 A diagrammatic summary of the preparation of the minimum glucose agar

plates.
4.2.3 The Ames assay

Positive controls for the assay were 4NQO for TA98 strain at 2.5 mg/ml and sodium
azide (Sigma-Aldrich) for TA100 at 2 mg/ml. The negative controls were distilled water
for aqueous samples and 10% DMSO for the organic samples. A phosphate buffer
(Sigma-Aldrich) was prepared to yield a pH of 7.4. The assay was performed by adding
100 pl of the test sample (positive/negative control or the plant extract), 500 ul of
phosphate buffer and 100 ul of the overnight culture to a sterile test tube, in triplicates.
Then 2 ml of the top agar was added into the sample-culture mixture. The test tube
content was then vortexed and poured over the surface of the minimum glucose plates

(labelled). Plates were incubated at 37 °C for 48 hrs. After the incubation period,
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bacterial colonies were counted manually and the reversion rate was compared with
the control plates (Figure 4.2). The test sample was considered mutagenic if the
number of colony-forming units (CFU) in a plate was double the number of colonies in
the negative control plates (distilled water and 10% DMSO).

PLA'I(')E B
O @)

OO0 O

Figure 4.2 A typical Ames assay plate with colonies.

4.3 Results and discussion

4.3.1 Effects of aqueous extracts towards S. typhimurium TA98 strain

The colony count with the negative control against S. typhimurium TA98 was 131
colony forming units (CFU). Mutagenicity of the plant extracts was determined by the
average number of revertant colonies more than 262 CFU (Table 4.1). However, the
majority (92%) of the aqueous extracts showed no mutagenic effects towards TA98
strain. Only four agueous extracts demonstrated a mutagenicity potential against TA98
strain, i.e. E. tirucalli stem (by 1205 CFU), H. hemerocallidea corm (by 1266 CFU),
O. stricta stem (by 2413 CFU) and O. engleri bark (by 494 CFU). Mutagenicity is one
of the causes of cancer by causing genetic alterations that leads to uncontrolled cell
growth and tumour development (National Cancer Institute, 2017). According to Paiva
et al., (2011), the latex that exude from the stem of E. tirucalli has the potential to
cause cancer. Waczuk et al., 2015 also reported that the aqueous extract of E. tirucallii
induced genetic damage in the Comet assay. It was noted that the potential
mutagenicity or genetic damage of this plant extract may vary as was observed in the
current study. Such variation was observed where the aqueous extract was mutagenic
towards the TA98 strain and non-mutagenic towards the TA100 strain. In this study,

the extract was active in the frame shift mutation (TA98 strain) and non-active in the
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base-pair mutation (TA100 strain) (Franzen et al.,, 1998). In a similar study by
Ramulondi et al., (2018), mutagenicity results of H. hemerocallidea were different from
the current test. In this study, the aqueous extract of H. hemerocallidea was found to
be non-mutagenic. In spite of these plant species collected from the same region
(Maputaland), it shows that each individual plant species may have a different
chemotype, which could make it produce different results from the previously tested
plants. The other two plants species O. engleri and O. stricta had no previous reports
of mutagenicity. The extracts which resulted to the highest number of revertant
colonies were O. stricta stem (2413 CFU) and H. hemerocallidea corm (1266 CFU).

4.3.2 The aqueous extracts against S. typhimurium TA100 strain

The colony count of the negative control against the S. typhimurium TA100 strain was
174 colony forming units (CFU). Any colony count that was more than 348 CFU was
considered mutagenic. There were approximately 28% aqueous extracts (Table 4.1)
which demonstrated mutagenicity towards the TA100 strain. Only two aqueous
extracts (C. filiformis and S. serratuloides) have been previously assessed against the
TA100 strain. A previous study (Wu et al., 2017) was found to have similar results for
C. filiformis, where it indicated that this plant species is mutagenic. However,
S. serratuloides had different results (non-mutagenic) in the Ames test according to
Ramulondi et al., (2018). The environmental conditions and differences of individual
chemotypes could be the reason for the differences of these results. While
comparisons could be made with some previous studies, many plant species (17) have
not been previously studied (Table 4.1). The aqueous extracts that resulted to the
highest number of revertant colonies were C. natalensis shoot (1814 CFU) and
E. humeana roots (1350 CFU).

4.3.3 Mutagenicity of organic extracts against S. typhimurium TA98 strain

In the current study, the negative control (10% DMSO) against the S. typhimurium
TA98 resulted to the colony count of 142 CFU. Therefore, mutagenicity of the organic
extracts against the TA98 strain was determined by the growth of revertant colonies
more than 284 CFU. In this study, a total of 14 (27%) organic extracts demonstrated

mutagenicity potential towards the TA98 strain (Table 4.1). These extracts were
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C. filiformis plant (1617 CFU), C. monteiroi roots (1402 CFU), C. natalensis shoot
(1866 CFU), E. humeana roots (1331 CFU), E. tirucalli stem (2069 CFU),
H. boraginiflora leaves (2721 CFU) and roots (356 CFU), H. coriacea stem
(2092 CFU), H. hemerocallidea corm (1241 CFU), O. stricta stem (2848 CFU),
P. africanum leaves (2462 CFU), R. digitata leaves (1006 CFU), S. nebulosa bark
(1836 CFU) and T. elegans roots (1583 CFU). It was observed that the number of
mutagenic extracts were higher for the organic extracts when compared to the
aqueous extracts. The number of revertant colonies also increased. These results can
be correlated to the fact that organic solvents are able to extract more compounds
when compared to water, which can extract only the polar compounds. With that said,
the aqueous extract of O. engleri was mutagenic (494 CFU) against TA98 strain
whereas the organic extract was non-mutagenic (145 CFU). In this case, the organic
extract could have had extra compounds (nonpolar) that were able to inhibit the
mutagenic compounds or to correct the damaged genes, hence less mutagenic. The
extracts which resulted to the highest number of revertant colonies were O. stricta
stem (2848 CFU) and H. boraginiflora leaves (2721 CFU). Hyphaene coriacea,
H. hemerocallidea and E. tirucalli were reported in previous studies (Table 4.1) as non-
mutagenic. However, these plant extracts were mutagenic in the current study. The
solvents used for the previous study were different from the current study, which could
be the reason why the results are not the same. Hypoxis hemerocallidea and
S. serratuloides also demonstrated different results to the previous study (Ramulondi
et al., 2018), even though the same solvent (methanol-dichloromethane) was used.
The differences of these results could be caused by the differences of the chemotypes
of individual plants.

4.3.4 The organic extracts against S. typhimurium TA100 strain

Considering that the negative control (10% DMSO) in the current study had 274 CFU,
all extracts that had more than 548 CFU was considered mutagenic. Therefore, the
majority (69%) of organic extracts were mutagenic towards the TA100 strain. The
extracts such as K. africana bark, G. senegalensis, T. dregeana bark, leaves and roots
were among the extracts that showed different results when compare to previous
studies (as shown in Table 4.1). Such results have been observed also on previous

studies where different results can be obtained from the same pant species, e.g.
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G. senegalensis was reported to be non-mutagenic towards the TA100 by Mulaudzi
et al. (2012) and demonstrated mutagenicity in Verschaeve and Van Staden, (2008)
study. Sapium integerrimum roots (2455 CFU) and H. boraginiflora (2456 CFU) had
the highest number of revertant colonies.

Plant extracts that showed the highest mutagenicity in both organic and aqueous
extracts against both TA98 and TA100 strains were C. filiformis, H. hemerocallidea
and O. stricta. These extracts were able to result in revertant growth of over five times
that of the negative control. There were plant extracts in this study that demonstrated
no mutagenicity in both Salmonella test strains. These extracts include A. villicaulis
roots, C. natalensis roots, D. villosa leaves, E. natalensis leaves, G. occidentalis roots,

O. natalitia leaves, S. integerrimum leaves and S. puniceus bulb.

Other plant extracts showed varying mutagenic activity. The aqueous and organic
extract of S. burkei bark was non-mutagenic towards S. typhimurium TA98 strain in
the Ames test. However, when it was tested against the S. typhimurium TA100 strain,
only the organic extract demonstrated mutagenic potential. This plant species was
reported in Maputaland to help facilitate healthy and safe pregnancy when the infusion
is taken orally or by rectal administration during pregnancy (De Wet and Ngubane,
2014). The mutagenic potential of S. burkei extract raises some concerns for the
health of an unborn baby as well as the pregnant mother. Howerver, with mutagenicity
observed with the organic extracts of S. burkei, and the lay people use the aqueous
extracts when preparing the medicine, which was non-mutagenic in this study, it
means that there is a potential that this plant could cause mutagenicity. In most cases,
when traditional herbal medicine is prepared, there is no strict consistency with the
measurements, which affects the doses of the end product. Therefore, in this case
there is a possibility that when the extract is prepared too strong, it may have enough
properties to result into mutagenicity. No previous studies have been found in the
literature about the mutagenicity of S. burkei.

It can then be speculated that these plants were not popular in the area for treating
gynaecological and obstetric complaints when compared to the other plants, which

were reported several times. Such plants include C. filiformis used to help stimulate
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Table 4.1 The results of medicinal plant species used in Maputaland to treat gynaecology and obstetric ailments with reference to

mutagenicity including previous mutagenicity studies

Plant names Part used TA98 (CFU) TA100 (CFU) Previous reports on mutagenicity
AQ ORG AQ ORG
Acalypha villicaulis Roots 8 116 98 o4 N/A
Leaves 29 115 91 721 N/A
Acanthospermum Whole 29 185 73 237 N/A
glabratum plant
Bridelia cathartica Roots 10 21 944 876 N/A
Leaves 20 7 126 634 N/A
Cassytha filiformis V;/lr;%lte 255 1617 652 1829 Mutagenic (Wu et al., 2017)
Commiphora Roots 111 111 74 693 N/A
neglecta Leaves 26 68 344 733 | N/A
Crotalaria monteiroi Roots 91 1402 81 1703 N/A
Leaves 26 64 900 1182 N/A
Cyperus natalensis Roots 110 69 83 150 N/A
Shoot 33 1866 1814 584 N/A
Diospyros villosa Roots 79 156 431 403 N/A
Leaves 32 110 76 515 N/A
Erythrina humeana Roots 34 1331 1350 118 N/A
Euclea natalensis RoOtS 81 178 509 242 Non-mutagenic (bark) (Elgorashi et
al., 2003; Taylor et al., 2003)
Leaves 19 120 56 123 N/A
Latex (non-mutagenic) (Paiva et al.,
Euphorbia tirucalli Stems 1205 2069 77 663 2011), genotoxic (Waczuk et al.,
2015)
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Plant names Part used TA98 (CFU) TA100 (CFU) Previous reports on mutagenicity
AQ ORG AQ ORG
Garcinia livingstonei Roots 62 117 177 1151 N/A
Leaves 19 162 715 159 N/A
Grewia occidentalis Roots 101 140 259 344 gl(())lné;nutagenlc (Mulaudzi et al.,
Leaves 21 178 979 195 N/A
G . Non-mutagenic (Mulaudzi et al.,
ymnofpor.'a Roots 185 108 1087 774 | 2012), mutagenic with S9
Senegalensis (Verschaeve and Van Staden, 2008)
Leaves 28 76 63 1019 N/A
Hermannia Roots 94 356 74 328 N/A
inifl
boraginifiora Leaves 29 2721 75 2456 | N/A
Hyphaene coriacea |  Stem 198 2021 122 76 ';'g{‘BB"“tage”'C (Ramulondi et al.,
HVDOXiS Non-mutagenic (Elgorashi et al.,
yp . Corms 1266 1241 1307 1887 | 2003; Reid et al., 2006; Ramulondi et
hemerocallidea
al., 2018)
Non-mutagenic (fruit) (Elgorashi et
Kigelia africana Bark 59 140 72 948 al., 2003; Verschaeve and Van
Staden, 2008)
iy Roots 28 94 58 1808 N/A
Ochna natalitia N "  (Makhafola et al
Leaves 28 196 319 283 28{;;”“ agenic (Makhafola et al.,
Opuntia stricta Stems 2413 2848 930 770 N/A
Ozoroa engleri Bark 494 145 1000 10321 | Mutagenic (Ramulondi et al., 2018)
Roots 58 47 26 1142 N/A
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Plant names Part used TA98 (CFU) TA100 (CFU) Previous reports on mutagenicity
AQ ORG AQ ORG
Peltophorum . .
africanum Leaves 21 2462 73 84 Non-mutagenic (bark) (Mulaudzi et
al., 2013)
Ranunculus Whole 103 235 166 1875 | N/A
multifidus plant
Rhoicissus digitata Roots 78 132 86 1535 N/A
Leaves 23 1006 68 414 N /A
.Sapium. Roots 61 121 29 2455 N/A
integermmum Leaves 34 o1 61 74 | NA
. Non-mutagenic (Nair and Van
Scadoxus puniceus Bulb 133 90 99 71 Staden, 2013)
: Non-mutagenic (Verschaeve and Van
Sclerocarya birrea Bark 25 245 659 1993 Staden, 2008)
Searsia nebulosa Bark 78 1836 69 1362 N/A
Non-mutagenic (Elgorashi et al.,
Senecio Whole 2003; Ramulondi et al., 2018),
serratuloides plant " 170 Sl4 868 Genotoxic (Tamokou and Kuete,
2014)
Senegalia burkei Bark 21 62 75 790 N/A
Tabernaemontana Roots 177 1583 1074 1088 N/A
elegans Leaves 131 116 984 1546 | N/A
Trichilia d Roots 142 141 215 814 Non-mutagenic (Eldeen et al., 2005)
richifia dregeana Leaves 164 154 895 2103 Non-mutagenic (Eldeen et al., 2005)
Bark 25 79 127 717 Non-mutagenic (Eldeen et al., 2005)
Vangueria infausta Leaves 33 81 234 718 l;lgféTutagemc (Ramulondi et al,
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(positive control)

Plant names Part used TA98 (CFU) TA100 (CFU) Previous reports on mutagenicity
AQ ORG AQ ORG
Water (negative 131 - 174 - N/A
control)
DMSO (negative i 142 - 274 N/A
control)
4ANQO (positive 341 - - - N/A
control)
Sodium azide . - 624 - N/A

Bold — Mutagenic; N/A — Not available; CFU — colony forming units; (*) — Negative control
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lactation after giving birth (De Wet and Ngubane, 2014). The aqueous extract was
noted as mutagenic (652 CFU) against the S. typhimurium TA100 strain. Other
aqueous extracts that demonstrated a mutagenic response towards TA100 and were
only reported once in the ethnobotany survey, were D. villosa root and E. natalensis
roots. Diospyros villosa was reported in the survey to treat dysmenorrhoea (period
pains), and E. natalensis is used to “cleanse the blood” during pregnancy (De Wet and
Ngubane, 2014). With these plant species being mutagenic further studies can be
done with lower dosages to find a non-mutagenic concentration. These plants are
sometimes used in combination e.g B. cathartica, H. hemerocallidea, S. serratulosed
and R. multifidus to name a few, hence the incorporation of other species may reduce
the mutagenic potential.

The roots of A. villicaulis are used in northern Maputaland to alleviate period pains,
and during pregnancy to sustain a healthy pregnancy and uncomplicated delivery (De
Wet and Ngubane, 2014). This plant species has also been reported as traditionally
used as an abortifacient (Steenkamp, 2003). In this study, both aqueous and organic
extract results from the Ames test indicated no mutagenic effects against both the
TA98 strain and TA100 strains. To the best of my knowledge, this is the only
mutagenicity study to date that has been conducted on the roots of A. villicaulis. This
plant is important as it has a wide range of other medicinal uses such as to treat
coughs, diarrhoea, asthma and constipation in babies (Schmelzer, 2007). When the
leaf extracts of this plant were tested for comparison purposes, the aqueous extract
demonstrated no mutagenic activity (29 CFU) towards S. typhimurium TA98 strain,
although the methanol-dichloromethane extract was mutagenic (721 CFU) towards
the TA100 strain.

The herbaceous weed A. glabratum is used by women in Maputaland to alleviate
cervical pains during pregnancy (De Wet and Ngubane 2014). In this study, the crude
aqueous extract demonstrated no mutagenic potential with both the S. typhimurium
TA98 strain and TA100 strains. However, the methanol-dichloromethane extract of
this plant species indicated mutagenic activity towards the TA100 strain. There were
no other mutagenic reports of this plant species found in the literature. The
mutagenicity result from this study are important as the plant species is used during

pregnancy. It is now known that it must be used with caution.
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Bridelia cathartica is one of the most frequently used plants (18 times, 36%) in northern
Maputaland for a variety of women-related ailments such as, infertility,
dysmenorrhoea, amenorrhoea, menorrhagia, oligomenorrhoea, and to prevent
preterm-birth (De Wet and Ngubane 2014). This plant species is also used worldwide
to treat various diseases. However, no information on mutagenicity of this plant
species was found in the literature. The current study indicated no mutagenicity of the
aqueous leaf extracts. However, the aqueous root extract was mutagenic towards the
S. typhimurium TA100 strain. The methanol-dichloromethane extract from both the
leaves and root of B. cathartica were mutagenic towards the S. typhimurium TA100
strain. These results are concerning, considering that many people are relying on this
plant species and use it with no knowledge of the adversity it may possess. During
pregnancy, this plant is advised to be taken daily throughout the course of pregnancy
for blood cleansing, and to prevent preterm or immature birth (De Wet and Ngubane,
2014). The mutagenic properties of the plant species may pose a threat to the unborn
baby by causing cancer, Crohn’s disease, cystic fibrosis, sickle cell anaemia or other
associated genetic disorders. Usually, people in Maputaland believe that medicinal
plants cannot cause harm besides the few plant species that the community is aware
of such as T. dregeana, which was reported to induce abortion and diarrhoea when

consumed in access (De Wet and Ngubane, 2014).

The extracts from A. villicaulis roots and leaves, A. glabratum whole plant,
B. cathartica leaves, C. neglecta roots and leaves, G. livingstonei roots,
G. senegalensis leaves, K. africana bark, O. natalitia roots, P. africanum roots,
R. multifidus whole plant, S. integerrimum roots, S. burkei bark, T. dregeana roots and
bark and V. infausta leaves demonstrated mutagenicity only towards the TA100 strain
when the methanol-dichloromethane extracts were tested. No records were found in
the literature on these plant species for comparison, therefore these findings were
observed as the only existing data at the time of the study except T. dregeana bark
extract, which was reported to have no mutagenic effects when tested against the
S. typhimurium TA98 strain (Eldeen et al., 2005). This result is in line with the current
findings. However, no other results were found for this plant extract against the TA100
strain. Other correlating results were observed in C. filiformis (mutagenic) (Wu et al.,

2017) G. occidentalis roots (Mulaudzi et al., 2013), O. natalitia leaves (Makhafola et
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al., 2014) and S. puniceus (Nair and Van Staden, 2013) bulb which were non-

mutagenic.
4.4 Summary

e Among the 51 plant extracts that was tested for mutagenicity, four (8%) aqueous-
and 14 (27%) organic extracts demonstrated mutagenic effect towards the TA98
strain.

e With the TA100 strain, a higher rate of mutagenicity was observed with both the
agueous (28%) and organic (67%) samples.

e Hypoxis hemerocallidea and O. stricta were the most mutagenic, demonstrating
mutagenicity with both aqueous and organic extracts across both strains.

e The variation of the results in aqueous versus organic extracts and S. typhimurium
TA98 versus TA100 indicate the importance of incorporating different strains and
extraction methods to get a broader indication of activity.

e The plant species that were most frequently reported for various gynaecological
and obstetric conditions (B. cathartica, R. multifidus and S. serratuloides) were
mutagenic against the TA100 strain.

e Diospyros villosa, E. natalensis, O. natalitia, and S. integerrimum leaves were non-

mutagenic compared to their respective roots.
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CHAPTER 5
Anti-Candidal assessment of some medicinal plant species used in

northern Maputaland

5.1 Introduction

This Chapter intends to investigate the anti-Candidal activity of some medicinal plant
species that were reported by women in northern Maputaland to treat various
gynaecology and obstetrics related ailments (De Wet and Ngubane, 2014). The plant
species were tested independently and in combination as documented in De Wet and
Ngubane (2014) using the minimum inhibitory concentration (MIC) assay. The MIC
assay has been successfully used to screen medicinal plants species against Candida
species (Motsei et al., 2003; Runyoro et al., 2006; Steenkamp et al., 2007; Shai et al.,
2008; Soliman et al., 2017). This method has the ability to screen for the active extract
against the pathogen and also indicates the lowest concentration of the extract that is
effective (Eloff, 1998). The MIC has been the preferred method for most antifungal
studies for its reliability and efficiency and it was validated as precise and accurate
(Veiga et al., 2019).

In the ethnobotanical study conducted by De Wet and Ngubane, (2014) none of the
reported plant species were mentioned to be specifically used for genital yeast
infections, which is mostly associated with Candida spp. (Dan et al., 2010). However,
yeast infections are mostly prevalent in women, it would be beneficial to test the plant
species that the women already use for other “women ailments” to determine if they
could also be used for Candidal infections. The symptoms of a Candida infection can
include itching and irritation in the vagina and vulva, burning during intercourse or
while urinating, redness, pain or swelling of the vulva or the presence of a discharge.
These all relate to gynaecological complaints in woman and thus validates the
necessity to investigate further. The positive results from this study would have a great
benefit to the women who depend on these plant species for medicinal use. Most
importantly, with further testing, these plant species could yield alternative sources of

treatment for Candidal infections.
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5.2 Materials and methods

For the purpose of this study, the overnight Candidal cultures were prepared by adding
1 ml of the American Type Culture Collection (ATCC) reference stock cultures
(C. albicans ATCC 10231, C. glabrata ATCC 900300 or C. tropicalis ATCC 750) into
10 ml of Tryptone Soya broth (TSB) and incubated for 48 hrs at 37 °C. The test
samples were prepared by dissolving the plant extract to a concentration of
32.00 mg/ml using distilled water for aqueous extracts and acetone 100% v/v for

methanol-dichloromethane (organic) extracts.
5.2.1 The MIC assay for independent plant extracts

Ninety-six well microtiter plates were aseptically prepared by placing 100.00 pl of the
TSB in all wells. Then, 100 pl of the extract samples, solvent and broth were added in
rows Al to A12. The controls for this study were nystatin for positive control, the broth
for culture control and a solvent for the negative control. These test samples were
added in duplicate. A serial dilution was then performed by transferring 100 ul each
time from the well Al to B1, B1 to C1 wells and so forth from 8 mg/ml to 0.06 mg/ml
(Figure 5.1).

After a serial dilution, the culture (Candida strains) were inoculated. During the culture
inoculation, a 0.5 McFarland standard was performed by adding 1 ml of the properly
vortexed overnight culture into approximately 10.00 ml of a sterile broth in the test
tube. The McFarland standard was then vortexed and 1.00 ml added into 100.00 ml
of the TSB to make a 1:100 dilution. Using a multichannel pipette, 100.00 pl of the
1:100 dilutions was aseptically transferred into each well and the plates were then
sealed. A streak plate was also prepared for the cultures using Tryptone Soya agar
(TSA). The microtiter plates and the streak plates were incubated at 37 °C for 48 hrs
and sterile TSB was kept at room temperature. After the incubation period, the sterile
TSB was observed for any turbidity, which could be an indication of contamination.
The streak plates were also observed for pure culture growth and lastly the 1:100
dilution was observed for a successful yeast growth. When all the controls indicated
no contamination and a successful growth of Candida strains was satisfactory, 40.00
pl of p-iodonitrotetrazolium chloride (INT) reagent was aseptically added into each

well. A colorimetric INT reagent was used in this study to indicate the presence of a
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redox reaction which is associated with an active microbial growth by turning to pinkish
colour and remains clear where there is no microbial viability detected (Lall et al.,
2013). The INT binds to living yeast cells and colourises red when viable. Plates were
then allowed to stand for 24 hrs at room temperature. Thus, concentrations that are
clear with the reagent are considered as having anti-Candidal activity. The MIC is
determined as the lowest concentration to have a clear broth after the colorimetric
reagent is added. The results were then read and recorded. According to Pauw and
Eloff, (2014) medicinal plant extract having the MIC value of < 0.16 mg/ml should be
regarded as having a good activity and values between >0.16 and below 0.62 mg/ml

as having moderate activity.

100 ul TSB Add INT
+ Culture +
100 pl plant inoculation 48 hrs Record
r i iluti . ;
extract Microdilution e S results

Figure 5.1 A summarized microdilution assay.
5.2.2 The MIC assay for combined plant extracts

Plant combination samples were prepared by dissolving the extracts to a concentration
of 32.00 ml using distilled water and acetone 100% v/v for aqueous and organic
extracts respectively. The equal volumes of the dissolved extracts (depending on the
number of extracts making a combination) were then transfered into a single container
and vortexed to obtain a 32 mg/ml plant combination. The MIC assay was then
performed as previously explained in Section 5.2.1. The recorded results were further
used to calculate the sum of fractional inhibitory concentration (2FIC) also known as
the FIC index (Berenbaum et al., 1978). The FIC index is used to predict whether the
interaction of the combined extracts is synergistic, additive, antagonistic or indifferent
towards executing an antimicrobial effect. These classifications are based on the

antimicrobial effect of a plant species combination in comparison to the effect of
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individual plant species when tested independently. Where a concentration of each
plant extract in a combination is treated as a fraction of concentration capable of

producing the same antimicrobial effect when used independently.

A synergistic interaction of the extracts involved in a combination is important as it
affects its activity against the pathogens. When extracts involved in a combination are
having a synergistic interaction it means that their combined effect is greater than the
sum of their individual effects at the same doses (Doldan-Martelli and Miguez, 2015,
Basri and Sandra, 2016). The synergistic interactions in combination are perceived as
having the benefits such as enhanced efficacy, reduce toxicity, lower the therapeutic
dose and also reduce the increasing antimicrobial resistance (Van Vuuren and Viljoen,
2011). Combinations may also have indifferent interaction where there is neither
positive nor negative effect when compared to the individual extracts acting
separately. The other form of interaction is additive interactions where a slight
improvement may be seen in a combination. However, some combinations may show
an antagonistic interaction, when this interaction occurs, the effect of the combination
is reduced when compared to the individually tested samples (Basri and Sandra,
2016). Equation 5.1 was used to determine the ZFIC.

SFIC = FIC® + FIC ®

MIC (a) in combination with (b)
MIC (a) independently

MIC (a) in combination with (b)
MIC (b) independently

FICO

FIC(

Equation 5.1

(&) and (b) represent different plant samples, factor (c), (d) etc. can be added
depending on the number of plant samples in a combination.

The results from Equation 5.1 were interpreted as follows; where the 2FIC was <0.50,
it was regarded as synergistic, >0.50 — 1.00 as additive, >1.00 — 4.00 as indifferent
and >4.00 as antagonistic. In some cases, where the MIC was not determined at the
highest concentration tested the ZFIC could not be calculated. In that case, the 2FIC

value was indicated as “not determined” (ND).
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5.3 Results and discussion

5.3.1 Plant species studied independently against Candida stains

5.3.1.1 Candida albicans

The majority of the agueous extracts demonstrated low to no activity when tested
against C. albicans (Table 5.1). Only 23 plant extracts (45%) indicated anti-Candidal
activity at concentrations tested in this study (0.06 — 8.00 mg/ml). All the aqueous
extracts demonstrated an MIC value above 0.16 mg/ml, hence no noteworthy activity.
However, some moderate activities were observed on two aqueous extracts and those

were E. natalensis roots (0.38 mg/ml) and R. digitata leaves (0.50 mg/ml).

Candida albicans is one of the most studied strains of all Candida spp. This can relate
to it being the most isolated strain in clinical cases of yeast infections. A number of
aqueous extracts assessed in this study have been previously investigated for anti-
Candidal activity. These plant speices were S. burkei (>8.00 mg/ml), E. tirucalli (>8.00
mg/ml), H. hemerocallidea (>25.00 mg/ml, >8.00 mg/ml) (Motsei et al., 2003; Nciki et
al., 2016), K. africana (16.00 mg/ml) (Naidoo et al., 2013), O. engleri (0.75 mg/ml, 8.00
mg/ml) (Naidoo et al., 2013; Nciki et al., 2016), P. africanum (4.00 mg/ml) Naidoo et
al., 2013), R. multifidus (12.00 mg/ml, >8.00 mg/ml), S. birrea (>16.00 mg/ml, 1.00
mg/ml), S. serratuloides (2.00 mg/ml, >8.00 mg/ml) (Naidoo et al., 2013; Nciki et al.,
2016), S. puniceus (3.00 mg/ml) (Mabona et al., 2013), T. elegans (3.30 mg/ml, 0.38
mg/ml, 8.00 mg/ml) (Steenkamp et al., 2007; Naidoo e al., 2013; Nciki et al., 2016)
and T. dregeana (>16.00 mg/ml) (Naidoo et al., 2013). Similar results were obtained
in the current assessment, where these extracts did not demonstrate any noteworthy

activity.

There was also no noteworthy activity amongst the organic extracts when tested
against C. albicans (Table 5.1). Most (42) of these extracts demonstrated the MIC
value between 1.00 and 4.00 mg/ml. Some (five) of these extracts demonstrated a
very high (>4.00 mg/ml) MIC to no activity (>8.00 mg/ml) based on the highest
concentration tested in this study. There were a few (four) other plant extracts that
demonstrated moderate anti-Candidal activity. These were E. natalensis roots (0.45
mg/ml), O. stricta stem (0.50 mg/ml), P. africanum roots (0.38 mg/ml) and S. birrea
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bark (0.38 mg/ml). Euclea natalensis root extract was the only extract that
demonstrated a noticeable (moderate) activity with both aqueous (0.38 mg/ml) and
organic (0.43 mg/ml) extracts. In a similar study, Van Vuuren and Naidoo, (2010)
reported that the leaf extract of E. natalensis had a MIC value of 0.5 mg/ml (aqueous)
and 3.00 mg.ml (organic) against C. albicans. However, in this study, the leaves
demonstrated a MIC value of 1.50 mg/ml and 2.00 mg/ml for the agueous and organic

extracts, respectively.

A few of the plant species have been previously tested against the C. albicans strain
using different solvents for extraction. These plant species were C. neglecta bark,
P. africanum root and T. elegans roots. In the current study, the organic extract of
C. neglecta had a MIC value of 1.00 mg/ml, and this result was similar to Paraskeva
et al., (2008) where a MIC value of 2.00 mg/ml was reported in a chloroform-methanol
extract. The anti-Candidal activity of E. tirucalli was previously tested using the disc
diffusion method (Rathi et al., 2012) and it was reported to have the best results at
100.00 mg/ml with 19 mm using n-hexane as a solvent. These results, however, differ
greatly to the current findings using the MIC method with methanol-dichloromethane
as a solvent where the anti-Candidal activity was observed at 1.00 mg/ml. Also, Rathi
et al, 2012, tested the extract at a very high concentration compared to the current

study, hence this study is not comparable.

The methanol-dichloromethane extract of K. africana bark in the current study
demonstrated an MIC value of 1.00 mg/ml. However, a similar study by Shai et al.,
(2008) on this plant species using n-hexane, dichloromethane and acetone extracts
reported the K. africana bark to have MIC values <0.45 mg/ml. The differences could
be because of the different solvents used. The root extract of P. africanum was
reported to have activity against C. albicans (Mazimba, 2014). However, Steenkamp
et al., (2007) reported a MIC value of 16.00 mg/ml using a methanol extract, and these
results correlate to the current study where the organic root extract demonstrated no

noteworthy activity against C. albicans (MIC value of 1.00 mg/ml).

96



Table 5.1 The anti-Candidal activity of the aqueous and organic extracts against

C. albicans (MIC value with standard deviation where n=+>3)

Agueous Methanol-
Plant Names Part used extract dichloromethane
(mg/ml) extract (mg/ml)
Acalypha villicaulis Root >8.00+0.00 1.00+0.00
Leaves 2.00+0.00 1.00+0.00
Acanthospermum glabratum | Whole plant 4.00+0.00 3.00+0.00
Bridelia cathartica Root >8.00+£0.00 2.00+0.00
Leaves >8.00£0.00 1.25+0.00
Cassytha filiformis Whole plant >8.00+0.00 2.00+0.00
. Root >8.00+0.00 2.00£0.00
Commiphora neglecta
Leaves >8.00+£0.00 1.00+0.00
_ o Root >8.00+0.00 3.00+£1.00
Crotalaria monteiroi
Leaves >8.00+0.00 4.00£0.00
Root >8.00+0.00 1.00+0.00
Cyperus natalensis
Leaves >8.00+0.00 8.00+0.00
. _ Root >8.00+0.00 4.00+0.00
Diospyros villosa
Leaves 2.00+0.00 4.00£0.00
Erythrina humeana Root >8.00+0.00 >8.00+0.00
Root 0.38+0.00 0.43+0.10
Euclea natalensis
Leaves 1.50+0.00 2.00£0.00
Euphorbia tirucalli Stem >8.00+0.00 1.00+0.00
o . Root 1.00+0.00 1.00+0.00
Garcinia livingstonei
Leaves 6.00+0.00 2.00£0.00
Root 8.00£0.00 4.00£0.00
Grewia occidentalis
Leaves >8.00+0.00 2.00+0.00
_ _ Root 8.00£0.00 2.00£1.00
Gymnosporia senegalensis
Leaves 4.00£0.00 2.00+0.00
Hermannia boraginiflora Root 8.00+0.00 1.00£0.00
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Agueous Methanol-
Plant Names Part used extract dichloromethane
(mg/ml) extract (mg/ml)
Leaves 8.00£0.00 3.00+£1.00
Hyphaene coriacea Stem >8.00£0.00 >8.00+0.00
Hypoxis hemerocallidea Corm 1.50+£0.00 5.33+1.89
Kigelia africana Bark 2.00+£0.00 1.00+0.00
Root >8.00+£0.00 1.00+0.00
Ochna natalitia
Leaves 3.00+0.00 2.00+0.00
Opuntia stricta Stem >8.00£0.00 0.50+0.00
Ozoroa engleri Bark >8.00+0.00 6.00+2.00
. Root >8.00+0.00 0.38+0.13
Peltophorum africanum
Leaves 6.00+0.00 2.00+0.00
Ranunculus multifidus Whole plant >8.00+0.00 4.00+0.00
o o Root >8.00+0.00 1.00£0.00
Rhoicissus digitata
Leaves 0.50£0.00 2.00£0.00
o . Root >8.00+£0.00 2.00+0.00
Sapium integerrimum
Leaves 3.00+0.00 2.00+0.00
Scadoxus puniceus Bulb >8.00+0.00 1.00+0.00
Sclerocarya birrea Bark >8.00£0.00 0.38+0.13
Searsia nebulosa Bark >8.00+0.00 2.00+0.00
Senecio serratuloides Whole plant 2.00£0.00 3.00+1.00
Senegalia burkei Bark >8.00+£0.00 2.00+0.00
Root 0.75+0.00 2.00+0.00
Tabernaemontana elegans
Leaves 4.00+0.00 2.00+0.00
Bark >8.00+0.00 1.00£0.00
Leaves >8.00+0.00 2.00+0.00
Vangueria infausta Leaves 4.00£0.00 2.00+0.00
Nystatin (positive control) 0.001+0.00
Culture control >8.00+£0.00
Negative control >8.00£0.00

Bold- Moderate anti-Candidal activity
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5.3.1.2 Candida tropicalis

The results found in this study (Table 5.2) shows that none of the aqueous extracts
demonstrated a strong activity against Candida tropicalis. The three extracts which
demonstrated the lowest MIC values of 0.75 mg/ml were E. natalensis roots,
G. livingstonei root and S. nebulosa bark. No previous studies could be found in the
literature to compare with the current results against this Candidal strain. However, in
the current study, the E. tirucalli extract indicated to have no anti-Candidal activity with
the MIC of 6.00 mg/ml.

When C. tropicalis was tested against the organic extracts, most of the extracts did
not show any noteworthy activity. However, there were six organic extracts that
demonstrated moderate activity. These extracts were A. Vvillicaulis leaves,
A. glabratum whole plant, B. cathartica leaves, C. filiformis whole plant, E. tirucalli stem
and G. livingstonei root. Among all the organic extracts tested in this study against
C. tropicalis, only K. africana bark had been previously tested. Kigelia africana
currently demonstrated an MIC value of 1.00 mg/ml against C. tropicalis. However, in
the study conducted by Jain and Belsare, (2009), this plant demonstrated activity with
MIC values of 2.50 pg/ml (petroleum ether extract), 1.25 pug/ml (chloroform extract)
and 2.50 pg/ml (methanol extract) against C. tropicalis using different solvents. The
difference when comparing the results could be associated to the different
geographical locations of the plants used, different extraction methods as well as the
solvents used. There was only one plant species that demonstrated noteworthy anti-
Candidal activity against C. tropicalis, namely C. neglecta, which had the lowest MIC
value of 0.13 mg/ml in both the organic roots and leaf extracts. The roots of this plant
are traditionally used to treat dysmenorrhoea, menorrhagia, oligomenorrhea, infertility
and also to prevent pre-term birth during pregnancy (De Wet and Ngubane, 2014).
There was no previous data found on this plant against C. tropicalis. However, it was
reported to have potential anti-Candidal activity when it was tested against C. albicans
(Paraskeva et al., 2008).
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Table 5.2 The anti-Candidal activity of the single agueous and organic extracts against

C. tropicalis
Methanol-
Aqueous )
Plant names Part used dichloromethane
extract (mg/ml)
extract (mg/ml)
- _ Root >8.00+0.00 >8.00+0.00
Acalypha villicaulis
Leaves >8.00+0.00 0.50+0.00
Acanthospermum glabratum | Whole plant 4.00+0.00 0.25+0.00
Root 1.50+0.50 4.00+£0.00
Bridelia cathartica
Leaves >8.00+0.00 0.25+0.00
Cassytha filiformis Whole plant >8.00+£0.00 0.25+0.00
_ Root >8.00+0.00 0.13+0.00
Commiphora neglecta
Leaves >8.00+0.00 0.13+0.00
Root >8.00+0.00 2.00+0.00
Crotalaria monteiroi
Leaves >8.00+0.00 1.00+0.00
_ Root >8.00+0.00 8.00+0.00
Cyperus natalensis
Leaves >8.00+0.00 >8.00+0.00
_ _ Root >8.00+0.00 >8.00+0.00
Diospyros villosa
Leaves 8.00£0.00 1.00+0.00
Erythrina humeana Root >8.00+0.00 1.50+0.00
Root 0.75+0.25 2.00+0.00
Euclea natalensis
Leaves 2.00+0.00 2.00£0.00
Euphorbia tirucalli Stem 6.00£2.00 0.50%0.00
Garcinia livingstonei Root 0.75+0.25 0.50%0.00
Leaves >8.00+0.00 1.00+0.00
Root >8.00+0.00 8.00+0.00
Grewia occidentalis
Leaves 6.00+2.00 2.00+0.00
_ _ Root 3.00£0.10 >8.00+0.00
Gymnosporia senegalensis
Leaves 1.00+0.00 1.00+0.00
_ o Root 8.00+0.00 6.00+0.00
Hermannia boraginiflora
Leaves 6.00+2.00 2.00+0.00
Hyphaene coriacea Stem 8.00+0.00 2.00+0.00
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Methanol-
Aqueous )
Plant names Part used dichloromethane
extract (mg/ml)
extract (mg/ml)
Hypoxis hemerocallidea Corm 1.50+£0.50 4.00+0.00
Kigelia africana Bark 3.00£1.00 2.00+0.00
- Root >8.00+0.00 2.00+0.00
Ochna natalitia
Leaves >8.00+0.00 1.00+0.00
Opuntia stricta Stem >8.00+0.00 >8.00£0.00
Ozoroa engleri Bark >8.00+0.00 >8.00+0.00
_ Root 2.00+0.00 1.00+0.00
Peltophorum africanum
Leaves 1.50+0.50 4.00£0.00
Ranunculus multifidus Whole plant >8.00+£0.00 4.00+£0.00
o . Root >8.00+0.00 2.00£0.00
Rhoicissus digitata
Leaves 1.00+0.00 1.00+0.00
o _ Root 2.00+0.00 2.00+0.00
Sapium integerrimum
Leaves 3.00£1.00 1.00+0.00
Scadoxus puniceus Bulb 8.00+0.00 >8.00+0.00
Sclerocarya birrea Bark 4.00+0.00 >8.00+0.00
Searsia nebulosa Bark 0.75£0.25 2.00+0.00
Senecio serratuloides Whole plant 7.00£1.73 4.00+0.00
Senegalia burkei Bark >8.00+0.00 2.00+0.00
Root 4.00£0.00 4.00£0.00
Tabernaemontana elegans
Leaves 2.00+0.00 1.00+0.00
o Root >8.00+0.00 8.00+0.00
Trichilia dregeana
Bark >8.00+0.00 >8.00+0.00
Leaves 4.00£0.00 2.00£0.00
Vangueria infausta Leaves 2.00£0.00 1.00+0.00
Nystatin (positive control) 0.002+0.00
Negative control >8.00£0.00
Culture control >8.00+£0.00

Bold — moderate anti-Candidal activity, bold and italic — noteworthy anti-Candidal activity
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5.3.1.3 Candida glabrata

The antimicrobial assay conducted against C. glabrata (Table 5.3) indicated poor anti-
Candidal activity with both the aqueous and organic extracts. This demonstrates that
this strain is more resilient (resistant) when compared to the other two strains
(C. albicans and C. tropicalis) that were also screened in this study. Considering that
the highest concentration used in this study was 8 mg/ml, only five of the 51 aqueous
extracts exhibited a slight inhibition. The two aqueous extracts that exhibited the
lowest MIC in this study were G. livingstonei roots and S. integerrimum leaves with an
MIC of 4.00 mg/ml. It was noted that despite C. glabrata being among Candida strains
that cause most human fungal infections, this strain is not frequently included in
medical plant screenings (Kolaczkowski et al., 2009). There was no record of any of
these aqueous extracts being previously tested against C. glabrata to compare with

the current results.

There was a slight activity with the organic extracts when compared to the aqueous
extracts, even though none of the extracts exhibited any noteworthy activity against
C. glabrata. Approximately half (49%) of these extracts had a MIC value of 2.00 mg/ml
followed by 45% having the MIC value of 1.00 mg/ml (Table 5.3). Acalypha villicaulis
roots and T. dregeana roots had a MIC value of 4.00 mg/ml and 3.00 mg/ml
respectively. Euphorbia tirucalli and H. hemerocallidea were the only plants that had
been previously screened against C. glabrata, but different organic solvents were
used. In the current study, the organic extract of E. tirucalli demonstrated an MIC value
of 2.00 mg/ml. Previously, a n-hexane extract of E. tirucalli was reported to have an
inhibition zone of 19 mm at 100 mg/ml using the disc diffusion method (Rathi et al.,
2012), which was also a poor activity as observed with MIC method in the current
study. A previous test that was conducted by Mwinga et al. (2019), reported
H. hemerocallidea (petroleum ether extract and 50% methanol extract) as having a
MIC value of 6.25 mg/ml and 3.13 mg/ml respectively. However, the organic extract of
H. hemerocallidea in this study indicated a MIC value of 2 mg/ml. None of these
extracts indicate a potential anti- anti-Candidal activity of H. hemerocallidea against
the C. glabrata strain. The resistance of this strain corresponds to the reports that

C. glabrata is the most resistant strain towards antifungal drugs when compared to the
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other Candida strains (Musa et al., 2018). Candida glabrata is among the fungi strains
that lack a membrane lipid called glucosylceramides (GlcCer) which is responsible for
permeability and intracellular transportation, thus leading to resistance (Van Meer et
al., 2003; Soliman et al., 2017).

Table 5.3. The anti- anti-Candidal activity of the aqueous and organic extracts against

C. glabrata
Agueous Methanol-
Plant names Part used extract dichloromethane
(mg/ml) extract (mg/ml)
- _ Root >8.00+0.00 4.00+£0.00
Acalypha villicaulis
Leaves >8.00+0.00 2.00£0.00
Whole
Acanthospermum glabratum ant >8.00+0.00 1.00+0.00
plan
o _ Root 8.00+0.00 1.00+0.00
Bridelia cathartica
Leaves >8.00+0.00 1.00+0.00
N . Whole
Cassytha filiformis >8.00+0.00 1.00+0.00
plant
. Root >8.00+0.00 2.00£0.00
Commiphora neglecta
Leaves >8.00+0.00 2.00+0.00
_ o Root >8.00+0.00 2.00£0.00
Crotalaria monteiroi
Leaves >8.00+0.00 2.00£0.00
_ Root >8.00+0.00 2.00+0.00
Cyperus natalensis
Leaves >8.00+0.00 2.00£0.00
_ _ Root >8.00+0.00 1.00+0.00
Diospyros villosa
Leaves >8.00+0.00 2.00+0.00
Erythrina humeana Root >8.00+0.00 2.00+0.00
_ Root 8.00+0.00 1.00+0.00
Euclea natalensis
Leaves >8.00+0.00 1.00+0.00
Euphorbia tirucalli Stem >8.00£0.00 2.00+0.00
o _ Root 4.00£0.00 1.00+0.00
Garcinia livingstonei
Leaves >8.00+0.00 2.00+0.00
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Agueous Methanol-
Plant names Part used extract dichloromethane
(mg/ml) extract (mg/ml)
_ Root >8.00£0.00 2.00+0.00
Grewia occidentalis
Leaves >8.00£0.00 2.00+0.00
' . Root >8.00+0.00 2.00+0.00
Gymnosporia senegalensis
Leaves >8.00£0.00 2.00+0.00
. o Root >8.00+£0.00 2.00+0.00
Hermania boraginiflora
Leaves >8.00+0.00 2.00+0.00
Hyphaene coriacea Stem >8.00£0.00 2.00+0.00
Hypoxis hemerocallidea Corm 8.00%0.00 2.00+0.00
Kigelia africana Bark >8.00+0.00 2.00+0.00
N Root >8.00£0.00 1.00+0.00
Ochna natalitia
Leaves >8.00£0.00 2.00£0.00
Opuntia stricta Stem >8.00+0.00 >8.00+0.00
Ozoroa engleri Bark >8.00£0.00 1.00+0.00
. Root >8.00£0.00 1.00+0.00
Peltophorum africanum
Leaves >8.00+£0.00 1.00+0.00
. Whole
Ranunculus multifidus >8.00+0.00 1.00+0.00
plant
o o Root >8.00+0.00 2.00+0.00
Rhoicissus digitata
Leaves >8.00+0.00 1.00+0.00
o _ Root >8.00+£0.00 2.00£0.00
Sapium integerrimum
Leaves 4.00+0.00 1.50+0.50
Scadoxus puniceus Bulb >8.00+0.00 2.00+0.00
Sclerocarya birrea Bark >8.00+0.00 1.00+0.00
Searsia nebulosa Bark >8.00+0.00 1.00+0.00
_ _ Whole
Senecio serratuloides >8.00+£0.00 1.00+0.00
plant
Senegalia burkei Bark >8.00+£0.00 1.00+0.00
Root >8.00+0.00 1.00+0.00
Tabernaemontana elegans
Leaves >8.00+£0.00 1.00+0.00
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Agueous Methanol-
Plant names Part used extract dichloromethane
(mg/ml) extract (mg/ml)

Trichilia dregeana Root >8.0020.00 3.00£1.00

Bark >8.00+0.00 2.00+0.00

Leaves >8.00+0.00 1.00+0.00

Vangueria infausta Leaves >8.00+0.00 1.00+0.00
Nystatin (positive control) 0.002+0.00
Culture control >8.00+0.00
Negative control >8.00+0.00

5.3.2 The anti-Candidal activity of the leaves for potential substitution of the

roots

Because there was no previous reference of the roots in this study against Candida
spp., the activity of the leaves could not be compared to that of the respective roots
for the purpose of a potential substitution. Nonetheless, there was one plant species
in this study that demonstrated activity for both their roots and leaves. This plant
species was C. neglecta, which was tested against the C. tropicalis strain. Based on

these results, the leaves of this plant species can be substituted for the roots.
5.3.3 Plant species studied in combination

The overall results of plant species combinations (Tables 5.4 — 5.6) did not differ much
to the single plant species in this study across all the Candidal strains tested.
Throughout the screening, the strains showed more resistance to the agueous extract
compared to organic extracts. All the plant species combinations tested in this study
were screened for the first time against these Candidal strains, hence, no previous

data was found for comparison.
5.3.3.1 Candida albicans

For the majority of the aqueous combinations tested in this study, MIC values were
not determined, and the extracts/ combinations were only tested at a highest
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concentration of 8.00 mg/ml. There were only two combinations that demonstrated
any inhibition at the concentrations tested against the C. albicans strain, and these
combinations were AC16 with MIC of 6.00 mg/ml and AC15 at 8.00 mg/ml (Table 5.4).
In both of these combinations, the plant extracts showed no activity when tested
independently. These two combinations could have slightly increased the
effectiveness of these plant extracts, but not enough to result in an effective

concentration. Those combinations also resulted in a poor activity against C. albicans.

With the majority of the aqueous extracts not showing anti-Candidal activity at the
highest concentration tested independently and in combinations, MIC values were
reported as >8 mg/ml. As a result, the 2FIC values for these combinations could not
be calculated. For the purpose of this study, these were recorded as “not determined”
(ND) in Table 5.4. Without the ZFIC to assess the class of interaction of the extracts
involved in combinations, the interactions were estimated based on the MICs obtained
with the extracts tested independently, compared to the MIC of the combination. It was
observed that 13 of the combinations indicated an indifferent interaction. Therefore,
neither the individual aqueous extracts nor the combinations had promising activity
against C. albicans. The AC13 combination was the only combination that showed an
antagonistic interaction for anti-Candidal activity against C. albicans. There were two
agqueous combinations that demonstrated an additive interaction and those were AC15
and AC16.

As opposed to the aqueous combinations, all organic plant combinations had
measurable MICs against C. albicans. Nine of these combinations had an MIC value
of 1.00 mg/ml, whereas the other seven demonstrated an inhibition at lower
concentrations (Table 5.5). In comparison with the aqueous extracts, the organic
extracts showed better activity against C. albicans. The best results in this study was
found at 0.30 mg/ml, which indicated moderate activity for the OC1 combination. Other
moderate activities were observed at the MIC value of 0.50 mg/ml against the OC8
and OC5 combinations. All these extracts individually had MIC values between 1.00
mg/ml and 4.00 mg/ml, yet in combination these plant extracts demonstrated
noteworthy activity. None of the organic extract combinations have been previously
tested against C. albicans. However, some plant species (T. dregeana,
S. serratuloides, H. hemerocallidea, K. africana, S. birrea, T. elegans, R. multifidus
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Table 5.4 anti-Candidal activity of agueous-combination extracts against C. albicans and the interactions among the extracts

Combinations Codes MIC of agueous 2FIC Interactions
[MIC values in mg/ml for plant species investigated combination (mg/ml) among the
independently] extracts*
B. cathartica (root) [ >8.00] + C. neglecta (root) [>8.00] +
C. monteiroi (root) [>8.00] + G. occidentalis (root) [8.00] + _
. o AC1 >8.00+0.00 ND Indifferent
O. natalitia (root) [>8.00] + R. digitata (root) [>8.00] +
G. livingstonei (root) [1.00]
E. tirucalli (stem) [>8.00] + O. engleri (bark) [>8.00] + S. puniceus .
_ AC2 >8.00+0.00 ND Indifferent
(bulb) [>8.00] + S. serratuloides (whole plant) [2.00]
B. cathartica (root) [>8.00] + E. humeana (root) [>8.00] +
O. natalitia (root) [>8.00] + T. elegans (root) [0.75] + S. nebulosa AC3 >8.00+0.00 ND Indifferent
(bark) [>8.00]
A. villicaulis (root) [>8.00] + B. cathartica (root) [>8.00] + _
AC4 >8.00+0.00 ND Indifferent
S. nebulosa (bark) [>8.00]
B. cathartica (root) [>8.00] + P. africanum (root) [>8.00] +
AC5 >8.00+0.00 ND Indifferent

R. digitata (root) [>8.00]
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Combinations Codes MIC of agueous 2FIC Interactions
[MIC values in mg/ml for plant species investigated combination (mg/mi) among the
independently] extracts*
B. cathartica (root) [>8.00] + H. coriacea (stem) [>8.00] + .
_ AC6 >8.00+0.00 ND Indifferent
O. engleri (bark) [>8.00]
R. multifidus (whole plant) [>8.00] + S. serratuloides (whole plant) _
AC7 >8.00+0.00 ND Indifferent
[2.00]
B. cathartica (root) [>8.00] + O. stricta (stem) [>8.00] + .
AC8 >8.00£0.00 ND Indifferent
S. nebulosa (bark) [>8.00]
R. multifidus (whole plant) [>8.00] + H. hemerocallidea (corm) _
AC9 >8.00+0.00 ND Indifferent
[1.50]
K. africana (bark) [2.00] + C. filiformis (whole plant) [>8.00] AC10 >8.00+0.00 ND Indifferent
E. humeana (root) [>8.00] + O. natalitia (root) [>8.00] AC11 >8.00+0.00 ND Indifferent
B. cathartica (root) [>8.00] + E. humeana (root) [>8.00] AC12 >8.00+0.00 ND Indifferent
G. senegalensis (root) [8.00] + H. hemerocallidea (corm) [1.50] AC13 >8.00+0.00 ND Antagonistic
K. africana (bark) [2.00] + S. nebulosa (bark) [>8.00] AC14 >8.00+0.00 ND Indifferent
B. cathartica (root) [>8.00] + O. natalitia (root) [>8.00] AC15 8.00+0.00 ND Additive
S. birrea (bark) [>8.00] + T. dregeana (bark) [>8.00] AC16 6.00+2.00 ND Additive
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Combinations Codes

[MIC values in mg/ml for plant species investigated
independently]

MIC of agueous 2FIC

combination (mg/ml)

Interactions
among the
extracts*

Nystatin (positive control) 0.001+0.00
Culture control >8.00+0.00
>8.00+0.00

Negative control

* — Estimated interaction, ND - Not determined
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Table 5.5 The anti-Candidal activity of organic-combination extracts against C. albicans and the interactions among the extracts

. engleri (bark) [6.00]

Combinations Codes MIC of Methanol- 2FIC Interaction
[MIC values in mg/ml for plant species investigated dichloromethane among the
independently] combination (mg/ml) extracts
B. cathartica (root) [ 2.00] + C. neglecta (root) [2.00] +
C. monteiroi (root) [3.00] + G. occidentalis (root) 4.00] +
N .
0. natalitia (root) [1.00] + R. digitata (root) [1.00] + ocl 0.310.19 147 Indifferent
G. livingstonei (root) [1.00]
E. tirucalli (stem) [1.00] + O. engleri (bark) [6.00] +
S. puniceus (bulb) [1.00] + S. serratuloides (whole plant) 0oC2 0.75%0.25 1.88 Indifferent
[3.00]
B. cathartica (root) [2.00] + E. humeana (root) [>8.00] +
O. natalitia (root) [1.00] + T. elegans (root) [2] + OC3 1.00+0.00 ND Indifferent*
S. nebulosa (bark) [2.00]
A. villicaulis (root) [1.00] + B. cathartica (root) [2.00] + _
OC4 1.00£0.00 2.00 Indifferent
S. nebulosa(bark) [2.00]
B. cathartica (root) [2.00] + P. africanum (root) [0.38] +
o OC5 0.50+0.00 2.07 Indifferent
R. digitata (root) [1.00]
B. cathartica (root) [2.00] + H. coriacea (stem) [>8.00] + .
o OC6 1.00+0.00 ND Additive
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Combinations Codes MIC of Methanol- 2FIC Interaction
[MIC values in mg/ml for plant species investigated dichloromethane among the
independently] combination (mg/ml) extracts
R. multifidus (whole plant) [4.00] + S. serratuloides (whole ocT 0.7540.25 0.44 s i
.7520. : nergistic
plant) [3.00] ynery
B. cathartica (root) [2.00] + O. stricta (stem) [0.50] + ocs 0.5040.00 150 indiff .
.50=0. : ndifferen
S. nebulosa (bark) [2.00]
R. multifidus (whole plant) [4.00] + H. hemerocallidea 0c9 1.0040.00 0.44 s -
.000. : nergistic
(corm) [5.33] ynerg
K. africana (bark) [1.00] + C. filiformis (whole plant) [2.00] 0C10 1.00+0.00 1.50 Indifferent
E. humeana (root) [>8.00]+ O. natalitia (root) [0.50] oc11 0.75+0.25 ND Indifferent*
B. cathartica (root) [2.00] + E. humeana (root) [>8.00] 0OC12 1.00+0.00 ND Additive*
G. senegalensis (root) [2.00] + H. hemerocallidea (corm) 0C13 1.0040.00 0.69 Addit
.000. : itive
[5.33]
K. africana (bark) [1.00] + S. nebulosa (bark) [2.00] 0C14 1.00+0.00 1.50 Indifferent
B. cathartica (root) [2.00] + O. natalitia (root) [1.00] oc15 1.00+0.00 1.50 Indifferent
S. birrea (bark) [0.38] + T. dregeana (bark) [1.00] 0C16 0.75+0.25 279 Indifferent
Nystatin 0.001+0.00
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Combinations Codes MIC of Methanol- 2FIC Interaction
[MIC values in mg/ml for plant species investigated dichloromethane among the
independently] combination (mg/ml) extracts
Culture control >8.00+0.00
Negative control >8.00+0.00

Bold- Moderate activity, * — Estimated interaction, ND - Not determined
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and O. engleri) in these combinations have been previously tested in combinations
with different plant species where no noteworthy activity was reported (Naidoo et al.,
2013).

When the ZFIC was calculated for the 16 combinations assessed in this study, various
interactions were observed, with two combinations having synergistic interactions
These combinations were OC7 and OC9, both with the 2FIC of 0.44. There were three
combinations that demonstrated an additive interaction. Those combinations were
0OC12, OC13 and OC6. None of the organic extract combinations demonstrated an
antagonistic interaction against C. albicans. These results indicate the importance of
combination therapy. Singularly, the plant extracts may not be effective, but combining

with the other plant extracts could activate and enhance the activity of the combination.

5.3.3.2 Candida tropicalis

The majority (12) of the agueous combinations did not demonstrate any noteworthy
activity against C. tropicalis. Only four combinations demonstrated anti-Candidal
activity (Table 5.6). Twelve others showed no activity against C. tropicalis at the
highest concentration of 8.00 mg/ml in this study. The lowest MIC obtained against
C. tropicalis was 4.00 mg/ml, which was obtained in two combinations, namely, the
AC15 and AC13. However, the aqueous extracts are usually expected to have a poor
anti-Candidal activity when compared to the organic extracts as water can only extract
the polar compounds, compared to the organic solvents which can extract both polar
and non-polar compounds. The attempt to calculate the ZFIC was not successful for
most of the aqueous combinations against C. tropicalis. Most of the independent
extracts and combinations did not present with an absolute MIC value at the highest
level of concentration tested in this study (8.00 mg/ml). As the 2FIC can only be
calculated on absolute values, no quantitative value could be assigned to the

interaction. Hence the interaction was estimated.

There was one combination in which the MIC values were determined while testing
both the independent extracts as well as a combination, and that combination was
AC13. This combination indicated an indifferent interaction when compared to the
activity of the independent extracts with an MIC value of 4.00 mg/ml. All other

combinations were compared in relation to the independent extracts and they were

113



mostly found to be indifferent (that was 15 combinations). There was one combination
(AC14) that had an antagonistic interaction. No data was found in the literature for any
plant. Synergism was observed in four organic combinations (Table 5.7), which were
OC7, 0OC9, OC13 and OC16 in this study against C. tropicalis. The two organic
combinations (OC7 and OC16) demonstrated both synergism as well as moderate
activity. These combinations also demonstrated a synergistic interaction when
compared to their respective extracts that were tested independently. However,
organic extracts demonstrated an overall better result when compared to the aqueous

extracts.

5.3.3.3 Candida glabrata

Candida glabrata strain also demonstrated resistance to most aqueous plant
combinations. Only six out of the 16 plant combinations tested had some activity
(Table 5.8). Five of these combinations had an MIC value of 8.00 mg/ml with only one
combination (AC9) which showed a lower MIC value of 4.00 mg/ml. The ZFIC of all
agueous combinations against C. glabrata could not be calculated as either the
combination or an independent extract did not have a quantitative value assigned.
Hence, all 2FICs were recorded as “not determined” (ND) and for the interest of this
study, all interactions were estimated. The estimated interactions indicated that the
majority (12) of the combinations were indifferent with three showing non-interactive
results. The only aqueous combination that demonstrated positive interaction was AC9
with an additive interaction. It is important to note that no adverse reaction (no

antagonism) was observed.

The overall results of the organic combinations (Table 5.9) demonstrated better activity
when compared to the aqueous extracts as expected. All combinations had an anti-
Candidal activity against C. glabrata. However, it was noted that these combinations
were active at slightly higher concentrations when compared to the active
concentrations found against the other two strains (C. albicans and C. tropicalis) tested
in this study. The highest active concentration obtained against C. glabrata was
3.00 mg/ml from the OC6 combination. The lowest MIC obtained was 0.75 mg/ml from
the OC12 combination. The overall high MIC values of these combinations could be
because this strain is resistant to many anti-Candidal drugs (Musa et al., 2018). The

2FIC values also did not show any remarkable improvements in plant combinations
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Table 5.6 The anti-Candidal activity of the agueous-combination extracts against C. tropicalis and interactions among the extracts

Combinations

MIC of agueous

Interactions

O. engleri (bark) [>8x0]

[MIC values in mg/ml for plant species investigated Codes combination (mg/ml) ZFIC among the
independently] extracts’
B. cathartica (root) [1.50] + C. neglecta (root) [>8+0] +
C. monteiroi (root) [>8+0] + G. occidentalis (root) [>8+0] + .
N o AC1 >8.00+0.00 ND Indifferent
O. natalitia (root) [>8+0] + R. digitata (root) [>8+0] +
G. livingstonei (root) [0.75]
E. tirucalli (stem) [6.00] + O. engleri (bark) [>8+0] +
S. puniceus (bulb) [>8+0] + S. serratuloides (whole plant) AC2 >8.00+0.00 ND Indifferent
[7.00]
B. cathartica (root) [1.50] + E. humeana (root) [>8%0] +
O. natalitia (root) [>8+0] + T. elegans (root) [4.00] + AC3 >8.00+0.00 ND Indiffereni
S. nebulosa (bark) [0.75]
A. villicaulis (root) [>8+0] + B. cathartica (root) [1.50] + _
AC4 >8.00£0.00 ND Indifferent
S. nebulosa(bark) [0.75]
B. cathartica (root) [1.50] + P. africanum (root) [2.00] +
R. digitata (root) [>80] AC5 >8.00£0.00 ND Indifferent
B. cathartica (root) [1.50] + H. coriacea (stem) [8+0] +
ACG6 >8.00+0.00 ND Indifferent
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Combinations Interactions
MIC of agueous
. . . Codes o 2FIC among the
[MIC values in mg/ml for plant species investigated combination (mg/ml)
independently] extracts”
R. multifidus (whole plant) [>8+0] + S. serratuloides (whole )
AC7 >8.00£0.00 ND Indifferent
plant) [7.00]
B. cathartica (root) [1.50] + O. stricta (stem) [>8+0] + _
ACS8 8.00+0.00 ND Indifferent
S. nebulosa (bark) [0.75]
R. multifidus (whole plant) [>8+0] + _
_ AC9 >8.00£0.00 ND Indifferent
H. hemerocallidea (corm) [1.50]
K. africana (bark) [3.00] + C. filiformis (whole plant) [>8+0] AC10 >8.00+0.00 ND Indifferent
E. humeana (root) [>8+0] + O. natalitia (root) [>8+0] AC11 >8.00£0.00 ND Indifferent
B. cathartica (root) [1.50] + E. humeana (root) [>8£0] AC12 >8.00+0.00 ND Indifferent
G. senegalensis (root) [3.00] + H. hemerocallidea (corm) _
AC13 4.00+0.00 4.00 Indifferent
[1.50]
K. africana (bark) [3.00] + S. nebulosa (bark) [0.75] AC14 >8.00+0.00 ND Antagonistic
B. cathartica (root) [1.50] + O. natalitia (root) [>8+0] AC15 4.00+0.00 ND Indifferent
S. birrea (bark) [4.00] + T. dregeana (bark) [>8+0] AC16 6.00+2.00 ND Indifferent
Nystatin 0.003+0.00
Culture control >8.00+0.00
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Combinations Interactions
MIC of agueous
. . . Codes o 2FIC among the
[MIC values in mg/ml for plant species investigated combination (mg/ml)
independently] extracts”
Negative control Codes >8.00+0.00

* — Estimated interaction, ND - Not determined
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Table 5.7 The anti-Candidal activity of the organic-combination extracts against C. tropicalis and interactions among the extracts

O. engleri (bark) [>8.00]

Combinations Codes MIC of methanol- 2FIC Interactions
[MIC values in mg/ml for plant species investigated dichloromethane among the
independently] combination (mg/ml) extracts
B. cathartica (root) [4.00] + C. neglecta (root) [0.13] +
C. monteiroi (root) [2.00] + G. occidentalis (root) [8.00] + o
- o OC1 1.00+0.00 11.75 Antagonistic
O. natalitia (root) [2.00] + R. digitata (root) [2.00] +
G. livingstonei (root) [0.50]
E. tirucalli (stem) [0.50] + O. engleri (bark) [>8.00] +
S. puniceus (bulb) [>8.00] +S. serratuloides (whole plant) 0oC2 0.75%0.00 ND Indifferent*
[4.00]
B. cathartica (root) [4.00] + E. humeana (root) [1.50] +
O. natalitia (root) [2.00] + T. elegans (root) [4.00] + OC3 2.00£0.00 4.33 Antagonistic
S. nebulosa (bark) [2.00]
A. villicaulis (root) [>8.00] + B. cathartica (root) [4.00] + .
OC4 1.00+0.00 ND Additive
S. nebulosa(bark) [2.00]
B. cathartica (root) [4.00] + P. africanum (root) [1.00] +
R. digitata (root) [2.00] OC5 1.00+0.00 1.75 Indifferent
B. cathartica (root) [4.00] + H. coriacea (stem) [2.00] +
OC6 2.00+0.00 ND Indifferent”
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Combinations Codes MIC of methanol- 2FIC Interactions
[MIC values in mg/ml for plant species investigated dichloromethane among the
independently] combination (mg/ml) extracts
R. multifidus (whole plant) [4.00] + S. serratuloides (whole o
OoC7 0.50+0.50 0.25 Synergistic
plant) [4.00]
B. cathartica (root) [4.00] + O. stricta (stem) [>8.00] + .
OC8 1.00£0.00 ND Additive
S. nebulosa (bark) [2.00]
R. multifidus (whole plant) [4.00] + H. hemerocallidea (corm) o
0OC9 1.00+0.00 0.50 Synergistic
[4.00]
K. africana (bark) [2.00] + C. filiformis (whole plant) [0.25] 0C10 1.00+0.00 450 Antagonistic
E. humeana (root) [1.50] + O. natalitia (root) [2.00] oC11 1.00+0.00 1.17 Indifferent
B. cathartica (root) [4.00] + E. humeana (root) [1.50] 0C12 0.75+0.25 0.69 Additive
G. senegalensis (root) [>8.00] + H. hemerocallidea (corm) o
OC13 1.00+0.00 ND Synergistic
[4.00]
K. africana (bark) [2.00] + S. nebulosa (bark) [2.00] oc14 0.75+0.00 0.75 Additive
B. cathartica (root) [4.00] + O. natalitia (root) [2.00] 0C15 1.00+0.00 0.75 Additive
S. birrea (bark) [>8.00] + T. dregeana (bark) [>8.00] 0C16 0.50+0.00 ND Synergistic*
Nystatin 0.003+0.00
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Combinations Codes MIC of methanol- 2FIC Interactions
[MIC values in mg/ml for plant species investigated dichloromethane among the
independently] combination (mg/ml) extracts
Culture control >8.00+0.00
Negative control >8.00+0.00

Bold- Moderate activity, * — Estimated interaction, ND - Not determine
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Table 5.8 The anti-Candidal activity of the agueous-combination extracts against C. glabrata and interactions among the extracts

Combinations Codes MIC of agueous 2FIC | Interactions among
[MIC values in mg/ml for plant species investigated combination (mg/ml) the extracts
independently]
B. cathartica (root) [8.00] +C. neglecta (root) [>8+0] +
C. monteiroi (root) [>8+0] + G. occidentalis (root) [>8+0] + . .
- o AC1 >8.00+0.00 ND Non-interactive
O. natalitia (root) [>8+0] + R. digitata (root) [>8+0] +
G. livingstonei (root) [4.00]
E. tirucalli (stem) [>8x0] + O. engleri (bark) [>8+0] +
S. puniceus (bulb) [>8+0] + S. serratuloides (whole plant) AC2 >8.00+0.00 ND Non-interactive *
[>8+0]
B. cathartica (root) [8.00] + E. humeana (root) [>8%0] +
O. natalitia (root) [>8+0] + T. elegans (root) [>8+0] + AC3 >8.00+0.00 ND Non-interactive *
S. nebulosa (bark) [>8+0]
A. villicaulis (root) [>8+0] + B. cathartica (root) [8.00] + _
AC4 8.00+0.00 ND Indifferent”
S. nebulosa (bark) [>8+0]
B. cathartica (root) [8.00] + P. africanum (root) [>8+0] +
R. digitata (root) [>80] AC5 8.00+0.00 ND Indifferent
B. cathartica (root) [8.00] + H. coriacea (stem) [>8+0] +
0. engleri (bark) [>80] ACG6 8.00+0.00 ND Indifferent
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Combinations Codes MIC of agueous 2FIC | Interactions among
[MIC values in mg/ml for plant species investigated combination (mg/mi) the extracts
independently]

R. multifidus (whole plant) [>8+0] + S. serratuloides (whole . .
AC7 >8.00+0.00 ND Indifferent

plant) [>8+0]

B. cathartica (root) [8.00] + O. stricta (stem) [>8+0] + _ .
ACS8 8.00+0.00 ND Indifferent

S. nebulosa (bark) [>8+0]

R. multifidus (whole plant) [>8+0] + .

_ AC9 4.00£0.00 ND Additive

H. hemerocallidea (corm) [8.00]

K. africana (bark) [>8+0] + C. filiformis (whole plant) [>8+0] AC10 >8.00+0.00 ND Indifferent”

E. humeana (root) [>8+0] + O. natalitia (root) [>8+0] AC11 >8.00+0.00 ND Indifferent’

B. cathartica (root) [8.00] + E. humeana (root) [>8+0] AC12 >8.00+0.00 ND Indifferent*

G. senegalensis (root) [>8+0] + H. hemerocallidea (corm) _ .
AC13 >8.00+0.00 ND Indifferent

[8.00]

K. africana (bark) [>8+0] + S. nebulosa (bark) [>8+0] AC14 >8.00+0.00 ND Indifferent*

B. cathartica (root) [8.00] + O. natalitia (root) [>8+0] AC15 >8.00+0.00 ND Indifferent*

S. birrea (bark) [>8+0] + T. dregeana (bark) [>8+0] AC16 8.00+0.00 ND Indifferent*

Nystatin 0.01+0.00

Culture control >8.00£0.00
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Combinations Codes MIC of agueous 2FIC | Interactions among
[MIC values in mg/ml for plant species investigated combination (mg/mi) the extracts
independently]
Negative control >8.00+0.00

Bold- Moderate activity, * — Estimated interaction, ND - Not determine
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Table 5.9. The anti-Candidal activity of the organic-combination extracts against C. glabrata

O. engleri (bark) [1.00]

Combinations Codes MIC of methanol- 2FIC | Interactions
. o _ dichloromethane combination among the
[MIC values in mg/ml for plant species investigated
independently] (mg/ml) extracts
B. cathartica (root) [1.00] + C. neglecta (root) [2.00] +
C. monteiroi (root) [2.00] +G. occidentalis (root) [2.00] + o
- o OC1 1.00+0.00 4.50 Antagonistic
O. natalitia (root) [1.00] + R. digitata (root) [2.00] +
G. livingstonei (root) [2.00]
E. tirucalli (stem) [2.00] + O. engleri (bark) [1.00] +
S. puniceus (bulb) [2.00] + S. serratuloides (whole plant) 0oC2 2.00%0.00 6.00 Antagonistic
[1.00]
B. cathartica (root) [1.00] + E. humeana (root) [2.00] +
O. natalitia (root) [1.00] + T. elegans (root) [1.00] + OC3 1.00+0.00 4.50 Antagonistic
S. nebulosa (bark) [1.00]
A. villicaulis (root) [4.00] + B. cathartica (root) [1.00] + o
OC4 2.00+0.00 4.50 Antagonistic
S. nebulosa (bark) [1.00]
B. cathartica (root) [1.00] + P. africanum (root) [1.00] + _
o OC5 1.00£0.00 2.50 Indifferent
R. digitata (root) [2.00]
B. cathartica (root) [1.00] + H. coriacea (stem) [2.00] +
oC 3.00+£1.00 7.50

Antagonistic
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Combinations Codes MIC of methanol- 2FIC | Interactions
_ o _ dichloromethane combination among the
[MIC values in mg/ml for plant species investigated
R. multifidus (whole plant) [1.00] + S. serratuloides (whole )
OC7 1.00+0.00 2.00 Indifferent
plant) [1.00]
B. cathartica (root) [1.00] + O. stricta (stem) [>8.00] + Non-
OC8 2.00+0.00 ND _ .
S. nebulosa (bark) [1.00] interactive
R. multifidus (whole plant) [1.00] + H. hemerocallidea _
0C9 1.50+0.50 2.25 Indifferent
(corm) [2.00]
K. africana (bark) [2.00] + C. filiformis (whole plant) [1.00] 0OC10 1.50+0.50 2.25 Indifferent
E. humeana (root) [2.00] + O. natalitia (root) [1.00] OC11 2.00+0.00 4.00 Indifferent
B. cathartica (root) [1.00] + E. humeana (root) [2.00] 0C12 0.75%0.25 1.13 Indifferent
G. senegalensis (root) [2.00] + H. hemerocallidea (corm) N
OC13 1.00£0.00 1.00 Additive
[2.00]
K. africana (bark) [2.00] + S. nebulosa (bark) [1.00] OC14 1.50£0.50 2.25 | Indifferent
B. cathartica (root) [1.00] + O. natalitia (root) [1.00] 0OC15 1.00+0.00 2.00 Indifferent
S. birrea (bark) [1.00] + T. dregeana (bark) [2.00] OC16 1.00£0.00 1.50 Indifferent

Nystatin

0.01+0.00
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Combinations

Codes

MIC of methanol-

2FIC

Interactions

_ o ) dichloromethane combination among the
[MIC values in mg/ml for plant species investigated
Culture control >8.00+0.00
Negative control >8.00+0.00

* — Estimated interaction, ND - Not determined
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when compared to individual extracts. The interactions were mostly indifferent and

antagonistic. Therefore, C. glabrata was the most resilient of all Candidal strains.
5.4 Summary

¢ In this study, 51 independent and 16 different combinations (aqueous and organic
extracts) were tested for anti-Candidal activity against C. albicans, C. tropicalis and
C. glabrata using the broth microdilution (MIC) assay.

e These Candida strains demonstrated a very strong resistance to the extracts.
However, the methanol-dichloromethane extracts demonstrated a stronger activity
when compared to the aqueous extracts.

e Only the organic solvent leaf and root extracts of C. neglecta demonstrated a
noteworthy anti-Candidal activity against C. tropicalis with an MIC value of 0.13
mg/ml.

e The OC7 and OC9 were the two organic extract combinations to show synergistic
interactions against both C. albicans and C. tropicalis. The OC13 combination
demonstrated a positive (additive) interaction across all three Candida strains in
this study.

e The most synergistic combination was OC7 against C. tropicalis.

e The most antagonististic interaction was observed with OC1 against C. tropicalis.
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CHAPTER 6

Conclusion and future recommendations

This current study is a follow up from the study on the ethnobotany survey conducted
in Maputaland (2014) on the medicinal plant species used for gynaecology and
obstetrics ailments. In the survey, the women reported that they use medicinal plants
regularly for problems mostly associated with menstruation, pregnancy, infertility and
many more medical conditions specifically related to women. The women were
confident that these plant species are safe except for one plant species (T. dregeana),
which was known to most women as an abortifacient and in high concentrations it can
induce diarrhoea (De Wet and Ngubane, 2014). In the current study, a set of objectives
(Chapter 1, Section 1.6) were established to evaluate the safety of these plants. To
achieve the first to third objectives of this study, the relevant plant species were
selected from the previous ethnobotanical survey and collected. In addition, the
respective aqueous and methanol-dichloromethane (organic) extracts were prepared.

6.1 Toxicity evaluation of the selected plant species

The forth objective of the study was to assess toxicity of the plant extracts at
1.00 mg/ml by means of the BSLA. The most frequently used plant species according
to De Wet and Ngubane (2014) were toxic when the organic extracts (B. cathartica,
H. hemerocallidea, O. natalitia and T. dregeana) were tested in the BSLA. Two
exceptions were S. serratuloides and R. multifidus. However, most of these frequently
used plant species were non-toxic in the aqueous extracts (preferred traditional used
method) except for T. dregeana bark (100% mortality) and roots (92% mortality), which
was also reported by the lay women as harmful. All plant extracts where toxicity was
found were subjected to further tests at lower concentrations (0.50, 0.25, 0.125, 0.063,
and 0.031 mg/ml). All plant extracts were non-toxic at concentrations below
0.120 mg/ml, except for the organic extracts of H. boraginiflora root, S. integerrimum
root, S. puniceus bulb and T. elegans root, which remained toxic. Crotalaria monteiroi
and G. senegalensis leaf extracts were non-toxic and therefore can be explored for

potential root substitution.

128



6.2 Mutagenicity potential of the selected plant species

The fifth objective of the study was to investigate mutagenicity of the plant extracts
using the Ames assay against Salmonella typhimurium TA98 and TA100 strains at
5.00 mg/ml. Among the 51 plant extracts that were tested, six (A. villicaulis root,
C. natalensis root, E. natalensis leaves, G. occidentalis root, O. natalitia leaves,
S. integerrimum leaves and S. puniceus bulb) were non mutagenic against both
strains. The most frequently reported plant species used for medical conditions related
to women (such as B. cathartica, H. hemerocallidea, O. natalitia, R. multifidus,

S. serratuloides and T. dregeana) were mutagenic in the Ames assay.
6.3 Anti-Candidal assessment of the selected plant species

To accomplish the sixth objective of the study, plant species were assessed for anti-
Candida activity against C. albicans, C. tropicalis and C. glabrata using the
microdilution MIC assay. No anti-Candidal activity was observed with the aqueous
extracts. Six extracts [E. natalensis root (aqueous and organic), O. stricta stem
(organic), P. africanum root (organic), R. digitata leaves (aqueous) and S. birrea stem
(organic)] were moderately active (MIC range between 0.16 and 0.62 mg/ml) against
C. albicans. No plant extract indicated noteworthy activity against C. glabrata. The
organic root and leaf extract of C. neglecta demonstrated a noteworthy activity against
C. tropicalis with the MIC of 0.13 mg/ml.

6.4 Interaction of plant species in combination

The last objective of the study was to assess the interaction among the plant extracts
used in combination and compare it to the efficacy of plant extracts independently.
Sixteen plant combinations were assessed for toxicity and anti-Candidal activity. Three
plant combinations were non-toxic in the BSLA and those were E. tirucalli (root) +
O. engleri (bark) + S. puniceus (bulb) + S. serratuloides (whole plant), B. cathartica
(root) + O. stricta (stem) + S. nebulosa (bark) and B. cathartica (root) + E. humeana
(root). Where toxicity was found, lower concentrations were tested to find the
acceptable toxic concentration (ATC). The results indicated that all plant combinations
were non-toxic at a concentration below 0.42 mg/ml. The 2FIC was calculated and the

aqueous combinations such as E. tirucalli (root) + O. engleri (bark) + S. puniceus (bulb)
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+ S. serratuloides (whole plant) and K. africana (bark) + C. filiformis (whole plant) were

found to be synergistic and non-toxic.

In the anti-Candidal study, none of the aqueous combinations demonstrated
noteworthy activity or synergy against the Candida strains. The organic combinations
that demonstrated anti-Candidal activity (moderate) against C. albicans were OC1,
(0.31 mg/ml MIC), OC5 (0.50 mg/ml MIC) and OC8 (0.50 mg/ml). Against C. tropicalis,
OC7 (0.50 mg/ml MIC) and OC16 (0.50 mg.ml MIC) were moderately active. With the
2FIC calculations, synergistic interactions were observed in combinations OC7 and
OC9 against C. albicans and C. tropicalis. The organic combination of S. birrea (bark)

+ T. dregeana (bark) was synergistic against C. tropicalis.

6.5 The correlation between toxicity, mutagenicity and anti-Candida

activity of individual plant species and combinations

Table 6.1 provides an overview of all the parameters studied and a summary of the
results. In examining this overview, there are 17 aqueous extracts and five organic
extracts that were neither toxic nor mutagenic. However, only A. villicaulis and
G. occidentalis roots were non-toxic and non-mutagenic in both aqueous and organic
extracts. It was also established that concentrations when diluted, were found to be
non-toxic at lower concentrations (between 0.98 and 0.12 mg/ml). Plant species such
as A. villicaulis leaves, A. glabratum whole plant, C. filiformis whole plant, C. neglecta
root, E. tirucalli stem, G. livingstonei root, O. stricta stem, P. africanum root, R. digitata
leaves and S. birrea bark held some promise as they demonstrated anti-Candidal
activity at concentrations that were non-toxic in the BSLA. The leaves that were
evaluated for potential substitution for roots cannot be used as they were toxic and/ or

mutagenic.

In Table 6.2, the organic combinations such as B. cathartica (roots) + C. neglecta
(roots) + C. monteiroi (root) + G. livingstonei (root) + G. occidentalis (root) + O. natalitia
(root) + R. digitata (root) (0.31 mg/ml MIC), B. cathartica (root) + P. africanum (root) +
R. digitata (root) (0.50 mg.ml MIC) and B. cathartica (root) + O. stricta (stem) +
S. nebulosa (bark) (0.50 mg/ml MIC) against C. albicans, and R. multifidus (whole
plant) + S. serratuloides (whole plant) (0.5. mg/ml MIC) and S. birrea (bark) +
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Table 6.1 Summary of BSLA, Ames test and anti-Candidal activity of individual aqueous and methanol-dichloromethane (organic)

plant extracts

Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
Non- Non- o
Root Dys, Lab and 1 Aqueous toxic mutagenic Poor activity
Blc MeOH: Non- Non- o
: . Poor activity
- . DCM toxic mutagenic
Acalypha villicaulis
. Non- .
Aqueous Toxic . Poor activity
Leaves — — mutagenic — -
MeOH: Non- Mutagenic Moderate activity against
DCM toxic 9 C. tropicalis ATCC 750
Non- Non- -
Acanthospermum Whole Cervical pain Aqueous toxic mutagenic Poor activity
glabratum plant P MeOH: Non- Mutagenic Moderate activity against
DCM toxic 9 C. tropicalis ATCC 750
Dys, Inf, Ame, Aqueous Non- Mutagenic Poor activity
. toxic
Roots Men, Oli, Pmb 8 MeOH:
and Blc ' Toxic Mutagenic Poor activity
. . DCM
Bridelia cathartica
. Non- -
Aqueous Toxic . Poor activity
Leaves — — mutagenic — -
MeOH: Toxic Mutagenic Moderate activity against
DCM g C. tropicalis ATCC 750
Non- . o
y _ Whole Induce Aqueous toxic Mutagenic Poor activity
Cassytha filiformis ) 1 :
plant lactation MeOH: . . .
Toxic Mutagenic Poor activity
DCM
Commiphora neglecta Roots 1 Aqueous Nor_l- Non- : Poor activity
toxic mutagenic
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Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
%fPl?r]:bl\gig MeOH: Non- Mutagenic Noteworthy activity against
Bl DCM toxic 9 C. tropicalis ATCC 750
Aqueous Toxic Non- : Poor activity
Leaves — — mutagenic — -
MeOH: Toxic Mutagenic Noteworthy activity against
DCM 9 C. tropicalis ATCC 750
Dys, Inf, Men, Aqueous Toxic Non- . Poor activity
) mutagenic
Roots Oli, Pmb and 1 -
MeOH: . . -
Blc Toxic Mutagenic Poor activity
. o DCM
Crotalaria monteiroi
Non- . o
Agueous toxic Mutagenic Poor activity
reaves B B MeOH: Non- Mutagenic Poor activit
DCM toxic 9 Y
Aqueous Non' Non- . Poor activity
toxic mutagenic
Roots Men 1 -
MeOH: Toxic Non- Poor activit
Cyperus natalensis DCM mutagenic y
Aqueous Toxic Mutagenic Poor activity
Shoot — — MeOH: . . .
DCM Toxic Mutagenic Poor activity
Non- . o
Agueous . Mutagenic Poor activity
toxic
Roots Dys 1 -
MeOH: . Non- -
) ] Toxic . Poor activity
Diospyros villosa DCM mutagenic
Aqueous Toxic Mutagenic Poor activity
Leaves - - MeOH: Non- Non- Poor activit
DCM toxic mutagenic Y
Erythrina humeana Roots 4 Aqueous Toxic Mutagenic Poor activity
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Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
Dys, Inf, Fib, MeOH: Non- . L
Men, Mis DCM toxic Mutagenic Poor activity
AQUEOUS Non- Mutacenic Moderate activity against C. albicans
o0t i L q toxic g ATCC 10231
MeOH: Toxic Non- Moderate activity against C. albicans
. DCM mutagenic ATCC 10231
Euclea natalensis
Aqueous Toxic Non- Poor activity
mutagenic
Leaves — — -
MeQH: Toxic Non- Poor activit
DCM mutagenic y
Aqueous Toxic Mutagenic Poor activity
Euphorbia tirucalli Stem Wrt 1 MeOH: Toxic Mutagenic Moderate activity against
DCM 9 C. tropicalis ATCC 750
Aqueous Non- Non- Poor activity
Roots Dys, Pph 2 toxic mutagenic — .
' MeOH: Non- Mutagenic Moderate activity against
Garcinia livingstonei DCM toxic 9 C. tropicalis ATCC 750
Aqueous Toxic Mutagenic Poor activity
Leaves — — MeOH: Non- Non- Poor activit
DCM toxic mutagenic y
Dys,Inf, Men, Aqueous Non' Non- . Poor activity
: toxic mutagenic
Roots Oli, Pmb and 1 -
. . . Blc MeOH: Non- Non- Poor activity
Grewia occidentalis DCM toxic mutagenic
Aqueous Toxic Mutagenic Poor activity
Leaves — — MeOH: Non- Non- Poor activit
DCM toxic mutagenic y
. Aqueous Nor_l- Mutagenic Poor activity
Gymnosporia toxic
. Roots Col, Inf 3 -
senegalensis MeOH: Non- Mutagenic Poor activit
DCM toxic g y
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Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
Aqueous Non- Non- Poor activity
toxic mutagenic
Leaves — — :
MeOH: Non- Mutagenic Poor activit
DCM toxic g y
. Non- .
Agueous Toxic . Poor activity
mutagenic
Roots Dys, Lab 1 -
MeOH: . . .
_ N DCM Toxic Mutagenic Poor activity
Hermannia boraginiflora
. Non- .
Agueous Toxic . Poor activity
mutagenic
Leaves — — :
MeOH: Toxic Mutagenic Poor activit
DCM 9 y
Aqueous Non- Non- Poor activit
. Dys, Inf, Abp, q toxic mutagenic y
Hyphaene coriacea Stem 7 :
Pph and Lab MeOH: Non- Mutagenic Poor activit
DCM toxic g y
Cervical pain, Aqueous Nor_1- Mutagenic Poor activity
: . toxic
Hypoxis hemerocallidea Corm Inf, Wrt and 6 :
Men MeOH: Toxic Mutagenic Poor activity
DCM
Cervical pain, Aqueous Non' Non- : Poor activity
L : toxic mutagenic
Kigelia Africana Bark Blc, Lac and 3 :
Dys MeOH: Non- Mutagenic Poor activity
DCM toxic
Dys,Inf, Men, Aqueous Non- Non- Poor activity
. toxic mutagenic
Roots Oli, Pmb, Lab 8 MeOH:
Ochna natalitia and Blc DCM ' Toxic Mutagenic Poor activity
. Non- .
Leaves — — Aqueous Toxic . Poor activity
mutagenic
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Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
MeOH: . Non- -
DCM Toxic mutagenic Poor activity
Cervical pain Aqueous Toxic Mutagenic Poor activity
Opuntia stricta Stem and BIF(): 3 MeOH: Non- Mutagenic Moderate activity against C. albicans
DCM toxic g ATCC 10231
Dys, Abp, Inf, Aqueous Toxic Mutagenic Poor activity
Ozoroa engleri Bark Men, Oli, Pmb, 3 MeOH: Toxic Mutacenic Poor activit
Wrt and Blc DCM g d
Aqueous Non- Non- Poor activit
RoOLS Dys, Ame and 3 q toxic mutagenic Y
Blc MeOH: Non- Mutacenic Moderate activity against C. albicans
. DCM toxic g ATCC 10231
Peltophorum africanum
Non- Non- .
Agueous . . Poor activity
toxic mutagenic
Leaves — — :
MeOQH: Toxic Mutagenic Poor activit
DCM 9 y
Non- Non- .
Agueous . . Poor activity
Ranunculus multifidus Whole Wrt and Swi 13 - toxic mutagenic
plant MeOH: Non- Mutagenic Poor activit
DCM toxic g y
Dys,Inf, Men, Aqueous Non' Non- . Poor activity
. toxic mutagenic
Roots Oli, Pmb, and 3 :
MeOH: . . .
Blc DCM Toxic Mutagenic Poor activity
Rhoicissus digitata — - -
Aqueous Toxic Non- ' Moderate activity against C. albicans
mutagenic ATCC 10231
Leaves — — :
MeOQH: Toxic Mutagenic Poor activit
DCM 9 y
Sapium integerrimum Roots Dys 1 Aqueous Non- Non- Poor activity
toxic mutagenic
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Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
MeOH: . . .
DCM Toxic Mutagenic Poor activity
. Non- -
Aqueous Toxic mutagenic Poor activity
Leaves — — -
MeOH: Toxic Non- Poor activit
DCM mutagenic Y
Aqueous Toxic Non- Poor activity
_ mutagenic
Scadoxus puniceus Bulb Blc 1 .
MeOH: Toxic Non- Poor activit
DCM mutagenic y
Aqueous Nor_1— Mutagenic Poor activity
Sclerocarya birrea Bark Abt 1 toxic — . -
MeOH: Toxic Mutagenic Moderate activity against C. albicans
DCM 9 ATCC 10231
Aqueous Non- Non- Poor activit
: Dys, Inf and q toxic mutagenic Y
Searsia nebulosa Bark 3 -
wrt MeOH: Non- Mutagenic Poor activit
DCM toxic g y
Cervical pain, Aqueous Nor_1— Mutagenic Poor activity
: . Whole toxic
Senecio serratuloides Inf, Blc and 9 -
plant Wrt MeQH: Non- Mutagenic Poor activit
DCM toxic 9 y
Aqueous Non- Non- Poor activity
, . toxic mutagenic
Senegalia burkei Bark Blc 1 :
MeQH: Non- Mutagenic Poor activit
DCM toxic 9 y
Aqueous Toxic Mutagenic Poor activity
Tabernaemontana Roots Dys and Inf 1 MeOH: . . .
Toxic Mutagenic Poor activity
elegans DCM
Leaves — — Aqueous Toxic Mutagenic Poor activity
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Plant extracts Plant part Traditional No. of Extract BSLA Ames test Anti-Candida activity
used use reports
MeOH: Non- . .
DCM toxic Mutagenic Poor activity
Aqueous Toxic Non- Poor activit
q mutagenic Y
Roots Abt 8 -
MeOH: Non- Mutagenic Poor activit
DCM toxic 9 Y
Aqueous Nor_1— Mutagenic Poor activity
N toxic
Trichilia dregeana Leaves Lab 1 .
MeOH: Non- Mutagenic Poor activit
DCM toxic 9 Y
Aqueous Toxic Non- Poor activit
q mutagenic y
Bark Inf 1 -
MeOH: Toxic Mutagenic Poor activit
DCM 9 y
Aqueous Toxic mulzl;ne_nic Poor activity
Vangueria infausta Leaves Men and Aph 1 MeOH: 9
DCM ' Toxic Mutagenic Poor activity

Bold — non-toxic and non-mutagenic, MeOH: DCM — Methanol-dichloromethane, Abt — Abortion, Abp — After-birth pains, Ame — Amenorrhoea, , Aph —

Antepartum haemorrhage, Blc — Blood cleansing, Col — Infantile Colic, Dys — Dysmenorrhoea, Fib — Fibriods, Inf — Infertility, Lab — Labour, Lac — Lactation,

Men — Menorrhagia, Mis — Miscarriage, Oli — Oligomenorrhoea, Pmb — Premature birth, , Pph — Postpartum haemorrhage, Swl — Swelling, Wrt — Genital warts
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Table 6.2 Summary of BSLA, Ames test and anti-Candidal activity of aqueous and methanol-dichloromethane (organic) plant

combinations

Plant combination Combination Traditional No. of Extract BSLA Anti-Candidal activity
code use reports

B. cathartica (roots) + C. neglecta (roots) + Aqueous Non-toxic Poor activity
C. monteiroi (root) + G. livingstonei (root) + AC1/OC1 I(?))Ilis,FJrlijairg 1
G. occidentalis (root) + O. natalitia (root) + ' Blc, Moderat fivit inst C. albi
R. digitata (root . . oderate activity against C. albicans

gitata (root) MeOH: DCM Toxic ATCC 10231
E. tirucalli (root) + O. engleri (bark) + Aqueous Non-toxic Poor activity
S. puniceus (bulb)+ S. serratuloides AC2/0C2 Blc 1
(whole plant) MeOH: DCM | Non-toxic Poor activity
B. cathartica (root) + E. humeana (root) + Agqueous Non-toxic Poor activity
O. natalitia (root) + T. elegans (root) + AC3/0C3 Dys and Inf 1
S. nebulosa (bark) MeOH: DCM Toxic Poor activity
A. villicaulis (root) + B. cathartica (root) + Aqueous Non-toxic Poor activity
S. nebulosa (bark) ACa/oC4 Dys and Inf ! MeOH: DCM Toxic Poor activity
B. cathartica (root) + . africanum (root) + AC5/0C5 Dys and Ame 2 Adusous HomEOe Moderate acz\?i%r/ Z;tzli\i/:zt C. albicans
R. digitata (root) MeOH: DCM Toxic ATCC 10231
B. cathartica (root)+ H. coriacea (stem) + AC6/0C6 Dys, Inf, Abp, 6 Aqueous Non-toxic Poor activity
O. engleri (bark) Pph and Lab MeOH: DCM Toxic Poor activity

- Aqueous Toxic Poor activity

R. multifidus (whole plant) + — - —
S. serratuloides (whole plant) AC7/0C7 Wrt 5 MeOH: DCM Toxic Moderate activity against C. tropicalis

ATCC 750
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Plant combination Combination Traditional No. of Extract BSLA Anti-Candidal activity
code use reports
B. cathartica (root) + O. stricta (stem) + Aqueous Non-toxic Poor activity
AC8/0C8 Blc 3 — - .
S. nebulosa (bark) MeOH: DCM Non-toxic Moderate activity against C. albicans
) ATCC 10231
R. multifidus (whole plant) + Aqueous Toxic Poor activity
: AC9/0C9 Wrt 2
H. hemerocallidea (corm) MeOH: DCM Toxic Poor activity
K. africana (bark) + C. filiformis (whole Aqueous Non-toxic Poor activity
AC10/0C10 Abp 1 - —
plant) MeOH: DCM Toxic Poor activity
. Aqueous Non-toxic Poor activity
E. humeana (root) + O. natalitia (root) AC11/0C11 Men 1 MeOH: DCM Toxic Poor activity
: Aqueous Non-toxic Poor activity
B. h +E.h
cathartica (root) umeana (root) AC12/0C12 Men 1 MeOH: DCM Non-toxic Poor activity
G. senegalensis (root) + Aqueous Toxic Poor activity
H. hemerocallidea (corm) ACI13/0C13 Col 3 MeOH: DCM Toxic Poor activity
: Aqueous Non-toxic Poor activity
K. af k) + S. I k
africana (bark) + S. nebulosa (bark) AC14/0C14 Dys ! MeOH: DCM Toxic Poor activity
. " Aqueous Non-toxic Poor activity
B. cathartica (root) + O. natalitia (root) AC15/0C15 Dys and Inf 4 MeOH: DCM Toxic Poor activity
Aqueous Non-toxic Poor activity
S. birrea (bark) + T. dregeana (bark) AC16/0C16 Abt 1 MeOH: DCM Toxic Moderate activity against C. tropicalis

ATCC 750

Bold — non-toxic, MeOH: DCM — Methanol-dichloromethane, Abt — Abortion, Abp — After-birth pains, Ame — Amenorrhoea, Blc — Blood cleansing, Col — Infantile

Colic, Dys — Dysmenorrhoea, Inf — Infertility, Lab — Labour, Men — Menorrhagia, Oli — Oligomenorrhoea, Pmb — Premature birth, Pph — Postpartum haemorrhage,

Wrt — Genital warts
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T. dregeana (bark) against C. tropicalis indicated activity at concentrations that were
non-toxic in the BSLA. All plant extracts and combinations that indicated anti-Candidal

activity were mutagenic at 5.00 mg/ml.

6.6 Do the current findings correlate with the traditional reports
about the plant species used for gynaecological and obstetric

conditions?

The plant species evaluated in this study were reported as safe (as used in aqueous
form) by the lay people in Maputaland, except for T. dregeana. In this study, 49% of
these traditionally used plant species (aqueous extracts) were non-toxic and non-
mutagenic and include the popular plant species H. coriacea, O. natalitia and
R. multifidus. However, the other popular plant species such as B. cathartica,
H. hemerocallidea and S. serratuloides were mutagenic, and B. cathartica was also
toxic. Trichilia dregeana was reported as a “poisonous plant” by the lay people and in
this study the roots and bark of this plant species was also identified as toxic and the

leaves were mutagenic.

While the focus is still on the traditionally used form (aqueous) of the extracts, Table
6.3 presents the plant species that demonstrate no toxicity and no mutagenicity
alongside the ailments they are used for. These plant species can be used as
alternatives for the toxic plant species in treating the same ailment e.g. replacing
O. stricta stem with O. natalitia root for blood cleansing. One also needs to consider
that the lower concentrations (below 0.25 mg/ml) demonstrated non-toxicity and lower

doses of plant material should also be recommended for use.

The plant species combinations that demonstrated no toxicity are presented in Table
6.4 alongside the ailments they are used for. Two (AC7 and AC9) of the three toxic
combinations were only used topically for warts. The third combination (AC13) was
used during pregnancy to prevent infantile colic when the baby is born. However, at
concentrations below 0.59 mg/ml all combinations were non-toxic. The most popular
combination [B. cathartica (root) + P. africanum (root) + R. digitata (root)] for various

women gynaecological conditions was non-toxic in the BSLA. However, another
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popular combination (R. multifidus (whole plant) + S. serratuloides (whole plant) used

for genital warts was toxic.

It is important to note that none of the plant species in this study was reported by the
lay people to treat vaginal thrush. However, these plant species were explored for
possible anti-Candidal activity as Candida being the most common cause of yeast
infection in women. Furthermore, vaginal thrush often presents with symptoms
indistinguishable from other gynaecological complaints. The study thus sought to
include this component to determine if the plant species indeed did have some anti-
Candidal activity. It was determined that the traditionally used form (aqueous form) of
all these plant species including the plant species combinations had poor activity

against Candida strains tested (C. albicans, C. tropicalis and C. glabrata).

Table 6.3 Traditionally used plant species (aqueous extract) that indicated no toxicity
and no mutagenicity when tested in both the BSLA and Ames assays. The ailments

they are used for are also listed.

Non-toxic and non-mutagenic plant species

Ailment

(aqueous extracts)
After-birth pain H. coriacea
Amenorrhoea P. africanum

A. villicaulis, C. neglecta, G. occidentalis, O. natalitia, P.

Blood-cleansing africanum, R. digitata and S, burkei

Cervical pain A. glabratum

A. villicaulis, C. neglecta, C. monteiroi, G. livingstonei, G.
Dysmenorrhoea occidentalis, H. coriacea, K. africana, O. natalitia, P. africanum,
S. integerrimum and S. nebulosa

Infertility C. neglecta, H. coriacea, R. digitata and S. nebulosa
Labour A. villicaulis, H. coriacea and O. natalitia
Lactation K. Africana

C. neglecta, C. natalensis, G. occidentalis, O. natalitia and R.

Menorrhagia digitata

Oligomenorrhoea | C. neglecta, G. occidentalis, O. natalitia and R. digitata

Postpartum H. coriacea
haemorrhage
Eirrfr\:ent premature C. neglecta, G. occidentalis, O. natalitia and R. digitata
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Non-toxic and non-mutagenic plant species

Ailment
(aqueous extracts)

Swelling of limbs R. multifidus

Warts R. multifidus, S. nebulosa and S. serratuloides

Table 6.4 Traditionally used plant species combinations (agueous extracts) that

indicated no toxicity in the BSLA and the ailments they are traditionally used to treat

Ailment Non-toxic plant species combinations
(aqueous extracts)

Abortion AC16

After-birth pain AC6 or AC10

Amenorrhoea AC5

Blood-cleansing AC1, AC2 and ACS8

Dysmenorrhoea AC1, AC3, AC4, AC5, AC6, AC14 and AC15

Infertility AC1, AC3, AC4, AC6 and AC13

Menorrhagia AC1, AC11 and AC12

Oligomenorrhoea AC1

Prevent premature birth AC1

6.7 Final conclusion

This study agrees with the hypotheses that some of the plant species used by women
in northern Maputaland possesses some degree of toxicity, mutageniciry and anti-
Candidal activity. Thereafter, it brought out valuable information on the safety of the
plant species used in this study using two approaches i.e. toxicity and mutagenicity. It
has also managed to screen the plant species that have a potential for further
assessments for Candidal treatment using C. albicans, C. tropicalis and C. glabrata
strains. Although 51% of the traditionally used plant species (aqueous) were toxic and
mutagenic it was demonstrated that at lower concentrations most plant species were
non-toxic. There were plant species in this study that were assessed for the first time
for any toxicity. These included C. natalitia, D. villosa, H. boraginiflora, O. stricta,

S. nebulosa and S. integerrimum. The interaction studies (2FIC) can play an important
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role in the future where the concentration of one extract in a combination can be
increased /decreased to determine whether it can result in a more enhanced efficacy

and reduced toxicity.

As people continue to use medicinal plants in their primary healthcare, it is important
that they practice appropriate preparation methods and to be mindful that high doses
can change a therapeutic concoction into a poisonous infusion. This study highlights
that not all natural products are necessary safe. Even if a plant is determined to be
toxic, it may still be useful (although care would be needed) if its therapeutic
concentration is much lower than the toxic concentration. Conversely, extracts that
appear low toxicity may be of little use if their activity is also correspondingly low.
Alternative and allopathic medicine systems need to work together to infuse the holistic
approach of herbal medicine and the scientific approach of western medicine to make

it safe for consumers.

6.8 Recommendation for future studies

The results in this study are linked to the extraction from water and methanol-
dichloromethane (1:1 ratio) as solvents to extract active plant compounds. It is
recommended that in the future other solvents (such as acetone, chloroform, ethanol
etc.) and different ratios of methanol-dichloromethane be considered to increase the
extraction yield of phytochemicals (Osmic et al., 2019, Truong et al., 2019).

Although the aqueous extracts showed less toxicity, many of the organic extracts
demonstrated toxic and mutagenic effects when tested in the BSLA and Ames assay.
This broached the question of how safe are these medicinal plant species, especially
if it is used over a long period of time, as it was indicated in the study done by De Wet
and Ngubane (2014) that some of these plant species are used regularly. Plant
species such as B. cathartica are used regularly for infertility problems. Some plants
(e.g. O. natalitia) are used monthly for the menstrual cycle or during the entire course
of pregnancy (e.g. S. serratuloides). Therefore, it is recommended that toxicity is
always considered when studying the efficacy of medicinal plants species. Other
toxicological studies such as cytotoxicity, hepatotoxicity, carcinogenicity etc. to cover
a broader and more organ/system specific areas of potential plant toxicity should be
further explored. With mutagenicity, the use of other strains such as S. typhimurium
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TA97 and TA102 is recommended, especially for extracts that were non-mutagenic in
this study. Future studies are recommended on the mutagnicity of plant species
combinstions in this study. Unfortunately, due to the Covid-19 pandemic restrictions,
this couldn’t be done in the current study. According to Maron and Ames, (1983), these
strains may allow for the detection of mutagens that are poorly or not detected by other
strains. Escherichia coli WP2 can also be used as it has a high sensitivity to oxidative
mutagens (Blanco et al., 1998).

The plant species used in this study were reported mostly for menstrual problems such
as dysmenorrhea, irregular menses and other gynaecological conditions including
infertility (De Wet and Ngubane, 2014). In the future, studies such as antispasmodic,
anti-inflammatory (especially for plant species recommended to be taken during the
menstrual period) and hormonal influence of these plant species should be considered
to verify the holistic efficacy. Plant species are also used during pregnancy. Some
phytochemicals can cross the placenta to the foetus, and may also be safe in some
trimester than the other (Bernstein et al., 2020). Therefore, future studies should look
at teratogenicity as well as their likelihood to cause miscarriage and abortion. Also, the
overall therapeutic indexes of these plants and combinations should be determined,

in order to relate the therapy wirh the safety of these plants.

More importantly, the information from scientific studies should be taken back to the
lay people as they are using these plants daily. Unfortunately, at the time of the
submission of this thesis, the valuable feedback given to the local communities was
put on hold as a result of the restrictions that were put in place due to the Covid-19
pandemic. When feasible these results should be shared with the local communities

at schools or community centres.
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APPENDICES

Appendix A: International conference presentation abstract

Traditional herbal remedies used by women in arural community in South Africa

for the treatment of gynaecological and obstetrics complaints

De Wet H', Ngubane SC!
1Department of Botany, University of Zululand, Private Bag X1001, KwaDlangezwa 3886, South Africa.

According to the World Health Organization, there are annually 350 000 maternal
deaths in sub-Saharan Africa, with obstetric haemorrhage the most common cause of
death. Although maternal mortality can be reduced by health-care interventions such
as the provision of family planning, maternity care and access to safe abortion
practice, it is not happening in rural areas. Previous studies in a rural community in
northern Maputaland (South Africa) had indicated the importance of medicinal plants
in their primary health care-system. However, no survey has been done in this region
to document the medicinal plants used to treat various gynaecological and obstetric
problems. The aim of the study was to conduct an ethnobotanical survey, focussing
on lay people’s knowledge on plants used to treat gynaecological and obstetrics
complaints. A total of 70 lay people were purposively interviewed using structured
guestionnaires. Thirtytwo plant species from 21 families were recorded for the
treatment of 19 different gynaecological and obstetric disorders. Sixteen new plant
species were found to be recorded for the first time in literature to treat gynaecological
and obstetric disorders, and twelve new Zulu vernacular names were documented.
The three most treated gynaecological conditions were dysmenorrhoea by 21 plant
species, infertility (14 species) and menorrhagia (10 species), whereas blood
purification (14 species), to ease labour (9 species) and to induce abortion (2 species)
were the most mentioned for obstetric conditions. Bridelia cathartica was the most
cited plant species for treating both gynaecological and obstetric problems. This
wealth of new knowledge gained with the current survey reinforces the importance of

documenting lay people’s indigenous medicinal plant knowledge in rural communities.
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Appendix B: National conference presentation abstract

Ethnobotany and mutagenicity of some medicinal plants used by women in

northern Maputaland to treat gynaecology ans obstetrics compaints

S.C. Ngubane?, H, de Wet?, S.F., van Vuuren?

1Department of Botany, Faculty of Science and Agriculture, University of Zululand, Private Bag 100,

KwaDlangezwa 3886, South Africa.

2Department of Phaarmacy and Pharmacology, Faculty of Health Sciences, University of
Witswatersrand, 7 York Road, Parktown, 2193, South Africa.

Majority of the women in Maputaland still rely on medicinal plants to treat gynaecology
and obstetrics complaints. In most cases these plants are perceived as safe based on
their long-term use with no signs of immediate toxicity. However, some plants may
cause adverse effects such as gene mutation, which is among the highest causes of
cancer. This study explores indigenous knowledge and investigated the potential
mutagenicity of plants used for women problems in Maputaland. The agueous and
methanol-dichloromethane plant extracts were prepared from 51 plant parts sourced
from 35 different plant species. The mutagenicity test was conducted using the Ames
test by exposing the mutant bacteria, Salmonella typhimurium TA98 and TA100 strains
to the extracts. Results from this study indicated that 8% aqueous and 27% organic
extracts were mutagenic against the TA98, while it was 35% aqueous and 69%
organic extracts that were mutagenic against TA100 strain. Cassytha filiformis,
Hypoxis hemerocallidea and Opuntia stricta demonstrated the most mutagenic activity
in both TA98 and TA100 strains. Bridelia cathartica is among the most common
medicinal plants for different gynaecology and pregnancy problems, however, it was
found to be mutagenic. This poses a risk to the martenal mother who may pass on
genetic defects on to the foetus. Such studies are needed warrant caution and dispel

the belief that all medicinal plants are safe.
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northern Maputaland (South Africa) for the treatment of gynaecology
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According to the World Health Organization, there are annually 350,000 maternal deaths in sub-Saharan Africa,
with obstetric haemorrhage the most common cause of death. Although maternal mortality can be reduced by
health-care interventions such as the provision of family planning, maternity care and access to safe abortion
practice, it is not happening in rural areas. Previous studies in a rural community in northern Maputaland had
indicated the importance of medicinal plants in their primary health care-system. However, no survey has
been done in this region to document the medicinal plants used to treat various gynaecological and obstetric
problems. The aim of this study was to conduct an ethnobotanical survey, focussing on lay people's knowledge
on plants used to treat gynaecological and obstetric complaints. A total of 70 lay people (all female) were purpo-
sively interviewed using structured questionnaires. The focus was on plants used for the treatment of
gynaecological and obstetric conditions and information was collected regarding vernacular plant names, plant
parts used, preparation and application methods. Thirty two plant species from 21 families were recorded for
the treatment of 19 different gynaecological and obstetric disorders. When searching the most frequently used
scientific databases (ScienceDirect, Scopus and Pubmed), 16 plant species (Acacia burkei, Acanthospermum
glabratum, Commiphora neglecta, Crotalaria monteiroi var. galpinii, Cyperus natalensis, Doispyros villosa, Erythrina
humeana, Hermannia boraginiflora, Hypoxis cf. longifolia, Opuntia stricta, Ozoroa engleri, Ranunculus multifidus,
Sapium integerrimum, Searsia nebulosa, Senecio deltoi Senecio serratuloides) were found to be recorded for
the first time in literature to treat gynaecological and obstetric disorders, and twelve new Zulu vernacular
names were documented. The three most treated gynaecological conditions were dysmenorrhoea by 21 plant
species, infertility (14 species) and menorrhagia (10 species), whereas blood purification (14 species), to ease la-
bour (9 species) and to induce abortion (2 species) were the most mentioned for obstetric conditions. Bridelia
cathartica was the most cited plant species (18 times) for treating both gynaecological and obstetric problems.
The modes of plant preparations were mostly concoctions which were taken orally. This wealth of new knowl-
edge gained with the current survey reinforces the importance of documenting lay people’s indigenous medicinal
plant knowledge in rural communities. Results also strongly suggest that the availability of plants is not the only
criteria for usage; cultural influence may play a pertinent role in the choice of plant species. Literature indicates
that there is very little research done on assessing the safety and efficacy of botanical remedies taken during
pregnancy and lactation. Pregnant women should therefore be made aware of the risks they take when consuming
herbal remedies.

© 2014 SAAB. Published by Elsevier B.V. All rights reserved.

1. Introduction

South Africa the maternal mortality is 300 deaths per 100,000 live births
as estimated in 2010 by the WHO (2013). Pregnancy and childbirth

In developing countries, pregnancy and childbearing have been
major contributors to death and disability amongst women. Thus a
woman in Africa may face death during pregnancy and the mortality
rate of children during birth is as high as one in 26, compared with
only one death in 7300 births in developed countries (WHO, 2009). In

* Corresponding author at: Department of Botany, University of Zululand, Private Bag
X1001, KwaDlangezwa 3880, South Africa. Tel.: 427 35 9026108.
E-mail address: deweth@unizulu.ac.za (H. de Wet).

http://dx.doi.org/10.1016/j.5ajb.2014.06.009
0254-6299/© 2014 SAAB. Published by Elsevier B.V. All rights reserved.

deaths can be reduced by health-care interventions such as the provi-
sion of family planning and maternity care and access to safe abortion
practices. According to WHO (2009), the poorer and less educated
women and those living in rural areas are far less likely to give birth in
the presence of a skilled health worker than better educated women
who live in wealthier households or urban areas. Reasons for this
include distance and expenses to reach health-care centres, but also
inappropriate sociocultural practices. Another maternal health problem
causing significant proportions of deaths is unsafe abortions. In
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