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Amoebiasis is still a great disease burden in developing countries; this may cause around
100,000 deaths every year worldwide. The appearance of the strains of parasites resistant to
conventional drugs used to treat this disease compels the search for new antiparasitic agents. As
a result, a growing emphasis has been placed on plants used in traditional medicine to discover
new agents with antiparasitic activity. The study determined the antiamoebic activity of Cnestis
ferruginea and Dianthus basuticus found in Nigeria and South Africa. The assays were
performed on cultures of Entamoeba histolytica growing in the logarithmic phase that were
exposed to various concentrations of the ethanol extract of D. basuticus and C. ferruginea
plants. The probit of the cultures were calculated, and the 1Cs, was determined for each extract
for antiamoebic activity. The ethanol extract of both C. ferruginea and D. basuticus
demonstrated a remarkable in-vitro inhibitory activity against E. histolytica trophozoites. The
50% inhibitory concentrations (ICso) of C. ferruginea and D. basuticus on E. histolytica cultures
were 15.07 pg/mL and 12.45 pg/mL, respectively. The results showed that D. basuticus and C.
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ferruginea have inhibitory activity against Entamoeba histolytica.
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Introduction

Gastrointestinal infections are considered a big burden in
public health, impacting people mainly in developing countries.* Even
though worldwide deaths due to diarrhoea have lessened in the last 25
years, this is still a great cause of death. Diarrhoea was reported as the
leading cause of death throughout the world in 2015 among all ages.?
Most of these cases of diarrhoea and correlated deaths occur in sub-
Saharan Africa® The most common agents correlated with
gastrointestinal infections are the bacteria Escherichia coli and
Salmonella typhi, parasites including Giardia duodenalis and
Entamoeba histolytica, and viruses such as rotavirus and adenovirus.*
Amoebiasis due to protozoan parasite E. histolytica is related to
increased morbidity and mortality globally, and it has become a
serious public health problem in developing countries.® It is known
that, worldwide, approximately 50 million people are infected by E.
histolytica and around 100,000 deaths occur yearly due to amoebiasis.
Following malaria, amoebiasis is the second cause of death due to
parasitic diseases.” Traditionally, the drugs used to treat amoebiasis
are 5-nitroimidazoles derivatives, including metronidazole or
tinidazole.® Presently, there are reports that E. histolytica strains have
an increased resistance to metronidazole and 5-nitroimidazoles, posing
a serious problem.® This has resulted in a heightened interest in the
discovery as well as development of new compounds to treat these
diseases.'” A feasible alternative to tackle this problem are medicinal
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plants which are considered important sources for the development of
new chemotherapeutic agents.” In South Africa, one of the plants
used in the management of diabetes and other sugar-related conditions
is Dianthus basuticus. Dianthus basuticus Burtt Davy is known as
Hlokoa-la-tsela and Lesotho Dianthus, in Sesotho and English,
respectively. It is widely distributed in several regions of South Africa
especially the Free State Province and Lesotho.'” Among the Basotho
people, the plant is used as an immune modulator, for flatulence and to
increase the fertility of bulls. It is also widely used in the management
of chest pains and mumps.™ On the other hand, Cnestis ferruginea DC
(Connaraceae), a shrub or a tree growing to approximately 6 m tall, is
widely distributed throughout tropical Africa. The plant is widely used
in traditional medicine in Africa. The scarlet fruit of the plant adds to
its value as an ornamental plant (Burkill). This plant has been used
traditionally to treat conjunctivitis, syphilis, gum pain, wounds,
dysentery, and gonorrhoea. ** ** The fruit is used in Nigeria to treat
gingivitis and Streptococci infections of the mouth. Its root is used as
laxative, and the stem is rubbed on the skin as well as used to treat
throat infections. The plant has been reported to have bioactive
compounds which inhibit bacterial growth.*® According to the several
studies, C. ferruginea is a potent antioxidant, anti-inflammatory,
analgesic, antimicrobial, laxative, anti-convulsant, aphrodisiac,
hypoglycaemic, and hepatoprotective agent,**'’ but an antiprotozoal
activity has not been reported.

The study evaluated the in vitro inhibitory activity of the D. basuticus
and C. ferruginea ethanol extracts and of some of its components
against E. histolytica trophozoites.

Materials and Methods

Chemicals and stock solutions

All chemicals were of analytical grade. DMSO and the standard drug
(Metronidazole) were acquired from Sigma Chemical Co. (St. Louis, MO,
USA). The other chemicals used in this study were bought from J. T.
Baker (Xalostoc, Edo. de Mexico, Mexico). Sterile bovine serum and
peptone, liver, and pancreas extract and serum (PEHPS) medium were
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prepared in our laboratory as described elsewhere.*® Metronidazole (Sigma
Chemical Co.) was dissolved in DMSO to get 500 pg/mL concentration
and was further diluted, adding 500 pL in 10 mL of dimethyl sulfoxide
(DMSO); ultimately this solution was added to media 1:1 v/v to give a
12.5 pg/mL final concentration.

Plant materials

The plant material (whole plant, i.e., aerial parts and the roots) was
collected from multiple populations in the field around Qwaqwa within the
Golden Gate Mountains. Proper identification and authentication as
Dianthus basuticus were carried out at the News Herbarium of the
University of KwaZulu-Natal, Pietermaritzburg Campus by Dr C.J.
Potgieter in January 2012. Then, a herbarium voucher with a reference
number (LamMed/01/2013/Qhb) was already deposited at the UFS-
Qwagwa campus herbarium. Cnestis ferruginea was acquired from
traditional healers in Nigeria, and the proper identification of the plant was
validated at the UFS-Qwaqwa campus herbarium by Dr. AOT Ashafa by
August 2016.

Preparation of crude extract

The ethanol extract was prepared by macerating 100 g of powdered dry
plant material in stoppered flasks that contain 300 ml of absolute ethanol
for 72h at room temperature on Labcon platform shaker (Labcon Supplies,
Durban, South Africa). Following filtration, the solvent was evaporated to
become dry in an IncoTherm incubator (Labotec, Johanessburg, South
Africa) at 37°C to acquire the crude extract. The various extracts were
stored in tightly sealed glass vials. In a 1.5 mL sterile Eppendorf vial, 15
mg of each crude extract was diluted in 250 pL of dimethyl sulfoxide
(DMSO). Each vial that contains an extract was covered with aluminium
foil and stored in 4°C until use.

Extract preparation and dilution

All dilutions were prepared immediately prior to use and remnants were
discarded. Dilutions were realised by pipetting 50 pL of each DMSO
diluted extract and adding 950 pL of sterile water (3mg/mL); from this
dilution 50 pL were placed in microvial culture tubes, adding 950 pL of
PEHPS media * to reach a final concentration of 150 pg/mL, which was
named dilution 1. Serial dilutions to yield 75 pg/mL, 37.5 pg/mL, 18.75
pg/mL, 9.37 pug/ml were realised.

Parasite culture

For the parasite cultures, E. histolytica HM-1: IMSS strain was used in
PEHPS medium, and E histolytica trophozoites were sub-cultured thrice a
week. To determine the sensitivity of the parasites to both extracts and
drugs, trophozoites of E histolytica were exposed to the extracts and drugs
in the logarithmic growth phase. Metronidazole was used as positive
inhibition control. The concentration of metronidazole was adjusted to a
final concentration of 12.5 pg/mL by dissolving them in double distilled
water. The solution was stored at —20°C until use. Before each assay, the
stock solution had to be serially diluted. PEHPS medium was used with
500 pL of stock solution and 500 pL of medium; afterward 500 pL of the
first dilution and 500 pL of the medium from the second dilution were
taken and so on. Negative control was prepared, adding 50 uL of DMSO in
950 pL of sterile water.

Inhibition assays

A culture tube which contained HM1-IMSS growing in logarithmic phase
(after 72 h incubation) was reviewed and observed under an inverted
microscope, checking for contamination and excellent growth condition of
the trophozoites. The culture tubes were cooled in ice for 10 min, and
trophozoite density was determined by assessing a little sample with sterile
Pasteur pipet in a hemocytometer. The trophozoite concentration was
adjusted to 2 x 10 * cells/mL, adding an inoculum from chilled culture
tubes that contain 20,000 trophozoites in borosilicate Bellco brand vials
plus culture media to complete 950 pL volumes. 50 puL of the ready-
prepared dilutions of the extract were transferred, placed in each vial with
the amount of trophozoites adjusted and incubated for 72 h at 36.5°C in
triplicate *°. The first step was the inhibition of growth of each extract with
the use of 150pg/mL dilution, and only the extracts with greater than 65%
of inhibition were chosen. To calculate IC s, all vials were incubated at
36°C for 72 h. Next, the trophozoites were acquired by cooling the vials in
ice for 20 minutes; the number of parasites per mL was calculated with the
aid of a hemocytometer.
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Statistical analysis

The proportion of live and dead cells was calculated by counting 100 cells
directly in a hemocytometer. The percent growth inhibition was carried out
by comparing the survival of the parasites in the treated tubes with respect
to untreated controls. A table was created showing ICs, of each plant.
Then, the concentration that inhibited 50% of the growth of the parasites
was calculated using the probit analysis. These results were showed in
graphic with linear formula calculation. All the experiments were carried
out in triplicates, and 95% confidence intervals were calculated.

Results and Discussion

The results of the preliminary activities that led to the choice of Cnestis
ferruginea and Dianthus basuticus are outlined in Table 1. The ethanol
extract of both plants indicated solubility in the culture medium and
exhibit a considerable inhibition of growth of E. histolytica HM-1: IMSS
trophozoites. The antiprotozoal activity that was tested in the two plant
extracts are shown in Table 1. Cnestis ferruginea have an ICs, against E.
histolytica trophozoites of 15.07pug/mL, whereas Dianthus basuticus have
an ICs of 12.45pg/mL. The two extracts were soluble in the culture media,
ensuring the interaction between the parasite’s trophozoites. The lineal
analysis of probit from each extract is shown in Figures 1 and 2,
respectively. The extracts were considered active since they show an IC s,
< 100 pg/mL. Protozoans including E. histolytica and other protozoans
have been incriminated as serious causes of diarrhoea in Africa and other
parts of the developing world.?*% Amoebiasis, the disease caused by E.
histolytica parasites, is commonly treated with nitroimidazoles, % but
recently various strains of E. histolytica have been reported to be resistant
to imidazoles.?**
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Figure 1: Probit analysis of Cnestis ferruginea extract.
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Figure 2: Probit analysis of Dianthus basuticus extract.
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Furthermore, there is documented evidence of the resistance with
metronidazole treatment of protozoan parasites and other protozoan
pathogens.®?® Several studies in the past have determined the
phytochemical constituents of plants and their cytotoxic, antidiabetic,
antioxidant, antimicrobial, hypoglycaemic and biochemical properties. 3%
Furthermore, various compounds have been isolated from C. ferruginea
including octacosanyl stearate and 1-myristo-2-stearo-3-palmitin * and a
novel isoflavone glycoside, afrormosin-7-O-beta-D- galactoside with
antimicrobial activity isolated from the testa fruit.® Other compounds
including squalene, myricyl alcohol, B-sitosterol, cyanidin, delphinidin and
apigenidin have also been isolated from the plant. * Nonetheless, the
antiprotozoal activity of some of these compounds on E. histolytica has not
been evaluated. The study assessed the antiamoebic activity of C.
ferruginea and D. basuticus and compared the inhibitory concentration
(ICsp) of these extracts with metronidazole. The two plants showed good
activity against E. histolytica trophozoites. The high activity of both plant
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extracts may be due to the presence of any of the previously isolated
compounds. For instance, in a study, Acorus calamus and other medicinal
plants from South Africa displayed high activity against E. histolytica, and
this was due to the presence of phenyl propanoid - asarone. * The activity
of hexane extract from Aristolochia elegans was very active against E.
histolytica and Giardia lamblia with an IC s < 0.624 pg/mL",* and
another similar study reported an antiprotozoal activity of dichloromethane
extract and a pure compound from the roots of Geranium mexicanum on E.
histolytica and G. lamblia trophozoites; the results validated the activity of
the organic fraction and a pure flavonoid to be active against both
protozoans with an 1Cs of 1.9 to 79.2 pg/mL for E. histolytica and 1.6 to
100.4pg/mL for G. lamblia. The confirmed active compound was flavan-
3-ol, () epicatechin. ¥ Comparing the results of both studies with ours, the
ICs, from this study was higher than that of 0.624pg/ml™" but lower than
79.2pg/mL despite the use of various solvents for extraction.

Table 1: The yields and outcomes of antiprotozoal activity from each extract versus E. histolytica trophozoites

I1C s (Mg/mL) (95%

Plant material Soluble in culture Activity Yield Part used . .
confidence intervals)
Cnestis ferruginea Yes Good 0.60g Root 15.07 £2.35 pg/mL
Dianthus basuticus Yes Good 0.07g Leaves 12.45 +2.32 pg/mL

Conclusion

The results show that Dianthus basuticus and Cnestis ferruginea have
inhibitory activity against Entamoeba histolytica.
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