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they are effective, cheap, and less associated with toxicity and resistance.
This study examined the therapeutic potential of Warburgia ugandensis,
Prunus africana, and Piliostigma thonningii against Leishmania donovani
infection in BALB/c mice. Anti-promastigote and toxicity studies were
evaluated by incubating the test compound with promastigotes and Vero
cells, respectively. Serum was obtained from the mice for total immuno-
globulin gamma (IgG) quantification. For in vivo studies, the mice were
infected with virulent Leishmania donovani then treated with methanol-
ic extracts of Warburgia ugandensis, Prunus africana, and Piliostigma
thonningii and control drug, pentostam (sodium stibogluconate). Treatment
with the plant extracts and standard drug resulted to significant reduction in
parasite burden. Outcomes in the mice treated with plant extracts were com-
parable to those treated with pentostam (P>0.05). In the promastigote assay,
all the test compounds killed more than half of the promastigotes at the
highest concentration (500 pug/mL). Warburgia ugandensis, P. thonningii,
and P. africana reduced the number of promastigotes from 2.0 x 10°
to 7.7 x 10°, 72.0 x 10°, and 5.0 x 10°, respectively. Pentostam had the
lowest IC50 (210 pg/mL), followed by Warburgia ugandensis (1C50 of
270 ng/mL). Piliostigma thonningii and P. africana were less toxic with
1C50 of 720 pg/mL and 500 pg/mL, respectively. There was low produc-
tion of IgG antibodies following treatment with the plant extracts and high
levels in the untreated control.
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1. Introduction

Leishmaniasis is a zoonotic disease caused by proto-
zoan parasites of the genus Leishmania and spread by the
bites of infected female sandflies of the genus Phleboto-
mus. More than 90 sand-fly species are proven or probable
vectors worldwide . The primary hosts are vertebrates,
commonly hyraxes, canids, rodents, and humans. Leish-
maniasis occurs in Africa, Asia, Europe, and South and
Central America. In Kenya, leishmaniasis is endemic in
Baringo, Mwingi, Machakos, West Pokot, and Elgeyo
Marakwet . There are 700,000 to 1 million new cases of
leishmaniasis reported annually "', The disease presents
itself in three forms: Cutaneous, Mucocutaneous, and
Visceral leishmaniasis. The cutaneous form that is caused
by L. tropica, L. major, and L. braziliensis presents with
skin ulcers ) while mucocutaneous form presents with
ulcers of the skin, mouth, and nose. Cutaneous leishmani-
asis cases every year are between 600,000 to 1 million .
The visceral form starts with skin ulcers and then later
presents with fever, low red blood cells, enlarged spleen,
and enlarged liver. Visceral leishmaniasis (VL) is fatal
if left untreated and there are between 50,000 to 90,000
new cases of VL reported annually . Current treatment
approach is primarily based on high doses of pentavalent
antimonial compounds, which have been associated with
various draw backs and side effects "*. Treatment is done
over a long period of time (28 days), which ends up being
costly to the patients. Furthermore, antimonial compounds
are toxic in nature, and there is a tendency of the disease
to relapse even after successful chemotherapy regime
with these compounds . Medicinal plants are econom-
ical, safe, with no problems of drug resistance. They are
used by most communities worldwide as the best healing
agents of parasitic diseases . Recent advances in herbal
medicine have listed plants and natural derived products
that have shown some level of antileishmanial activity.
Warburgia ugandensis, commonly known as the East
African green heart is highly used in the African tropics
and subtropics for treatment of malaria, cough, fever, and
constipation, and among the Tugen tribe in Kenya, the
bark is traditionally used to treat visceral leishmaniasis ©*.
Previous studies have also shown good antileishmanial
activities of W, ugandensis against Leishmania major ‘.
Piliostigma thonningii has diverse chemical compounds,
such as flavonoids, tannins, kaurane diterpenes, alkaloids,
carbohydrates, saponins, terpenes, and volatile oils, which
are responsible for its medicinal activities """, Prunus afii-
cana, the African cherry is used to treat asthma and chest
complications """, However, there is limited information

on the efficacy of W. ugandensis, P. thonningii, and P.
africana against Leishmania dovonavi parasites. The ob-
jective of the present study was to evaluate the therapeutic
potential of W. ugandensis, P. africana, and P. thonningii
against L. donovani.

2. Materials and Methods
2.1 Experimental Design

The in vitro and in vivo studies were conducted with
a comparative study design. The efficacy of the plant
extracts against amastigotes was compared with that of
sodium stibogluconate and a negative control. The effi-
cacy against promastigotes and toxicity to Vero cells was
evaluated by comparing the test samples to a control con-
taining promastigotes and media only.

2.2 Ethical Permit

The research was approved by the Ethical review com-
mittee of Kenyatta University, Kenya.

2.3 Collection and Preparation of Plant Materials

Barks of P. thonningii, W. ugandensis, and P. africana
were collected from various villages in Baringo County
with the help of traditional healers and community mem-
bers. Voucher specimens of the plant parts were taken to
the East African Herbarium in Nairobi for identification
and future reference. The barks of the plants were air-
dried for 10 days in a shed and then ground into a powder
using an electric mill. Methanolic extraction was done by
soaking 500 g of the powder in absolute methanol for 72
hours before filtering, followed by solvent recovery under
vacuum in a rotary evaporator, at 30 °C~ 35 °C. The ex-
tracts were packed into airtight storage bottles and stored
under —20 °C.

2.4 Preparation of Leishmania donovani Parasites
for Infection

The L. donovani strain NLB-065 obtained from the
spleen of an infected patient and maintained by intracar-
diac hamster-hamster passage at the Institute of primate
research was used in this study. A hamster splenic aspirate
was cultured in Schneider’s Drosophila insect medium
supplemented with 20% fetal bovine serum and 100 pg/
mL of Gentamicin at 25 °C till stationary phase "' Para-
sites harvested at the stationary phase of culture were cen-
trifuged at 2500 rpm for 15 minutes at 4 °C and washed
three times in sterile phosphate buffered saline (PBS) be-
fore being counted and used for the study "'”'.
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2.5 Cytotoxicity Assays

The toxicity study was done by culturing Vero cells in
complete minimum essential medium (MEM). The Vero
cells were then cultured in duplicate wells in a microtiter
plate at 37 °C in 5% CO, for 24 hours for them to attach
to the wells, after which the medium was aspirated off be-
fore 100 pL of the test compound was added and serially
diluted across the wells "', The highest concentration of
the test compounds was 1000 pg/mL. Further incubation
at 37 °C was done for 48 hours. The controls used were
Vero cells and medium, with no extract. Ten microliters
of 3-(4,5-Dimethylimidazole-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) reagent was added to each well
and the cells were incubated for 3 hours until a purple
precipitate was visible under a microscope. The medium
together with MTT was aspirated, after which 100 pL of
DMSO was added and plates shaken for 5 minutes. The
absorbance was measured for each well at 562 nm using a
microtiter plate reader. Cell viability (%) was calculated at
each concentration using the following formula:

cv =251 v 100.
Az

where, CV is the Cell Viability (%), A, is the average ab-
sorbance in duplicate drug wells, A, is the average absorb-
ance in control wells, and B, is the average blank wells.

2.6 Anti-promastigote Assays

Anti-promastigote assay was done as described by Mut-
iso et al. '”!. Briefly, stationary-phase promastigotes were
counted and suspended in a concentration of 2.0 x 10°
parasites/mL in culture medium. The tests were performed
in 96-well microtiter plates maintained at 26 °C under 5%
CO,. Two hundred microliters of complete Schneider’s
Drosophila medium were put in the wells containing the
maximum concentrations of the compounds and 100 pL
in the next wells (2 to 12) and control; 2 uL of compound
solutions of 20 mg/mL in distilled water was added to
wells number 1 and diluted serially; the concentrations
ranged from 500 pg/mL to 3.9 pg/mL. One hundred mi-
croliters of culture medium containing 2.0 x 10° station-
ary-phase Leishmania donovani parasites were added to
each test well. Tests were performed in triplicates for each
test compound concentration. Parasite observation and
counting were done using a microscope. The untreated
control group contained only media and promastigotes.
The results were expressed as infection rates after 72
hours incubation period. The initial concentration for test-
ing was 500 pg/mL.

2.7 IgG Quantification Assay

Total IgG antibodies were quantified using enzyme
linked immunosorbent assay (ELISA). Polystyrene Mi-
cro-ELISA plates were coated overnight with 100 pL of
Leishmania donovani soluble antigen at a concentration
of 10 pg/mL, diluted in bicarbonate buffer (pH 9.6). After
blocking nonspecific binding sites with 3% bovine serum
albumin (BSA) in PBS/0.05% Tween 20 buffer (washing
buffer) for 1 hour at 37 °C, plate was washed 4 times with
washing buffer before the addition of 100 pL of the serum
samples and incubation for 2 hours at 37 °C. The plate
was washed 4 times as above and horse radish peroxi-
dase-conjugated anti-IgG (Amersham) was added and in-
cubated for 1 hour at 37 °C before addition of Tetrameth-
ylebenzidine (TMB) microwell peroxidase substrate and
further incubation of the plate in the dark for 20 minutes.
Optical densities were read at 630 nm in a micro-plate
reader (Dynatech Laboratories).

2.8 Mice and Parasite Inoculation and Estimation
of Parasite Burden

Inbred BALB/c mice, 6-8 weeks of age of both sexes
were used for this study. The mice were infected intraperi-
toneally with 2 x 10° virulent Leishmania donovani para-
sites and kept for five weeks for establishment of visceral
leishmaniasis. The mice were maintained in the rodent
house throughout the experimental period and provided
with feed and water daily. Infected mice were put into five
groups and treated as follows: Group I, II and III were
treated with plant extracts P. thonningii, W. ugandensis,
and P. africana, respectively at a dose of 20 mg/kg body
weight. Group IV mice were treated with the reference
control drug sodium stibogluconate at a dose of 20 mg/kg
body weight. Treatment with the plant extracts and control
drugs commenced on the 36th day post infection were
done intraperitoneally at a dose of 20 mg/kg body weight
once daily for 18 days. Group V was the negative control,
which was infected but not treated. On the last treatment
day, the mice were sacrificed, and the spleen obtained for
preparation of splenic impression smear for parasite bur-
den quantification by microcopy. The amastigotes were
counted against 1000 splenocytes and expressed as per-
centage parasite count.

2.9 Data Analysis

The data collected on in vivo and in vitro parasite bur-
den and absorbance were analyzed using GraphPad prism
software. In vitro experiments were conducted in tripli-
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cates while in vivo experiments involved 6 mice per treat-
ment group. Differences between groups were analyzed
by one-way ANOVA. A p-value of < 0.05 was considered
statistically significant.

3. Results
3.1 Cytotoxicity Assay

Drug cytotoxicity was measured by the death of Vero
cells after 72 hours of incubation with the test drugs. The
standard drug, Pentostam was the most toxic drug with
a lower IC50 of 210 pg/mL. The concentration of War-
burgia ugandensis required to kill 50% of the Vero cells
was 270 ug/mL, which was lower compared to the other
plant extracts. Piliostigma thonningii and Prunus africana
killed 50% of the cells at a concentration of 720 ng/mL
and 500 pg/mL, respectively (Table 1). There was a
significant difference in cell viability between the wells
containing P. thonningii and Prunus africana when com-
pared to pentostam (P<0.05). Cell viability in the wells
containing W. ugandensis not significantly different from
pentostam (P>0.05).

Table 1. IC50 of the test drugs against promastigotes

Compound IC50 (pg/mL)
P.thonningii 720 pg/mL
Pafricana 500 pg/mL
W. ugandensis 270 pg/mL
Pentostam 210 pg/mL

3.2 Efficacy of W. ugandensis, P. thonningii and P.
africana on L. donovani Promastigotes

There was a decrease in the number of promastigotes
with an increase in the drug concentration. The efficacy
of the plant extracts against promastigotes is indicated in
Figure 1. The parasite count after incubation with 500 pg/
mL of P. africana was 5.0 x 10°, which shows a more than
half decrease from the initial concentration (2.0 x 10°).
Warburgia ugandensis was the second most effective plant
against promastigotes at a high concentration, since it
reduced the number of promastigotes from the initial con-
centration of 2.0 x 10° to 7.7 x 10°. Piliostigma thonningii
was the least effective compared to all the test compounds
because it killed the least number of promastigotes at the
highest concentration. It reduced the parasite number from
2.0 x 10° to 72.0 x 10°. However, at the highest concen-
tration, all the test compounds killed more than half of the
promastigotes. At 500 pg/mL, data analysis indicated a
significant difference between the test compounds and the
untreated control group, which had only the promastigotes
in media (p<0.0001).
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Figure 1. Number of promastigotes in P. thonningii, W.
ugandensis, and Prunus africana treated L. donovani
cultures.

3.3 Efficacy of W. ugandensis, P. thonningii and P.
africana on L. donovani Amastigotes in Balb/c Mice

The group treated with W. ugandensis had the lowest
number of amastigotes at 13% when counted against 1000
spleen cell nuclei followed by the group treated with so-
dium stibogluconate, which had a 14.2% parasite count;
this data is presented in Figure 2. The percentage parasite
counts in the mice treated with P. thonningii and P. africa-
na were 23.2% and 30.4%, respectively. The outcome of
treatments with P. thonningii, W. ugandensis, Prunus afvi-
cana, and Pentostam were comparable (P>0.05). All mice
treated with both plant extracts and the untreated control
drug showed significant differences (p<0.001). (*P <0.05,
**P <0.01)
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Figure 2. Estimation of infection rates among the differ-
ent treatment groups.
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3.3 Antileishmanial Antibody Responses

Treatment with W. ugandensis induced the lowest produc-
tion of IgG antibodies as indicated by low mean optical den-
sity (0.1268) while Prunus africana induced the highest level
of IgG (OD = 0.1356) among the treatment groups as shown
in Figure 3. There was high production of IgG antibodies in
the untreated mice as indicated by a higher optical density of
0.2379. However, there was no significant difference in the
amount of IgG produced among the treatment groups, in-
cluding the standard drug, Pentostam (P>0.05). There was a
significant difference in the production of IgG in mice treated
with Prunus africana and W. ugandensis when compared
with the untreated control (P=0.0002).
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Figure 3. 1gG production in L. donovani infected mice
following treatment with P. thonningii, W. ugandensis,
and Prunus africana.

4. Discussion

Treatment of leishmaniasis is primarily based on an-
timonial compounds. However, their mode of action is
poorly understood and associated with serious side effects,
which sometimes force patients to desert treatment "'\
Furthermore, chemotherapy is expensive and therefore,
the residents of Baringo County prefer traditional medic-
inal plants as alternative treatment of leishmaniasis. Me-
dicinal plants are economical, safe, and with no problems
of drug resistance. Hence, most communities worldwide
use various parts of plants to treat different types of dis-
eases, including those caused by protozoans. The present
study investigated the leishmanial activity of three plants
against Leishmania donovani amastigotes and promas-
tigotes. Based on the results, Warburgia ugandensis,
Prunus africana, and Piliostigma thonningii are promis-

ing compounds that can be used as alternative therapies
for leishmaniasis. These findings are supported by a study
conducted by Githinji and colleagues "', which indicated
that the bark of Warburgia ugandensis has significant an-
tileishmanial activity. The authors attribute the biological
effects of the plant on the alkaloid metabolites present
in the bark such as tannins, mannitol, and waburganal .
Warburgia ugandensis also contains an alkaloid called
muzigadial, which has trypanocidal activities against
Trypanosoma brucei "', Trypanosome and leishmania
parasites are kinetoplastids with similar structural and bio-
chemicals features and are therefore likely to have similar
responses to the same ethno-botanicals. Phytochemical
studies conducted on Piliostigma thonningii reveal that
it has various chemical compounds including flavonoids,
tannins, alkaloids, volatile oils, and saponins, which con-
fers it the vast activities as a medicinal plant '*'. Antileish-
manial activity of Prunus africana has not been evaluated
before, however, it has been shown to have antibacterial,
antifungal, and anticancer activities .

Prunus africana, Warburgia ugandensis, and Piliostig-
ma thonningii are safe to use since they have less impact
on human Vero cells. Other studies found the extracts of
Piliostigma thonningii to be safe when administered orally "®.
Warburgia ugandensis and Prunus africana have been
proven to be nontoxic even at a concentration that is high-
er than 250 pg/mL “; the authors recommend the plants
as safe remedies for leishmaniasis.

Though the production of IgG antibodies in the treat-
ment groups was little, their presence indicates disease
progression. The role of antibodies in leishmaniasis is not
clear and there has been contradicting conclusions made
by various researchers. High levels of anti-Leishmania
IgG are indicative of active disease and correlate to high
171 Other studies show that IgG antibodies
do not protect against Leishmaniasis infections but rather
contribute to disease progression ', Hence, IgG activity
cannot be linked to the reduced parasitemia in the mice
treated with the plant extracts.

parasitemia

5. Conclusions

The results of the present study show that Warburgia
ugandensis, Prunus africana, and Piliostigma thonningii
have antileishmanial activities. The results also show that
both plants are not toxic to host cells. However, more
studies should be done to determine the active compo-
nents that have antileishmanial activity in P, africana.
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