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Abstract

Physalis peruviana L, a plant traditionally used for treating infectious diseases, belongs to the
Solanaceae family. This study aimed to investigate its potential as a source of antiprotozoal
agents by evaluating its activity against three medically significant protozoan parasites:
Entamoeba histolytica, Leishmania major, and Trypanosoma congolense. The objectives of the
study were to determine the in vitro antiprotozoal efficacy of aqueous, methanolic, and
dichloromethane extracts from different parts of P. peruviana (leaves, stem, and fruits), and
also to evaluate the acute toxicity of the extracts in animal models. The minimum inhibitory
concentration (MIC) for the extracts was assessed for each protozoan. For Entamoeba
histolytica, the dichloromethane extracts from the root, stem, and leaves showed MIC values
of 500 pg/ml, while the control drug metronidazole had an MIC of 125 pug/ml. For Leishmania
major, methanolic extracts from the leaves and stems had an MIC of 2000 ug/ml, compared to
control drugs Liposomal amphotericin B and Pentostam with MICs of 62.5 pug/ml and 125
ug/ml, respectively. The extracts exhibited notable activity against all three protozoan species,
with the dichloromethane stem extract showing the highest activity against T. congolense, with
an MIC of 10 ug/ml, compared to the control drugs Veriben and Samorin, both with MICs of 1
ug/ml. These results were statistically significant (p<0.05) when compared to the control drugs.
Toxicity studies revealed no adverse effects in rats at dosages up to 5000 mg/kg, suggesting
the extracts are safe for further development. In conclusion, P. peruviana extracts show
potential as a source of novel antiprotozoal agents, warranting further research with purified
compounds.

Keywords: Physalis peruviana L, Antiprotozoal, Aqueous extracts, Methanolic extracts,
Dichloromethane extracts.

1.0 Introduction

Physalis peruviana L was first described by Carl Linnaeus (1753) and has been cultivated for
many decades along the Aedes Mountains of South America (National research council report,
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1989). The P. peruviana grown in Kenya is all native to tropical America. Physalis peruviana is
cultivated and also naturalized in many parts of the world including Kenya. The probable origin
of P. peruviana is tropical South America (Maundu et al., 1999).

Physalis peruviana belongs to the Solanaceae family. Common English names for the plant
include Cape gooseberry, Goldenberry, Husk Cherry, Peruvian groundcherry, and Poha berry.
The plant is described as, a shrub, erect in habitat and bearing branches arranged alternately,
bear pubescent, slightly-dentate heart-shaped leaves. The flowers are described as yellow in
color, pendulous in nature, and have corollas marked by purple or purplish-brown spots
(Moriconi et al., 1990).

Some research undertakings have revealed other medicinal properties of P. peruviana,
including anti-inflammatory, anti-asthma, anticancer, immune-boosting, antiparasitic, and
skin-healing effects (Njoroge & Bussmann 2006; Goztok & Zengin 2013; Cakir et al. 2014).
Physalis angulata L, a plant in the same family has been associated with antibacterial,
anticancer, and immunostimulant properties (Osho, 2010).

Protozoa are a group of organisms defined by a few of their shared characteristics (Nayak et
al., 2016). Many protozoa cause diseases in animals and humans. These diseases are the oldest
and most devastating tropical diseases affecting man and animals.

Entamoeba histolytica is a protozoan parasite that infects humans and is responsible for 40,000
t0 110,000 deaths peryear (Nyamwamu et al., 2015). Entamoeba histolytica causes amoebiasis
associated with high morbidity and mortality and has become a major public health concern
worldwide, and is ranked as the third deadliest infection worldwide after malaria and
Schistosomiasis (Nyamwamu, 2015). The factors associated with endemicity of E. histolytica
particularly in tropical and sub-tropical regions include; poor sanitary conditions, population
explosion, and inadequate control of reservoirs that intensify the infections (Quintanilla-Licea
et al. 2014) Patients suffering from amoebiasis may develop symptoms such as abdominal pain
and tenderness, diarrhea, bloodstained stool, and the disease may spread to the liver and other
organs resulting in death (Somlata & Bhattacharya, 2014).

Metronidazole has been the drug of choice to date for the treatment of amoebiasis but has
been faced with challenges of resistant E. histolytica (Schlosser et al., 2013).

Leishmania major is an intracellular parasitic pathogen in the genus Leishmania and is
associated with the zoonotic disease cutaneous leishmaniasis (Alrajhi et al., 2002). Leishmania
major infects macrophages and dendritic cells of the immune system. Transmission of the
parasite is conveyed through the bite of infected female phlebotomine sandflies from their
proboscis during a blood meal. The promastigotes are phagocytosed by the macrophages and
other mononucleated phagocytic cells once they reach the punctured wound. The tissue stage
of the parasite (amastigotes) is achieved through the transformation of promastigotes, which
then increase in number through simple division and continue to infect other mononuclear
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cells. The infection of the sandflies comes as a result of the vectors’ ingestion of infected cells
during feeding. In the vector, the amastigotes transform into promastigotes, develop in the
gut, and migrate to the proboscis. Chemotherapy has been the major method of treatment for
cutaneous leishmaniasis (CL), given the fact that no vaccine has yet been developed. The
exorbitant cost of treatment of CL has also been a hindrance to the management of CL (Njau
et al. 2016). In recent times drug resistance to CL has emerged in most of the endemic areas,
necessitating investigations into the development of safer, less toxic, cheaper, and available
drugs (Njau et al., 2016).

Trypanosoma congolense is a species of trypanosomes and is the major pathogen responsible
for the nagana disease in cattle and other animals, including sheep, pigs, goats, horses, and
camels, dogs, as well as laboratory mice (Deschamps et al., 2016). The vector that transmits
the African trypanosome is the tsetse fly (Peacock et al. 2012).

During a blood meal, the tsetse fly takes up the bloodstream form of trypanosomes,
representing the initial establishment of midgut infection and invasion of the proventriculus a
process similar to T. brucei (Peacock et al., 2012). The differences in the developmental life
cycle between the two species are that, whereas production of infective metacyclic takes place
in the proboscis for T. congolense, that for T. brucei takes place in the salivary glands. Another
divergence in developmental pathways for the 2 species is that events for migration of the
metacyclic forms are understood for T. brucei, whereas information concerning that of T.
congolense is rudimentary. It is estimated that Trypanosoma renders about a quarter of African
arable landmass unsuitable for profitable livestock farming (Molyneux, 1997). According to
(WHO, 2000), the prevalence rate of the disease exceeds 70% in some villages in the
Democratic Republic of Congo. The main control measures for trypanosomiasis are through
chemotherapy. However, few drugs are presently available. The available drugs are old, toxic,
and quite expensive for the rural farmer. In many situations, cases of relapse of infection after
chemotherapy and of growing parasite resistance have been reported (Nweze, Anene & Asuzu
2011). There is a need, therefore, to search for new drugs that are effective and cheaper for
the treatment of trypanosomiasis.

2.0 Materials and methods

2.1 Collection of plant materials and authentication

The P. peruviana plant materials were collected from Nyeri County [0°25°0 'South,
36°57°0 " East] located in the Central part of Kenya. Nyeri is 162 km north of Nairobi. This area
is known to have ideal ambient growth conditions for P. peruviana. The whole plant materials
were collected and identified by National Museums of Kenya Botanists and a Voucher
specimen number EAHOO1PK deposited at the National Museums of Kenya Herbarium, Nairobi.
Various parts; fruits, leaves, stem, and roots were separated, dried under shade, and pulverized
in a hammer mill fitted with a sieve of 0.5mm pores.

2.2 Preparation of P. peruviana extracts
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Preparation of P. peruviana extracts was carried out using methods described by Ubulom et al.
2011). Pulverized plant parts were soaked separately in distilled water, methanol, and
dichloromethane, for 72 hrs with stirring at regular intervals. The extracts were repeatedly
filtered using a sterile Whatman No. 1 filter paper (Jaca & Kambizi 2011). The aqueous filtrates
were freeze-dried, while the methanol and dichloromethane extracts were concentrated
under vacuum in a rotary evaporator.

The percentage yield was determined using the method used by ( Ogila (2011) as follows:
Percentage yield = Weight of extract/Weight of ground material X 100.

For identification purposes the extracts were assigned codes and interpreted as follows; APPL
= aqueous extracts of P. peruviana leaves; APPS = aqueous extracts of P. peruviana stem; APPF
= agueous extracts of P. peruviana fruits; APPR = aqueous extracts of P. peruviana roots; MPPL
= methanolic extracts of P. peruviana leaves; MPPS = methanolic extracts of P. peruviana stem;
MPPF = methanolic extracts of P. peruviana fruits; MPPR = methanolic extracts of P. peruviana
roots; DPPL = dichloromethane extracts of P. peruviana leaves; DPPS = dichloromethane
extracts of P. peruviana stem; DPPF = dichloromethane extracts of P. peruviana fruits; DPPR =
dichloromethane extracts of P. peruviana roots. All the extracts were kept desiccated at 4 °C
until use.

2.3 Sources of chemicals and test protozoa

Dichloromethane and methanol were purchased from Fisher Scientific, UK, Ltd. The test
Entamoeba histolytica and Leishmania major, were obtained from the Center for
Biotechnology Research and Development (CBRD) Laboratories of Kenya Medical Research
Institute (KEMRI) headquarters, Nairobi, Kenya. The Trypanosoma congolense stabilate KETRI
3724 was obtained from the trypanosome bank at the Trypanosomiasis research center of
Kenya Agricultural and Livestock Research Organization (KARLO), Kikuyu, Kenya.

2.4 Entamoeba histolytica test

2.4.1 Culture of Entamoeba histolytica

The strain used for this experiment was Entamoeba histolytica HM-1: IMSS. The parasite and
LY1-S-2 culture media were obtained from Boulevard, USA, and France. Axenic cultures of the
trophozoites were prepared in screw-capped tubes at 35.5°C on LY1-S-2 medium
supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS) (Diamond, Harlow &
Cunnick 1978). Routine subcultures were carried out at 48 hrs intervals by replacing the
medium without detaching the monolayer. Harvesting of cells was carried out by replacing the
medium with a fresh one, chilling on ice for 20 minutes, and inverting gently to detach the
monolayer.

2.4.1.1 In vitro amoebicidal bioassay

The technique of evaluation involved the use of a range of P. peruviana extracts concentrations
(0 — 5mg/ml), prepared in test tubes by serial dilution and air-dried under sterile conditions.
The LY1-S-2 medium was added to each of the tubes. A suspension of each content from the
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tube was prepared and kept at 4°C for 24 hrs, after which 1.0 x 103 Entamoeba histolytica
trophozoites were added, followed by incubation at 35.5°C for 24 hrs according to the method
used by Nyamwamu et al., 2015) with a slight modification. The LY1-5-2 medium + trophozoites
and LY1-S-2 medium + trophozoites + metronidazole were used as the experimental controls.

After the incubation period, the tubes were chilled for 20 minutes, and the attached
trophozoites were detached by gentle inversion. Using a Neubauer chamber, the number of
viable organisms was determined using a 0.01 % eosin stain as employed by (Bingham et al.,
1979) with slight modifications. The viability was revealed by motility and dye exclusion. The
minimum inhibitory concentration (MIC) was taken to be the lowest concentration of each
plant extract completely inhibited the growth of trophozoites of E. histolytica. From this
technique, the growth rate (GR) was defined as the difference between the number of viable
cells counted at 0 hr and 24 hrs period. The percentage of growth inhibition (% GI) was
calculated using the following formula according to Nyamwamu et al. (2015).

% GI = 1-GR extract X100|
GR control

2.5 Anti-amastigote (macrophage) bioassay

Macrophages harvested from the BALB/c mice peritoneal cavity were cultured in RPMI-1640
medium at 37°C, 5% CO2, in a 24 microwell plate. The macrophages were infected with
Leishmania amastigotes, followed by the introduction of all plant extracts (APPL, APPS, APPF,
APPR, MPPL, MPPS, MPPF, MPPR, DPPL, DPPS, DPPF, and DPPR) at concentrations of 125
ugs/ml, 250 ugs/ml, and 500 pgs/ml. Pentostam and liposomal amphotericin B were used as
the positive controls at concentrations of 12.5, 25, and 50 pig/ml. The negative control included
cells with RPMI 1640. The method used by Kigondu et al. (2011), was employed to calculate
the infection rate (IR) and multiplication index (Ml) as follows:

IR% = No. of infected macrophages in 100 macrophages.

MI% = (No. of amastigotes in experimental culture/100 macrophages) x 100%

No. of amastigotes in control culture/100 macrophages

2.5.1 Minimum inhibitory concentration (MIC) anti-promastigote bioassay

This technique involved growth by incubation of Leishmania major promastigotes (1 x 10°
parasites/ml) in Schneider’s insect medium (SIM) containing different concentrations of P.
peruviana extracts ranging from 1ug/ml- 5mg/ml (Kinuthia et al., 2014). Determination of cell
growth involved an assessment of visible turbidity to evaluate MIC. The lowest concentration
of samples that prevented growth was considered to be the MIC.

2.6 Anti-Trypanosoma congolense in vitro bioassay
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2.6.1 Experimental animals

Acclimatized Balb/c mice of about 6-8 weeks old were obtained from the animal unit of the
Biochemistry Department at Kenya Agricultural and Livestock Research Organization (KARLO),
Kikuyu, Kenya. They were housed in separate cages of five each and fed on commercial pellets
and water ad libitum.

2.6.2 Trypanosoma congolense parasite

Trypanosoma congolense stabilate KETRI 3724, isolated in 1971 from a lion in the Serengeti
region of Tanzania, was obtained from the trypanosome bank at the Trypanosomiasis research
center of KARLO Kikuyu, Kenya. The T. congolense was available as a parasite population
preserved as a stabilate cryopreserved in liquid nitrogen.

2.6.3 Preparation of T. congolense for mice infection

The concentration of T. congolense used for infection of mice was determined by enumerating
the parasites in a Neubauer chamber. Ten microliters of trypanosome suspension in culture
medium were carefully transferred by placing a pipette tip onto the coverslip edge. The counts
were made in duplicate using both chambers on either side of the Neubauer chamber. The
number of trypanosomes in the four corner squares and at the center was counted using a
microscope (X 400 magnification, Leitz Wetzlar SM-Lux, Germany). All trypanosomes touching
the left and upper borders were included.

2.6.4 Preparation of the T. congolense for bioassay

The concentration of parasites for anti-T. congolense bioassay was carried out by spinning
blood from infected mice at 3000 g for 10 minutes using a Burkard Scientific UK, radius 115
mm centrifuge. The supernatant was discarded, and the deposit re-suspended in media and
the parasites counted.

2.6.5 In vitro T. congolense assay

Determination of in vitro T. congolense assay was carried out using the method described by
Githua (2010) with slight modification. Briefly, the assay was carried out in 96 flat bottomed —
well microtitre plates. One hundred pl of complete medium was added into column G, for well
numbers 2 —10. The wells in columns 1 and 12 and rows A and H were not used to avoid high
rates of evaporation. Two hundred (200 ul) of medium containing 2 x drug concentrations of
(APPL, APPS, APPF, APPR, MPPL, MPPS, MPPF, MPPR, DPPL, DPPS, DPPF, and DPPR) to be tested
was added into wells B-C (D1), D-E (D2) and F-G (D3) column no. 11. Serial dilutions were
prepared using multipipette by transferring 100 ul from wells no. 11 into no. 10 and mixing by
withdrawing and dispensing medium a minimum of 3 times. The dilution was continued from
right to left until 100 ul had been added from wells no. 5 into wells no. 4. After mixing, the
remaining 100 pl was discarded. Wells no. 2 and 3 in each row served as control wells without
the drug. One hundred pul of Trypanosome suspension was added to all the 60 wells, with a
seeding density of 1 x 10° trypanosomes per ml (1 x 10* trypanosomes /well). The number
could vary according to the characteristics of the strain used i.e. differing generation times. For
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every test, the highest concentration was in column 11 while the lowest was in column 4, so
that, the highest concentration was 5000 pg/ml and the lowest was 1250 pg/ml. The plates
were incubated for 72 hours at 37 °C, 5% CO,. Evaluation of trypanosomes was carried out
using an inverted microscope at 100-fold magnification. In every row, the highest dilution of
sample or reference drug with less than 5 motile trypanosomes of normal shape was recorded.
The MIC was derived using the formula employed by Githua et al. (2010).

MIC*D*22 = C,

MIC = Minimum Inhibitory Concentration

D = Dilution of the extract by the medium in wells of column 11 (maximum concentration)
n = Steps of dilution to the first well with no living trypanosomes

Cx = Concentration of extract solution or reference drug

* = Multiplication

2.7 Evaluation of safety of P. peruviana extracts on Vero cells and rodent models

2.7.1 Cytotoxicity assay

The cellular cytotoxicity assay was used to test the cytotoxicity effects of P. peruviana individual
extracts as described (Wabwoba et al., 2010) with slight modification. Briefly, Vero cells were
seeded in minimum essential medium (MEM) (ATTC® 30-200TM) supplemented with 10% FBS,
100 IU/ml penicillin and 100 pg/ml streptomycin in 25 ml cell culture flasks and incubated for
24 hours at 370C in 5% CO; humified atmosphere. The Vero cells were harvested by
trypsinization and pooled in 50 ml vials from which 100 pl suspensions at a concentration of 1
x 10° cells was added into 2 wells of rows A-H of a 96-well flat-bottomed microtiter plate. A
100 pl of each P. peruviana extract was added and the plates incubated at 37°C in 5% CO;
atmosphere. Cells without extracts and medium alone served as the controls. A 100 ul of the
cell suspension was discarded from each well followed with an addition of 10 ul of 3-(4, 5-
Dimethylthiazol-2-yl)-2, 5-/diphenyltetrazolium bromide (MTT) (Roche, Indianapolis USA).
After 4 hrs of incubation, the medium together with MTT was aspirated off from the wells, 100
ul of Dimethylsulphoxide added and plates shaken for 5 minutes. The absorbance was
measured for each well at 562 nm using a microtiter plate reader (Wang et al., 2006).

2.7.2 Acute toxicity test of rats orally pretreated with P. peruviana extracts

Tests for oral acute toxicity of crude P. peruviana extracts were carried out using male albino
Wistar rats aged 8 to 16 weeks and weighing 150 to 200 g following Organization for economic
cooperation and development guidelines (OECD, 2001). A total of one hundred and five Wistar
male albino rats were assigned into eighteen experimental groups and three control groups of
5 animals each and labeled with a permanent marker pen. Single doses of 2 most active plant
parts of each of the solvent crude extracts; aqueous extracts of P. peruviana root (APPR),
aqueous extracts of P. peruviana stem (APPS), methanolic extracts of P. peruviana root (MPPR),
methanolic extracts of P. peruviana stem (MPPS), dichloromethane extracts of P. peruviana
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stem (DPPS) and dichloromethane extracts of P. peruviana leaves (DPPL) was administered to
the experimental rat groups orally at 1000 mg/kg, 2000 mg/kg and 5000 mg/kg body weight
by use of an oral gavage needle fixed onto a syringe; the control groups of rats were
administered with physiological saline (PSG). The doses administered in this experiment were
slightly in the modification of the method described by Bhattacharya et al. (2012).

The amount of physiological saline administered to the rats in mls was calculated according to
guidelines on dosage calculation and stock solution preparation in experimental animal studies
Oghenesuvwe et al., 2014). The rats were kept in separate cages, and observations for general
behaviour or deaths were taken within three days. Any abnormal behaviour, such as tremors,
convulsions, salivation, diarrhoea, lethargy, sleep, or mortality, was recorded until the end of
the study (OECD, 2001).

2.8 Statistical analysis

Microsoft excel® was used as a tool to enter and capture data. Descriptive statistics data was
presented in the form of tables. One Way ANOVA for independent samples and student “t”
test was used in Protozoal statistical analysis. The level of significance was fixed at p < 0.05.

3.0 Results

3.1 Percentage growth inhibition of E. histolytica exhibited by P. peruviana extracts

The percentage growth inhibition of aqueous P. peruviana extracts on E. histolytica
trophozoites ranged from 11.67+0.57 to 42.33+4.04 within dose levels of 125 ug/ml and 500
ug/ml. The aqueous P. peruviana fruit extract exhibited the lowest anti - E. histolytica while the
leaves extract exhibited the highest activity. All the extracts exhibited significant activity that
increased with an increase in dose levels compared to the control drug (p < 0.05) (Table 1).

Table 1: Percentage growth inhibition of E. histolytica exhibited by aqueous P. peruviana
extracts and metronidazole after 24-hour incubation (n=3)

Conc. Extracts and metronidazole

(ug/mD)  “yretronidazole  APPL APPS APPF APPR p-value
125 62.33:2.1 18.0=2 14.67=3.1 11.67=0.57  12.67=0.57  0.0001
250 83.33£3.05 34.33:0.57 24.0=1.73 17.33+2.5 27.0=1 0.0001
500 98.0=1 42.33:4.04 36.33x1.53 31.33z42 37.0=6.24 0.0001

Key: The values are expressed as mean+SEM.

The range of percentage growth inhibition in methanolic P. peruviana extracts against E.
histolytica trophozoites was 12.33+1.52- 46.33+1.53 at concentrations of between 125 ugs/ml
and 500 ugs/ml. The percentage of growth inhibition increased with an increase in dose levels.
Methanolic P. peruviana fruit extract similarly had the lowest inhibition activity against the E.
histolytica trophozoites while methanolic leaves extract exhibited the highest activity. There
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was a significant difference in P. peruviana inhibition activity (p < 0.05) as compared to the
control drug (Table2).

Table 2: Percentage growth inhibition of E. histolytica exhibited by methanolic P. peruviana
extracts and metronidazole after 24-hour incubation (n=3)

Conc. Extracts and metronidazole

(ug/ml) ot ronidazole  MPPL MPPS MPPF MPPR  p-value
125 6233221 1822.0 1533321  1233:152 1633221  0.0001
250 83.3313.05 4067:3.05 2833:252  23.67:321 3267:3.1  0.0001
500 98.0:1 4633:153  44.0:40  250:50 44040  0.0001

Key: The values are expressed as mean+SEM.

Dichloromethane fruit extract demonstrated the lowest activity against E. histolytica
trophozoites while dichloromethane leaves extract had the highest inhibitory effects against E.
histolytica trophozoites at 125 ugs/ml and 500 ugs/ml respectively. The results were significant
(p < 0.05) compared to the control drug (Table 3). The increase in dose level for both P.
peruviana extracts had an upward inhibitory activity against the E. histolytica trophozoites. The
dichloromethane P. peruviana extracts exhibited higher inhibitory effects on E. histolytica
trophozoites compared to aqueous and methanolic extracts.

Table 3: Percentage growth inhibition of E. histolytica exhibited by dichloromethane P.
peruviana extracts and metronidazole after 24-hour incubation (n=3)

Conc. Extracts and metronidazole

(ug/ml) N onidazole  DPPL DPPS DPPF DPPR p-value
125 62.33:2.1 24.0+53 15.33+0.57 13332152 16.67=2.1  0.0001
250 83.33£3.05 393342  27.67:93 1567251  34.33:2.1  0.0001
500 98.0=1 546742  44.0z1 24.0:1.73 44.673.1  0.0001

Key: The values are expressed as mean+SEM.

3.1.2 Minimum inhibitory concentration for P. peruviana extracts against E. histolytica
trophozoites

The aqueous P. peruviana roots, fruits, and stem extracts had 1000 ug/ml| MIC values compared
to the control drug metronidazole, with a MIC value of 125 ug/ml. The aqueous P. peruviana
leaves extract had a better activity with a MIC of 500 ug/m| compared with the other agqueous
P. peruviana extracts (Figure 1).
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Figure 1: MIC levels for Metronidazole and aqueous P. peruviana extracts

Results for methanolic P. peruviana extracts MIC ranged from 250 ugs/ml — 1000 ugs/ml as
compared to the metronidazole control drug with MIC of 125 ugs/ml. Both stem and leaves
extracts exhibited higher activity against E. histolytica trophozoites compared to P. peruviana
root and fruit extracts which had a MIC of 500 ug/ml and 1000 ug/ml respectively (Figure 2).

Minimum inhibition (ug/ml)

400
n H B
0 [

MPPR MPPF MPPS MPPL Metronidazole
P. peruviana methanolic extracts and Metronidazole

Figure 2: MIC levels for Metronidazole and methanolic P. peruviana extracts

The root, leaves, and stem of dichloromethane P. peruviana extracts had MIC values of 500
ug/ml, while P. peruviana fruit extract exhibited the lowest activity with a MIC of 1000 ug/ml
compared to the control drug with a MIC of 125 ug/ml (Figure 3).
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Figure 3: MIC levels for metronidazole and dichloromethane P. peruviana extracts
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3.2. In vitro macrophage percentage infection rate (IR %) and multiplication indices (M| %) of
L. major amastigotes after treatment with aqueous, methanolic, and dichloromethane P.
peruviana extracts and controls

Physalis peruviana aqueous extracts at the highest concentration of 500 pg/ml had the
following order of inhibition to L. major amastigotes in peritoneal macrophages: APPR
(23.5£0.7 %), APPL (56%2.82 %), APPS (62.6+2.12 %), and APPF (66+5.6 %). Multiplication
indices followed a different trend in that the effects of standard drugs and P. peruviana extracts
were dose-dependent, where an increase in dose level resulted in low multiplication indices
and vice versa. When the infection rates and multiplication indices of P. peruviana agueous
extracts and those of control drugs were compared, the following extracts were found to be
statistically significant (p < 0.05): APPL, APPS, APPF, APPR (to amphotericin and pentostam),
and APPR infection rate was not significantly different (p > 0.05) from both control drugs (Table
4).

Table 4: Physalis peruviana aqueous extracts and control drugs in vitro percentage infection
rates (IR %) and multiplication indices (M! %) against L. major amastigotes per 100
macrophages (n=2)

Extracts and Conc. (ug/ml) Infection rate (IR %)  Multiplication Indices
control drugs (MI %)
APPL 500 *56+2.82 *34.47+£0.43
250 65=1.41 35.48+0.35
125 75£7.07 43.96=0.55
APPS 500 *62.5+2.12 *40.76=0.9
250 69.5=0.7 50.22+0.91
125 750 59.54=3.04
APPF 500 *66+5.6 *24.26x0.55
250 80.5x10.6 60.72£2.67
125 92.5£0.7 86.73x0.92
APPR 500 23.5x0.7 *19.36x0.27
250 4398 27£0.91
125 54.5%4.9 55.43x0.91
RPMI Average 84.5£5.0 100
Pentostam 50 23x4.24 11£0.84
25 28.5x0.7 12.72£0.9
12.5 35£1.41 14.20+0.28
Lip ampho B 50 12+4.24 3.25+0.49
25 16.5£0.7 4.05£0.21
12.5 21x1.41 4.5£0.14

Key: The data represent percentage mean+SEM, *denotes p < 0.05.
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Effects of methanolic extracts on infection rate and multiplication indices percentages against
L. major in peritoneal macrophages revealed MPPL to be the most potent extract with an
infection rate of 9.5+2.12 % and a multiplication index of 12.45+.65 % at the highest
concentration of 500 ug/ml compared to Liposomal amphotericin B and Pentosam 12+4.24 %
and 23+4.24 % respectively, at the highest concentration of 50 pgs/ml. The other extracts
followed the order: MPPS (IR of 16.5+2.12 %, M| of 13.82+1.10 %); MPPR (IR of 56+2.82 %, M|
of 12.58+0.91), and MPPF (IR of 67.5+0.71 %, Ml of 15.06+1.57) at a concentration of 500
ug/ml. When infection rates of P. peruviana extracts were compared to those of controls,
MPPF and MPPR were statistically significant (p < 0.05). Multiplication indices of all the P.
peruviana methanolic extracts were statistically significant (p < 0.05) only for the amphotericin
B control drug (Table 5).

Table 5: Physalis peruviana methanolic extracts and control drugs in vitro percentage
infection rates (IR %) and multiplication indices (Ml %) against L. major amastigotes per 100
macrophages (n=2)

Extracts and control drugs Conc. (ug/ml)  Infection rate Multiplication Indices (MI

(IR %) %)
MPPL 500 9.5+2.12 *12.45£0.65
250 24.5£3.5 20.61=0.36
125 68+2.82 54.77£1.84
MPPS 500 16.5+2.12 *13.82=1.10
250 21.5+0.7 21.06=0.98
125 43.5+3.53 27.46=1.74
MPPF 500 *67.5£0.71 *15.06=1.57
250 75£7.71 27.13£1.48
125 88.5£0.71 52.04=5.72
MPPR 500 *56+2.82 *12.58=0.91
250 58.5+2.12 14.47=0.84
125 73+4.24 43.69=0.92
RPMI Average 84.5+£5.0 100
Pentostam 50 23x4.24 11=0.84
25 28.5+0.7 12.72=0.9
12.5 35£1.41 14.20=0.28
Lip ampho B 50 12+4.24 3.25=0.49
25 16.5£0.7 4.05=0.21
12.5 21£1.41 45=0.14

Key: The data represents percentage mean+SEM, * denotes p < 0.05

Dichloromethane DPPL and DPPR had almost similar infection rate percentages at 500 pg/ml
of 22+2.83 % and 22.5+3.53 % respectively compared to the standard drug Pentostam that
had 23+4.24 % at 50 pg/ml. The MI % for DPPL and DPPR were however observed to be
14.08+1.28 % and 20.47+0.55 % respectively at 500 pg/ml compared with pentostams’
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11+0.84 % at 50 pg/ml. When infection rates of P. peruviana extracts were compared to that
of controls, DPPF was not significantly different to pentostam (p > 0.05), while DPPL, DPPS, and
DPPF were statistically significant (p < 0.05) to amphotericin B. Multiplication indices of P.
peruviana dichloromethane DPPL, DPPS, DPPF, and DPPR extracts were statistically significant
(p < 0.05) to both pentostam and amphotericin B controls (Table 6).

Table 6: Physalis peruviana dichloromethane extracts and control drugs in vitro percentage
infection rates (IR %) and multiplication indices (Ml %) against L. major amastigotes per 100
macrophages (n=2)

Extracts and control drugs Conc. (ug/ml) Infection rate (%) Multiplication Indices

(MI%)
DPPL 500 *22+2.83 *14.08+1.28
250 33.5=3.54 27.32£1.75
125 41141 37.17+0.34
DPPS 500 *42=5.65 *15.52+0.18
250 46=5.65 27.89+4.83
125 92£5.65 75.65+£7.4
DPPF 500 4228 *14.54£1.6
250 53=4.24 26.93£0.65
125 93424 62.2+3.69
DPPR 500 *22.5£3.53 *20.47+0.55
250 43578 26.34+0.37
125 52.5£0.71 54.46+0.46
RPMI Average 84.5=5.0 100
Pentostam 50 23=4.24 11=0.84
25 28.5=0.7 12.72+0.9
12.5 35=1.41 14.20+0.28
Lip ampho B 50 12£4.24 3.25+£0.49
25 16.5=0.7 4.05£0.21
12.5 21141 4.5£0.14

Key: The data represents percentage mean+SEM, * denote p < 0.05

3.2.1 Antileishmania MIC

Agueous P. peruviana leaves and stem extracts had the highest activity against Leishmania
major promastigotes with a MIC of 2500 ug/ml compared to the P. peruviana root and fruit
extracts with a MIC of 4000 ugs/ml and 5000 ug/ml respectively. However, all the P. peruviana
aqueous extracts tested had lower MICs compared to the control drugs Liposomal
amphotericin B and Pentostam with a MIC of 62.5 ug/ml and 125 ugs/ml respectively (Figure
4).
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Figure 4: Minimum inhibitory concentration of aqueous P. peruviana extracts and the controls
to L. major promastigotes

Minimum inhibition (ug/ml)

Methanolic P. peruviana extracts had various MICs ranging from 2000 ug/ml to 5000 ug/ml.
Physalis Peruvian leaves and stem extract exhibited the highest activity against L. major
promastigotes with a MIC of 2000 ug/ml, while root and fruit methanolic extracts had a MIC of
4000 ugs/ml and 5000 ug/ml, respectively, compared to Liposomal amphotericin B and
Pentostam with a MIC of 62.5 ug/ml and 125 ugs/ml, respectively (Figure 5).
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Figure 5: Minimum inhibitory concentration of methanolic P. peruviana extracts and the
controls to L. major promastigotes

Minimum inhibition (ug/ml)

Dichloromethane P. peruviana leaves, stem and root extracts had a MIC value of 2500 ug/ml,
while dichloromethane P. peruviana fruit extract had a MIC of 4000 ug/ml as compared to

Liposomal amphotericin B and Pentostam with a MIC of 62.5 ug/ml and 125 ugs/ml
respectively (Figure 6).
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Figure 6: Minimum inhibitory concentration of dichloromethane P. peruviana extracts and the controls
to L. major promastigotes

3.3 In vitro trypanocidal activity

The P. peruviana extracts exhibited significant antitrypanosomal activity against T. congolense,
albeit most of them with much lower activity compared to the reference drugs. The mean+SEM
MIC ranges for the P. peruviana were from 10+0.00 to 2500+0.00 compared to the Veriben
and Samorin control drugs, whose MIC values were 1.7+0.00 and 1+0.00, respectively. The
DPPS had the highest MIC at 10+0.00, while DPPF exhibited the lowest MIC (Table 7).

Table 7: Minimum inhibitory concentration (MIC) for P. peruviana extracts and reference
drugs for isolate KETRI 3724 T. congolense after 48 hours (n=2)

Extract MIC (ug/ml)
APPL 1300.00
APPS 1560.00
APPF 12500.00
MPPR 104.080.00
MPPL 7820.00
MPPS 1560.00
MPPF 833£0.00
MPPR 7820.00
DPPL 25+0.00
DPPS 100.00
DPPF 2500+0.00
DPPR 32.6:0.00

VERIBEN 1.7+0.00

SAMORIN 1£0.00

Key: The values are expressed as mean+SEM.

3.4 Cytotoxicity effects of P. peruviana extracts using Vero cells
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All the twelve P. peruviana extracts were less toxic to Vero cells (higher ICso values) as
compared to the control 20% DMSO (Figure 7). In general, all the P. peruviana were not toxic
according to the US National cancer institute (NCI) which classifies the toxicity of crude extracts
to be ICso < 20 ugs/ml in cell proliferation (Soundararajan & Sasidharan, 2012).
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Figure 7: Cytotoxicity effects of aqueous, methanolic, and dichloromethane P. peruviana extracts using

Vero cells

3.4.1 Acute toxicity of aqueous, methanolic, and dichloromethane P. peruviana extracts on
rodent models

No deaths were noticed 48 hours after administration of each extract to a group of 5 male
Wistar albino rats at doses of 1000, 2000, and 5000 mg/kg body weight. There were no adverse
clinical signs of toxicity, such as tremor, irritability, diarrhea, paralysis, skin and fur changes,
convulsion, or drowsiness, noticed during the 72 hours in the experimental and control group.

4.0 Discussion

The quantitative method revealed the following order of P. peruviana extracts against E.
histolytica in terms of MIC: MPPS, MPPL, APPL, MPPR, DPPR, DPPL, DPPS, APPR, APPF, APPS,
and MPPF, respectively. The control drug metronidazole exhibited a higher MIC compared to
the P. peruviana extracts. The present study is in agreement with that of Hua-Bin Li et al., 2013
that described P. peruviana possessing bioactivities in the elimination of amoebas. The
presence of alkaloids such as berberine has been reported to be active against E. histolytica
trophozoites (Keneda et al., 1990), a fact that concurs with this study in that alkaloids were
isolated. In another qualitative phytochemical test, alkaloids were isolated in crude extracts of
APPL, APPS, APPR, DPPL, DPPS, DPPR, MPPL, MPPS, and MPPR (Karanja et al., 2017; Karanja et
al., 2020).

Some of the current strategies in eradicating Leishmaniasis are the use of herbal medications
which are thought to be safer, cheaper, and less likely to cause drug resistance (Kinuthia et al.,
2014).
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At 500 pg/ml, the best P. peruviana extracts anti-L. major amastigotes macrophage infection
rate (IR %) per solvent category, compared to pentostam and liposomal amphotericin B, was
as follows: APPR, MPPL, and DPPL. However, liposomal amphotericin B exhibited the best
potential against L. major macrophage IR compared to pentostam. The RPMI (medium without
antileishmania drugs) L. major amastigotes macrophage infection rate was recorded as the
highest compared to the P. peruviana extracts. Using one-way ANOVA, there was a significant
difference between the efficacy of P. peruviana extracts and control drugs. The order of
potential P. peruviana extract per solvent category in multiplication indices (MI) of amastigotes
was as follows: APPR, MPPL, and DPPR. The negative control RPMI exhibited a maximum of Ml
%. This is in agreement with a study by Berman and Wyler (1980) that found amastigotes of
Leishmania donovani and Leishmania tropica multiplying to about threefold in peritoneal
macrophages when cultured for six days in a drug-free RPMI-1640. There was a statistically
significant difference in M| between P. peruviana extracts and the control drugs.

An attempt to investigate the efficacy of P. peruviana extracts against L. major promastigote
guantitatively revealed good activity. All P. peruviana revealed various MICs with the best
potential under the solvent category as follows: APPS, APPL, MPPL, DPPL, DPPS, and DPPR,
respectively. Liposomal amphotericin B exhibited a higher anti-Leshmanior major
promastigotes activity compared to the pentostam control drug. These findings concur with
another study carried out by Silva et al. (2015) that revealed an antileishmanial proliferation
activity of P. angulata, a plant in the same family as P. peruviana. The antileishmanial activity
exhibited by P. peruviana extracts could be attributed probably to the presence of saponins
and alkaloids in APPL, MPPL, MPPS, and DPPL (Karanja et al.,, 2017; Karanja et al., 2020).
Saponins and alkaloids have been reported to possess antileishmanial activity (Njau et al,,
2016).

Nagana or African animal trypanosomiasis is one of the devastating Livestock diseases caused
by unicellular blood parasites of the genus generally known as trypanosome (Motloang et al.,
2014). Trypanosoma congolense is believed to be the main pathogenic trypanosome species
infecting Livestock and possesses a major variation in its virulence (Motloang et al., 2014). The
scourge has been attributed as the major cause of health and economic problems in rural sub-
Saharan Africa, afflicting both humans and Livestock (Maikai, 2010).

In this study, an in-vitro MIC investigation was carried out for aqueous, methanolic, and
dichloromethane P. peruviana extracts and the reference drugs Veriben and samorin to
determine their potential as trypanocidal compounds. All the P. peruviana extracts tested had
trypanocidal activity against the KETRI 3724 T. congolense stabilate. These results agree with
those from Mwaniki et al. (2017) research that found P. peruviana extracts having
antitrypanosomal activity against KETRI 3486 T. brucei rhodesience a similar species to T.
congolense. It can, therefore, be stated that P. peruviana extracts possess promising
antitrypanocidal activity particularly the DPPS extract that demonstrated the highest
antitrypanosomal activity compared to Veriben and Samorin control drugs.
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5.0 Conclusion/Recommendation

In conclusion, P. peruviana extracts exhibit significant antiprotozoal activity against E.
histolytica, L. major, and T. congolense, with no acute toxicity in rodent models nor were they
toxic to cell proliferation. This study recommends a need for further studies using purified
extracts as a means of coming up with possible novel drugs for the tested protozoan parasites.
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