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In the present study, we screened 502 natural product compounds against the in vitro
growth of Babesia (B.) bovis. Then, the novel and potent identified compounds were
further evaluated for their in vitro efficacies using viability and cytotoxicity assays. The in
vivo inhibitory effects of the selected compounds were evaluated using B. microti “rodent
strain” in mice model. Three potent compounds, namely, Rottlerin (RL), Narasin (NR),
Lasalocid acid (LA), exhibited the lowest IC5q (half-maximal inhibitory concentration) as
follows: 5.45 £ 1.20 uM for RL, 1.86 4+ 0.66 uM for NR, and 3.56 4+ 1.41 M for LA.
The viability result revealed the ability of RL and LA to prevent the regrowth of treated
parasite at 4 x ICsp and 2 x 1Csq, respectively, while 4 x ICsq of NR was sufficient to stop
the regrowth of parasite. The hematology parameters of B. microti in vivo were different
in the NR-treated groups as compared to the infected/untreated group. Interestingly,
intraperitoneal administration of NR exhibiting inhibition in the growth of B. microti in
mice was similar to that observed after administration of the commonly used antibabesial
drug, diminazene aceturate (DA) (76.57% for DA, 74.73% for NR). Our findings indicate
the richness of natural product compounds by novel potent antibabesial candidates,
and the identified potent compounds, especially NR, might be used for the treatment of
animal babesiosis.

Keywords: natural product compounds, Babesia bovis, in vitro, Babesia microti, in vivo

INTRODUCTION

Babesiosis is an important tick-borne disease (TBD) caused by the protozoa Babesia (B.) that infects
domestic and wild animals, sometimes humans (1). In cattle, the infection is mainly caused by B.
bovis and B. bigemina (2). The disease is typified by high fever, hemolytic anemia, hemoglobinuria,
and occasionally death causing huge economic losses in the animal industry worldwide (1, 3).
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Generally, control of babesiosis depends on three main
strategies: (i) vector control, (ii) vaccine development, and (iii)
administration of antibabesial drugs. One of the promising
strategies against parasite is to control the receptor-ligand
interactions of parasite molecules and their target cells, such
as RON-AMA-1 (4). Two novel exported multigene families
(mtm) that encode predicted multi-transmembrane, integral
membrane proteins were identified in B. bovis. One mtm
gene was down-regulated, resulting in decreased growth rate,
reduced RBC surface ridge numbers, mis-localized VESA1, and
abrogated cytoadhesion to endothelial cells (5). Furthermore,
Sun et al. revealed that 70% invasion-competent B. divergens
invading the erythrocyte were <45 s and all invasion-competent
parasites achieved invasion within 10 min of contact (6). On the
other hand, the commonly used antibabesial drugs, diminazene
aceturate (DA) and imidocarb dipropionate (ID), exhibited
resistance either from the treated parasites or toxic effect to
the host (7-9), subsequently leading to discovery of safer
and effective novel antibabesial compounds and becoming an
urgent demand. In this regard, a non-biased screening of large
libraries of compounds was recently developed to identify novel
inhibitors for babesiosis (9-12). Following this pattern, Rottlerin
(RL), Narasin (NR), and Lasalocid Acid (LA) are three natural
compounds which were repurposing the already approved drugs.
RL and NR derivative of Mallotus philippinensis and salinomycin
possess multiple anti-cancer biological activities (13, 14). LA is
another ionophorous antibiotic which also possesses anti-cancer
efficacy (15). Of note, the antiparasitic efficacy of RL, NR, and
LA has been reported against the growth of Plasmodium spp.,
Eimeria spp., Toxoplasma gondii, and Trypanosoma spp. (16-19).

RL is a polyphenol with natural anthelminthic activity isolated
from Mallotus philippinensis in 1964 (20). In addition, RL is a
polyphenol with autophagic promoting properties, and potential
benefits of this compound have been identified, including anti-
inflammatory, antiallergic (21), antibacterial (22), and anticancer
compound (23). Furthermore, a lot of research focused on
the toxicity and pharmacological mechanism of Rotterin in
tumor and cancer. Moreover, RL exhibited its major and recent
cytotoxic properties of human amelanotic A375 melanoma cells,
that is, growth arrest, apoptosis induction, and translation
shutoff. Although the RL is used in a variety of fields especially
anticancer (24), as an anti-parasite, only Ietta et al. reported
that RL can act against Toxoplasma gondii; as a result, this
compound is an inducer of autophagy and inhibition of protein
synthesis (25). Therefore, in the current study, we screened
502 compounds from the natural product compounds (NPCs)
against the in vitro growth of B. bovis and against the in vivo
growth of B. microti.

MATERIALS AND METHODS

Parasites

Babesia bovis (Texas strain) was cultured in 8% purified bovine
red blood cells (RBCs) suspended in GIT medium using 24-well-
culture plates in a 37°C incubator with an atmospheric condition
of 5% CO; and 5% O;. The medium was replaced every 24 h (12).

Babesia microti (Munich strain) was used for the in vivo
studies and was recovered from —80°C stock in one 6-week-
old female BALB/c mice (CLEA Japan Inc., Tokyo, Japan)
(26). The animal experiment was conducted in accordance with
The Regulations for Animal Experiments of Obihiro University
of Agriculture and Veterinary Medicine, Japan (Accession
numbers 18-40).

Chemical Reagents

SYBR Green I (SGI) nucleic acid stain (Lonza, USA; 10,000x)
was stored at —30°C, and lysis buffer containing EDTA
(10mM), Tris (130mM at pH 7.5), saponin (0.016% w/v),
and TritonX-100 (1.6% v/v) was prepared and stored at 4°C,
as previously described (12). Five hundred and two NPCs (2
mg/ml) (Supplementary Table 1) were received from the Cancer
Research Institute of Kanazawa University (Ishikawa, Japan) and
stored at —30°C until use for in vitro screening against B. bovis.
DA (Novartis, Japan) was used as a positive control drug. RL,
NR, and LA (all from Sigma-Aldrich, Japan) were prepared as
a 100mM stock solution and stored at —30°C until use. Cell
Counting Kit-8 (CCK-8, Japan) was used for cytotoxicity assay.

In vitro Growth of Initial Inhibitory Assay
The in vitro inhibitory efficacies of 502 NPCs were evaluated
against the growth of B. bovis using fluorescence assay (27).
All compounds were initially screened against B. bovis using
2.5ng/ml at 1% parasitemia and 2.5% hematocrit (HCT) for
4 successive days in 96-well-plates. Fluorescence values were
evaluated at day 4 after adding 100 1 of lysis buffer mixed
with 2x SGI using the fluorescence spectrophotometer (485 and
518 nm, Fluoroskan Ascent, USA). After the initial screening,
ICsg values were calculated for the compounds that exhibited
the highest inhibitory efficacies >60% (RL, NR, LA) with
concentrations ranging from 0.10 to 100 uM using the non-
linear regression analysis (Curve fit) in GraphPad Prism 7
(GraphPad Software Inc., USA). Non-parasitized RBCs and
0.50% dimethyl sulfoxide (DMSO) were loaded into triplicate
wells and used as a blank and negative control, respectively. Each
drug concentration was tested in triplicate, and the experiment
was repeated three times.

Viability Test and Morphological Changes

Determination

The viability changes in drug-treated B. bovis were observed
as previously described by Tayebwa et al. (28). A 96-well-plate
was used, and 10 pl of 1% iRBCs with 90 pl medium at
various drug concentrations were suspended in each well. The
plate was incubated as aforementioned, and the medium was
changed every 24h for 4 consecutive days and replaced with
their respective concentrations of RL, NR, and LA. The various
concentrations of RL, NR, and LA used in this experiment were
0.50%, 1%, 2%, and 4x of the ICsp, respectively. On day 5, 3 pl
of RBCs from treated wells was added to 7 pl of fresh RBCs in a
new 96-well plate (no drug) and the medium was replaced daily
for the next 6 days. Giemsa-stained thin blood smears (GBS) and
fluorescence values were determined in 5 days. Each experiment
was performed in triplicates in three separate trials.
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Cytotoxicity of RL, NR, and LA on MDCK
Cell Line

The drug-exposure viability assay was performed following the
recommendation of the Cell Counting Kit-8 (CCK-8, Japan). In
brief, 5 x 10* cells/ml of Madin-Darby Bovine Kidney (MDBK)
cells were seeded on 100 pl per well in a 96-well-cell culture plate
and incubated for 24 h. One hundred microliters of 3-fold drug
dilutions were added to each well to a final concentration of 1-
100 wM in triplicates. After 24 h, 10 pl of CCK-8 was added to
each exposed drug. After 4h incubation, the absorbance values
were determined at 450 nm using MTP-500 microplate reader
(Corona Electric, Japan). The wells with only the culture medium
were used as blank, while those containing cells in a medium with
0.50% DMSO were used as control (29).

Chemotherapeutic Evaluation of RL, NR
and LA in Mice

The mouse model infected with B. microti was used to determine
the inhibitory effect of the selected compounds in this study

as previously described by Rizk et al. (26). Thirty-five 8-week-
old female BALB/c mice (CLEA Japan Inc., Tokyo, Japan) were
used in the in vivo study and divided equally into seven groups.
First, second, and third groups were treated with RL, NR, and
LA at dose rates 5 mg/kg, 7 mg/kg, and 1 mg/kg, respectively.
DA (the commonly used antibabesial drug) was administrated
to the mice in the fourth group at a dose rate of 25 mg/kg.
Mice in the fifth group were treated with a combination therapy
consisting of 3.5 mg/kg NR + 10 mg/kg DA. All drugs were
administrated by intraperitoneal (IP) route in all groups. Mice
in the sixth and seventh groups were kept as positive (infected
and untreated) control and negative (uninfected and untreated)
control, respectively. The treatment of compound was initiated
and continued for 5 successive days (day 4 to day 8) when
parasitemia reached 1% in the infected mice.

Prior to the beginning of the in vivo experiments, a B.
microti positive mouse was prepared according to Nugraha
et al. (10). In brief, B. microti was recovered and injected
into a mouse, and then parasitemia was checked every 2 days
by Giemsa-stained blood smear. After the parasitemia reached
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30%, the mouse was anesthetized and blood was collected
by cardiac puncture. The blood was then diluted by 1 x
PBS to acquire 2 x 107/ml B. microti iRBCs. Except the
negative control group, all mice were injected IP with 0.5ml
dilution iRBC to achieve 1 x 107/ml iRBCs and parasitemia
was monitored every 2 days. Venous tail blood samples (2.5
nl) were collected from each mouse every 2 days until 32
days post-inoculation or the cessation of parasitemia. The blood
samples were collected in a 96-well plate (RPMI 1,640 medium
100 pl + lysis buffer 50 1), and uninfected mice RBCs were
used as blank control. Then, 50 w1 of lysis buffer containing
2x SGI nucleic acid stain was added directly to each well and
gently mixed (26). Next, the plate was incubated in the dark for
1h and the fluorescence values were determined as described
above using a fluorescence spectrophotometer. Meanwhile, 10
pl of blood from the tail was collected every 4 days and used
to determine the hematological profiles using an automatic
hemocytometer (Celltac a MEK-6,450, NihonKohden, Tokyo,
Japan). All parameters were monitored until day 30. All the in
vivo the experiments were repeated twice.

Statistical Analysis

The ICsy values of RL, NR, LA, and DA were determined
using the non-linear regression curve fit in GraphPad
Prism 6.0 (GraphPad Software Inc., USA). The differences
in the fluorescence values of the in vitro cultures and

among groups for the in vivo studies were analyzed with a
statistical software program (GraphPad Prism version 5.0
for Windows; GraphPad Software, Inc., San Diego, CA,
USA), using an independent Student’s t-test and one-way
ANOVA. A P-value of <0.05 was considered statistical
difference, and a P-value of <0.01 was considered statistically
significant difference.

RESULTS

RL, NR, and LA Inhibit the in vitro Growth

of B. bovis and in vitro Cytotoxicity
In vitro screening of 502 NPCs against the growth of B. bovis at
2.5 ng/ml concentration revealed that 14 compounds including
RL, Berberine-HCI, Cepharanthine, Chartreusin, Citreoviridin,
Daunorubicin, Ellagic acid, Ellipticine, Harringtonine, LA,
Mitomycin C, Monensin, NR, and Streptonigrin exhibited over
60% inhibitory effects (Figure 1). However, cytotoxicity assay
on MDBK showed that only eight compounds have low toxic
effects over 100 M (Green Color, Figure 1) and other screened
compounds (n = 6) exhibited toxic effects (Red Color, Figure 1).
RL, NR, and LA inhibited the growth of B. bovis in a dose-
dependent manner. The ICsg values of RL, NR, and LA were 5.45
+ 1.20 uM, 1.86 &+ 0.66 M, and 3.56 £ 1.41 M, respectively
(Figure 2).
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Viability and Morphological Changes of
RL-, NR-, and LA-Treated B. bovis

To further validate the potent identified natural product
compounds as anti-B. bovis compounds, viability test and
morphological changes in the treated culture were performed.
The results showed that RL-, NR-, and LA-treated B. bovis
lack the ability to regrow at 1x, 2x, and 4x the ICsg
values. The concentrations at which B. bovis did not regrow
were 5.45, 10.90, and 21.80 uM for RL treatment, 1.86, 3.72,
and 7.44uM for NR, and 3.56, 7.12, and 14.24puM for LA
(Figure 3).

The parasitemia was examined for all parasites after 24 h, 72 h,
and 7 days of incubation with the two crude methanolic extracts
in Giemsa-stained blood smears. Morphological observation
of B. bovis treated with 0.50x, 1x, 2x, RL, NR, and LA
identified that the parasites (2 x the ICsg) appeared smaller and
disintegrated at 24h in RL, NR, and LA as compared to the
control (P3d) (Supplementary Figures 1-3). The remnants of
the dot parasites within the RBC were observed in micrographs of

B. bovis in RL, NR, and LA, while the LA-treated parasite faintly
appeared at 72 h (Supplementary Figures 1-3).

In vitro Cytotoxicity

In vitro treatment by NR exhibited no cytotoxicity until 50 WM,
while the RL and LA in vitro treatment showed cytotoxicity
on MDBK at 5uM (Supplementary Figure 4). Fortunately, the
most potent natural product compound identified, NR exhibited
a low IC5p on MDBK with subsequently very high selectivity
index (SI) (Table 1). NR was shown the highest SIs (Table 1),
suggesting their possible promising future use for in vivo study.

Chemotherapeutic Effect of RL, NR, and

LA on B. microti in Mice

The promising efficacy of RL, NR, and LA in vitro prompted
further research to evaluate the antibabesial effects against B.
microti in mice. In treated of NR groups, the parasitemia
increased at a significantly lower rate than the control group (P
< 0.01) at days 12, 16, and 20 IP. The relative fluorescent units
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TABLE 1 | ICs0, CCsp, and selectivity indices of potent Natural compounds and
diminazene aceturate evaluated against the in vitro growth of B. bovis.

Drugs ICsp values (LM)? CCsp (LM) Selectivity indices?
RL 5.454+1.20 27.22 +10.49 4.99 + 0.68

NR 1.86 + 0.66 95.02 + 35.60 45.71 £ 6.12
LA 3.56 &+ 0.44 9.85+1.23 2.76 &+ 0.11

DA 0.47 + 0.09 ND ND

8|Cs0 values for each drug were calculated on the fourth day of the in vitro culture using
a fluorescence assay in three separate experiments. Each drug concentration was made
in triplicate in each experiment, and the final obtained ICs values were the mean SD of
values obtained from three separate experiments. DA, diminazene aceturate, RL, Rottlerin;
NR, Narasin; LA, Lasalocid acid; ND, not detected.

bSelectivity indices (Sls) were calculated based on the ratio CCso (MDBK)/ICso of
the compound.

-8 RL (5mg/mL) IP
-8 NR (7mg/kg) IP
-# LA (Img/kg) IP
—4- NR+DA (10mg/kg) IP
—¥ DA (20mg/kg) IP

—&- Positive Control
-©- Negative Control

4000+

3000+

20004

Relative Flourecent Units (RFUs)

10004

Days post-inoculation

FIGURE 4 | Chemotherapeutic evaluation (RFUs) of RL, NR, and LA in mice.

(RFUs) in treated groups reached 960, 1,200, 3,100, and 890 in 7
mg/kg of NR, 5 mg/kg of RL, 1 mg/kg of LA, and 20 mg/kg of DA,
respectively, at 16 days IP, as compared to 3,800 peak RFUs in the
control group (Figure 4). At day 16 pi, 20 mg/kg DA, 7 mg/kg
NR, 5 mg/kg of RL, and 1 mg/kg LA cause 76.57, 74.73, 68.42,
and 18.42% inhibition in the growth of B. microti in comparison
with the untreated mice, respectively. Interestingly, the 5 mg/kg
RL showed 68.42% inhibition in the growth of B. microti which
is similar to those observed after treatment with the commonly
used drug, DA.

The hematological parameters that included the RBCs
(Figure 5A), HGB concentration (Figure5B), and HCT
percentage (Figure 5C) were significantly different in the NR-
treated groups as compared to the infected untreated group.
On the other hand, there was no significant reduction (P >
0.05) in the number of RBCs, HGB concentration, and HCT
percentage in the NR treated groups in comparison to the
DA-treated group. The RBC, HCT, and HGB values of NR,
NR+DA, and DA groups showed identical dots and line during
days 8 to 16, wherein B. microti were having active growth.

Three lines indicating RBC, HCT, and HGB were almost same
as the uninfected mice, while LA did not depict much difference
between infected-untreated mice. Interestingly, a decreasing
trend was observed in hematological data of RL at days 0-12, but
later on, low hematological parameters were shown in mice after
RL was given. RL group also exhibited significant difference (P <
0.01) for RBCs, HCT, and HGB at day 12.

DISCUSSION

Babesia bovis is one of the most important bovine disease. So
far, the vaccines against the protozoa are not very effective, but
screening new effective compounds for babesiosis could be the
alternative strategy for prevention and treatment of the disease.
In this study, the preliminary inhibitory effects and the results
of cytotoxicity assay using MDBK showed that three compounds
including RL, NR, and NR exhibited the highest inhibitory
efficacy against the in vitro growth of B. bovis and the lowest
toxicity effect.

NR is an antibiotic to treat coccidiosis in poultry, which
was isolated from Streptomyces albus. NR, a derivative of
salinomycin (an ionophoric anticoccidial compound), and the
anti-inflammatory and antiparasitic (Plasmodium spp. and
Eimeria spp.) actions of NR have been previously documented
(16, 18). Furthermore, NR have the inhibitory effect against
the growth of Toxoplasma gondii (30), exhibiting over 45.56%
inhibition rate when used at 1pug/ml. According to Hickey
et al. NR can also significantly reduce viable cell numbers
in Staphylococcus aureus, and it displayed the least toxicity
against mammalian cell lines including Hep G2, HFF-1, MCF-
7, and MDBK (IC5¢ 39.52 pg/ml) (31). In this study, the potent
inhibitory effect on B. bovis in vitro and B. microti in vivo for
NR was identified. Although, this time, the data only showed
the effects of natural compounds against Babesia pathogens, the
results could be supportive for the signaling pathway found in
previous scientific reports. In canine babesiosis, Babesia rossi
has been recognized as causative agent of low triiodothyronine
(T3) syndrome. The concentration of thyrotropin (TSH), total
thyroxin (TT4), and free thyroxin (FT4) was found to be
low in serum (32). Intriguingly, NR was identified as a small
molecule antagonist for the thyroid hormone receptor beta
(Thrb) in Norway rat. Thrb mediates the biological activities
of thyroid hormone and is also identified in cattle and house
mouse [https://pubchem.ncbi.nlm.nih.gov/gene/24831#section=
Ensembl-ID, (33)]. The inhibitory effect of NR in B. microti
(in vivo) may be influenced by thyroid hormone pathway. For
instance, Gulia-Nuss et al. identified that the signaling pathways
that regulate the innate immune response, such as the Toll-
like receptors, IMD (Immunodeficiency), and JAK-STAT (Janus
Kinase/ Signal Transducers and Activators of Transcription), also
occur in ticks (34). Obviously, Babesia as one of the tick-borne
pathogens can be carried and transmited by vector tick species.
Gulia Nuss’s investigation may explain the signaling pathway
relationship for ticks and babesiosis in one aspect (34). On the
other hand, Chen et al. reported that NR inhibited proliferation,
migration, and invasion of human metastatic estrogen receptor
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positive breast cancer cells by inactivating IL-6/STAT3-mediated
EMT signaling pathways in vitro and in vivo (35).

RL is inhibitor of PKC-8 (Protein kinase C delta) gene
which is also identified in human, cattle, and house mouse.
PKC-3 is a tumor suppressor as well as positive regulator of
cell cycle progression. Moreover, this protein can positively
or negatively regulate apoptosis [https://pubchem.ncbi.nlm.nih.
gov/gene/5580, (36)]. In this study, RL has the inhibitory effect
on in vitro of B. bovis, but its repressing function is not well
pronounced in vivo of B. microti chemotherapeutic evaluation
(RFUs) in BALB/c mice. Interestingly, the identified potent
NPCs prevented the development of anemia, as there was no
significant reduction in the assessed hematological variables in
treated mice on days p.. The potential inhibitory effects of
identified potent NPCs against B. microti together with the
ability of these compounds to prevent the progress of anemia
in the treated mice have added merit to these compounds over
previously evaluated antipiroplasm candidates thymoquinone
(37), fluroquinolones (38), and Zingiber officinale rhizome (39).
However, further research is needed to discover the mechanism
by which these compounds protect the treated mice from the
hemolytic-macrocytic anemia caused by babesiosis. In some
cases, the antitumor action of IFN-a has been shown to involve

the induction of apoptosis through the activation of JNK via
PKC-38, leading to upregulation of TRAIL and activation of Stat-
1. The RL as the inhibitor of PKC-8 will downregulate TRAIL
and Stat-1 (40). Fascinatingly, EVs (Extracellular vesicles) from
parasite or Trypanosoma cruzi-infected macrophages interacting
with TLR2 were able to elicit translocation of NF-kB and,
as a consequence, to alter the EVs, the gene expression of
proinflammatory cytokines, and STAT-1 and STAT-3 signaling
pathway (41). In leishmaniasis, the nuclear factor kappa-
light-chain enhancer of activated B cells (NF-kB) signaling
pathway and pro-apoptotic protein kinase C delta (PKC-3)
were downregulated, while inhibition of caspase-3 activation
prevented L. aethiopica spreading (42). On the other hand, STAT-
5 is also related to promote T cell proliferation and differentiation
with immune-related proteins, while spleen continued to initiate
immune responses to combat the infection of B. microti (43).

LA as a medicated feed additive is a polyether ionophore
antibiotic produced by strains of the bacterium Streptomyces
lasaliensis. This compound is used for the control of coccidiosis
in cattle and poultry (44). As far as the parasite is concerned, LA
reduced the growth rate of trypanosomes by 50%, and further
increasing the concentration of the drug to 1.75 and 10 M to kill
the parasite. LA induced even a rapid swelling in trypanosomes
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than salinomycin which was considered as a trypanocidal related
ionophore (45). For their anti-malarial activity, only some
lasalocid acid and monensin analogs showed potent activity
against selected Plasmodium species in vivo culture (14). The
cyclic polyether antibiotic valinomycin and carboxylic ionophore
salinomycin have been shown to exhibit potent in vitro anti-
babesial activity against the related canine pathogen B. gibsoni.
After using LA, the inhibitory effects of B. bovis in vitro were
also observed. The reason of effects of lasolocid acid against B.
bovis is probably familiar with the ionophores directly against
under low concentrations of potassium (which completely lack
Nap/Kp-ATPase activity) (45). The lysis of the red blood cells and,
subsequently, the killing of B. gibsoni occurred when containing
high concentrations of potassium (46). Unfortunately, the result
of B. microti in vivo in BALB/c mice was not very well. Of
note, polyether ionophore antibiotics have been shown to display
activity against both tachyzoite and bradyzoite stages of T. gondii
(47). On the other hand, lasalocid acid did not reduce the rate
of abortion and neonatal mortality in sheep infected with T.
gondii (48).

Although this study evaluated the inhibitory efficacy of potent
compounds from the natural product against the in vivo growth
of B. microti, the study neither followed up the presence of
parasite remnant in different tissues of the treated mice nor
determined the serum chemistry panel data before and after
treatment in the mice. Therefore, additional future experiments
are required to follow up the efficacy of the identified potent
compounds in NPC-treated mice. This study evaluated the
in vitro inhibitory effect of NPCs against the growth of B.
bovis without determining the developmental stage in which
the inhibition occurs. Therefore, additional future experiments
are required to determine which developmental stage of the
parasite might be affected by the identified NPCs, the merozoite
stage outside the erythrocyte, or the parasite stage inside the
erythrocyte, reducing viability or inhibiting the parasite division.
In fact, the cellular targets of the identified three potent NPCs
are still unclear and future studies are required to address
this point.

In conclusion, new chemical compounds from natural
product compounds were identified in the previous study,
which suppressed the in vitro growth of B. bovis (9). But the
further experiment using B. microti in BALB/c mice showed
the toxic effects in mice using natural product compounds,
and NR from the three selected compounds was found to
have good inhibitory effect whether in vitro of B. bovis and in
vivo of B. microti in BALB/c mice. Our findings indicated that
natural product compounds are a precious source for discovering
novel antibabesial drugs and the identified potent compounds,
especially NR that might be used for the treatment of Babesiosis.
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