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Development of practical application of combination therapy against
piroplasmosis in animals
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Piroplasmosis is an intra-erythrocytic protozoan disease that causes
enormous economic loss to animal industry globally. Current drugs have strong side effect and high
relapse possibility. In the current study, drug combination effect was evaluated to develop a new
chemotherapy with high efficacy and less low side effect.

New several drug combinations were found to kill parasites by in vitro culture system. These
combination drugs showed high chemotherapeutic effect in mouse experimental model. Similar
chemotherapeutic effects were observed in dog piroplasmosis and Scid mice that were substituted
bovine erythrocytes. There results suggest a high possibility for the combination drug therapy for
piroplasmosis.



SCID

(Babesia bovis, B. bigemina, B. caballi,

Theileria equi) ,

(DMA)
B. microti
B. microti
B. microti
B. gibsoni #E4 =¥, 2~ 3D
PCR
B.bovis
B. bigemina B. caballi T. equi

PCR

nitidine (NC) (Cpt)



NC Cpt B. bovis, B. bigemina, B. divergens, B. caballi, T. equi

(DMA)
(TQ) B. bovis, B. bigemina, B. divergens
T. equi, B. caballi TQ DMA
DMA (CFZ) Pyronaridine
tetraphosphate (PYR) B. bovis DMA
CFz 1:2
B. microti
B. microti NC DMA
B. microti
DMA B. microti
70mg/kg 50mg/kg
SCID
SCID B. microti SCID
2 SCID
B. microti
3)
B. gibsoni
B. gibsoni 1% <
MMV396693 Pyronaridine tetraphosphate Imidocarb dipropionate
80%
(TAF)  B. gibsoni
B. gibsoni 14.8%
TAF 3 3 1
2 3



bigemina

1%

SCID
in vivo
SCID-Bo
DMA CFZ PYR

B. bovis, B.

B. bovis

DMA CFzZ 1
DMA CFz

SCID



40 39 39 18

Tayebwa Dickson Stuart Tuvshintulga Bumduuren Guswanto Azirwan Nugraha Arifin Budiman 9

Batiha Gaber El-Saber Gantuya Sambuu Rizk Mohamed Abdo Vudriko Patrick Sivakumar

Thillaiampalam Yokoyama Naoaki lgarashi Ikuo

The effects of nitidine chloride and camptothecin on the growth of Babesia and Theileria 2018

parasites

Ticks and Tick-borne Diseases 1192 1201
DOl

10.1016/j . ijpddr.2018.02.005

Rizk Mohamed Abdo AbouLaila Mahmoud El-Sayed Shimaa Abd Guswanto Azirwan Yokoyama Naoaki Volume 11

Igarashi Ikuo

Inhibitory effects of fluoroguinolone antibiotics on &lt;em&gt;Babesia divergens&lt;/em&gt; and 2018

&lt;emé&gt;Babesia microti&lt;/em&gt;, blood parasites of veterinary and zoonotic importance

Infection and Drug Resistance 1605 1615
DOl

10.1016/j . tthdis.2018.04.019

El-Sayed Shimaa Abd El-Salam Rizk Mohamed Abdo Yokoyama Naoaki lgarashi Ikuo 12

Evaluation of the in vitro and in vivo inhibitory effect of thymoquinone on piroplasm parasites 2019

Parasites & Vectors 37-46
DOl

10.2147/1DR.S159519

Tuvshintulga Bumduuren Sivakumar Thillaiampalam Yokoyama Naoaki Igarashi Ikuo 9

Development of unstable resistance to diminazene aceturate in Babesia bovis 2019

International Journal for Parasitology: Drugs and Drug Resistance 87 92

DOl

10.1016/j . ijpddr.2019.02.001




Nugraha Arifin Budiman Tuvshintulga Bumduuren Guswanto Azirwan Tayebwa Dickson Stuart Rizk 10

Mohamed Abdo Gantuya Sambuu El-Saber Batiha Gaber Beshbishy Amany Magdy Sivakumar

Thillaiampalam Yokoyama Naoaki lgarashi Ikuo

Screening the Medicines for Malaria Venture Pathogen Box against piroplasm parasites 2019

International Journal for Parasitology: Drugs and Drug Resistance 84 90
DOl

10.1016/j . ijpddr.2019.06.004

El-Saber Batiha Gaber Magdy Beshbishy Amany Stephen Adeyemi Oluyomi Hassan Nadwa Eman kadry 25

Mohamed Rashwan Eman Alkazmi Luay M. Elkelish Amr A. lgarashi lIkuo

Phytochemical Screening and Antiprotozoal Effects of the Methanolic Berberis Vulgaris and 2020

Acetonic Rhus Coriaria Extracts

Molecules 550
DOl

10.3390/molecules25030550

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam Nassif Medhat Mosqueda Juan Xuan Xuenan 279

Igarashi Ikuo

Assay methods for in vitro and in vivo anti-Babesia drug efficacy testing: Current progress, 2020

outlook, and challenges

Veterinary Parasitology

109013 109013

DOl

10.1016/j . ijpddr.2019.02.001

AbouLaila Mahmoud El-Sayed Shimaa Abd ElI-Salam Omar Mosaab A. Al-Aboody Mohammad Saleh 9

Abdel Aziz Amer R. Abdel-Daim Mohamed M. Rizk Mohamed Abdo Igarashi Ikuo

Myrrh Oil in Vitro Inhibitory Growth on Bovine and Equine Piroplasm Parasites and Babesia 2020

microti of Mice

Pathogens 173 173
DOl

10.3390/i jerph16101736




Batiha Gaber El-Saber Beshbishy Amany Magdy Guswanto Azirwan Nugraha Arifin Munkhjargal 25

Tserendorj M. Abdel-Daim Mohamed Mosqueda Juan lgarashi lIkuo

Phytochemical Characterization and Chemotherapeutic Potential of Cinnamomum verum Extracts on 2020

the Multiplication of Protozoan Parasites In Vitro and In Vivo

Molecules 996 996
DOl

10.1371/journal .pntd.0007030

Beshbishy Amany Magdy Batiha Gaber El-Saber Alkazmi Luay Nadwa Eman Rashwan Eman Abdeen 9

Ahmed Yokoyama Naoaki lgarashi Ikuo

Therapeutic Effects of Atranorin towards the Proliferation of Babesia and Theileria Parasites 2020

Pathogens 127 127
DOl

10.1007/s11418-019-01294-8

Li Yongchang Liu Mingming Rizk Mohamed Abdo Moumouni Paul Franck Adjou Lee Seung-Hun Galon 210

Eloiza May Guo Huanping Gao Yang Li Jixu Beshbishy Amani Magdy Nugraha Arifin Budiman Ji

Shengwei Tumwebaze Maria Agnes Benedicto Byamukama Yokoyama Naoaki lgarashi lkuo Xuan

Xuenan

Drug screening of food and drug administration-approved compounds against Babesia bovis in 2020

vitro

Experimental Parasitology

107831 107831

DOl
10.1016/j -exppara.2020.107831

El-Saber Batiha Gaber Magdy Beshbishy Amany Stephen Adeyemi Oluyomi Nadwa Eman Rashwan 15

Eman Yokoyama Naoaki lgarashi lkuo

Safety and efficacy of hydroxyurea and eflornithine against most blood parasites Babesia and 2020

Theileria

PLOS ONE €0228996
DOl

10.1186/s13071-019-3520-x




El-Sayed Shimaa Abd El-Salam Rizk Mohamed Abdo Yokoyama Naoaki lgarashi Ikuo 12

Evaluation of the in vitro and in vivo inhibitory effect of thymoquinone on piroplasm parasites 2019

Parasites & Vectors 37-46
DOl

10.3390/molecules25030550

Tuvshintulga Bumduuren Sivakumar Thillaiampalam Yokoyama Naoaki Igarashi Ikuo 9

Development of unstable resistance to diminazene aceturate in Babesia bovis 2019

International Journal for Parasitology: Drugs and Drug Resistance 87 92
DOl

10.1371/journal .pone.0228996

Ganchimeg Dorj Batbold Badarch Murata Toshihiro Davaapurev Bekh-Ochir Munkhjargal 7

Tserendorj Tuvshintulga Bumduuren Suganuma Keisuke Igarashi lkuo Buyankhishig

Buyanmandakh Sasaki Kenroh Batsuren Dulamjav Batkhuu Javzan

Flavonoids isolated from the flowers of Pulsatilla flavescens and their anti-piroplasm activity 2019

Journal of Natural Medicines 1-8
DOl

10.3390/pathogens9020127

El-Saber Batiha Gaber Magdy Beshbishy Amany Stephen Adeyemi Oluyomi Hassan Nadwa Eman kadry 25

Mohamed Rashwan Eman Alkazmi Luay M. Elkelish Amr A. Ilgarashi lIkuo

Phytochemical Screening and Antiprotozoal Effects of the Methanolic Berberis Vulgaris and 2020

Acetonic Rhus Coriaria Extracts

Molecules 550 550
DOl

10.3390/molecules25030550




AbouLaila Mahmoud El-Sayed Shimaa Omar Mosaab Al-Aboody Mohammad Abdel Aziz Amer Abdel- 9

Daim Mohamed Rizk Mohamed Igarashi lkuo

Myrrh Oil in Vitro Inhibitory Growth on Bovine and Equine Piroplasm Parasites and Babesia 2020

microti of Mice

Pathogens 173 173
DOl

10.3390/pathogens9030173

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam Nassif Medhat Mosqueda Juan Xuan Xuenan 279

Igarashi Ikuo

Assay methods for in vitro and in vivo anti-Babesia drug efficacy testing: Current progress, 2020

outlook, and challenges

Veterinary Parasitology

109013 109013

DOl
10.1016/j .vetpar.2019.109013

AbouLaila Mahmoud El-Sayed Shimaa Abd ElI-Salam Omar Mosaab A. Al-Aboody Mohammad Saleh 9

Abdel Aziz Amer R. Abdel-Daim Mohamed M. Rizk Mohamed Abdo Igarashi Ikuo

Myrrh Oil in Vitro Inhibitory Growth on Bovine and Equine Piroplasm Parasites and Babesia 2020

microti of Mice

Pathogens 173 173
DOl

10.3390/pathogens9030173

Batiha Gaber El-Saber Beshbishy Amany Magdy Guswanto Azirwan Nugraha Arifin Munkhjargal 25

Tserendorj M. Abdel-Daim Mohamed Mosqueda Juan lgarashi Ikuo

Phytochemical Characterization and Chemotherapeutic Potential of Cinnamomum verum Extracts on 2020

the Multiplication of Protozoan Parasites In Vitro and In Vivo

Molecules 996 996
DOl

10.3390/molecules25040996




Beshbishy Amany Magdy Batiha Gaber El-Saber Alkazmi Luay Nadwa Eman Rashwan Eman Abdeen 9

Ahmed Yokoyama Naoaki lgarashi Ikuo

Therapeutic Effects of Atranorin towards the Proliferation of Babesia and Theileria Parasites 2020

Pathogens 127 127
DOl

10.3390/pathogens9020127

El-Saber Batiha Gaber Magdy Beshbishy Amany Stephen Adeyemi Oluyomi Nadwa Eman Rashwan 15

Eman Yokoyama Naoaki lgarashi lkuo

Safety and efficacy of hydroxyurea and eflornithine against most blood parasites Babesia and 2020

Theileria

PLOS ONE €0228996
DOl

10.1371/journal .pone. 0228996

Tuvshintulga Bumduuren Vannier Edouard Tayebwa Dickson S Gantuya Sambuu Sivakumar 222

Thillaiampalam Guswanto Azirwan Krause Peter J Yokoyama Naoaki lgarashi lIkuo

Clofazimine, a Promising Drug for the Treatment of Babesia microti Infection in Severely 2020

Immunocompromised Hosts

The Journal of Infectious Diseases 1027 1036
DOl

10.1093/infdis/jiaal95

Batiha Gaber El-Saber Beshbishy Amany Magdy Alkazmi Luay M. Nadwa Eman H. Rashwan Eman K. 14

Yokoyama Naoaki lgarashi Ikuo

In vitro and in vivo growth inhibitory activities of cryptolepine hydrate against several 2020

Babesia species and Theileria equi

PLOS Neglected Tropical Diseases

DOl
10.1371/journal .pntd.0008489




El-Sayed Shimaa Abd El-Salam Rizk Mohamed Abdo Ringo Aaron Edmond Li Yongchang Liu 81
Mingming Ji Shengwei Li Jixu Byamukama Benedicto Tumwebaze Maria A. Xuan Xuenan lgarashi

Ikuo

Impact of using pyronaridine tetraphosphate- based combination therapy in the treatment of 2021

babesiosis caused by Babesia bovis, B. caballi, and B. gibsoni in vitro and B. microti in mice

Parasitology International

102260 102260

DOl
10.1016/j .parint.2020.102260

Liu Mingming Ji Shengwei Kondoh Daisuke Galon Eloiza May Li Jixu Tomihari Mizuki Yanagawa 65

Masashi Tagawa Michihito Adachi Mami Asada Masahito Igarashi lkuo lIguchi Aiko Xuan Xuenan

Tafenoquine Is a Promising Drug Candidate for the Treatment of Babesiosis 2021

Antimicrobial Agents and Chemotherapy -
DOl

10.1128/AAC.00204-21

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam Alkhoudary Mahmoud S. Alsharif Khalaf F. 26

Abdel-Daim Mohamed M. Igarashi lIkuo

Compounds from the Medicines for Malaria Venture Box Inhibit In Vitro Growth of Babesia 2021

divergens, a Blood-Borne Parasite of Veterinary and Zoonotic Importance

Molecules 7118 7118
DOl

10.3390/molecules26237118

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam lgarashi lkuo 85

Evaluation of the inhibitory effect of Zingiber officinale rhizome on Babesia and Theileria 2021

parasites

Parasitology International

DOl
10.1016/j .parint.2021.102431




Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam Eltaysh Rasha Igarashi Ikuo 247

In vivo antibabesial activity and bioinformatic analysis of compounds derived from the 2022

Medicines for Malaria Venture box against Babesia microti

Molecular and Biochemical Parasitology -
DOl

10.1016/j -molbiopara.2021.111444

Tuvshintulga Bumduuren Sivakumar Thillaiampalam Nugraha Arifin Budiman Ahedor Believe 225

Batmagnai Enkhbaatar Otgonsuren Davaajav Liu MingMing Xuan Xuenan lgarashi Ikuo Yokoyama

Naoaki

Combination of Clofazimine and Atovaquone as a Potent Therapeutic Regimen for the Radical Cure 2021

of <i>Babesia microti</i> Infection in Immunocompromised Hosts

The Journal of Infectious Diseases 238 242
DOl

10.1093/infdis/jiab537

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam Eltaysh Rasha Igarashi Ikuo 13

MMV020275 and MMV020490, promising compounds from malaria box for the treatment of equine 2022

piroplasmosis

Ticks and Tick-borne Diseases -
DOl

10.1016/j . tthdis.2022.101904

Liu Mingming lgarashi lkuo Xuan Xuenan 38

Babesia gibsoni 2022

Trends in Parasitology 815 816

DOl
10.1016/j .pt.2022.03.001




Rizk Mohamed Abdo Baghdadi Hanadi B. EIl-Sayed Shimaa Abd EI-Salam Eltaysh Rasha lgarashi 15

Ikuo

Repurposing of the Malaria Box for Babesia microti in mice identifies novel active scaffolds 2022

against piroplasmosis

Parasites Vectors -
DOl

10.1186/s13071-022-05430-4

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam lgarashi lkuo 90

Ascorbic acid co-administration with a low dose of diminazene aceturate inhibits the in vitro 2022

growth of Theileria equi, and the in vivo growth of Babesia microti

Parasitology International -
DOl

10.1016/j .parint.2022.102596

Kumar Abhinav Kabra Aditya Ilgarashi lkuo Krause Peter J. 39

Animal models of the immunology and pathogenesis of human babesiosis 2023

Trends in Parasitology 38 52
DOl

10.1016/j .pt.2022.11.003

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam lgarashi lkuo 68

In Vitro Inhibitory Effects and Bioinformatic Analysis of Norfloxacin and Ofloxacin on 2022

Piroplasm

Acta Parasitologica 213 222

DOl
10.1007/s11686-022-00648-9




Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam lgarashi lkuo 117

<i>In vivo</i> activity and atom pair fingerprint analysis of MMV665941 against the 2022

apicomplexan parasite Babesia microti, the causative agent of babesiosis in humans and rodents

Pathogens and Global Health 315 321
DOl

10.1080/20477724.2022.2128571

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam lgarashi lkuo 117

<i>In vivo</i> activity and atom pair fingerprint analysis of MMV665941 against the 2022

apicomplexan parasite Babesia microti, the causative agent of babesiosis in humans and rodents

Pathogens and Global Health 315 321
DOl

10.1080/20477724.2022.2128571

Rizk Mohamed Abdo El-Sayed Shimaa Abd El-Salam lgarashi lkuo 14

Diminazene aceturate and imidocarb dipropionate-based combination therapy for babesiosis ? A 2023

new paradigm

Ticks and Tick-borne Diseases

102145 102145

DOl
10.1016/j . ttbdis.2023.102145

14 1 6

Arifin Nugraha Bumduuren Tuvshintulga Ming Ming Liu Xuenan Xuan Naoaki Yokoyama lkuo lgarashi

Expressing of Green Fluorescent Protein in intraerythrocytic stage of Theileria equi

2019




Bumduuren Tuvshintulga Thillaiampalam Sivakumar Naoaki Yokoyama Ikuo lgarashi

Development of unstable resistance to diminazene aceturate in Babesia bovis

2019

Hiroshi Isek, Azirwan Guswanto, Chul-min Kim, Atsuko Saito-l1to, Yuka Minoda, Hisashi Inokuma, Naoaki Yokoyama, Peter J
Krause, and lkuo lgarashi

An immunochromatographic test for serodiagnosis of human babesiosi

The first human babesiosis conference

2018

Ikuo lgarashi

Developmentof novel diagnostic methods and drugs for babesiosis

The 14th International Congress of Parasitology

2018

Ikuo lgarashi

An immunochromatographic test for human babesiosis caused by Babesia microti

The 14th International Congress of Parasitology

2018




B. Tuvshintulga, T. Sivakumar, N. Yokoyama, I. lgarashi

Clofazimine as a potential agent for treating human babesiosis caused by Babesia microti

The 14th International Congress of Parasitology

2018

Mohamed Abdo Rizk, Shimaa Abd El-Salam El-Sayed, Naoaki Yokoyama, and lkuo lgarash

Evaluation of the in vitro and in vivo inhibitory effect of thymoquinone on Babesia and Theileria parasite

The 14th International Congress of Parasitology

2018

Amani Magdi Beshbishy, Gaber El-Saber Batiha, Naoaki Yokoyama, lkuo lgarashi

Cryptolepine and ellagic acid inhibit Babesia and Theileria in vitro

The 14th International Congress of Parasitology

2018

Arifin Budiman Nugraha, Umi Cahyaningsih, Amrozi, Azirwan Guswanto, Sambuu Gantuya, Bumduuren Tuvshintulga, Thillaiampalam
Sivakumar, Naoaki Yokoyama, lkuo lgarashi

Serological and molecular prevalence of equine piroplasmosis in Western Java, Indonesia

The 116th Annual Meeting of the Japanese Society of Veterinary Medicine

2018




Gaber El-Saber Batiha, Amany Magdy Beshbishy, Naoaki Yokoyama and lkuo lgarashi

Inhibitory effects of chalcone and trans-chalcone on the growth of Babesia and Theileria

The 116th Annual Meeting of the Japanese Society of Veterinary Medicine

2018

Ikuo lgarashi, Dickson S. Tayebwa, Bumduuren Tuvshintulga, Azirwan Guswanto, Thillaiampalam Sivakumar, Naoaki Yokoyama

Evaluation of the Chemotherapeutic Potential of Nitidine chloride and Camptothecin Against Babesia and Theileria

The 67th Annual Meeting of American Society of Tropical Medine

2018

Arifin Budiman Nugraha, Bumdureen Tuvshintulga, Mohamed Abdo Rizk, Sambuu Gantuya, Gaber El-Saber Batiha, Thillaiampalam
Sivakumar, Naoaki Yokoyama, Ikuo lgarashi.

Screening the Medicines for Malaria Venture Pathogen Box against piroplasm parasites

The 59th Annual Meeting of Japanese Society of Tropical Medine

2018

Gaber El-Saber Batiha, Amany Magdy Beshbishy, Naoaki Yokoyama and lkuo lgarashi

Inhibitory effects of ivermectin on the growth Babesia and Theileria

The 59th Annual Meeting of Japanese Society of Tropical Medine

2018




Mohamed A. Rizk, Shimaa El-Sayed, Noakia Yokoyama, lkuo lgarashi

The in vitro and in vivo inhibitory effect of Moringa olivera leaves on Babesia and Theileria parasites

The 88th Annual Meeting of Japanese Society of Parasitology

2019

(Yokoyama Naoaki)

(80301802) (10105)

Yale University Tufts University

Universidad Autonoma de

Queretaro
IPB University Balai Veteriner Subang (DIC
Subang)
Mongolian Veterinary In National University Khovd University
sistute of&#160;Mongolia,
Mansoura University Damanhour University

Makerere University




