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Abstract  
 
Despite the availability of different therapeutic options, Canine Visceral Leishmaniosis (CVL) remains a challenging 

disease to treat. Recently miltefosine has been registered for use in dogs and different studies have demonstrated its 

leishmanicidal effect. Moreover, it has been suggested that fluoroquinolones, compared to standard chemotherapeutic 

agents, could be an effective and pragmatic alternative to treat CVL.  

The efficacy of miltefosine and marbofloxacin alone or in combination with allopurinol against clinical strains of 

Leishmania infantum was assessed in vitro by incubating increasing concentrations of the drugs with a standard parasite 

inoculum. Miltefosine was significantly more efficacious than marbofloxacin  (P<0.05) against the two strains of L. 

infantum either alone or in combination with allopurinol. Both drugs were significantly (P<0.05) more efficacious when 

associated with allopurinol than alone.  
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1. Introduction 

Leishmaniosis is an infectious disease affecting both humans and dogs caused by Leishmania spp., an intracellular 

protozoan that colonizes mononuclear cells. 

 In the Mediterranean, parts of Asia, and Latin America zoonotic Visceral Leishmaniosis (VL) is due to Leishmania 

infantum (L. Chagasi)  (Maroli et al. 2010). The parasite is transmitted among dogs and between dogs and human 

beings by the bite of phlebotomine sand flies,  although other vectors may be implicated (Gramiccia and Gradoni 2005; 

Ferreira et al. 2009). 

Canis familiaris is the only confirmed reservoir of zoonotic VL in the Mediterranean area, Middle East and South 

America where L. infantum causes both human and CVL.  

Drugs currently used for treatment of CVL are systemic agents like antimony, amminosidine, allopurinol and 

amphotericin. All these drugs allow to achieve  clinical improvement in dogs, although rarely therapy is associated with 

elimination of parasite carriage or the prevention of clinical disease relapse (Xavier Roura 2010). Moreover, toxicity 

and the emergence of resistance often limit their efficacy. Therefore investigations are still in progress to discover new 

antileishmanial drugs (Bianciardi et al. 2004; Pujals et al. 2008; Zhang et al. 2010). Recently miltefosine has been 

registered for use in dogs and different studies have demonstrated its leishmanicidal effect (Mirò et al. 2009). Moreover, 

it has been suggested that fluoroquinolones, compared to standard chemotherapeutic agents, could be an effective and 

pragmatic alternative to treat CVL (Raether et al. 1989; Vouldoukis et al. 2006). 

There is general consensus that the combination of meglumine antimoniate with allopurinol represents the most 

effective therapeutic protocol for treatment of CVL, although it does not allow complete parasitological cure (Torres et 
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al. 2010). Denerolle and Bourdoiseau (1999) demonstrated that dogs treated with the combination show a longer period 

of clinical remission than when receiving either drug alone.  

Allopurinol, a structural analogue of hypoxanthine, is metabolised by Leishmania parasites to produce an inactive 

analogue of inosine. This is incorporated into leishmanial RNA causing faulty protein translation (Baneth and Shaw 

2002). When administered to dogs as a single antileishmanial agent for a minimum period of 2-3 months, allopurinol 

almost always leads to moderate clinical improvement and partial restoration of some laboratory parameters, such as 

acute phase proteins of inflammation (Cavaliero et al. 1999). Similarly to antimonial drugs, allopurinol does not allow 

full parasitological cure, and relapses occur when treatment is interrupted. For this reason, allopurinol is usually 

administered for periods as long as several months. The tolerability of the drug is excellent and few adverse effects have 

been described (Noli and Auxilia 2005). 

Miltefosine (hexadecylphosphocholine) belongs to the family of alkylphospholipids, stable analogues of 

lysophosphatidylcholine in which the ester linkage has been replaced by a more lipase-resistant ether bond (Barratt et 

al. 2009). They were first developed as anticancer agents (Unger et al. 1989) and it was later used to treat human 

leishmaniosis. The miltefosine molecular mechanism of action against cancer cells has been linked to apoptosis as well 

as lipid-dependent cell signalling pathways (Arthur and Bittman 1998). Similarly, rapid accumulation of miltefosine by 

Leishmania and subsequent apoptosis of the parasite suggest a direct action of the drug on the parasite, probably by 

impairing the membrane synthesis (Berkovic et al. 1995). Besides miltefosine direct toxicity on Leishmania parasites,  

Wadhone et al. (2009) recently postulated an immunomodulatory effect exerted by the drug via the nitroxyde (NO) 

pathways. Despite the fact that the drug has been registered for oral treatment of CVL in several European countries, at 

present few studies concerning the efficacy of miltefosine against  L. infantum have been published (Xavier Roura 

2010). The drug is administered alone or in combination with allopurinol. The clinical efficacy of miltefosine is 

improved when the drug is administered in combination with allopurinol. Similarly to other antileishmanial drugs, 

miltefosine is not able to fully eliminate the parasite from infected dogs, although a drastic and progressive reduction of 

the parasite load in lymph node aspirates has been documented (Manna et al. 2008).  

Marbofloxacin is a broad spectrum synthetic third generation fluoroquinolone for veterinary use. Like other 

fluoroquinolones, marbofloxacin acts by inhibiting the bacterial enzyme DNA gyrase or topoisomerase II which shows 

structural differences from the mammalian enzyme (Slunt et al. 1996; Prescott et al. 2000). L. infantum topoisomerase 

resembles the bacterial one providing a good target for efficacious control of CVL (Chakraborty and Majumder 1998; 

Slunt et al. 1996). Furthermore, in vitro studies have demonstrated both direct and indirect leishmanicidal activity of 

marbofloxacin via tumor necrosis factor α (TNF α)) and NO synthase pathways. Vouldoukis et al. (2006) demonstrated 
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that after treatment with marbofloxacin, macrophages acquire resistance to infection and enhanced antileishmanial 

activity through the NO synthase pathway. 

On these premises, the aim of the study was to compare in vitro the efficacy of miltefosine and marbofloxacin alone or 

in combination with allopurinol against clinical strains of L. infantum. 

 

 
2. Materials and Methods  
 
2.1 Parasites and drugs 

L. infantum promastigotes (two Mon-1 strain, A and B, cultured from two infected dogs from North West Italy) were 

maintained at 27 °C in 199 medium supplemented with 20% HI-FCS, 100 U/ml penicillin, 100 µg/ml streptomycin, 2 

mM L-glutamine, 40 mM Hepes, 0.1 mM adenine (in 50 mM Hepes), 5 µg/ml hemin (in 50% triethanolamine), and 1 

µg/ml 6-biotin (in 95% ethanol).  At the stationary phase of growth (Badolato et al. 1996), 1 ml of culture containing  1 

x 106 parasites/ml were harvested and incubated at 27 °C with increasing concentrations (2.5 x 10-4 M – 2.5 x 10-6 M) 

of marbofloxacin (Marbocyl®, Vètoquinol Laboratoires), miltefosine and allopurinol alone or marbofloxacin and 

miltefosine in combination with allopurinol. Drug efficacy was assessed microscopically by counting and determining 

the percentage of killed parasites following Trypan blue staining after 24, 48 and 72 h of incubation. Assays were 

performed in triplicate and the results expressed as mean values ±  SEM. 

2.2 Drugs and chemicals 

Marbofloxacin (Marbocyl®) was obtained by Vetoquinol Laboratoires.  Miltefosine was purchased by Virbac, whereas 

allopurinol was purchased by Sigma Aldrich. 

 

2.3 Statistical analysis 

Emax was calculated using a computer program (GraphPad Prism) and expressed as percent of killed leishmania. To 

compare Emax between strains the  Student’s t-test has been used, whereas efficacy  among drugs and associations has 

been  evaluated by ANOVA followed by Tukey’s Multiple Comparison Test (GraphPad InStat). 

 
 
 
3. Results 

The Emax values of miltefosine and marbofloxacin alone or in combination with allopurinol at different experimental 

times are reported in Table 1. No statistically significant difference in the efficacy of all drugs tested between the two 

clinical strains of L. infantum was observed (Table 1).  
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At each experimental time point, miltefosine was significantly more efficacious than marbofloxacin  (P<0.05) against 

the two strains of L. infantum (Figure 1). This finding was confirmed when considering the association of the two drugs 

with allopurinol. Miltefosine associated with allopurinol caused a significantly higher percentage of killed parasites than 

marbofloxacin + allopurinol (P<0.05) (Figure 1). Both drugs were significantly (P<0.05) more efficacious when 

associated with allopurinol than alone, although increased efficacy for marbofloxacin was significant only at 72 hours 

(Figure 1). 

4. Discussion 
 
At present the CVL’s preferred treatment  is represented by meglumine antimoniate alone or in combination  with 

allopurinol, with this last used  for long-term maintenance therapy (Noli and Auxilia 2005). However, the treatment 

does not allow full elimination of the parasites from infected dogs. Indeed, few months after treatment parasites can still 

be demonstrated from several tissues of clinically cured dogs (Roura 2010). Furthermore, the protocol is expensive and 

it is associated with side effects. Gastrointestinal signs, pain and local swelling at the injection site are the most frequent 

side effects following antimonial therapy. Acute pancreatitis and renal lesions have also been described (Aste et al. 

2005; Ikeda-Garcia et al. 2007; Bianciardi et al. 2009). Consequently, improved chemotherapy of canine leishmanial 

infection is still necessary and the need for new molecular targets on which to base future treatment strategies appears 

justified. Miltefosine is one of the few orally administered drugs effective against Leishmania. Despite the fact that it 

has recently been approved for use in dogs, few data concerning its in vitro efficacy have been published to date (Luz et 

al. 2009; Seifert et al. 2010). According to Luz et al. (2009), miltefosine shows excellent in vitro efficacy against L. 

donovani even on strains isolated from relapsed or non responder patients. By contrast, some studies describing its 

clinical efficacy are available (Manna et al. 2009; Mateo et al. 2009; Mirò et al. 2009).  

Studies supporting the in vitro and in vivo efficacy of marbofloxacin against Leishmania have been published by 

Vouldoukis et al. (2006) and Rougier et al.(2008). Marbofloxacin shows direct and indirect leishmanicidal activity with 

the latest being the most relevant. The drug inhibits the ribonucleotide reductase involved in DNA replication and 

induces the production of nitrogen derivates and oxygen metabolites, which leads to parasite death (Vouldoukis et al. 

1996). 

Our results suggest that miltefosine is more potent in vitro against the two field strains tested than marbofloxacin.  

Miltefosine is known to affect membrane integrity directly or indirectly and is able to exert antileishmanial action 

independently of cell-mediated parasiticidal mechanisms, whereas marbofloxacin acts mainly via indirect mechanisms 

(Vermeersch et al. 2009). Other fluoroquinolones such as enrofloxacin were not found to be directly active against L. 

infantum although capable of stimulating a significant macrophage killing in the cells infected by the parasite 

(Bianciardi et al. 2004). 
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On the other hand, no in vitro studies considering the synergistic effect of both miltefosine and marbofloxacin 

associated with allopurinol on CVL have been published to date. Our data are consistent with an improved in vitro 

efficacy of the association respect to both miltefosine and marbofloxacin alone on clinically isolated Leishmania strains. 

This finding is in agreement with in vivo observations suggesting a longer survival for dogs with leishmaniosis treated 

with the combination of different anti-leishmania drugs and allopurinol (Noli and Auxilia 2005; Torres et al. 2010). 

Either considering the two drugs alone or their association with allopurinol, the data obtained in the present study 

demonstrate a higher potency of miltefosine respect to marbofloxacin. This finding could be ascribed to the increase of 

both human- and veterinary-fluoroquinolone resistance observed among clinically isolates (Yooh et al. 2010). However, 

to date, the mechanisms and spreading of leishmania resistance to drugs have been studied mainly for antimonials 

(Mandal et al. 2009).  

To our knowledge, the only study investigating the in vitro efficacy of marbofloxacin against CVL is the one by 

Vouldoukis et al. (2006). The Authors demonstrated the in vitro efficacy of marbofloxacin by exposing monocyte-

derived macrophages to L. infantum promastigotes (strain MCAN/GR/82/LEM497) proposing the drug could be an 

effective oral route alternative to treat CVL.  Our data seem not to be in line with these previous findings. However, the 

discrepancy could be ascribed both to the different in vitro model and to the parasite strain because we use “wild 

strains” isolated from naturally infected dogs, while Vouldoukis et al. (2006) used a laboratory maintained strain. 

Further studies are needed to investigate the in vitro efficacy of marbofloxacin and its association with allopurinol 

against both wild and laboratory strains of Leishmania spp.  

To conclude, our results suggest that miltefosine alone or in association with allopurinol shows significant in vitro 

efficacy against clinical strains of L. infantum. The efficacy of marbofloxacin is significant only in association with 

allopurinol after 72 hours of incubation.  

 

References  

Arthur G, Bittman R (1998) The inhibition of cell signalling pathways by anti-tumour ether lipids. Biochim  Biophys  

Acta 1390:85–102 

Aste G,  Di Tommaso M, Steiner JM (2005) Pancreatitis associated with N-methylglucamine therapy in a dog with 

leishmaniosis. Vet Res Comm 29(2):269-272 

Badolato R,  Sacks DL,  Savoia D,  Musso T (1996) Leishmania major: Infection of human monocytes induces 

expression of IL-8 and MCAF. Exp Parasitol 82:21-26 

Barratt G,  Saint-Pierre-Chazalet M,  Loiseau PM (2009) Cellular transport and lipid interactions of miltefosine. Curr 

Drug Metab 10:247-255 



 7 

Berkovic C,  Grunwald U,  Menzel W,  Unger C,  Hiddemann W,  Fleer EA (1995) Effects of hexadecylphosphocholine 

on membrane phospholipid metabolism in human tumor cells. Eur J Cancer 31:2080–2085 

Bianciardi P, Fasanella A, Foglia Manzillo V, Trotta T, Pagano A, Sorino S, Gradoni L, Oliva G (2004) The efficacy of 

enrofloxacin, alone or combined with metronidazole, in the therapy of canine leishmaniasis. Parasitol Res 93:486-492. 

doi: 10.1007/s00436-004-1170-0 

Bianciardi P,  Brovida C,  Valente M,  Aresu L,  Cavicchioli L,  Vischer C,  Giroud L, Castagnaro M (2009) 

Administration of miltefosine and meglumine antimoniate in healthy dogs: clinicopathological evaluation of the impact 

on the kidneys. Toxicol Pathol, 37(6):770-775 

Cavaliero T,  Arnold P,  Mathis A,  Glaus T (1999) Clinical, serologic, and parasitologic follow-up after long-term 

allopurinol therapy of dogs naturally infected with Leishmania infantum. J Vet  Intern Med, 13(4):330-334 

Chakraborty AK,  Majumder HK (1993) A type 1DNA topoisomerase from the kinetoplast hemoflagellate Leishmania 

donovani.  Biochem Biophys Res Commun, 30:257-263 

Dalhoff A, Shalit I (2003) Immunomodulatory effects of quinolones.  Lancet Infect Dis, 3:359-371 

Da Silva SM,  Ribeiro VM,  Ribeiro RR,  Tafuri WL,  Melo MN,  Michalick MS (2009) First report of vertical 

transmission of Leishmania (Leishmania infantum) in a naturally infected bitch from Brazil. Vet Parasitol, 166(1-

2):159-162 

Denerolle P,  Bourdoiseau G (1999) Combination allopurinol and antimony treatment versus antimony alone and 

allopurinol alone in the treatment of canine leishmaniasis (96 cases). J Vet  Intern Med, 13(5):413-415 

Desjeux P,  Alvar J (2003) Leishmania/HIV co-infections: epidemiology in Europe. Ann  Trop Med  Parasitol, 97, 3–15  

Ikeda-Garcia FA,  Lopes RS, Ciarlini PC, et al  (2007) Evaluation of renal and hepatic functions in dogs naturally 

infected by visceral leishmaniosis submitted to treatment with meglumine antimoniate. Res Vet Sci, 83:105-108 

Luz RI, Vermeersch M, Dujardin JC, Cos P,  Maes L (2009) In vitro sensitivity testing of Leishmania clinical field 

isolates: preconditioning of promastigotes enhances infectivity for macrophage host cells. Antimicrob Agents  

Chemother, 53(12):197-203 

Manna L,  Gravino AL,  Picillo E, Decaro N, Buonavoglia C (2008) Leishmania DNA quantification by real-time PCR 

in naturally infected dogs treated with miltefosine. Ann  N Y Acad  Sci, 1149:358-360  

Manna L, Vitale F, Reale S, Picillo E, Neglia G, Vescio F, Gravino AE (2009) Study of efficacy of miltefosine and 

allopurinol in dogs with leishmaniosis. Vet J, 182(3):441-445 

 
 



 8 

Mateo M, Maynard L, Vischer C, Bianciardi P, Mirò G (2009) Comparative study on the short term efficacy and 

adverse effects of miltefosine and meglumine antimoniate in dogs with natural leishmaniosis. Parasitol Res, 105: 155-

162 

Miró G, Oliva G, Cruz I, Cañavate C, Mortarino M, Vischer C, Bianciardi P (2009) Multicentric, controlled clinical 

study to evaluate effectiveness and safety of miltefosine and allopurinol for canine leishmaniosis. Vet Dermatol, 20(5-

6):397-404. 

Prescott JF,  Baggot DJ,  Walker RD (2000) Fluoroquinolones. In: Giguère S et al (ed) Antimicrobial Therapy in 

Veterinary Medicine, 3rd ed. Iowa State University Press/Ames, Iowa, pp 315-338 

Pujals G, Suñé-Negre JM, Pérez P, García E, Portus M, Tico JR, Miñarro M. Carrió J (2008) In vitro evaluation of the 

effectiveness and cytotoxicity of meglumine antimoniate microspheres produced by spray drying against Leishmania 

infantum. Parasitol Res, 102:1243-1247. doi: 10.1007/s00436-008-0901-z 

Raether W, Seidenath H, Hofmann J (1989) Potent antibacterial fluoroquinolones with marked activity against 

Leishmania donovani in vivo. Parasitol Res, 75:412-413 

Rais S,  Perianin A,  Lenoir M,  Sadak A,  Rivollet D,  Paul M,  Deniau M (2000) Sodium stibogluconate (Pentostam) 

potentiates oxidant production in murine visceral leishmaniasis and in human blood. Antimicrob Agents  Chemother, 

44:2406-2410 

Rougier S, Vouldoukis I, Fournel S, Pérès S, Woehrlé F (2008) Efficacy of different treatment regimens of 

marbofloxacin in canine visceral leishmaniosis: A pilot study. Vet Parasitol, 153:244-254 

Roura X (2010) Treatment of canine leishmaniosis. Proc  of 2nd International Congress on Canine Leishmaniosis, 79-93 

Seifert K, Escobar P, Croft SL (2010) In vitro activity of anti-leishmanial drugs against Leishmania donovani is host 

cell dependent. J Antimicrob Chemother,  65(3):508-511 

Slunt KM,  Grace JM,  MacDonald TL, Pearson RD (1996) The effect of mitonafide analogs on topoisomerase II of 

Leishmania chagasi. Antimicrob Agents Chemother,  40:706-709 

Sundar S,  Mondal D,  Rijal S,  Bhattarchary S,  Ghalib H,  Kroeber A,  Boelaert M,  Desjeux, P,  Richter Airijoki H, 

Harms G (2008) Implementation research to support the initiative on the elimination of Kala azar from Bangladesh, 

India and Nepal: the challenges for diagnosis and treatment promotes  IFN. Trop Med Int Health, 13:2-5 

Unger C,  Damenz W,  Fleer EA,  Kim DJ,  Breiser A,  Hilgard P,  Engel J,  Nagel G,  Eibl H (1989) 

Hexadecylphosphocholine, a new ether lipid analogue: studies on the anti-neoplastic activity in vitro and in vivo. Acta 

Oncol, 28:213-217 



 9 

Vouldoukis I, Drapier JC, Nussler AK, Tselentis Y, Da Silva OA, Gentilini M, Mossalayi D M, Monjour L, Dugas B 

(1996) Canine visceral leishmaniasis: successful chemotherapy induces macrophage antileishmanial activity via the L-

arginine nitric oxide pathway. Antimicrob Agents Chemother, 40, 253-256      

Vouldoukis I,  Rougier S,  Dugas B,  Pino P,  Mazier D, Woehrlè F (2006) Canine visceral leishmaniasis: Comparison 

of in vitro activity of marbofloxacin, meglumine antimoniate and sodium stibogluconate. Vet Parasitol, 135:137-146 

Wadhone P, Maiti M, Agarwal R, Kamat V, Martin S,  Saha B (2009) Miltefosine promotes IFN-dominated anti-

Leishmanial immune response. J Immunol, 182:7146–7154 

Zhang R, Shang L, Jin H, Ma C, Wu Y, Liu Q, Xia Z, Wei F, Zhu XQ, Gao H (2010) In vitro and in vivo 

antileishmanial efficacy of nitazoxanide against Leishmania donovani. Parasitol Res, doi: 10.1007/s00436-010-1906-y 

 

 

 



 10 

Table 1  

Emax of miltefosine and marbofloxacin alone or in combination with allopurinol at different experimental time points 

(24, 48 and 72 hours of incubation) against two clinical strains (A and B) of L. infantum. Mean values ± SEM of 

triplicate assays. Student’s t test (P<0.05). 

 
 

Drugs Strain A 
Emax (%) 

Strain B 
Emax (%) 

P 

Miltefosine 24h 35.37 ± 1.10 37.9 ± 4.41 ns 

Miltefosine+ 
Allopurinol 24 h 

55.75 ± 4.48 56.71 ±  1.30 ns 

Marofloxacin 24h 20.52 ± 1.15 24.40 ± 1.77 ns 

Marbofloxacin + 
Allopurinol 24h 

30.24 ± 1.42 27.33 ± 0.50 ns 

Miltefosine 48h 52.55 ± 1.14 55.66 ± 0.95 ns 

Miltefosine+ 
Allopurinol 48h 

75.2 ± 0.53 73.23 ± 0.75 ns 

Marbofloxacin 48h 25.37 ± 3.20 22.01 ± 1.11 ns 

Marbofloxacin + 
Allopurinol 48 h 

29.95 ± 1.62 32.16 ± 0.59 ns 

Miltefosine72h 54.06 ± 2.43 59.14 ± 1.95 ns 

Miltefosine+ 
Allopurinolo 72h 

78.23 ± 0.63 80.62 ± 1.20 ns 

Marbofloxacin 72h 19.40 ± 1.03 20.23 ± 0.51 ns 
Marbofloxacin + 
Allopurinol 72h 

38.5 ± 4.54 37.55 ± 2.94 ns 
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Figure 1 
 
Percent (%) of killed leishmania for miltefosine and marbofloxacin alone and in combination with allopurinol at 

different experimental time points (24, 48 and 72 hours of incubation).  GraphPad Prism. 
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