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Table S1.  NIAID in vitro virus testing of quinacrine. 

 

 Cell line EC50 

(µM) 

EC90 

(µM) 

CC50 

(µM) 

SI50  SI90  

Herpes Simplex 

Virus 1 

HFF >1.2 >1.2 5.30 <4 <4 

Vaccinia Virus HFF >1.20 >1.20 3.05 <3 <3 

Chikungunya 

virus 

Vero 76 3.2  10 3.1  

Dengue Virus 2 Vero 76 3.2  3.2 1  

Ebola virus Vero 76 >12.3  >12.3 0  

Influenza A virus 

H1N1 

MDCK 23  28 1.2  

MERS 

coronavirus 

Vero 76 >4.2  4.2 0  

Poliovirus 3 Vero 76 32  32 1  

Respiratory 

synactial virus 

MA-104 32  32 1  

Rift Valley fever 

virus 

Vero 76 32  32 1  

Tacaribe virus Vero >28  28 0  

Venezuelian 

equine 

encephalitis virus 

Vero 76 4  15 3.8  
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West Nile virus Vero 76 >7.5  7.5 0  

Yellow Fever 

virus 

Vero 76 >2.8  2.8 0  

Zika virus Vero 76 3.2  3.2 1  

Norovirus HG23 >100 >100 >100 1 1 

Human 

cytomegalovirus 

HFF >1.20 >1.20 5.26 <4 <4 

Hepatitis C virus Huh7 2.22 13.05 3.04 1 <1 

Hepatitis B virus HepG2 

2.2.15 

3.46 9.43 3.42 <1 <1 
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Text S1 

 

Quinacrine (branded as mepacrine, atebrin, chinacrin, erion, acriquine, acrichine, palacrin, 

metoquin and halchin) was developed by IG Farbenindustrie in Germany during the 1920s and it  

has been used since the 1930’s to combat malaria and was declared the official US treatment in 

1943 by Thomas Parran Jr., the Surgeon General at the time (1). During WWII three million 

soldiers were administered the drug (100 mg orally) for up to four years as a prophylactic for 

malaria (2, 3). Quinacrine was then used worldwide as a treatment for lupus as early as the 1940’s 

(1). It has additionally been shown to be an effective antiprotozoal against Giardia (4). Adverse 

reactions to quinacrine were found mostly to be minor, reversible and dose-dependent and include 

transient symptoms of mild headache, dizziness, or gastrointestinal symptoms (1). While rare, 

some serious adverse reactions have been associated with quinacrine such as: aplastic anemia, 

severe dermatitis, exacerbation of psoriasis, and psychosis (5). Quinacrine is however a known 

DNA intercalator and a mutagen in a mouse lymphoma cell line. In vivo this has not shown to be 

conclusive, where a mouse micronucleus assay was negative (6) and tumor formation results were 

mixed in mouse studies (7). In addition, human studies with intrauterine-administered quinacrine 

showed no statistically increased risk of cancer development (8-10). There have been multiple 

recent publications suggesting that quinacrine has the potential to be a potent antineoplastic drug 

(11-13) as well as in vitro inhibition of the propagation of prions (14-20), the causative agent of 

Creutzfeldt-Jakob disease. Since 2007, four clinical trials using quinacrine have been completed 

and there is currently one ongoing trial. Two of these trials were focused on the treatment of prion 

disease (NCT00104663, NCT00183092) and the others have concentrated on treating colorectal 

(NCT01844076, NCT00417274) and non-small cell lung cancer (NCT01839955). 
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Text S2 

 

 

The Caco-2 data suggest excellent absorption, which agrees with the early published data showing 

an increase in plasma levels 2-4 hours after oral administration (2). Previously, quinacrine 

demonstrated low toxicity in mammals, with an LD50 of 900 mg/kg in rats (21, 22) after oral 

administration. While a maximum-tolerated dose study has not been performed in a mouse model, 

earlier studies had shown that daily oral doses of quinacrine at 75 mg/kg when administered to 

mice over a 4-week period showed no clinical aberrations (23). In a recent clinical trial to treat 

prion disease, quinacrine was given orally with a loading dose of 1 g over 24 h (200 mg every 6 

h), followed by 100 mg three times daily for up to 2 years and showed no reported hematological 

toxicity, confirming the low general toxicity seen in humans (24). While absorption of quinacrine 

via i.p. administration has not previously been examined, intrapleural, intralesion/paralesion, and 

intrauterine routes have all been shown to have rapid absorption and distribution (25, 26). The 

pharmacokinetics of quinacrine have previously been described in rabbits via an intrapleural and 

intravenous route (25). Both routes showed similar kinetics, with a t1/2 of approximately 26 hrs and 

a tmax of between 0-20 mins. Historical studies in a dog model have shown high spleen and liver 

distribution with minimal excretion (27). Mouse studies have also illustrated a similarly high 

distribution in the liver as well as the spleen (23, 28). 
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Text S3 

 
NMR studies suggest the antimalarial mechanism involves inhibiting hemozoin formation (29), 

but this would not explain the mode of action required to inhibit Giardia as well (30, 31). A 

mechanism capable of mitigating the pathogenesis of both protozoa may be based on quinacrine 

acting as a lysosomotropic agent. Plasmodium falciparum has the highly acidic “digestive 

vacuole” compartment and the antimalarial chloroquine is known to accumulate in these, while 

chloroquine-resistant P. falciparum has reduced accumulation in these vacuoles (32). Giardia do 

have analogous “peripheral vacuoles” (33), suggesting that disruption of acidic compartment may 

be a possible overlapping mechanism. Quinacrine also has a potent anti-inflammatory effect that 

may be attributed to suppression of IFN-alpha and TNF-alpha expression, with reduced in vitro 

expression of these proteins in peripheral blood mononuclear cells (PBMC) from dermatomyositis 

(DM), cutaneous lupus erythematosus (CLE) and control patients (34).  
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Text S4 

As the lysosomotropic amine concentration in the organelle increases the concentration of [H+] 

decreases. Ultimately, there are many types of acidic vesicles shown to sequester basic molecules, 

including endocytic compartments, secretory vesicles, multi-vesicular bodies, etc. (35). 

Quinacrine has been shown to have substantial lysosomal sequestration with an approximate 50-

fold enrichment in the lysosome as compared to the cytosol in MDR HL-60 cells (36). While the 

effects on endosomal pH have not been investigated with quinacrine, the related antimalarial 

chloroquine has been extensively studied.  Poole and Ohkuma showed a strong linear relationship 

between pH and log [M] of chloroquine within the lysosomes of mouse peritoneal macrophages, 

with a 0.5 pH increase at 1µM, 1 pH increase at 10µM, and 1.5 pH increase at 100µM (37). A 

similar, concentration-dependent pH change was also shown in freshly-isolated mouse hepatocyte 

lysosomes with chloroquine (38). This is slightly contradicted by findings by MacFarlane et al., 

which suggested that perinuclear vesicles incubated with the antimalarials chloroquine and 

hydroxychloroquine at 5 µM for 5-10 mins had no effect on pH, but at higher concentrations 

(25µM and higher) this agreed with the findings of Poole and Ohkuma (39). It has also been 

demonstrated that the uptake of weak bases into lysosomes is a progressive process, which may 

take 20- 60 min or longer to go to completion (37), suggesting that 5-10 mins may not have been 

sufficient time to reach equilibrium. In contrast, Kuznik et al. determined that endosomal pH did 

not change with 4 µM chloroquine in multiple types of primary cells, but the method used for 

quantification was very different (quantified by a change in the ratio of a pH-sensitive:pH-

insensitive fluorophores; incubation time was not described) (40). These findings suggest the 

lysosomotropic amine endosomal pH effect is a real phenomenon, which is both concentration- 

and time-dependent.  
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Much is known regarding the EBOV life-cycle, including the infiltration of endosomal system of 

the host organism. The current evidence suggests that once EBOV is trafficked via the endosomal 

system, the cysteine proteases cathepsin B and cathepsin L prime the viral glycoprotein (GP) by 

removing ~60% of the amino acids of GP1, including the glycan cap, with cathepsin B being 

responsible for the majority of the cleavage (41, 42). This cleavage is necessary for the late 

endosomal membrane fusion of EBOV, which also requires the primed GP1 to interact with the 

endosomal transmembrane Niemann-Pick C1 (NPC1) protein (43-45). This cleavage is necessary 

for EBOV entry (46, 47) and cathepsin B works ideally at low pH (pH 5.0-5.5), with a retention 

of only ~20% activity at pH 7.5 (48). This indicates that a pH increase in late endosomes would 

interfere with EBOV entry by inhibiting GP priming. While still speculative, the accumulation of 

this evidence may point to a potential mechanism of action for quinacrine against EBOV and 

possibly other human pathogens described earlier. 
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