
Novel Dosing Regimens of Celgosivir For The Prevention of Dengue 

BACKGROUND OF THE INVENTION 

[0001} Globally, dengue infections result in more than 20,000 deaths, nearly 500,000 

hospitalized cases and anywhere between 50-100 million human infections annually. (1) 

Dengue infection is caused by one of four immunologically distinct serotypes of the dengue 

virus (DENY 1-4). The virus is spread by the urban breeding mosquito Aedes aegypti. 

Usually, infection with any onc of the four DENY serotypes leads to mild, self-limiting 

dengue fever with lifelong immunity to the specific serotype of infection. Epidemiological 

evidence also indicates that 90% of the severe and potentially fatal dengue diseases, dengue 

hemorrhagic fever (DHF) or dengue shock syndrome (DSS) occur during secondary 

heterotypic infections where the protective antibody from a prior infection takes on a 

pathogenic role, so-called Antibody Dependent Enhancement (ADE). (2,3) The antibody 

response triggers a systemic inflammatory reaction resulting in vascular leakage. 

[0002] Cun"ently, there is no approved preventive vaccine or antiviral prophylactic for 

dengue disease. The World Health Organization has listed dengue fever as an emerging and 

uncontrolled disease. (4) Hence, there is an urgent medical need for the development of a 

potent dengue antiviral that is safe for use in humans. 

SUMMARY OF THE INVENTION 

[0003} The present invention pertains to methods of preventing a disease resulting from a 

dengue virus (DENV) infection in a human subject. In one aspect, the method comprises 

administering to the human subject at least one initial (loading) dose of about 40 to 600 mg of 

a compound ofFonnula (1) or a pharmaceutically acceptable salt thereof, or a pharmaceutical 

composition comprising about 40 to 600 mg of a compound of Fommla (1) or a 

pharmaceutically acceptable salt thereof, followed by administration of a plurality of 

subsequent doses of about 25 to about 400 mg of a compound of Formula (I) or a 

pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

25 to about 400 mg of a compound of F OlIDuia (1) or a pharmaceutically acceptable salt 

thereof, wherein the human subject is asymptomatic at the time of administration of the at 

least one initial dose. 
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[0004] In one embocliment, the subsequent doses are administered at intervals of from 

about 6 to about 12 hours. In other embodiments, the subsequent doses are administered 

about every 6 hours, about every 8 hours, about every 12 hours, or about every 24 hours. In 

further embodiments, the subsequent doses are administered at least once, twice, three, four, 

or five times per day. In still further embodiments, the subsequent doses are administered 

one or more, two or more, three or more, four or more, or five or more times per day. In 

certain embodiments, when multiple subsequent doses are given daily, they are 

approximately evenly spaced throughout a 24 hour period. 

[0005] In certain embodiments, the total amount of a compound of Formula (1) does not 

exceed 600 mg per day. In other embodiments the total amount of a single administration of 

a compound of Formula (I) is 400 mg or less. 

[0006] In certain embo?iments, the subsequent doses arc administered during potential 

exposure of at least one serotype of dengue virus. In other embodiments, the subsequent 

doses are administered for about 1-10 days, about 1-15 days, about 1-20 days, about 1-25 

days, about 30 days, about four weeks, about six weeks, about eight weeks, about three 

months, about four months, about five months, about six months, about seven months, about 

eight months, about nine months, about ten months, about eleven months, or about one year. 

In other embodiments, the subsequent doses are administered for about 5-20 days, 5-30 days, 

10-40 days, or 10-50 days. 

[0007] In the various embodiments, the human subject can be an adult or a child. 

[0008] The compound of Formula (I) is represented by the following structure: 

0), 

or a pharmaceutically acceptable salt thereof; 

wherein R\ ~, and R3 are independently H, (CI-C14) acyl, (CI-CI4) alkenylacyl, 

(C3-Cg) cycloalkylacyl, (C1-C14) halo alkyl acyl (CI-Cg) alkoxyacyl, or (C6-CIO) aryl acyl. 

In certain embodiments, the compound of Formula (I) is specifically the compound of 

Formula (II), below, or a pharmaceutically acceptable salt thereof: 
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[0009] In preferred embodiments, the compound of Formula (I) is a prodrug of 

castano spermine, a natural product derived from the seeds of Castanospermum australe. 

Once administered compounds of Formula (1) are rapidly converted to castanospermine. 

Compounds of Formula (I) (e.g., celgosivir) are more rapidly and efficiently absorbed than 

castanospermine. Compounds of Formula (I) are also more readily absorbed into cells. As a 

result, compounds of Formula (I) may have higher 50% effective concentration (EC50) 

values and in vivo efficacy than castano spermine against the dengue (DENY) vims. 

[0010J In certain embodiments, the at least one initial dose comprises at least one, at least 

two, at least three, at least four, at least five, at least six, at least seven, at least eight, at least 

nine, at least ten, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 

17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 

25, at least 27, at least 28, at least 29, or at least 30 doses. In other embodiments, the at least 

one initial dose comprising one, at most two, at most three, at most four, at most five, at most 

six, at most seven, at most eight, at most nine, at most ten, at most 11, at most 12, at most 13, 

at most 14, at most 15, at most 16, at most 17, at most 18, at most 19, at most 20, at most 21, 

at most 22, at most 23, at most 24, at most 25, at most 27, at most 28, at most 29, or at most 

30 doses. In some embodiments, two or more initial doses are administered at intervals of 

from about 6 to about 12 hours. In other embodiments, two or more initial doses are 

administered about every 6 hours, about every 8 hours, about every 12 hours, or about every 

24 hours. In further embodiments, two or more initial doses are administered once, twice, 

three, four, or five times per day. In still fUliher embodiments, the initial doses are 

administered one or more, two or more, three or more, four or more, or five or more times per 

day. In certain embodiments, when multiple initial doses are given daily, they are 

approximately evenly spaced throughout a 24 hour period. 

[0011} In certain embodiments, the beginning of the administration of the subsequent 

doses is within a day of administration of the at least one initial dose. In further 

embodiments, the beginning of the administration of the subsequent doses is about 20 hours, 
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about 15 hours, about 12 hours, about 8 hours, or about 6 hours after administration of the at 

last one initial dose. 

[0012] In certain embodiments, at least one initial dose is the same as the subsequent 

doses, while in other embodiments the at least one initial dose differs ii'om the subsequent 

doses. In particular embodiments, the at least one initial dose is higher than the subsequent 

doses. In further embodiments, the at least one initial dose is the same dosage amount 

throughout the method. In other embodiments, the at least one initial dose varies dosage 

amounts throughout the method. In further embodiments, the plurality of subsequent doses is 

the same dosage amount throughout the method. In other embodiments, the plurality of 

subsequent doses varies dosage amounts throughout the method. 

[0013] In certain embodiments, for an adult subject, the initial dose of a compound of 

Formula (I) can be between about 40 to about 600 mg. In other embodiments, the initial dose 

ofa compound of Formula (1) in an adult subject can be about 75-600 mg, 100-600 mg, 150-

600 mg, about 200-500 mg, or about 250-400 mg. In further embodiments, the initial dose of 

a compound of Formula (I) in an adult subject can be about 40 mg, about 60 mg, about 80 

mg, about 100 mg, about 125 mg, about 150 mg, about 175 mg, about 200 mg, about 225 mg, 

about 250 mg, about 275 mg, about 300 mg, about 325 mg, about 350 mg, about 375 mg, 

about 400 mg, about 425 mg, about 450 mg, about 475 mg, about 500 mg, about 525 mg, 

about 550 mg, about 575 mg, or about 600 mg. In a further embodiment, the initial dose of a 

compound of Formula (I) in an adult subject is between about 550 to about 600 mg. In 

another embodiment, the initial dose ofa compound of Formula (1) in an adult subject is 

between about 500 to about 550 mg. In yet another embodiment, the initial dose of a 

compound of Formula (I) in an adult subject is between about 450 to about 500 mg. In a 

further embodiment, the initial dose of a compound of Formula (I) in an adult subject is 

between about 400 to about 450 mg. In another embodiment, the initial dose of a compound 

of Formula (I) in an adult subject is between about 350 to about 400 mg. In fmther 

embodiment, the initial dose of compound of F0l111ula (I) in an adult subject is between about 

300 to about 350 mg. In yet another embodiment, the initial dose of a compound of Formula 

(I) in an adult subject is between about 250 to about 300 mg. In further embodiment, the 

initial dose of compound of FOIIDula (1) in an adult subject is between about 200 to about 250 

mg. In another embodiment, the initial dose of a compound ofFOlIDula (1) in an adult subject 

is between about 150 to about 200 mg. In another embodiment, the initial dose of compound 

ofFonnula (I) in an adult subject is between about 100 to about 150 mg. In fmiher 
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embodiments, the initial dose of a compound of Fonnula (I) in an adult subject is between 

about 50 to about 100 mg. 

[0014] The subsequent doses of a compound ofFonnula (I) in an adult subject can be 

between about 40 to about 400 mg. In one embodiment, the subsequent dose of a compound 

of Formula (I) in an adult subject is between about 250 to about 300 mg. In another 

embodiment the subsequent dose of a compound ofFonnula (I) in an adult subject is between 

about 200 to about 250 mg. In yet another embodiment, the subsequent dose of a compound 

ofFonnula (I) in an adult subject is between about 150 to about 200 mg. In a further 

embodiment, the subsequent dose of a compound ofFonnula (I) in an adult subject is 

between about 100 to about 200 mg. In other embodiments, the subsequent dose of a 

compound of Fonnula (I) in an adult subject is between about 40 to about 80 mg. In even 

further embodiments, the subsequent dose ofa compound of Formula (1) in an adult subject is 

between about 80 to about 100 mg. In an additional embodiment, the subsequent dose of a 

compound of Fonnula (I) in an adult subject is between about 125 to about 175 mg. In yet 

another embodiment, the subsequent dose of a compound of Formula (1) in an adult subject is 

about 150 mg. 

[0015] For a child subject, the initial dose of a compound of Formula (I) in a child subject 

can be between about 25 to about 450 mg. In one embodiment, the initial dose of a 

compound ofFonnula (I) in a child subject is between about 25 to about 50 mg. In another 

embodiment, the initial dose of a compound of Fonnula (I) in a child subject is between 

about 50 to about 75 mg. In yet another embodiment, the initial dose of a compound of 

Fonnula (I) in a child subject is between about 75 to about 100 mg. In further embodiment, 

the initial dose of a compound of Formula (I) in a child subject is between about 100 to about 

150 mg. In another embodiment, the initial dose of a compound of Formula (I) in a child 

subject is between about 150 to about 200 mg. In yet another embodiment, the initial dose of 

a compound ofFonnula (I) in a child subject is between about 200 to about 250 mg. In a 

further embodiment, the initial dose of a compound ofFonnula (I) in a child subject is 

between about 250 to about 300 mg. In another embodiment, the initial dose of a compound 

of Formula (I) in a child subject is between about 300 to about 350 mg. In yet another 

embodiment, the initial dose ofa compound ofFonnula (I) in a child subject is between 

about 350 to about 400 mg. 

[0016J The subsequent doses ofa compound of Fonnula (1) in a child subject can be 

between about 25 to about 200 mg. In one embodiment, the subsequent dose of a compound 
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ofFonnula (I) in a child subject is between about 25 to about 50 mg. In another embodiment, 

the subsequent dose of a compound of Fonnula (I) in a child subject is between about 50 to 

about 75 mg. In yet another embodinlent, the subsequent dose of a compound ofFonnula (I) 

in a child subject is between about 75 to about 100 mg. In further embodiment, the 

subsequent dose of a compound of Fonnula (1) in a child subject is between about 100 to 

about 125 mg. In another embodiment, the subsequent dose of a compound of Fonnula (I) in 

a child subject is between about 125 to about 150 mg. In yet another embodiment, the 

subsequent dose of a compound ofFonnula (1) in a child subject is between about 150 to 

about 200 mg. 

[0017] In one embodiment, the initial dose(s) is administered to an asymptomatic human 

subject. The compounds or pharmaceutical compositions of the present invention can be 

administered intravenously, orally, rcctally or sublingually. In one embodiment, the route of 

administration is intravenous. In another embodiment, the route of administration is oral. In 

another embodiment, the route of administration is rectaL In yet another embodiment, the 

route of administration is sublingual. 

[0018] The compounds or pharmaceutical compositions of the present invention can be 

administered as a single or as a divided dose. In some embodiments, the at least one initial 

dose can be single, divided, or a combination thereof. In some embodiments, the subsequent 

doses can be single, divided, or a combination thereof. For the subsequent doses in one 

embodiment, the human subject is administered a divided dose offt'om about 25 to about 400 

mg of a compound of Fonnula (I), or a pharmaceutical composition comprising a compound 

ofFonnula (I), for between about 5 to about 30 days. In another embodiment, the human 

subject is administered the subsequent doses as a single dose of from about 25 to about 400 

mg of a compound of F Olmula (I), or a pharmaceutical composition comprising a compound 

ofFonnula (I), for between about 5 to about 40 days. In yet another embodiment, the human 

subject is administered the subsequent doses as a single dose offrom about 25 to about 400 

mg of a compound of Fonnula (I), or a pharmaceutical composition comprising a compound 

ofFonnula (I), for between about 5 day to about 60 days. In a further embodiment, the 

human subject is administered the subsequent doses as a single dose of from about 25 to 

about 400 mg of a compound of Fonnula (I), or a pharmaceutical composition comprising a 

compound of Formula (I), for between about 5 days to about 60 days. In other versions, the 

subsequent doses are administered no longer than about 10 days; in yet other versions no 
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longer than about 20 days; in further versions no longer than about 50 days; other versions no 

longer than about 100 days; and in other versions no longer than about one year. 

[00191 The invention also relates to methods of preventing a disease resulting from a 

dengue virus infection by achieving a steady state Cmin serum or plasma concentration of 

between about 0.05 and about 2.0 microgram/mL of castano spermine in an adult or child 

subject. In one embodiment, the steady state Cmin serum or plasma concentration achieved 

in an adult or child subject is between about 0.08 and about 0.5 microgranllmL of 

castanospelmine. In another embodiment, the steady state Cmin serum or plasma 

concentration achieved 'in an adult or child subject is between about 0.05 and about 0.08 

microgram/mL of castanospermine. In yet another embodiment, the steady state Cmin serum 

or plasma concentration achieved in an adult or child subject is between about 0.08 and about 

0.11 microgram/mL of castanospermine. In a further embodiment, the steady state Cmin 

serum or plasma concentration achieved in an adult or child subject is between about 0.11 

and about 0.3 microgram/mL of castanospermine. In another embodiment, the steady state 

Cmin serum or plasma concentration achieved in an adult or child subject is between about 

0.3 and about 0.75 microgram/mL of castanospelmine. In further embodiment, the steady 

state Cmin serum or plasma concentration achieved in an adult or child subject is between 

about 0.75 and about 1.0 microgram/mL of castano spermine. In yet another embodiment, the 

steady state Cmin serum or plasma concentration achieved in an adult or child subject is 

between about 1.0 and about 2.0 microgram/mL of castanospelmine. In another embodiment, 

the steady state Cmin serum or plasma concentration achieved in an adult or child subject is 

between about 1.0 and about 1.5 microgram/mL of castano spermine. In further embodiment, 

the steady state Cmin serum or plasma concentration achieved in an adult or child subject is 

between about 1.5 and about 2.0 microgram/mL of castano spermine. In yet another 

embodiment, the steady state Cmin serum or plasma concentration achieved in an adult or 

child subject is between about 1.25 and about 1.75 microgram/mL of castanospelmine. 

[0020] In another aspect, the invention relates to methods for preventing a disease 

resulting from a dengue viral infection comprising at least one dengue virus selected from 

DENV1, DENV2, DENV3, and DENV4. In one embodiment, the dengue virus is DENV1. 

In another embodiment, the dengue virus is DENV2. In yet another embodiment, the dengue 

virus is DENV3. In further embodiment, the dengue virus is DENV 4. 

[00211 In yet another aspect, the invention relates to methods of preventing a disease 

resulting from a dengue viral infection in a human subject who has tested negative for dengue 
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virus. Kn<?Wll methods for diagnosis of dengue viral infection can be used including, but not 

limited to, an NS 1 (nonstructural protein 1) strip assay or a quantitative Polymerase Chain 

Reaction (peR) assay. 

[0022) The invention also relates to methods of preventing a disease resulting from a 

secondary dengue (DENV) viral infection in a human subject, comprising administering to 

the human subject at least one initial dose of about 40 to about 600 mg of a compound of 

Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition 

comprising about 40 to about 600 mg a compound of Formula (I) or a pharmaceutically 

acceptable salt thereof, and administering to the human subject a plurality of subsequent 

doses of about 25 to about 400 mg of a compound of Formula (I) or a pharmaceutically 

acceptable salt thereof, or a pharmaceutical composition comprising about 25 to about 400 

mg of a compound of Formula (I) or a pharmaceutically acceptable salt thereof, wherein not 

more than 600mg of a compound of Formula (I) is administered per day, wherein the human 

subject is asymptomatic at the time of administration of the at least one initial dose, and 

wherein said subsequent doses are administered once, twice, three, or four times per day 

during potential exposure of at least one serotype of dengue virus. 

[0023) In another aspect of the invention, viral load reduction of human subjects 

receiving the method of prevention is at least 50% greater than in persons not administered 

the compound or in placebo-administered groups. In one embodiment, the virological log 

reduction in human subjects receiving the method of prevention with a compound of Formula 

(I) is at least 50% greater than in persons not administered the compound or in placebo­

administered groups. In another embodiment, the virological log reduction in human subjects 

receiving the method of prevention with a compound of Formula (I) is between about 60% to 

about 70% greater than in persons not administered the compound or in placebo-administered 

groups. In another embodiment, the virological log reduction in human subjects receiving the 

method of prevention with a compound of Formula 0) is between about 70% to about 80% 

greater than in persons not administered the compound or in placebo-administered groups. In 

yet another embodiment, the vU'ologicallog reduction in human subjects receiving the 

method of prevention with a compound of Formula 0) is between about 80 to about 90% 

greater than in persons not administered the compound or in placebo-administered groups. 

[0024) The invention is also directed to methods of preventing a disease resulting from a 

dengue viral infection comprising administering a pharmaceutical composition comprising a 

compound of Formula (I), Formula (II), or Formula (III) according to anyone of the dosing 
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regimens described herein. The disclosed compounds of Formula (I), Formula (II) or 

Formula (In) can be administered to the subject in conjunction with an acceptable 

phrumaceutical carrier or diluent as part of a pharmaceutical composition for prevention of a 

disease resulting from a dengue (DENV) infection. 

BRIEF DE8eRlPTION OF THE DRA WING8 

[0025] The foregoing will be apparent from the following more particular description of 

example embodiments of the invention, as illustrated in the accompanying drawings. 

[0026] FIG. 1 shows infections models of EDEN 1 , EDEN2 and 8221 inAG129 mice. 

AG129 mice were inoculated Lv. with EDENl (7 x 107 pfu), EDEN2 (1 x 108 pfu) or 8221 (2 

x 104 pfu) for non-lethal infection. For the ADE infection (lethal), mice were pre-injected i.p. 

with 50~g (for EDENI and EDEN2) or 10 flg (for 8221) 4G2 Ab one day prior to infection. 

(A) Mouse survival rate was monitored by day 10 pi. (B) Blood srunples were collected on 

days 1-8 pi and mixed serum from each group were subjected to real-time RT -peR to obtain 

the average viral genome copy numbers. (e) 8erum levels ofTNFa and IL-6 were measured 

by ELI8A assay. The numbers of mice per group are 6 (EDEN1) or 5 (EDEN2 and 8221). 

[0027] FIG. 2 shows administration of celgosivir at 50mg/kg BID against lethal infection 

of EDEN 1 , EDEN2 and 8221. AG129 mice were pre-injected i.p. with 50~g (for EDENI 

and EDEN2) or 10 l-Lg (for 8221) 4G2 Ab followed by next day inoculation Lv. with EDENI 

(7 x 107 pfu), EDEN2 (l x 108 pfu) or S221 (2 x 104 pfu). Administration of celgosivir at 

50mg!kg BID was started at the time of infection (on day 0). (A) Mouse survival rate was 

monitored by day 10 pi. (B) Blood samples were collected on day 1-4 pi and mixed serum 

from each group were subjected to real-time RT peR to obtain the average viral genome 

copy numbers (left panels). Viral copy number on day 3 pi was measured individually and 

the graphs show the average results with standard deviations (right panels). A P value less 

than 0.05 was considered significant (* P <0.05). The number of mice per group is 5. 

[0028] FIG. 3 show administration of celgosivir at 1 Dmg/kg BID against lethal infection 

of EDEN 1 , EDEN2 and 8221. AG129 mice were pre-injected i.p. with 4G2 Ab followed by 

next day inoculation i.v. with EDEN 1 , EDEN2 or S221 as described above. Administration 

ofcelgosivir at 10mg/kg BID was started on day O. (A) Mouse survival rate was monitored 

by day 10 pi. (B) Blood samples were collected on days 1-4 pi and mixed serum from each 

group were SUbjected to real-time RT peR to obtain the average viral genome copy numbers 

(left panels). Viral copy number on day 3 pi was measured individually and the graphs show 
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the average results with standard deviations (right panels). A P value less than 0.05 was 

considered significant (* P <0.05). The number of mice per group is 6. 

[00291 FIG. 4 shows administration of celgosivir at 50mg/kg BID starting from day 0 or 

day 3. Mice were inoculated Lv. with EDENI (7 x 107 pfu) or EDEN2 (1 x 108 pfu). (A) A 

regimen for celgosivir administration starting at the time of infection (day 0) or peak viremia 

level (day 3) was illustrated. (B) Celgosivir administration was started on day 0 and serum 

samples were collected on day 1-3 pi. Average viral copy numbers on day 1 and 2 were 

measured using mixed serum of each group. Viral copy number on day 3 was measured 

individually and the graphs show the average results with standard deviations. A P value less 

than 0.05 was considered significant (* P <0.05). The number of mice per group is 6. (C) 

Celgosivir administration was started on day 3 and serum samples were collected on day 3-6 

pi. Average viral copy numbers on days 4 and 5 were measured using mixed serum of each 

group. Viral copy number on days 3 and 6 was meac;;ured individually and shown in the 

graphs as the average results with standard deviations. The virological log reduction (VLR) 

from day 3 to day 6 was also shown as the mean value and standard deviations. The number 

of mice per group is 6. 

[0030] FIG. 5 shows administration ofNITD008 at 25mg/kg BID starting from day 0 or 

day 3 post-infection in the non-lethal mouse model a schematic of the dosing conducted in 

the DENV2 infected mice in a lethal ADE model of viremia. FIG. 5B shows celgosivir 

improves survival ofDENV2 infected mice in a lethal ADE model of viremia in a dose- and 

schedule-dependent manner. Survival at day 12 was 118 (13%) at 10 mg/kg twice daily 

(BID), 5/8 (63%) at 25 mg/kg BID, 717 (100%) at 50 mg/kg BID, and 0/8 (0%) at 100 mglkg 

once daily (QD). 

[0031 J FIG. 6 shows the efficacy of celgosivir against clinical DENY strains obtained 

from CELADEN trial patients. (A) Total 16 clinical DENV strains from CELADEN trial (8 

from either DENYI or DENY2 infected patients) were used for infection in HuH-7 cells in 

the absence or presence of celgosivir at the concentration of 3J.1M. EDENI, EDEN2 and S221 

were used as control virus strains. The MOl of each strain was indicated in supplementary 

Fig. 2. After 48 hours pi, virus titer in the supernatants was determined by standard plaque 

assay using BHK-21 cells. The percentages of virus titer were calculated based on virus 

infection control of each strain. Error bars indicate standard deviations from duplicate 

experiments. (B and C) Mice were inoculated Lv. with DENY2 strains, #031 (2 x 107pfu), 

#013 (1 x 107pfu) or #036 (2 x 107pfu). (B) Administration of celgosivir at 50mg/kg BID 
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was statted on day 0 and serum samples were collected on day 1-3 pi. Average viral copy 

numbers on day 1-2 were measured using mixed serum of each group. Viral copy number on 

day 3 was measured individually and the graphs show the average results with standard 

deviations. A P value less than 0.05 was considered significant (* P <0.05). (C) 

Administration of celgosivir at 50mg/kg BID was started on day 3 and serum samples were 

collected on day 3-6 pi. Viral copy number on day 3-6 was measured individually and shown 

in the graphs as the average results with standard deviations. The VLR from day 3 to day 6 

was also shown as the mean value and standard deviations. The number of mice per group is 

6. 

[0032] FIG. 7 the antiviral effect of ce1gosivir against EDEN1, EDEN2, and S221 in 

BHK-21, HuH-7, Vero, and THP-1 cells. Cells were infected with DENV strains for 1 hour 

at 37°C and washed once with culture media. Cells were then incubated for additional 48 

hours in culture media containing celgosivir or NITD008 with a serial 4-fold dilution from 

200/-LM or 50/lM. The supernatants were subjected to standard plaque assay and the EC50 

values were determined using the GrapbPad Prism software. Experiments were conducted in 

duplicate (except on THP-1 cells) and the graphs show the representative for the celgosivir 

administrations. 

[0033] FIG. 8 shows the efficacy of celgosivir against clinical DENV strains obtained 

from CELADEN trial patients in HuH-7 cells. Total 16 clinical DENV virus were recovered 

from serum of CELADEN trial patients with 8 of either DENV1 or DENV2 infection. The 

strains as well as EDEN1, EDEN2 and 8221 were used for infection in HuH-7 cells in the 

absence or presence ofcelgosivir at the concentration of3~. The MOl was varied among 

strains to obtain similar levels of virus titer (within 10-fold difference). The MOl was 0.01 

(EDEN1), 0.1 (#005, #048, #004, #033, #010, #013, #022, #036),0.2 (#016, #017, #011, 

EDEN2, S221), 0.5 (#049, #038), 1 (#028, #031) and 2 (#025). After 48 hours post­

infection, virus titer in the supernatants was determined by standard plaque assay usin~ BHK-

21 cells. Error bars indicate standard deviations from duplicate experiments. 
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DETAILED DESCRlPTION OF THE INVENTION 

[0034} A description of example embodiments of the invention follows. 

Definitions 

[0035] All definitions of substituents set forth below are further applicable to the use of 

the term in conjunction with another substituent. Unless defined otherwise, all technical and 

scientific terms used herein have the same meaning as commonly understood by one of 

ordinary skill in the art to which tIris invention belongs. 

[0036] "Alkyl" as used alone or as part of a larger moiety as in "arylalkyl" or 

"aryloxyalkyl" means a saturated aliphatic branched or straight-chain monovalent 

hydrocarbon radicals, typically C1-C16, preferably CI-C12. For example, "(C1-C6) alkyl" 

means a radical having from 1-6 carbon atoms in a linear or branched arrangement. "(CI-C6) 

alkyl" includes methyl, ethyl, propyl, butyl, tert-butyl, pentyl and hexyl. 

[0037] "Alkylene" means a saturated aliphatic straight-chain divalent hydrocarbon 

radical. Thus, "(CI-C6) alkylene" means a divalent saturated aliphatic radical having :fi:om 

1-6 carbon atoms in a linear arrangement. "(C1-C6) alkylene" includes methylene, ethylene, 

propylene, butyl ene, pentylene and hexylene. 

[0038] "Cycloalkyl" means saturated aliphatic cyclic hydrocarbon ring. Thus, "C3-Cg 

cycloalkyl" means (3-8 membered) saturated aliphatic cyclic hydrocarbon ring. C3-Cg 

cycloalkyl includes, but is not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 

cycloheptyl, and cyclooctyl, Preferably, cyc10alkyl is C3-C6 cycloalkyl. 

[0039] The term "alkoxy" means -O-alkyl; "arylalkoxy" means an alkoxy group 

substituted at any carbon by an aryl group; "hydroxyalkyl" means alkyl substituted with 

hydroxy; "aryl alkyl" means alkyl substituted with an aryl group; "alkoxyalkyl" mean alkyl 

substituted with an alkoxy group; "cycloalkylaIkyI" means alkyl substituted with cycloalkyl; 

"alkylcarbonyl" means -C(O)-A *, wherein A * is alkyl; "alkoxycarbonyI" means -C(O)-OA *, 

wherein A * is alkyl; and where alkyl is as defmed above. Alkoxy is preferably O(CI-C6) 

alkyl and includes methoxy, ethoxy, propoxy, butoxy, pentoxy and hexoxy. 

[0040J "Cycloalkoxy" means a cycloalkyl-O- group wherein the cycloalkyl is as defmed 

above. Exemplary (C3-C7) cycloalkyloxy groups include cyclopropoxy, cyclobutoxy, 

cyclopentoxy, cyclohexoxy and cycloheptoxy. 

[0041] "Halogen" and "halo" are interchangeably used herein and each refers to fluorine, 

chlorine, bromine, or iodine. 
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[0042] The tenus "halo alkyl", "halocycloalkyl" and "haloalkoxy" mean alkyl, cycloalkyl, 

or alkoxy, as the case may be, substituted with one or more halogen atoms. The teml 

"halogen" or "halo" means F, Cl, Br or 1. 

[0043] "Acyl" refers to R"-C(O)-, where R" is H, alkyl, substituted alkyl, heteroalkyl, 

substituted heteroalkyl, alkenyl, substituted alkenyl, aryl, alkylaryl, or substituted alkyl aryl, 

and is indicated in the general formula of a particular embodiment as "Ac". 

[0044J An "alkylene group" is represented by -[CH2Jz-, wherein z is a positive integer, 

preferably from one to eight, more preferably from one to four. 

[0045] An "alkenylene group" is an alkylene in which at least a pair of adjacent 

methylenes are replaced with -CH=CH-. 

[0046] The tenu "(C6-CIO) aryl" used alone or as part of a larger moiety as in "aryl alkyl", 

"arylalkoxy", "aryloxy", or "aryloxyalkyl", means carbocyclic aromatic rings. The tenu 

"carbocyclic aromatic group" may be used interchangeably with the tenus "aryl", "aryl ring" 

"carbocyclic aromatic ring", "aryl group" and "carbocyclic aromatic group". An aryl group 

typically has 6-10 ring atoms. A "substituted aryl group" is substituted at anyone or more 

substitutable ring atom. The telID "C6-C16 aryl" as used herein means a mono cyclic, bicyclic 

or tricyclic carbocyclic ring system containing from 6 to 16 carbon atoms and includes 

phenyl (Ph), naphthyl, anthracenyl, 1,2-dihydronaphthyl, 1,2,3,4-tetrahydronaphthyl, 

fluorenyl, indanyl, indenyl and the like. The (C6-ClO) aryl (C1-C6) alkyl group COlmects to the 

rest of the molecule through the (C1-C6) alkyl pOliion of the (C6-ClO) aryl (CI-C6) alkyl 

group. 

[0047] The term "Alkenyl" as used alone or as part of a larger moiety as in "Alkenylacyl" 

or "haloalkylacyl" means a straight or branched hydrocarbon radical having a specified 

number of carbon atoms and includes at least one double bond. An alkenyl group generally 

has between 2 and 6 carbon atoms. The (C6-CIO) aryl (C2-C6) alkenyl group connects to the 

remainder of the molecule through the (C2-C6) alkenyl portion of (C6-ClO) aryl (C2-C6) 

alkenyl. 

[0048] "Alkenylacyl" refers to an acyl group, R"-C(O)-, where R" is an alkenyl or a 

substituted alkenyl (e.g., CH3-CH=CH-C(O)-). 

[0049] "Phannaceutically acceptable catTier" means non-therapeutic components that are 

of sufficient purity and quality for use in the fonnulation of a composition of the invention 

that, when appropriately administered to typically do not produce an adverse reaction, and 

that are used as a vehicle for a drug substance (e.g., a compound of Formula (I). 
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[0050] "Intraperitoneal injection," as used herein, refers to the injection of a substance 

into the peritoneum (body cavity). 

[0051] "Three times a day dosing" or "three times per day," as used herein, refers to three 

administrations of a composition per every 24 hour period. 

[00521 "Four times a day dosing" (QDS) or "four times per day," as used herein, refers to 

four administrations of a composition per every 24 hour period. 

[0053] As used herein, "BDI" refers to twice daily. Further, as used herein, "QD" refers 

to once daily. 

[0054] As used herein, "Cmin" refers to the minimum concentration that a drug achieves 

after the drug has been administered and prior to the administration of a second or additional 

dose. Further, "Cmax", as used herein, refers to the maximum concentration. Similarly, 

"Tmax", as used herein, refers to the time of maximum concentration. Additionally, "AUe", 

used herein, is the m:ea under the concentration-time curve. Additionally, "50% effective 

concentration" (EC50), as used herein, refers to the concentration of an anti-viral that 

produces 50% of the maximal possible antiviral effect. 

[0055] As used herein, the telID "about" refers to a number that differs from the given 

number by less than 10%. In other embodiments, the telID "about" indicates that the number 

differs from the given number by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1 %. 

[0056] The abbreviation "DENV", as used herein, refers to dengue virus. Further the 

four serotypes of the dengue virus are used herein as "DENVl", "DENV2", "DENV3", and 

"DENV4". 

[0057] "Antibody enhanced" or "Antibody Dependent Enhancement" (ADE), as used 

herein interchangeably, refers to a DENV infection made more severe due to a prior infection 

with one of the four DENV serotypes: DENV1, DENV2, DENV3, and DENV4. 

[0058} As used herein, "dengue hemolThagic fever" (DHF) and "dengue shock 

syndrome" (DSS), refers to the severe and potentially fatal dengue diseases that often occur 

during secondary heterotypic infections. 

[0059J As used herein, "viral load" refers to the amount of virus in the blood stream of a 

human subject. 

[0060J As used herein, "initial dose" refers to the dose(s) which is administered to an 

asymptomatic human subject. Further, "loading dose" and "initial dose" have the same 

meaning and are used interchangeably herein. 
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[0061] As used herein, "potential exposure," "deployment," and "travel" refers to the 

period oftime between entry and exit of a human subject into/from a geographical area where 

they may be exposed to Aedes aegypti mosquitoes harboring one or more stereotypes of 

dengue virus. 

[0062] As used herein, "asymptomatic" refers to a human subject that may have been 

exposed to Aedes aegypti mosquitoes harboring one or more stereotypes of dengue virus but 

does not present symptoms related to a dengue virus infection, such as fever or diarrhea, or 

refers to a human subject that has not been exposed to Aedes aegypti mosquitoes harboring 

one or more stereotypes of dengue virus (e.g.! the human subject is not located in or has not 

recently traveled to a geographical area where Aedes aegypti mosquitoes harboring one or 

more stereotypes of dengue virus are indigenous). 

Dosing Regimen 

[0063] The present invention pertains to methods of preventing a disease resulting from a 

dengue virus (DENV) infection in a human subject, comprising administering to the human 

subject an initial dose of about 40 to about 600 mg of a compound ofFOlmula (I) or a 

phmmaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

40 to about 600 mg of a compound of Formula (1) or a phmmaceutically acceptable salt 

thereof, and administering to the human subject a plurality of subsequent doses of about 25 

to about 400 mg ofa compound of Formula (1) or a pharmaceutically acceptable salt thereof, 

or a pharmaceutical composition comprising about 25 to about 400 mg of a compound of 

Formula (I) or a pharmaceutically acceptable salt thereof, wherein not more than 600mg of a 

compound of Formula (I) is administered per day, wherein the human subject is 

asymptomatic at the time of administration of the at least one initial dose, and wherein said 

subsequent doses are administered once, twice, three, or four times per day during potential 

exposure of at least one serotype of dengue virus. In further embodiments, the subsequent 

doses are administered one or more, two or more, three or more, four or more, or five or more 

times per day. In ccrtain cmbodiments, when multiple subsequent doses are given daily, they 

are approximately evenly spaced tlu'oughout a 24 hour period. 
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[0064] In one embodiment, the compound ofthe invention is a compound of Fonnula (I): 

(f), 

or a pharmaceutically acceptable salt there of; 

wherein RI, R2, and R3 are independently H, (C1-C14) acyl, (C1-C14) alkenylacyl, 

(C3-Cg) cyc1oalkylacyl, (C1-C14) halo alkyl acyl (CrCg) alkoxyacyl, or (C6-ClO) aryl acyl. 

[00651 In another embodiment, R 1 and K are Hand R3 is a (CI-C14) acyl. In another 

embodiment, RI is CH3-CH2CH2-C(O)-. In yet another embodiment, R2 is 

CH3-CH2CH2-C(O)-. In a finiher embodiment, R3 is CH3-CH2CH2-C(O)-. In another 

embodiment, at least one but not more than two RI, R2, and R3 is a hydrogen. 

[0066} In yet another embodiment, the compound of the invention is a compound of 

Formula (II); 

OH 

(n), 

or a pharmaceutically acceptable salt thereof. 

[00671 The compound of Formula (II), or pharmaceutical composition comprising a 

compound of Formula (II), can be used in any of the embodiments provided herein for 

Formula (I). 

16 



[0068J In fmiher embodiment, the compound ofthe invention is a compound of 

Formula (III): 

(HI), 

or a phannaceutically acceptable salt there of; 

wherein RI, R2, and R3 are independently H, (C1-C I4) acyl, (C1-C14) alkenylacyl, 

(C3-CS) cycloalkylacyl, (C1-C14) haloalkylacyl (C1-Cg) alkoxyacyl, or (C6-ClO) aryl acyl. 

[0069] The compound of Formula (III), or pharmaceutical composition comprising a 

compound of Formula (III), can be used in any of the embodiments provided herein for 

Formula (I). 

[0070] The compounds of the invention useful for practicing the methods described 

herein may possess one or more chiral centers and so exist in a number of stereoisomeric 

forms. All stereo isomers and mixtures thereof are included in the scope of the present 

invention. Racemic compounds may either be separated using preparative HPLC and a 

column with a CM'al stationary phase or resolved to yield individual enantiomers utilizing 

methods known to those skilled in the art. In addition, chiral intennediate compounds may 

be resolved and used to prepare chiral compounds of the invention. 

[0071J The compounds described herein may exist in one or more tautomeric forms. All 

tautomers and mixtures thereof are included in the scope of the present invention. 

[0072] The compounds ofthe present invention can be administered as the free base or as 

a pharmaceutically acceptable salt. For example, an acid salt of a compound of the present 

invention containing an amine or other basic group can be obtained by reacting the compound 

with a suitable organic or inorganic acid, resulting in pharmaceutically acceptable anionic salt 

forms. Examples of anionic salts include the acetate, benzenesulfonate, benzoate, 

bicarbonate, bitartrate, bromide, calcium edetate, camsylate, carbonate, chloride, citrate, 

dihydrochloride, edetate, edisylate, estotate, esylate, fumarate, glyceptate, gluconate, 

glutamate, glycollylarsanilate, hexylresorcinate, hydro bromide, hydrochloride, 

hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate, maleate, mandelate, 
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mesylate, methylsulfate, mucate, napsylate, nitrate, pamoate, pantothenate, 

phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate, succinate, sulfate, 

tannate, tartrate, teoclate, tosylate, and triethiodide salts. In one embodiment, the compound 

ofFOlTIlula (1) is a hydrochloride salt. In another embodiment, the compound of Formula (II) 

is a hydrochloride salt. 

[0073] The invention is also directed to methods of the invention using a pharmaceutical 

composition comprising a compound of Formula (I) or Formula (II). The disclosed 

compounds of Formula (1) and Formula (II) can be administered to the subject in conjunction 

with an acceptable pharmaceutical carrier or diluent as pmt of a pharmaceutical composition 

for prevention of a disease resulting from a dengue (DENV) infection, and according to any 

of the dosing regimens described herein. Formulation of the compound to be administered 

will vary according to the route of administration selected (e.g., solution, emulsion, capsule). 

Suitable pharmaceutical carriers may contain inert ingredients which do not interact with the 

compound. Standard pharmaceutical formulation techniques can be employed, such as those 

described in Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, P A 

Suitable pharmaceutical carriers for parenteral administration include, for example, sterile 

water, physiological saline, bacteriostatic saline (saline containing about 0.9% mg/ml benzyl 

alcohol), phosphate-buffered saline, Hank's solution, Ringer's-lactate and the like. Methods 

for encapsulating compositions (such as in a coating of hard gelatin or cyc1odextran) are 

known in the art (Baker, et ai., "Controlled Release of Biological Active Agents", John Wiley 

and Sons, 1986). 

[0074] In one embodiment, the pharmaceutical composition comprises a 

pharmaceutically acceptable cmTier or diluent and a compound Formula (I). In another 

embodiment, the phatmaceutical composition comprises a phmmaceutically acceptable 

carrier or diluent and a compound FOlTIlula (II). 

[0075] In preferred embodiments, the compound of Formula (1) is prodrug of 

castano spermine, a natural product derived from the seeds of Castanospermum australe. 

Once administered compounds of Formula (1) are rapidly converted to castanospermine. 

Compounds of Formula (1) (e.g., celgosivir) are more rapidly and efficiently absorbed than 

castanospermine. Compounds ofFOlTIlula (1) moe also more readily absorbed into cells. As a 

result, compounds of Formula (I) may have higher ECso values and in vivo efficacy than 

castanospelmine against the dengue CD ENV) virus. 
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[0076] Castano spermine has been shown to exeli antiviral activity by inhibiting host 

alpha-glucosidases I and II, enzymes essential for proper folding of dengue-virus encoded 

glycoproteins such as E and prM. (6,7) Castano spermine targets dengue NSI protein folding 

in dengue virus infected cells. Impaired glycosylation of the N"S 1 protein leads to 

accumulation of proteins in the endoplasmic reticulum (ER) and drastically inhibits the virus 

replication. Since the drug target is a host enzyme required for viral maturation, the potential 

for development of resistance is expected to be lower than a drug directed against a viral 

enzyme. 

[0077] The methods of the invention prevent a human subject from having a disease 

resulting from a dengue viral infection. As used herein "preventing" or "prevention" refers to 

obtaining desired pharmacological andlor physiological effects. The effect can include 

achieving, partially or substantially one or more ofthe following results: partially or totally 

avoiding the disease, disorder or syndrome resulting from a dengue viral infection; or 

partially or totally avoiding clinical symptom or indicator associated with the disease, 

disorder, or syndrome resulting from a dengue viral infection; or reducing the severity of the 

disease, disorder, or syndrome resulting from a dengue viral infection .. 

[0078] The initial dose of a compound of Formula (I) or a pharmaceutically acceptable 

salt thereof, or a pharmaceutical composition comprising a compound of Formula (I) or a 

pharmaceutically acceptable salt thereof, can be administered at any time in an asymptomatic 

human subject. In one embodiment, the initial dose is administered at the time of exposure to 

at least one serotype of dengue virus. In another embodiment, the initial dose is administered 

prior to fever onset. Subsequent doses can be the same amount or vary to achieve steady 

state Cmin or plasma concentrations in the subject. 

[0079] The human subject may be an adult or a child. As used herein, a "child" refers to 

a human subject who is between the ages of 1 day to 17 years of age. The term "adult" refers 

to a human subject who is 18 years of age or older. Further, the plurality of human subjects 

may include adults or children. In some embodiments, the plurality of human subjects may 

include only adults. In another embodiment, the plurality of human subjects may include 

only children. In yet another embodiment, the plurality of human subjects may include both 

adults and children. 

[0080] In another aspect, the present invention relates to a method of preventing a disease 

resulting from a dengue invention in an adult subject comprising administering to the adult 

subject at least one initial dose of about 40 to about 600 mg of a compound of Formula (I) or 
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a pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

40 to about 600 mg of a compound of Formula (I) or a pharmaceutically acceptable salt 

thereof, and administering to the adult subject a plurality of subsequent doses of about 25 to 

about 400 mg of a compound of Formula (1) or a phannaceutically acceptable salt thereof, or 

a phm.maceutical composition comprising about 25 to about 400 mg of a compound of 

Formula (1) or a pharmaceutically acceptable salt thereof. In further embodiments, not more 

than 600mg is administered per day. In yet other embodiments, the human subject is 

asymptomatic at the time of administration of the at least one initial dose. In another 

embodiment, the subsequent doses are administered once, twice, three, or four times per day 

during potential exposure of at least one serotype of dengue virus. 

[00811 

Table 1: 

Example embodiments of initial and subsequent doses in an adult are shown in 

Table 1: Dosing Regimen for an Adult 

Embodiment Initial dose Subsequent Embodiment Initial dose Subsequent 
(mg)l dose (mg)2 (mg) 1 dose (mg)2 

1 100 100 31 450 200 
2 150 100 32 500 200 
3 200 100 33 550 200 
4 250 100 34 600 200 
5 300 100 35 100 250 
6 350 100 36 150 250 
7 400 100 37 200 250 
8 450 100 38 250 250 
9 500 100 39 300 250 
10 550 100 40 350 250 
11 600 100 41 400 250 
12 100 150 42 450 250 
13 150 150 43 500 250 
14 200 150 44 500 250 
15 250 150 45 550 250 
16 300 150 46 600 250 
17 350 150 47 100 300 
18 400 150 48 150 300 
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19 450 150 49 200 300 
20 500 150 50 250 300 
21 550 150 51 300 300 
22 600 150 52 350 300 
23 600 175 53 400 300 
24 100 200 54 450 300 
25 150 200 55 450 300 
26 200 200 56 500 300 
27 250 200 57 500 300 
28 300 200 58 550 300 
29 350 200 59 600 300 
30 400 200 60 40 25 

1 Initial dosing administered to a human subject is that asymptomatic. 

2 Subsequent dosing periodically from about 6 to about 24 hours during potential exposure of at least one serotype of dengue 
virus. 

[0082] In another aspect, the present invention relates to methods of preventing a disease 

resulting from a dengue invention in an child subject comprising administering to the child 

subject at least one initial dose of about 40 to about 600 mg of a compound of Formula (I) or 

a pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

40 to about 600 mg ofa compound ofFonnula (1) or a pharmaceutically acceptable salt 

thereof, and administering to the child subject a plurality of subsequent doses of about 25 to 

about 400 mg of a compound ofFonnula cn or a pharmaceutically acceptable salt thereof, or 

a pharmaceutical composition comprising about 25 to about 400 mg of a compound of 

Fonnula (I) or a pharmaceutically acceptable salt thereof. In further embodiments, not more 

than 600mg is administered per day. In yet other embodiments, the child subject is 

asymptomatic at the time of administration of the at least one initial dose. In another 

embodiment, the subsequent doses are administered once, twice, three, four, or five times per 

day during potential exposure of at least one serotype of dengue virus. 

[0083] Example embodiments of initial and subsequent doses combinations in a child are 

shown in Table 2: 
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Table 2: Dosing Regimen for a Child 

Embodiment Initial dose Subsequent Embodiment Initial dose Subsequent 
(mg)4 dose (mg)5 (mg)4 dose (mg)5 

1 25 25 25 25 100 --- . 

2 50 25 26 50 100 
3 75 25 27 75 100 
4 100 25 28 100 100 
5 150 25 29 150 100 
6 200 25 30 200 100 
7 250 25 31 250 100 
8 300 25 32 300 100 
9 25 50 33 25 150 
10 50 50 34 50 150 
11 75 50 35 75 150 
12 100 50 36 100 150 
13 150 50 37 150 150 
14 200 50 38 200 150 
15 250 50 39 250 150 
16 300 50 40 300 150 
17 25 75 41 25 200 
18 50 75 42 50 200 
19 75 75 43 75 200 
20 100 75 44 100 200 
21 150 75 45 150 200 
22 200 75 46 200 200 
23 250 75 47 250 200 
24 300 75 48 300 200 

4 Initial dosing administered a human subject is that asymptomatic. 

5 Subsequent dosing periodically from about 6 to about 24 hours, or one, two, three, four, or five times per day, during 
potential exposure of at least one serotype of dengue virus. 

[0084] In certain embodiments, the human subject is not positive for human 

immunodeficiency virus (HIV) infection. In other embodiments, the human subject does not 

have hepatitis C virus (HCY). In further embodiments, the human subject is unknovi'll to bc 

infected with HIV and/or HCV. 

[0085J In other embodiments, the disclosed dosing regimen may be used to prevent a 

disease resulting ii-om infection from a Flavivirus species, such as West Nile virus, yellow 

fever virus, and Japanese encephalitis virus. In another embodiment, the disclosed dosing 

regimen may be used to prevent a disease resulting from a chikungunya virus. 

[0086] The human subject can be administered a compound of the present invention for a 

period of about between about 1 day to about 30 days. In one embodiment, the subsequent 

doses of a compound of Fonnula (1), or a phannaceutical composition comprising a 
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compound of Formula (I), are administered for about 5 to about 30 days. In further 

embodiment, the subsequent doses of a compound of Formula (1), or a pharmaceutical 

composition comprising a compound of Formula (I), are administered for about 30 to about 

60 days. In another embodiment, the subsequent doses of a compound of Formula (1), or a 

pharmaceutical composition comprising a compound of Formula (I), are administered for 

about 60 to about 90 days. In yet another embodiment, the subsequent doses of a compound 

of Formula (I), or a pharmaceutical composition comprising a compound of Formula (1), are 

administered for about 90 to about 120 days. In another embodiment, the subsequent dose of 

a compound of Formula (I), or a phmmaceutical composition comprising a compound of 

Formula (1), is administered for about 120 to about six months. 

[0087} The present invention pertains to methods of preventing a disease resulting from a 

dengue virus (DENV) infection in a human subject, comprising administering to the human 

subject at least one initial dose of about 40 to about 600 mg of a compound of Formula (I) or 

a pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

40 to about 600 mg a compound of Formula (I) or a pharmaceutically acceptable salt thereof; 

and administering to the human subject a plurality of subsequent doses of about 25 to about 

400 mg of a compound ofFOlmula (1) or a phannaceutically acceptable salt thereof, or a 

pharmaceutical composition comprising about 25 to about 400 mg of a compound of Formula 

(I) or a pharmaceutically acceptable salt thereof, wherein not more than 600mg of a 

compound of Formula (I) is administered per day, wherein the human subject is 

asymptomatic at the time of administration of the at least one initial dose, wherein said 

subsequent doses are administered once, twice, three, or four times per day during potential 

exposure of at least one serotype of dengue virus, and wherein R 1, R2, and R3 are 

independently H, (C1-CI4) acyl, (C1-C14) alkenylacyl, (C3-Cg) cyc1oalkylacyl, (C1-C14) 

haloalkylacyl (C1-Cs) alkoxyacyl, or (C6-ClO) aryl acyl. 

[0088] The invention is also directed to methods of preventing a disease resulting from a 

secondary dengue infection in a human subject, comprising administering to the human 

subject at least one initial dose of about 40 to about 600 mg of a compound of Formula (1) or 

a phannaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

40 to about 600 mg of a compound of Formula (I) or a pharmaceutically acceptable salt 

thereof; and administering to the human subject a plurality of subsequent doses of about 25 to 

about 400 mg of a compound of FOffimla (1) or a phmmaceutically acceptable salt thereof, or 

a pharmaceutical composition comprising about 25 to about 400 mg of a compound of 
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Formula (1) or a pharmaceutically acceptable salt thereof, wherein not more than 600mg of a 

compound ofFonnula (I) is administered per day, wherein the human subject is 

asymptomatic at the time of administration of the at least one initial dose, wherein said 

subsequent doses are administered once, twice, three, or four times per day during potential 

exposure of at least one serotype of dengue vims, and, wherein RI, R2, and R3 are 

independently H, (Cr C14) acyl, (CI-C14) alkenylacyl, (C3-CS) cycloa1kylacyl, (CI-C14) 

haloalkylacyl (C1-Cs) alkoxyacyl, or (C6-ClO) arylacyl. 

[0089] In one embodiment ofthe invention, the compound of Formula (1), is a compound 

of Formula (II) or a phrumaceutically acceptable salt thereof. The invention also relates to 

methods of preventing a disease resulting from a dengue virus (DENV) infection in a human 

subject, comprising administering to the human subject at least one initial dose of about 40 to 

about 600 mg of a compound of Formula (II) or a pharmaceutically acceptable salt thereof, or 

a phrumaceutical composition comprising about 40 to about 600 mg of a compound of 

Formula (II) or a pharmaceutically acceptable salt thereof, ; and administering to the human 

subject a plurality of subsequent doses of about 25 to about 400 mg of a compound of 

Formula (II) or a phru1naceutically acceptable salt thereof, or a pharmaceutical composition 

comprising about 25 to about 400 mg of a compound ofFOlmula (II) or a pharmaceutically 

acceptable salt thereof, wherein not more than 600mg of a compound of Formula (1) is 

administered per day, wherein the human subject is asymptomatic at the time of 

administration of the at least one initial dose, and wherein said subsequent doses are 

administered once, twice, three, or four times per day during potential exposure of at least 

one serotype of dengue virus. 

[0090} In another aspect, the invention relates to methods of preventing a disease 

resulting from a dengue vims (DENV) infection in a human subject, comprising 

administering orally to the human subject at least one initial dose of about 40 to about 600 

mg of a compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a 

pharmaceutical composition comprising about 40 to about 600 mg of a compound of Formula 

(I) or a pharmaceutically acceptable salt thereof; and administering orally to the human 

subject a plurality of subsequent doses of about 25 to about 400 mg of a compound of 

Formula (1) or a phmmaceutically acceptable salt thereof, or a pharmaceutical composition 

comprising about 25 to about 400 mg of a compound ofFonnula (I) or a phalmaceutically 

acceptable salt thereof, wherein not more than 600mg of a compound of Formula 0) is 

administered per day, wherein the human subject is asymptomatic at the time of 
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administration of the at least one initial dose, wherein said subsequent doses are administered 

once, twice, three, or four times per day during potential exposure of at least one serotype of 

dengue virus, and, wherein R\ R2, and R3 are independently H, (C1-C14) acyl, (C1-C14) 

alkenylacyl, (C3-C8) cycloalkylacyl, (C1-C14) halo alkyl acyl (C1-Cg) alkoxyacyl, or (C6-ClO) 

aryl acyl. 

[0091] In. yet another aspect, the invention pertains to methods of preventing a disease 

resulting from a dengue virus (DENY) infection in a human subject, comprising 

administering to the human subject at least one initial dose of about 40 to about 600 mg of a 

compound ofFOlmula (III) or a pharmaceutically acceptable salt thereof, or a pharmaceutical 

composition comprising about 40 to about 600 mg of a compound of Formula (III) or a 

phaImaceutically acceptable salt thereof; and administering to the human subject a plurality 

of subsequent doses of about 25 to about 400 mg of a compound of Formula (III) or a 

pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising about 

25 to about 400 mg of a compound of Formula (III) or a phmmaceutically acceptable salt 

thereof, wherein not more thaIl 600mg of a compound of Formula (I) is administered per day, 

wherein the human subject is asymptomatic at the time of administration ofthe at least one 

initial dose, wherein said subsequent doses are administered once, twice, three, or four times 

per day during potential exposure of at least one serotype of dengue VilUS, and wherein R 1, 

R2, and R3 are independently H, (C1-C14) acyl, (C1-C14) alkenylacyl, (C3-Cg) cycloalkylacyl, 

(C1-C14) halo alkyl acyl (CI-CS) alkoxyacyl, or (C6-ClO) arylacyl. 

[00921 In certain embodiments of the invention, the human subject is an adult or a child. 

In further embodiments of the invention, the plurality of hum all subjects may include adults 

or children. In some embodiments, the plurality of human subjects may include only adults. 

In aIlother embodiment, the plurality of human subjects may include only children. In yet 

aIlother embodiment, the plurality of human subjects may include both adults aIld children. 

[0093J In certain embodiments of the invention, each of the plurality of human subjects 

may be given a different dose. In another embodiment, each ofthe plurality of human 

subjects may be given the SaIne dose. In further embodiment, each of the plurality of hum all 

subjects may be given a variety of doses. In yet another embodiment, some of the plurality of 

the human subjects may be given the SaIne dose and some of the plurality of the human 

subjects may be given a different dose. 
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[0094} In another embodiment, compound ofFOlmula (I), the compound of FOffi1Ula (II), 

or the compound of Formula (III) is converted to castano spermine after administration to a 

human subject. 

[0095] In yet another embodiment, a steady state Cmin serum or plasma concentration of 

between about 0.05 and about 2.0 microgramlmL of castano spermine in an adult or child 

human subject is attained. 

[0096] In one embodiment of the invention, dengue viral infection comprises at least one 

dengue virus selected from DENV1, DENV2, DENV3, and DENV4. In another 

embodiment, the dengue viral infection is secondary dengue infection. In yet another 

embodiment of the invention, the human subject is negative for a dengue infection using a 

NS 1 strip assay or quantitative peR prior to administration of at least one initial dose. In 

further embodiment ofthe invention, the virological log reduction in human subjects 

administered the method of prevention is at least 50% greater in persons not administered the 

compound or in placebo-administered groups. In yet another embodiment, administering the 

compound, or the pharmaceutical composition, achieves a steady state Cmin serum or plasma 

concentration of between about 0.4 and about 2.0 microgram/mL of castanospermine. In 

another embodiment of the invention, the compound, or the pharmaceutical composition, is 

administered intravenously, orally, rectally or sublingually. 

[0097] In certain embodiments, the initial dose(s) andlor subsequent doses are each not 

more than 600 mg, 550 mg, 500 mg, 450 mg, 400 mg, 350 mg, 300 mg, 275 mg, 250 mg, 225 

mg, 200 mg, 175 mg, 150 mg, 125 mg, 100 mg, 90 mg, 80 mg, 75 mg, 70 mg, 60 mg, 50 mg, 

40 mg, or 30 mg. In other embodiments, the initial dose(s) and/or subsequent doses are each 

not less than 550 mg, 500 mg, 450 mg, 400 mg, 350 mg, 300 mg, 275 mg, 250 mg, 225 mg, 

200 mg, 175 mg, 150 mg, 125 mg, 100 mg, 90 mg, 80 mg, 75 mg, 70 mg, 60 mg, 50 mg, 40 

mg, 30 mg, or 25 mg. In certain embodiments, these upper and lower limits can be used to 

create a dosage range. Examples of suitable dosage ranges for the initial dose( s) and! or the 

subsequent doses include, but are not limited to, 25-75 mg per dose, 50-100 mg per dose, 75-

125 mgper dose, 100-150 mg per dose, 150-200 mgper dose, 200-250 mgper dose, 250-300 

mg per dose, 300-350 mg per dose, 350-400 mg per dose, 400-450 mg per dose, 450-500 mg 

per dose, 500-550 mg per dose, 550-600 mg per dose, 25 -125 mg per dose,S 0-15 0 mg per 

dose, 75-175 mg per dose, 100-200 mg per dose, 150-250 mg per dose, 200-300 mg per dose, 

250-350 mg per dose, 300-400 mg per dose, 350-450 mg per dose, 400-500 mg per dose, 

450-500 mg per dose, 500-600 mg per dose, 25-175 mg per dose, 50-200 mg per dose, 75-
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225 mg per dose, 100-250 mg per dose, 150-300 mg per dose, 200-350 mg per dose, 250-400 

mg per dose, 300-450 mg per dose, 350-500 mg per dose, 400-550 mg per dose, 450-600 mg 

per dose, 25-225 mg per dose, 50-250 mg per dose, 75-275 mg per dose, 100-300 mg per 

dose, 150-350 mg per dose, 200-400 mg per dose, 250-450 mg per dose, 300-500 mg per 

dose, 350-550 mg per dose, 400-600 mg per dose, 25-275 mg per dose, 50-300 mg per dose, 

75-325 mg per dose, 100-350 mg per dose, 150-400 mg per dose, 200-450 mg per dose, 250-

500 mg per dose, 300-550 mg per dose, 350-600 mg per dose, 25-325 mg per dose, 50-350 

mg per dose, 75-375 mg per dose, 100-400 mg per dose, 140-450 mg per dose, 200-500 mg 

per dose, 250-550 mg per dose, 300-600 mg per dose, 25-375 mg per dose, 50-400 mg per 

dose, 75-425 mg per dose, 100-450 mg per dose, 150-500 mg per dose, 200-550 mg per dose, 

250-600 mg per dose, 25-425 mg per dose, 50-450 mg per dose, 75-475 mg per dose, 100-

500 mg per dose, 150-550 mg per dose, 200-600 mg per dose, 25-475 mg per dose, 50-500 

mg per dose, 75-525 mg per dose, 100-550 mg per dose, 150-600 mg per dose, 25-525 mg 

per dose, 50-550 mg per dose, 75-575 mg per dose, 100-600 mg per dose 25-550 mg per 

dose, 50-575 mg per dose, 75-600 mg per dose, 25-575 mg per dose, 50-600 mg per dose, or 

25-600 mg per dose. In certain embodiments, these dosage ranges can be administered one 

or more, two or more, three or more, four or more, or five or more times as an initial dose. In 

other embodiments, these dosage ranges can be administered one or more, two or more, three 

or more, four 01' more, or five or more times per day as a subsequent dose. In certain 

embodiments of the invention, the initial dose(s) and/or the subsequent doses are 

administered three times per day, wherein each dose is about 167 mg to about 200 mg. In 

other embodiments, initial dose(s) and/or the subsequent doses are administered four times 

per day, wherein each dose is about 125 mg to about 150 mg. In one embodiment, the initial 

dose(s) and/or the subsequent doses are administered as two divided doses, wherein the total 

daily dose is about 225 mg to about 600 mg. In another embodiment, the initial dose( s) 

and/or the subsequent doses are administered as two divided doses, wherein the total daily 

dose is about 75 mg to about 600 mg. In other embodiments, the initial dose(s) and/or the 

subsequent doses are administered as two divided doses, wherein each dose is about 250 mg 

to about 300 mg. In yet another embodiment, the initial dose(s) and/or the subsequent doses 

are administered as one dose per day, wherein the total daily dose is about 40 mg to about 

400 mg. In further embodiments, the initial dose(s) and/or the subsequent doses are 

administered as one dose per day, wherein each dose is about 225 mg to about 400 mg. 
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[0098] In another embodiment, the initial dose(s) and and/or subsequent doses are about 

225 mg, about 240 mg, about 260 mg, about 280 mg, about 320 mg, about 340 mg, about 360 

mg, about 380 mg, or about 400 mg and are administered to the human subject once a day. In 

other embodiments, the initial dose(s) and/or the subsequent doses are about 110 mg, about 

225 mg, about 260 mg, about 280 mg, or about 300 mg and administered to the human 

subject twice a day. In further embodiments, the initial dose(s) and/or the subsequent doses 

are about 75 mg, about 80 mg, about 90 mg, about 100 mg, about 110 mg, about 120 mg, 

about 130 mg, about 140 mg, about 150 mg, about 160 mg, about 170 mg, about 180 mg, 

about 190 mg, or about 200 mg and are administered to the human subject three times per 

day. In yet other embodiments, the initial dose( s) and/or the subsequent doses are about 40 

mg, about 50 mg, about 60 mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg, about 

110 mg, about 120 mg, about 130 mg, about 140 mg, about 150 mg and are administered to 

the human subject four times per day. 

[0099] In one embodiment of the invention, the human subject is administered the initial 

dose(s) and/or the subsequent doses once per day, wherein each dose is about 3.8 mg/kg to 

about 6.7 mglkg. In other embodiments, the human subject is administered the initial dose(s) 

and/or the subsequent doses twice per day, wherein each dose is about 4.2 mg/kg to about 5 

mglkg. In further embodiments, the human subject is administered the initial dose(s) and/or 

the subsequent doses three times per day, wherein each dose is about 2.8 mglkg to about 3.33 

mglkg. In yet other embodiments, the human subject is administered the initial dose(s) 

and/or the subsequent doses four times per day, wherein each dose is about 2.1 mg/kg to 

about 2.5 mg/kg. 

[0100J In one embodiment of the invention, the human subject is administered an initial 

dose of about 150 mg is administered a subsequent dose of about 100 mg every 6 hours for 

about 5 to about 30 days. In another embodiment, the human subject is administered an initial 

dose of about 150 mg and is administered a subsequent dose of about 100 mg every 6 hours 

for about 30 to about 90 days. In yet another embodiment, the human subject is administered 

an initial dose of about 150 mg and is administered a subsequent dose of about 100 mg every 

6 hours for about 90 days to about six months. In further embodiment, the human subject is 

administered an initial dose of about 150 mg and is administered a subsequent dose of about 

100 mg every 8 hours for about 5 to about 30 days. In certain embodiment, the human subject 

is administered an initial dose of about 150 mg and is administered a subsequent dose of 

about 100 mg every 8 hours for about 30 to about 90 days. In another embodiment, the 
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human subject is administered an initial dose of about 150 mg and is administered a 

subsequent dose of about 100 mg every 8 hours for about 90 days to about six months. In yet 

another embodiment, the human subject is administered an initial dose of about 150 mg and 

is administered a subsequent dose of about 100 mg every 12 hours for about 5 to about 30 

days. In another embodiment, the human subject is administered an initial dose of about 150 

mg and is administered a subsequent dose of about 100 mg every 12 hours for about 30 to 

about 90 days. In further embodiment, the human subject is administered an initial dose of 

about 150 mg and is administered a subsequent dose of about 100 mg cvery 12 hours for 

about 90 days to about six months. In yet another embodiment, the human subject is 

administered an initial dose of about 150 mg and is administered a subsequent dose of about 

150 mg every 6 hours for about 5 to about 30 days. In another embodiment, the human 

subject is administered an initial dose of about 150 mg and is administered a subsequent dose 

of about 150 mg every 6 hours for about 30 to about 90 days. In yet another embodiment, the 

human subject is administered an initial dose of about 150 mg and is administered a 

subsequent dose of about 150 mg every 6 hours for about 90 days to about six months. In 

another embodiment, the human subject is administered an initial dose of about 150 mg and 

is administered a subsequent dose of about 150 mg every 8 hours for about 5 to about 30 

days. In certain embodiment, the human subject is administered an initial dose of about 150 

mg and is administered a subsequent dose of about 150 mg every 8 hours for about 30 to 

about 90 days. In yet another embodiment, the human subject is administered an initial dose 

of about 150 mg and is administered a subsequent dose of about 150 mg every 8 hours for 

about 90 days to about six months. In one embodiment, the human subject is administered an 

initial dose of about 150 mg and and is administered a subsequent dose of about 150 mg 

every 12 hours for about 5 to about 30 days. In further embodiment, the human subject is 

administered an initial dose of about 150 mg and is administered a subsequent dose of about 

150 mg every 12 hours for about 30 to about 90 days. In yet another embodiment, the human 

subject is administered an initial dose of about 150 mg and is administered a subsequent dose 

of about 150 mg every 12 hours for about 90 days to about six months. In another 

embodiment, the human subject is administered an initial dose of about 150 mg and is 

administered a subsequent dose of about 200 mg every 6 hours for about 5 to about 30 days. 

In one embodiment, the human subject is administered an initial dose of about 150 mg and is 

administered a subsequent dose of about 200 mg every 6 hours for about 30 to about 90 days. 

In another embodiment, the human subj ect is administered an initial dose of about 150 mg 
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and is administered a subsequent dose of about 200 mg every 6 hours for about 90 days to 

about six months. In further embodiment, wherein the human subject is administered an 

initial dose of about 150 mg and is administered a subsequent dose of about 200 mg every 8 

hours for about 5 to about 30 days. In yet another embodiment, the human subject is 

administered an initial dose of about 150 mg and is administered a subsequent dose of about 

200 mg every 8 hours for about 30 to about 90 days. In one embodiment, the human subject 

is administered an initial dose of about 150 mg and is administered a subsequent dose of 

about 200 mg every 8 hours for about 90 days to about six months. In another embodiment, 

the human subject is administered an initial dose of about 150 mg and is administered a 

subsequent dose of about 200 mg every 12 hours for about 5 to about 30 days. In further 

embodiment, the human subject is administered an initial dose of about 150 mg and is 

administered a subsequent dose of about 200 mg every 12 hours for about 30 to about 90 

days. In another embodiment, the human subject is administered an initial dose of about 150 

mg and is administered a subsequent dose of about 200 mg every 12 hours for about 90 days 

to about six months. In certain embodiment, the human subject is administered an initial dose 

of about 200 mg and is administered a subsequent dose of about 100 mg every 6 hours for 

about 5 to about 30 days. In yet another embodiment, the human subject is administered an 

initial dose of about 200 mg and is administered a subsequent dose of about 100 mg every 6 

hours for about 30 to about 90 days. In another embodiment, the human subject is 

administered an initial dose of about 200 mg and is administered a subsequent dose of about 

100 mg every 6 hours for about 90 days to about six months. In one embodiment, the human 

subject is administered an initial dose of about 200 mg and is administered a subsequent dose 

of about 100 mg every 8 hours for about 5 to about 30 days. In further embodiment, the 

human subject is administered an initial dose of about 200 mg and is administered a 

subsequent dose of about 100 mg every 8 hours for about 30 to about 90 days. In yet another 

embodiment, the human subj ect is administered an initial dose of about 200 mg and is 

administered a subsequent dose of about 100 mg every 8 hours for about 90 days to about six 

months. In another embodiment, the human subject is administered an initial dose of about 

200 mg and is administered a subsequent dose of about 100 mg every 12 hours for about 5 to 

about 30 days. In one embodiment, the human subject is administered an initial dose of about 

200 mg and is administered a subsequent dose of about 100 mg every 12 hours for about 30 

to about 90 days. In another embodiment, the human subject is administered an initial dose of 

about 200 mg and is administered a subsequent dose of about 100 mg every 12 hours for 
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about 90 days to about six months. In further embodiment, the human subject is administered 

an initial dose of about 200 mg and is administered a subsequent dose of about 150 mg every 

6 hours for about 5 to about 30 days. In another embodiment of the invention, the human 

subject is administered an initial dose of about 200 mg and is administered a subsequent dose 

of about 150 mg every 6 hours for about 30 to about 90 days. In yet another embodiment, the 

human subject is administered an initial dose of about 200 mg and is administered a 

subsequent dose of about 150 mg every 6 hours for about 90 days to about six months. In 

another embodiment, the human subject is administered an initial dose of about 200 mg and 

is administered a subsequent dose of about 150 mg every 8 hours for about 5 to about 30 

days. In one embodiment, the human subject is administered an initial dose of about 200 mg 

and is administered a subsequent dose of about 150 mg every 8 hours for about 30 to about 

90 days. In yet another embodiment, the human subject is administered an initial dose of 

about 200 mg and is administered a subsequent dose of about 150 mg every 8 hours for about 

90 days to about six months. In another embodiment, the human subject is administered an 

initial dose of about 200 mg and is administered a subsequent dose of about 150 mg every 12 

hours for about 5 to about 30 days. In another embodiment, the human subject is 

administered an initial dose of about 200 mg is administered a subsequent dose of about 150 

mg every 12 hours for about 30 to about 90 days. In an embodiment of the invention, the 

human subject is administered an initial dose of about 200 mg and is administered a 

subsequent dose of about 150 mg every 12 hours for about 90 days to about six months. In 

further embodiment, the human subject is administered an initial dose of about 200 mg and is 

administered a subsequent dose of about 200 mg every 6 hours for about 5 to about 30 days. 

In yet another embodiment, the human subject is administered an initial dose of about 200 mg 

and is administered a subsequent dose of about 200 mg every 6 hours for about 30 to about 

90 days. In another embodiment, the human subject is administered an initial dose of about 

200 mg is administered a subsequent dose of about 200 mg every 6 hours for about 90 days to 

about six months. In an embodiment of the invention, the human subject is administered an 

initial dose of about 200 mg and is administered a subsequent dose of about 200 mg every 8 

hours for about 5 to about 30 days. In further embodiment, the human subject is administered 

an initial dose of about 200 mg and is administered a subsequent dose of about 200 mg every 

8 hours for about 30 to about 90 days. In yet another embodiment, the human subject is 

administered an initial dose of about 200 mg and is administered a subsequent dose of about 

200 mg every 8 hours for about 90 days to about six months. In another embodiment, the 
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human subject is administered an initial dose of about 200 mg and is administered a 

subsequent dose of about 200 mg every 12 hours for about 5 to about 30 days. In an 

embodiment of the invention, the human subject is administered an initial dose of about 200 

mg and is administered a subsequent dose of about 200 mg every 12 hours for about 30 to 

about 90 days. In one embodiment, the human subject is administered an initial dose of about 

200 mg and is administered a subsequent dose of about 200 mg every 12 hours for about 90 

days to about six months. In another embodiment, the human subject is administered a single 

or a divided dose of about 25 to about 400 mg of the compound or the pharmaceutical 

composition, for about between about 5 days to about one year. In yet another embodiment, 

the human subject is administered a divided dose of about 25 to about 400 mg of the 

compound, or the pharmaceutical composition, for about between about 5 days to about one 

year. 

[0101} The compounds of the present invention can be administered in a single or a 

divided dose. In one embodiment, the human subject is administered a divided dose of about 

25 to about 400 mg of a compound of Formula (I), or a phannaceutical composition 

comprising a compound of Formula (I), for about between about 5 days to about 30 days. In 

another embodiment, the human subject is administered a single dose of about 25 to about 

100 mg of a compound of F onnula (I), or a phannaceutical composition comprising a 

compound ofFOlIDula (1), for about between about 5 days to about six months. 

[0102} Compounds of Formula (I) and Formula (II) inhibit the replication of a variety of 

laboratory and clinical dengue strains ofDENYl-4, with submicromolar ECso values. As 

used herein, "ECso" refers to the concentration of an anti-viral that produces 50% of the 

maximal possible antiviral effect. In one embodiment, the method of the invention is used to 

prevent a disease resulting from an infeCTIon caused by at least one dengue virus selected 

from DENYl, DENV2, DENV3, and DENV4. 

[0103] The method of the present invention is used to prevent a disease resulting from a 

dengue viral infection in a subject who has tested negative for a dengue virus. Known 

methods for diagnosis of dengue viral infection can be used including, but not limited to, an 

NS 1 strip assay or a quantitative PCR assay. 

[0104] In one embodiment, the human subject tests negative for a dengue infection in a 

NS 1 strip assay. In another embodiment, the human subject tests negative for a dengue 

infection in a quantitative PCR assay. 
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[010S} The compounds of the present invention can be administered intravenously, 

orally, rectally, or sublingually. Intravenous, oral, rectal and sublingual dosing can be in a 

single or divided dose. Intravenous dosing can also be a slow infusion over a period of time 

and the slow infusions can be constant or intermittent. 

[0106] The compounds ofthe invention can be administered several times a day or as 

needed to maintain a steady Cmin serum concentration of between about 0.05 and about 2.0 

micrograrnlmL. A suitable interval between the two administrations includes any time period 

which maintains a therapeutically effective plasma level ofa compound of Formula (1). Such 

an interval can be, for example, about 12 hours. In one embodiment, the human subject is 

administered a compound of Formula (I) or a compound of Formula (II) twice a day. Dosing 

at intervals is intended to cover subsequent dosing, either as a single or a divided dose, 

routinely dUl'ing the COUl'se of therapy. For example, dosing can be about every 6 to about 12 

hours during the COUl'se of the method, but it is intended to cover the possibility that a dose 

may have been missed dUl'ing at least one interval. In another embodiment, the human 

subject is administered a compound of Formula (1) or a compound of Formula (II) three times 

a day. In yet another embodiment, the human subject is administered a compound of 

Formula (1) or a compound of Formula (II) foUl' times a day. 

[0107J As such, a first dose can be administered at 6 am on Day 1 and a second dose can 

be administered at 6 pm on Day 1 for a total of two doses in a 24 hour period or day. Fmther, 

a first dose can be administered at 12 am on Day 1, a second dose can be administered at 6 

am on Day 1, a third dose can be administered at 12 pm on Day 1, and a fomth dose can be 

administered at 6 pm on Day 1 for a total of four doses in a 24 hoUl' period or day. In one 

embodiment, the therapeutically effective plasma level is the level at which the Cmin 

concentration of a compound of Formula (I) is achieved. 

[01081 The invention also relates to a method of preventing a disease resulting from a 

dengue virus infection by achieving a steady state Cmin serum or plasma concentration of 

between about 0.05 and about 2.0 micrograrnlmL of castano spermine in an adult or child 

human subject. As used herein, "Cmin" refers to the minimum concentration that a drug 

achieves after the chug has been administered and prior to the administration of a second or 

additional dose. Steady state Cmin is achieved when the overall intake of a drug Cmin 

concentration is fairly in dynamic equilibrium with its elimination. In some embodiments, 

Cmin concentration of castano spermine is determined at one or more points following 

administration with techniques known in the art. 
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[01091 It is known that a steady state minimum castanospemline concentration of 400 

nanograms/ml is associated with a 50 mglkg BID dose in mice and that the antiviral effect of 

celgosivir in vivo seems to be correlated with the minimum steady state concentration of 

castano spermine (Watanabe et al). Literature also shows that the pharmacokinetics of 

celgosivir is linear with dose over the tolerated dose range (Sorbera et al). International 

Publication No. WO 20141143907 discloses pharmacokinetic parameters for castano spermine 

for the CELADEN study. Pharmacokinetic simulations using those pharmacokinetic 

parameters suggest that a 4x daily dose of 150 mg should produce a steady state minimum 

concentration of 1469 nanograms/ml, that a 3x daily dose of 200 mg results in an 799 

nanograms/ml steady state minimum concentration of castano spermine, and that 300 mg 

twice daily results in a steady state minimum concentrations of castano spermine of 532 

ng/ml. Extrapolating linearly, therefore, the minimum protective dose (achieving 400 

nanograms/ml steady state minimum) is approximately 40 mg every 6h, 75 mg every 8h and 

225 mg every 12 h. Further, WO 20141143907disc1oses that the CELADEN study regimen 

produce a steady state maximum castanospennine concentration of 5100 nanograms/mI. The 

adverse event profile in that study showed a higher incidence of GI effects, but not increased 

severity at that dose. That study also showed that in theory the maximum daily dose can be 

as high as 600 mg as a total dose, or 400 mg as a single dose, confirming literature to this 

effect. The FDA has published generic scaling factors to adjust mg/kg dosing in animals to 

mglkg dosing in humans. Generically for mice, that scaling factor is 12. Therefore, 50 mg/kg 

BID is equivalent to a dose of 4.2 mglkg BID in humans, which for a 60 kg human is 

equivalent to 250 mg. The same dose administered three or four times daily is equivalent to 

167 mg and 125 mg and 2.8 and 2.1 mglkg respectively. In a 60 kg human, the maximum 

single dose is 6.7 mg/kg, and the maximum daily dose is 10 mg/kg. 

[0110] In one embodiment, the steady state Cmin serum or plasma concentration 

achieved in an adult or child subject is between about 0.08 and about 0.5 microgramlmL of 

castano spermine. In another embodiment, the steady state Cmin serum or plasma 

concentration achieved in an adult or child subject is between about 0.05 and about 0.08 

microgramlmL of castanospermine. In yet another embodiment, the steady state Cmin serum 

or plasma concentration achieved in an adult or child subject is between about 0.08 and about 

0.11 microgramlmL of castanospennine. In a further embodiment, the steady state Cmin 

serum or plasma concentration achieved in an adult or child subject is between about 0.11 

and about 0.4 microgramlmL of castano spermine. In another embodiment, the steady state 
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Cmin serum or plasma concentration achieved in an adult or child subject is between about 

0.4 and about 0.75 microgramJmL of castanospermine. In further embodiment, the steady 

state Cmin serum or plasma concentration achieved in an adult or child subject is between 

about 0.75 and about 1.0 microgramJmL of castanospennine. In yet another embodiment, the 

steady state Cmin serum or plasma concentration achieved in an adult or child subject is 

between about 1.0 and about 2.0 microgramJmL of castano spermine. In another embodiment, 

the steady state Cmin serum or plasma concentration achieved in an adult or child subject is 

between about 1.0 and about 1.5 microgramJmL of castano spermine. In further embodiment, 

the steady state Cmin serum or plasma concentration achieved in an adult or child subject is 

between about 1.5 and about 2.0 microgramJmL of castanospermine. In yet another 

embodiment, the steady state Cmin serum or plasma concentration achieved in an adult or 

child subj ect is between about 1.25 and about 1.75 microgramJmL of castanospermine. 

[0111] In one embodiment, the minimum steady state concentration of castano spermine 

achieved exceeds 0.4 microgramJmL during administration of the initial dose(s) andlor 

subsequent doses to the human subject. In further embodiments, the minimum steady state 

concentration of castano spermine achieved exceeds 0.5 microgramJmL during administration 

ofthe initial dose(s) andlor subsequent doses to the human subject. In yet other 

embodiments, the minimum steady state concentration of castano spermine achieved exceeds 

0.6 microgramJmL during administration of the initial dose(s) andlor subsequent doses to the 

human subject. In another embodiment, the minimum steady state concentration of 

castano spermine achieved exceeds 0.7 microgramlmL during administration of the initial 

dose(s) and/or subsequent doses to the human subject. In still other embodiments, the 

minimum steady state concentration of castanoSpermllle achieved exceeds 0.8 microgramlmL 

during administration of the initial dose(s) andlor subsequent doses to the human subject. In 

other embodiments, the minimum steady state concentration of castano spermine achieved 

exceeds 0.9 microgramJmL during administration of the initial dose(s) andlor subsequent 

doses to the human subject. In yet another embodiment, the minimum steady state 

concentration of castano spermine achieved exceeds 1.0 microgramJmL during administration 

of the initial dose(s) andlor subsequent doses to the human subject. In some embodiments, 

the minimum steady state concentration of castanospennine achieved exceeds 1.1 

microgramlmL during administration of the initial dose(s) and/or subsequent doses to the 

human subject. In another embodiment, the minimum steady state concentration of 

castano spermine achieved exceeds 1.2 microgram/mL during administration of the initial 
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dose(s) and/or subsequent doses to the human subject. In yet another embodiment, the 

minimum steady state concentration of castano spermine achieved exceeds 1.3 microgram/mL 

during administration of the initial dose(s) andlor subsequent doses to the human subject. In 

still other embodiments, the minimum steady state concentration of castano spermine 

achieved exceeds 1.4 microgram/mL during administration of the initial dose(s) andlor 

subsequent doses to the human subject. In yet other embodiments, the minimum steady state 

concentration of castanospelmine achieved does not exceed 2.0 microgram/mL during 

administration of the initial dose(s) andlor subsequent doses to the human subject. 

[0112] The invention further relates to a method of preventing a disease resulting from a 

dengue virus infection by achieving an average steady state Cmin serum or plasma 

concentration of between about 0.05 and about 2.0 microgram/mL of casta nos perine in a 

plurality of human subjects after the administration of the compounds of the invention. The 

average steady state Cmin ofthe plurality of human subjects is calculated as an average of 

steady state Cmin serum or plasma concentrations from each ofthe plurality of human 

subjects. In certain embodiments ofthe invention, an average steady state Cmin serum or 

plasma concentration of between about 0.05 and about 2.0 microgram/mL of 

castano spermine in the plurality of human subjects is attained after administration of the 

compound of the invention. 

[0113] In one embodiment, the average steady state Cmin serum or plasma concentration 

achieved in the plurality of human subjects is between about 0.08 and about 0.5 

microgram/mL of castanospermine. In another embodiment, the average steady state Cmin 

serum or plasma concentration achieved in the plurality of human subjects is between about 

0.05 and about 0.08 microgramlmL of castanospermine. In yet another embodiment, the 

average steady state Cmin serum or plasma concentration achieved in the plurality of human 

subjects is between about 0.08 and about 0.11 microgram/mL of castanospelmine. In a 

further embodiment, the average steady state Cmin serum or plasma concentration achieved 

in the plurality of human subjects is between about 0.11 and about 0.4 microgram/mL of 

castano spermine. In another embodiment, the average steady state Cmin serum or plasma 

concentration achieved in the plurality of human subjects is between about 0.4 and about 0.75 

microgram/mL of castanosperminc. In further embodiment, the average steady state Cmin 

serum or plasma concentration achieved in the plurality of human subjects is between about 

0.75 and about 1.0 microgram/mL of castanosperminc. In yet another embodiment, the 

average steady state Cmin serum or plasma concentration achieved in the plurality of human 
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subjects is between about 1.0 and about 2.0 microgramlmL of castanosperrnine. In another 

embodiment, the average steady state Cmin serum or plasma concentration achieved in the 

plurality of human subjects is between about 1.0 and about 1.5 microgram/mL of 

castanospelmine. In further embodiment, the average steady state Cmin serum or plasma 

concentration achieved in the plurality of human subjects is between about 1.5 and about 2.0 

microgramimL of castanospelmine. In yet another embodiment, the average steady state 

Cmin serum or plasma concentration achieved in the plurality of human subjects is between 

about 1.25 and about 1.75 rnicrogramlmL of castanospelmine. 

[0114] In another aspect, methods of the present invention can prevent a disease resulting 

from a secondary dengue infection or an "antibody enhanced" (ADE) dengue infection. A 

"secondary" infection refers to a DENV infection in a patient who was previously infected 

with DENY. An "antibody enhanced" infection refers to a DENV infection made more 

severe due to a prior infection with one of the four DENV serotypes. Ninety percent (90%) 

of severe and potentially fatal dengue diseases, such as dengue hemOlThagic fever (DHF) or 

dengue shock syndrome CDSS) are caused by a secondary dengue infection. In secondary 

dengue infection, prior infection causes generation of an antibody that takes on a pathogenic 

role. Upon reinfection with DENV, the antibody response triggers a systemic inflammatory 

reaction resulting in vascular leakage. In one embodiment, the dengue viral infection is a 

secondary dengue infection. 

[0115J In another aspect of the invention, viral load reduction of a human subject 

administered the compound is at least 50% greater than in persons not administered the 

compound or in placebo-administered groups. As used herein, the term "viral load" refers to 

the amount of virus in the blood stream of a human subject. The viral load is measured 

before administration of the first dose and then at various time intervals after administration. 

The dose amounts can be adjusted to increase the viral load reduction or if no viral reduction 

is observed at a specific dose it can be adjusted to promote viral reduction. 

[0116] In one embodiment, the virological log reduction in human subjects administered 

with a compound ofForrnula (I) is at least about 50% greater than in persons not 

administered the compound or in placebo-administered groups. In another embodiment, the 

virological log reduction in human subjects administered with a compound of Formula (I) is 

between about 60% to 70% greater than in persons not administered the compound or in 

placebo-administered groups. In another embodiment, the virological log reduction in human 

subjects administered with a compound of Formula (1) is between about 70% to 80% greater 

37 



than in persons not administered the compound or in placebo-administered groups. In yet 

another embodiment, the virological log reduction in human subjects administered with a 

compound of Formula (1) is between about 80% to 90% greater than in persons not 

administered the compound or in placebo-administered groups. 

EXAMPLES 

Example 1: The in vitro efficacy of celgosivir is modulated by different ceil lines and viral 
strains 

[01171 BHK-21 cells (baby hamster kidney cell line), HuH7 cells (human hepatocyte cell 

line), and Vero cells (African green monkey kidney cell line), known as a type-I IFN­

deficient cell type (Desmyter et aI., 1968) were used to test the antiviral effect of celgosivir 

and were infected with EDENI (clinical DENVI isolate), EDEN2 (clinical DENV2 isolate), 

or S221 (mouse-adapted DENV2 strain) at MOl of 0.3 and virus titer in the supematant at 48 

hours post-infection (Pi) was used to determine EC50 of celgosivir. The effect of celgosivir 

against Ab-mediated infection using THP-l cells with enhancing concentration of 4G2 Ab 

was also analyzed. NITD008, an adenosine analog inhibitor of DEN V polymerase (Yin et 

al., 2009) was used as a positive control. The ECso of celgosivir in HuH-7 cells was found to 

be different among the virus strains, and was higher for EDEN1 (17.4/-lM) and S221 (5.1/-lM) 

than EDEN2 171 (0.82JlM) (Table 3 and Fig. 7). In contrast ECso values of celgosivir in 

BHK-21 cells (baby hamster kidney cell line) was below 0.2JlM against all virus strains 

(Table 3) similar to the observation reported elsewhere (e.g., see Rathore et al.). Since virus 

titer in the supematant ofEDENl infection was more than lO-fold higher than EDEN2 or 

S221, MOl of 0.01 was used for EDENI to obtain similar level of virus titer to EDEN2 or 

S221 (Fig. 7). The ECso of celgosivir against EDENI was 6.0JlM in HuH-7 cells, which was 

comparable to S221 but neveliheless still higher than EDEN2 infection at MOl of 0.3 (Table 

3 and Fig. 7), indicating that celgosivir is more effective against EDEN2 than EDEN1 or 

S221 in HuH-7 cells, but not in BHK-21 cells. Since BHK-21 cell line is thought to be 

defective in interferon (IFN) production (MacDonald et aI., 2007), Vera cells (African green 

monkey kidney cell line), known as a type-l IFN-deficient cell type (Desmyter et aI., 1968), 

were also tested with celgosivir administration. The ECso values of celgosivir were 

reproducibly higher against EDENI (5 1. 0 JlM and 13.8JlM at MOl of 0.3 and 0.01, 

respectively) and S221 (8.3)lM at MOl of 0.3) compared with EDEN2 (2.4mM at MOl of 

0.3) (Table 3 and Fig. 7), suggesting that type-l lFN production is probably not responsible 
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for the virus strain-dependent sensitivity to celgosivir. We fmiher examined the effect of 

celgosivir against Ab-mediated infection using THP-I cells with enhancing concentration of 

4G2 Ab. Celgosivir was also less effective against EDENI (3.2/lM at MOl of2) and S22l 

(2.I/lM at MOr of2) than EDEN2 (0.8/lM at Mor of 50) (Table 3). Notably, the effect of the 

directly acting antiviral NITD008 is fairly consistent among the virus strains in each cell line 

(Table 3). 

Table 3. Antiviral effect of ceIgosivir and NITD008 against DENV strains in 

BHK-21, Huh-7, Vero and THP-l cells. 

ECso (SD) 

Cell line virus MOl Celgosivir NITD008 
BHK-21 EDEN 1 0.3 0.l05 (0.059) 0.865 (0.172) 

0.01 0.066 (0.019) 0.608 (0.139) 
EDEN2 0.3 0.061 (0.003) 0.354 (0.157) 
S221 0.3 0.119 (0.000) 0.509 (0.285) 

HuH-7 EDENl 0.3 17.430 (4.921) 0.684 (0.019) 
0.01 5.961 (1.258) 0.356 (0.058) 

EDEN2 0.3 0.824 (0.109) 0.098 (0.058) 
S221 0.3 5.093 (1.036) 0.074 (0.008) 

Vera EDEN 1 0.3 51.035 (14.47) 2.815 (0.069) 
0.01 13.805 (1.902) 0.910 (0.223) 

EDEN2 0.3 2.434 (0.773) 1.174 (0.066) 
S221 0.3 8.336 (1.041) 1.477 (0.047) 

TI-W-l EDEN 1 2 3.236 (-) 0.358 (-) 

EDEN2 50 0.756 (-) 0.679 (-) 
8221 2 2.135 (-) 0.390 (-) 

Experiment was conducted in duplicate and the results show the averageECjo values 
with standard deviations (SD). Data on THP-1 cells were obtained from a single 
experiment and shown without 8D. 

Example 2: Celgosivir has a different antiviral efficacy among virus strains in mice 

[0118J AG 129 mouse models of clinical DENV strains, EDENl and EDEN2, in addition 

to mouse-adapted S221 strain were developed. To increase infection level in mice, high virus 

titer of EDEN 1 (7 x 107 pfu) and EDEN2 (1 x 108 pfu) were inoculated intravenously (iv) 

into AG129 mice. These virus titers did not induce mortality (Fig.lA), although high levels 

of viremia could be detected over 8 days after infection (Fig.IB). However when the 

infections were can-ied under ADE conditions, 100% mortality was observed by day 5 pi 

(Fig. lA) for both EDENl and EDEN 2. The peak viremia was enhanced in the ADE 

infection (Fig. IB), as was the level of serum cytokines such as TNFa. and lL-6 (Fig. 1 C), 
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which was more prominent for the ADE infection with clinical isolates. To test the in vivo 

efficacy of celgosivir, mice were orally administered 50mglkg twice-daily (BID) starting at 

the time of infection. As shown in Fig. 2A, this dosing regimen completely protected mice 

from lethal infection against all 3 virus strains. On the other hand, viremia data on day 3 pi 

showed a different efficacy of celgosivir among the virus strains, with 4.3-fold(P=O.0051), 

16.5-fold(P=O.0018) and 2A-fold (P=O.0496) lower viremia level in the mice administered 

celgosivir than vehicle control (VC) mice for EDEN 1 , EDEN2 and S221 ,respectively (Fig. 

2B). This indicates that celgosivir is more effective against EDEN2 than EDEN 1 or S221 in 

mice similar to the observation in cell-based assays using HuH-7, Vero and THP-1 cells but 

not in BHK-21 cells (Table 3). To extend this observation, we also tested dosing 10mg/kg 

BID from the time of infection in mice. Although this concentration could not protect mice 

from death against EDEN1 and S221, it was still 100% protective against EDEN2 infection 

(Fig. 3A). Interestingly, although the administration for S221 did not induce significant 

viremia suppression (lA-fold; P=O.l312), the viremia reduction for EDENl and EDEN2 on 

day 3 was observed to be significantly lower in mice administered celgosivir than VC (1.8-

fold; P=0.0058 and 3.7-fold; P=O.0004, respectively) (Fig. 3B). Thus, celgosivir 

administration even the dose of 10mg/kg BID can induce significant levels of viremia 

reduction against EDENl and EDEN2 when the administration is started at the time of 

infection, an observation that may have potential clinical implication for dengue prophylaxis. 

Example 3: Antiviral efficacy when administration IS commenced during peak viremia 

becomes less prominent in mice. 

[0119] Our in vivo data showed that the clinical strains examined in this study have a 

better sensitivity to celgosivir compared with S221 that has been used for the drug evaluation 

(Rathore et al., 2011; Watanabe et a1., 2012a). NeveIiheless celgosivir seems less effective in 

humans even for DENV2-infected trial subjects (Low et al., 2014). Since dengue fever 

patients in general present at a clinic when viremia is at a peak level (Low et aI., 2014; 

Nguyen et al., 2013; Tricou et aI., 2010), we next compared the 2 different dosing regimens; 

one stalied at the time of infection and another started at the time of peak viremia (on day 3 

pi) similar to human situation (Fig. 4A). In this experiment, we used a non-lethal viremia 

mouse model, which permits the tracking of viremia kinetics for a longer period of time (Fig. 

lB). When mice were administered celgosivir from the time of infection, viremia on day 3 pi 

showed significant levels of viremia reduction, with 2.9-fold for EDENl (F=O.0159) and 9.0-
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fold for EDEN2 (P=0.0235) (Fig. 4B). Surprisingly, however, when treatment was started at 

the time of peak: viremia, log reduction of viremia (VLR) from day 3 to day 6 in the treated 

mice was 0.85 for EDENl with no superiority to VC (0.98) (P=0.534) and 2.62 for EDEN2 

also with no remarkable reduction compared with VC (2.52) (P=0.434) (Fig. 2C). Thus, 

celgosivir did not induce significant viremia reduction if the administration was started at the 

time of peak: viremia, even though up to 9-fold reduction of peak viremia was inducible when 

the administration was started from the time of infection. In order to address whether the 

observed phenomenon was because celgosivir targeted a host enzyme, we examined the 

efficacy ofNITD008 at 25mg/kg BID in mice infected with EDENl or EDEN2. 

Administration ofNITD008 from day 0 induced significant viremia reduction on day 3 pi, 

with 3.S-fold(P=0.OlOl) and 4.9-fold(p=0.0017) for EDENl and EDEN2, respectively (Fig. 

SA). However, VLR from day 3 to day 6 reproducibly showed no significant differences 

. between VC and NlTD008 administration; 1.09 (VC) and 0.96 (NlTD008) for EDEN1 

(P=0.595), and 2.19 (VC) and 2.24 (NITD008) for EDEN2CP=0.450) (Fig. 5B). Taken 

together, these results suggest that the antiviral effect on controlling viremia becomes less 

prominent once viremia reaches the peak level irrespective of whether the drug acts through a 

host target or directly against a viral target. 

Example 4: Celgosivir is highly effective against virus amplified from CELADEN patients. 

[0120] To find out if the lack of efficacy of celgosivir in humans might reflect diminished 

drug sensitivity of the infecting viral strains, we next tested virus samples amplified in C6/36 

cells from pre-treated serum of 16 CELADEN patients (8 each of DENV1 and DENV2) and 

subjected them to celgosivir administration at a single concentration of3mM in HuH-7 cells. 

Since infection levels in HuH-7 cells are different among the strains, the MOl of each strain 

was varied to obtain similar levels of virus titer in the supernatant (Fig. 8). Among 16 VllUS, 

only one strain (DENVl #02S) was found to be less sensitive to celgosivir than EDENl (Fig. 

6A), and all others showed better sensitivity than EDENl or S221, suggesting that most of 

DENV strains in CELADEN patients are highly sensitive to celgosivir in vitro irrespective of 

their serotype or genotype. We selected three DENV2 sh'ains, #0l3, #031 and #036, which 

showed 67%, S2% and 70% reduction in virus titer in the supernatant ofHuH-7 cells, 

respectively (Fig. 3A), and tested their sensitivity to celgosivir in a non-lethal mouse model. 

When the administration at SOmg/kg BID was started at the time of infection, viremia on day 

3 pi showed significant reduction, with 6.8-fold (P=0.00127), 7.8-fold (F=0.0002) and 12.5-
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fold (F=0.0041) for #013, #031 and #036 infection, respectively (Fig. 6B). On the other 

hand, when treatment was started during peak viremia, VLR from day 3 to day 6 were 2.22 

(VC) and 2.32 (celgosivir) (P=0.395) for #013,2.37 (VC) and 2.63 (celgosivir) (P=OA09) for 

#031, and 1.87 (VC) and 2.14 (ce1gosivir) (P=O. 160) for #036 infection (Fig. 6C). Thus, 

although clear inhibitory effect of celgosivir was demonstrated against CELADEN strains in 

mice, the effect became inconspicuous when treatment was started during peak viremia. 
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CLAIMS 

What is claimed is: 

1. A method of preventing a disease resulting from a dengue virus (DENV) infection in 

a human subject, comprising: 

a) administering to the human subject at least one initial dose of about 40 to 

about 600 mg of a compound of Formula (1) or a pharmaceutically acceptable 

salt thereof, or a pharmaceutical composition comprising about 40 to about 

600 mg of a compound ofFOlmula (I) or a pharmaceutically acceptable salt 

thereof; and 

b) administering to the human subject a plurality of subsequent doses of about 25 

to about 400 mg of a compound of Formula (I) or a pharmaceutically 

acceptable salt thereof, or a pha1maceutical composition comprising about 25 

to about 400 mg of a compound of Formula (I) or a pharmaceutically 

acceptable salt thereof, 

wherein not more than 600mg of a compound of Formula (I) is administered per day, 

wherein the human subj ect is asymptomatic at the time of administration of the at 

least one initial dose, 

wherein said subsequent doses are administered once, twice, three, or four times per 

day during potential exposure of at least one serotype of dengue virus, and 

wherein Formula (I) has the following structure, 

0), 

wherein R I, R2, and R3 are independently H, (CI-CI4) acyl, (CI-CI4) 

alkenylacyl, (C3-Cg) cycloalkylacyl, (C1-C14) halo alkyl acyl (C1-Cg) alkoxyacyl, or 

(C6-CIO) arylacyl. 
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2. The method of Claim 1, wherein the compound of Formula (1), is a compound of 

Formula (II): 

. QH 

(lJ). 
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3. A method of preventing a disease resulting from a dengue virus (DENV) infection in 

a human subject, comprising: 

a) administering to the human subject at least one initial dose of about 40 to 

about 600 mg of a compound of Formula (III) or a pharmaceutically 

acceptable salt thereof, or a pharmaceutical composition comprising about 40 

to about 600 mg of a compound of FOffimla (III) or a pharmaceutically 

acceptable salt thereof, ; and 

b) administering to the human subject a plurality of subsequent doses of about 25 

to about 400 mg of a compound of Formula (III) or a pharmaceutically 

acceptable salt thereof, or a pharmaceutical composition comprising about 25 

to about 400 mg of a compound ofFonnula (III) or a pharmaceutically 

acceptable salt thereof, 

wherein not more than 600mg of a compound of Fonnula (III) is administered per 

day, 

wherein the human subject is asymptomatic at the time of administration of the at 

least one initial dose, 

wherein said subsequent doses are administered once, twice, three, or four times per 

day during potential exposure of at least one serotype of dengue virus, and 

wherein FOlIDula (III) has the following structure, 

(Ill), 

wherein R\ R2, and R3 are independently H, (C1-C14) acyl, (C1-C14) 

alkenylacyl, (C3-Cg) cycloalkylacyl, (C1-CI4) haloalkylacyl (CI-Cg) alkoxyacyl, or 

(C6-CIO) aryl acyl. 

4. The method of any one of Claims 1-3, wherein the human subject is an adult or a 

child. 
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5. The method of anyone of Claims 1-3, wherein the compound of Formula (I), the 

compound ofFonnula (II), or the compound of Fonnula (III) is converted to 

castano spermine after administration to a human subject. 

6. The method of anyone of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 0.4 and about 2.0 microgramlmL of castano spermine 

in an adult or child human subject is attained after administrations of initial and 

subsequent doses. 

7. The method of anyone of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 1.0 and about 2.0 microgram/mL of castano spermine 

in an adult or child human subject is attained after administrations of the initial and 

subsequent doses. 

8. The method of anyone of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 1.0 and about 1.5 micrograrn/mL of castanospermine 

in an adult or child human subject is attained after administrations of the initial and 

subsequent doses. 

9. The method of anyone of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 1.5 and about 2.0 microgramlmL of castano spermine 

in an adult or child human subject is attained after administrations of the initial and 

subsequent doses. 

10. The method of anyone of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 1.25 and about 1.75 microgramlmL of 

castano spermine in an adult or child human subject is attained after administrations of 

the initial and subsequent doses. 

11. The method of anyone of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 0.4 and about 1 microgramlmL of castanospermine in 

an adult or child human subject is attained after administrations of the initial and 

subsequent doses. 
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12. The method of any one of Claims 1-5, wherein a steady state Cmin serum or plasma 

concentration of between about 0.75 and about 1.25 microgramlmL of 

castanospennine in an adult or child human subject is attained after administrations of 

the initial and subsequent doses 

13. The method of any one of Claims 1-12, wherein the dengue virus infection comprises 

at least one dengue virus selected from DENY!, DENV2, DENV3, and DENV4. 

14. The method of anyone of Claims 1 -13, wherein the dengue virus infection is a 

secondary dengue infection. 

15. The method of anyone of Claims 1-14, wherein the compound, or the pharmaceutical 

composition, is administered orally or sublingually. 

16. The method of anyone of Claims 1-15, wherein the human subject is administered an 

initial dose of about 150 mg and is administered a subsequent dose of about 100 mg 

every 6 hours, 8 hours, or 12 hours for between about 5 days to about 30 days. 

17. The method of any one of Claims 1-15, wherein the human subject is administered an 

initial dose of about 150 mg and is administered a subsequent dose of about 150 mg 

every 6 hours for between about 5 days to about 30 days. 

18. The method of any one of Claims 1-15, wherein the human subject is administered an 

initial dose of about 150 mg and is administered a subsequent dose of about 150 mg 

every 8 hours for between about 5 days to about 30 days. 

19. The method of anyone of Claims 1-15, wherein the human subject is administered an 

initial dose of about 150 mg and is administered a subsequent dose of about 150 mg 

every 12 hours for between about 5 days to about 30 days. 

20. The method of any one of Claims 1-15, wherein the human subject is administered an 

initial dose of about 150 mg and is administered a subsequent dose of about 200 mg 

every 6 hours, 8 hours, or 12 hours for between about 5 days to about 30 days. 
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21. The method of any one of Claims 1-15, wherein the human subject is administered an 

initial dose of about 200 mg and is administered a subsequent dose of about 100 mg 

every 6 hours, 8 hours, or 12 hours for between about 5 days to about 30 days. 

22. The method of anyone of Claims 1-15, wherein the human subject is administered an 

initial dose of about 200 mg and is administered a subsequent dose of about 150 every 

6 hours, 8 hours, or 12 hours for between about 5 days to about 30 days. 

23. The method of anyone of Claims 1-15, wherein the human subject is administered an 

initial dose of about 200 mg and is administered a subsequent dose of about 200 mg 

every 6 hours, 8 hours, or 12 hours for between about 5 days to about 30 days. 

24. The method of anyone of Claims 1-15, wherein the human subject is administered a 

single or a divided dose of about 25 to about 300 mg of the compound or the 

pharmaceutical composition, for between about 5 days to about 30 days. 

25. The method of Claim. 24, wherein the human subject is administered a divided dose of 

about 40 to about 300 mg per day of the compound, or the pharmaceutical 

composition, for about between about 5 days to about 30 days. 
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