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Abstract: Chemotherapy of viral infections is still challenging. Salicylanilides demonstrated a wide range of biological 

activities including antiviral potency and the review summarizes this field. Niclosamide was described to be able to affect 

coronaviruses. Some salicylanilides and salicylamides could inhibit HIV virus by targeting of HIV-1 integrase or reverse 

transcriptase. Hepatitis C virus is another virus, which could be potentially afflicted by salicylanilides on the level of two 

enzymes – NS3 protease and NS5B RNA polymerase. Nitazoxanide is a nitrothiazole derivative of salicylamide useful for 

the treatment of protozoal and bacterial infections with an extended range of antiviral activity and innovative mechanism 

of action, especially against hepatitis and influenza viruses or rotaviruses. Nitazoxanide, its metabolite tizoxanide and 

their derivatives are a very promising stream in the development of new antiviral compounds. In this review, we summa-

rize the antiviral activity of structures containing salicylanilide and partly salicylamide moiety. 
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1. INTRODUCTION 

 Salicylanilides (2-hydroxy-N-phenylbenzamides) are a 
group of compounds having a wide range of biological ac-
tivities and they have been studied for potential therapeutic 
or other usage for a long time. Closantel, rafoxanide, ni-
closamide, its sodium salt bayluscide, and salantel belong to 
the most known members of this group [1]. For example, 
they act as uncouplers on biomembranes [2-4], affect pro-
ductions of interleukins and regulate an immune response [5-
9], show analgesic efficacy [10], influence ion channels [11-
13] etc. Moreover, salicylanilides influence more molecular 
targets with the chance to be potentially useful in cancer 
therapy [14-18]. Importantly, salicylanilide derivatives are 
known for their long time ago discovered activity against 
different bacteria, fungi and human and veterinarian para-
sites [1]. They are still investigated and modified for antimy-
cobacterial activity against typical, atypical and resistant 
mycobacteria [19-26], different fungal strains [23-24, 26-29] 
or bacteria, especially Gram-positive [26, 28, 30-37]. 

 Salicylanilides have been reported to cause undesirable 
side effect on the skin (photocontact dermatitis) due to their 
photosensitising properties, especially for halogenated ones 
like tetrachlorosalicylanilide [1, 38-40] and brominated sali-
cylanilides [40-41]. Several studies pointed that some of 
salicylanilide derivatives represented by niclosamide in 
higher doses, may have adverse effects on genetic code and 
DNA due to presence of halogens and nitro group [42-46]. 

 The salicylamide pharmacophore, which is bolded in 
structures in this review, was referred as an important part of 
antiviral compounds acting against HIV protease in 1996 
[47]. Salicylamide and closely salicylanilide moieties are  
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present in more structures developed for combat viral infec-
tions, but no systematic studies dealing with antiviral activity 
of salicylanilides and/or systematic screening of salicy-
lanilide derivatives against a broad spectrum of different 
virus species were published. 

 The development of antiviral drugs and their clinical 
utilization ascended later than investigation of other antimi-
crobial agents because of several factors – in a normal host, 
most viral infections are self-recoverable, an existence of 
possible drug toxicity and the cost of the treatment. In addi-
tion, diagnostics for viral pathogens have been slow to de-
velop and in many cases the diagnosis is based on clinical 
symptoms. There are challenges in the development of anti-
viral agents that are distinct when compared to antibacterial 
or antifungal agents. Antivirotics must be evaluated in a cell 
culture system since the viruses are obligate intracellular 
parasites. The affecting of virus could be harmful for cell 
functions due to their possible similarity [48]. One strategy 
to control viral infections is the vaccination, but for some of 
the most pressing viruses of today, no vaccine is available – 
for example for HIV infection or hepatitis C virus (HCV) 
infection [49]. Additional problems bring in many cases 
drug-resistance [50-51]. 

2. ANTIVIRAL ACTIVITY OF SALICYLANILIDES 

2.1. Activity Against Coronaviruses 

 Coronaviruses (CoV) may cause acute and chronic respi-
ratory, enteric and central nervous system diseases in many 
species including porcine, felines, bovine, avian, murine and 
human organisms. Until recently, the relatively low burden 
of human coronavirus disease hampered development of 
anti-coronavirus therapeutics. However, the emergence of 
severe acute respiratory syndrome caused by coronavirus 
(SARS-CoV) has accelerated the discovery of these drugs. 
The main targets of coronavirus therapy are SARS-CoV en-
try into cells, fusion and replication by several mechanisms 
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[52]. Severe acute respiratory syndrome has recently 
emerged as a new human disease with considerable morbid-
ity and mortality. It was first described in China in 2002 
[53]. 

 Niclosamide (5-chloro-N-(2-chloro-4-nitrophenyl)-2-
hydroxybenzamide; Table 1, compound 1a), an old antipara-
sitic drug, was described to be able to inhibit replication of a 
coronavirus causing SARS. Viral antigen synthesis was to-
tally abolished at the concentration of 1.56 or 3.12 M and 
higher. On the other side, the concentration of niclosamide 
that reduced cell viability to 50%, used to determine the cel-
lular toxicity, was approximately 250 M. It indicated that 
niclosamide does not interfere with the virion´s attachment 
to and entry into cells [53]. Additionally, niclosamide 
showed high inhibition activity of cythopathogenic effect of 
SARS-CoV at the concentration  3.3 M and exhibited sig-
nificant inhibitory effects at concentrations as low as 1 M. 
Cytotoxic IC50 was 22.1 M, EC50 for the inhibition of viral 
replication lower than 0.1 M (therefore SI is higher than 
> 221). Niclosamide showed inhibitory effects on 3CL 
(chymotrypsin-like) protease activity with IC50 value of 40.0 

M [54]. 3CL protease, the SARS-associated coronavirus 
main proteinase, is a key enzyme in proteolytic processing of 
the replicase polyproteins 1a and 1ab, which makes it an 
attractive target for development of new drugs. Niclosamide 
was demonstrated to bind this enzyme [55]. Various (mostly 
peptide) modifications of 2-chloro-4-nitroaniline, which is a 
niclosamide´s substructure, lead to a series of potent com-
petitive inhibitors of the SARS 3CL protease with stepped 
up efficacy (Scheme 1) [56]. 

 The fact that niclosamide potentially acts as a vacuolar 
ATPase inhibitor could be relevant to the activity against 
SARS-CoV. Niclosamide was found to disrupt heptamer 
prepore-to-pore conversion, eliminated SARS-CoV viral 
antigen synthesis at modest concentrations. The possibility 
that niclosamide does act on vacuolar ATPase is intriguing 
and may yield insight into its effect on viral entry [57]. 

 Niclosamide was investigated for pharmacokinetic and 
toxicological properties. Its oral LD50 is higher than 5 000 
mg/kg and this drug showed no adverse effect level in the 
dose 2 000 mg/kg/day for four weeks (subacute toxicology 
study). These results indicate good safety selectivity index 
and profile. The oral bioavailability in rats is low, 10 % after 
single dose administration of 5 mg/kg compare to i. v. [58]. 

 On the other side, niclosamide exhibited no significant 
inhibitory activity against human coronavirus NL 63 [59].  

 Two niclosamide-like salicylanilides 5-chloro-N-(2,4-
dichlorophenyl)-2-hydroxybenzamide (Table 1, compound 

1b) and 5-chloro-N-(2-chloro-4-(trifluoromethyl)phenyl)-2-
hydroxybenzamide (Table 1, compound 1c) were designed 
and synthesized. These compounds and niclosamide inhib-
ited porcine transmissible gastroenteritis virus (TGEV) repli-
cation with an IC50  2 μM [58].  

Table 1. Niclosamide-Like Salicylanilides and their Activity 
 

N
H

O

OH

Cl

R

Cl

 
 

 R EC50 (TGEV) 

1a -NO2 15 M 

1b -Cl 3 M 

1c -CF3 2 M 

 

2.2. Activity Against HIV-Viruses 

 Human immunodeficiency virus type-1 (HIV-1) is the 
etiological agent of fatal acquired immunodeficiency syn-
drome (AIDS), which was firstly detected in 1981. Different 
classes of chemotherapeutic agents are actually available to 
block the replication of HIV-1 – nucleoside and non-
nucleoside reverse transcriptase inhibitors, protease inhibi-
tors, fusion inhibitors, entry inhibitors and integrase inhibi-
tors [60-61]. These drugs are mostly used in a combination 
therapy, named as Highly Active Anti Retroviral Therapy 
because of non-existence of one ideal drug. Treatment of 
acquired immunodeficiency syndrome continues to be one of 
the most challenging obstacles in chemotherapy. The com-
pounds with anti-HIV potential use are still widely synthe-
sized and studied [61]. Especially new mechanisms of action 
than having clinical used drugs are needed. 

 HIV-1 integrase is an essential enzyme for retroviral rep-
lication and due to the absence of any known human homo-
logue represents an attractive and useful target for che-
motherapeutic intervention. This enzyme catalyzes the inser-
tion of the viral DNA into the genome of the host cell 
through a complex process [60]. This integration of viral 
DNA into the host cell genome is a critical step in the life 
cycle of HIV. The reaction is catalyzed by integrase and con-
sists of three steps: (i) cleavage of a dinucleotide pair from 
the 3’-end of the viral DNA (3´-processing), (ii) insertion of 
the strands into the host-cell chromosome (strand transfer), 

N
H

O

OH

Cl

NO2

Cl

N
H

O
NO2

Cl

H
NR

O

 

Scheme 1. Peptide modifications of niclosamide´s substructure. 
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and (iii) removal of the two unpaired nucleotides at the 5’-
end of the viral DNA and gap-filling process [62-63]. 

 Among the reported HIV-1 integrase inhibitors, dioxo 
(“diketo”) compounds represent a most promising class of 
compounds. The mechanism of action appears to involve the 
binding of the dioxoacid portion to the Mg

2+
 or Mn

2+
 co-

factor located in the active site of the enzyme. Several such 
inhibitors have been tested in the clinic. There were tested 
three salicylanilides in a series of 17 dioxoamides for their 
ability to inhibit 3´-processing and strand transfer. The high-
est activity in both assays among all compounds performed 
(Z)-2-hydroxy-4-(3-(2-hydroxy-3,5-dinitrobenzamido)phenyl)-
4-oxobut-2-enoic acid (Fig. 1). IC50 was 8.0 M in the case 
of 3´-processing and 2.0 M against strand transfer. The 
replacement of 3,5-dinitrosalicylic acid by salicylic or 3-
methylsalicylic acid reduces significantly the activity. The 
presence of salicylic hydroxyl brings a twofold increase of 
activity than unsubstituted or 4-hydroxylated compounds. 
The results imply that another dioxo moiety is formed be-
tween the benzamide group and the C-2 phenolic group, 
which might bind to two divalent metal ions on the active 
site of enzyme [60]. 

N
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OH

NO2

O2N

O OH

COOH

 

Fig. (1). Structure of (Z)-2-hydroxy-4-(3-(2-hydroxy-3,5-dinitro-

benzamido)phenyl)-4-oxobut-2-enoic acid. 

 Niclosamide was also tested for its activity against re-
combinant HIV-1 integrase and showed no significant in-
hibitory potency at 100 M [64]. New potential inhibitors of 
HIV-1 integrase have been identified primarily via com-
puter-based screening. One structure containing salicylani-
lide core, (E)-3-((3-(2,4-dimethylphenylcarbamoyl)-2-hydro-
xynaphthalen-1-yl)diazenyl)-4-hydroxybenzenesulfonic acid 
(Fig. 2), showed an integrase inhibitory activity in the pres-
ence of divalent ions with IC50 of 13.0 M for 3´-processing 
and 14.0 M for integration (Mn

2+
) and 53.0 M and 22.0 

M for Mg
2+

, respectively. It indicates that chelation of diva-
lent metals in the active site of enzyme may be responsible 

for the potency. This compound showed cytoprotection of 
HIV-1 infected CEM cells and it was the most potent antivi-
ral compound with an EC50 of 0.8 M. However, the com-
pound also showed considerable cytotoxicity value CC50 of 
4.4 M. Interestingly, salicylaldehyde Schiff base showed a 
lower activity and a higher cytotoxicity. The binding to HIV-
1 integrase was confirmed by docking studies. The ionizable 
sulfonate group, amidic nitrogen a one azo-nitrogen are im-
portant for the binding to the viral enzyme [62]. 

 Other polycyclic compounds containing “incorporated” 
salicylanilide substructure exhibited good anti-HIV integrase 
activity. The IC50 of the most active compound (Fig. 3) is 
0.41 M for integrase and, moreover, 2.8 for M for RNase 
H domain of reverse transcriptase; both this targets share 
structural similarity. The molecule also exerts a 20-fold 
strand transfer selectivity compared to 3´-end-processing 
inhibition. The acetylation or carboxymethylcarbonylation of 
hydroxy groups led to the derivatives with abolished anti-
integrase activity, but the anti-RNase H activity is conserved 
or improved. The presence of free hydroxy groups and the 
“salicylanilide´s” phenyl seem to be necessary for high activ-
ity [65]. 
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Fig. (3). Example of polycyclic compound containing salicylanilide 

moiety. 

 Reverse transcriptase (RT)-targeting drugs can be 
grouped into two classes: nucleoside analogues and non-
nucleoside reverse transcriptase inhibitors. The second ones 
bind to a hydrophobic pocket close to, but distinct from, the 
RT active site and inhibit the enzyme activity by mediating 
allosteric changes in the RT. Despite the favorable toxicity 
and adherence properties, resistance develops rapidly, mostly 
as a consequence of single mutations [66]. 

 N-Acylthiocarbamates were described being non-
nucleoside inhibitors of HIV-1 reverse transcriptase inhibi-
tors. One of these structures contains N-substituted O-
acetylsalicylanilide moiety. Replacement of phenyl moiety 
on nitrogen by other acyls failed to improve the antiretroviral 
potency. Salicylanilide derivative (Fig. 4) showed EC50 value 
of 9.5 M. This concentration provided 50% protection of 
MT-4 cell from the HIV-1 induced cytopathogenicity; the 
selectivity index was  21 [66]. 

 One of the potential HIV targets is the nucleocapsid pro-
tein (NCp7). HIV NCp7 is necessary for proper viral RNA-
packaging and virion budding and stimulates reverse tran-
scription in vitro. NCp7 is a small, basic protein that tetrahe-
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Fig. (2). Structure of (E)-3-((3-(2,4-dimethylphenylcarbamoyl)-2-

hydroxynaphthalen-1-yl)diazenyl)-4-hydroxybenzenesulfonic acid. 
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drally coordinates a Zn
2+

. Changes in the zinc fingers of 
HIV-1 NCp7 yield non-infectious particles. Therefore com-
pounds disrupting zinc coordination to NCp7 may have an 
antiviral effect. 

O

S

N

O

O

O

O CH3  

Fig. (4). Structure of 2-(((2-phenoxyethoxy)carbonothioyl)(phenyl) 

carbamoyl)phenyl acetate. 

 It has been described that disulfide benzamides possess a 
low micro molar anti-HIV activity in both acutely and 
chronically infected cells. The results indicate that the disul-
fide benzamides act after virus-cell fusion and before late-
stage reverse transcription. All of the antiviral disulfide ben-
zamides were found to eject NCp7 zinc, while some disul-
fide benzamides with zinc ejection activity are not antiviral. 
The necessity of the disulfide bond for the NCp7 zinc ejec-
tion and cellular anti-HIV activity by disulfide benzamides 
was examined. While the thiol compound (Fig. 5, X = S) 
demonstrated no Zn

2+
 ejection activity, but low micro molar 

antiviral activity and its oxidated form, disulphide, both anti-
viral and moderately ejection activity, the replacement of the 
free thiol with a phenolic hydroxy group abolishes both in 
vitro and cellular activities (> 100 M) [67]. Therefore this 
“salicylanilide” modification (Fig. 5, X = O) is not favorable 
as in the case of benzamide HIV-1 protease inhibitors. 

O

X

N
H

SO2NH2

HX = S, O  

Fig. (5). Structure of N-(4-sulfamoylphenyl)benzamides. 

2.3. Activity Against Hepatitis Viruses 

 Hepatitis C virus (HCV) is a common pathogen with an 
estimated 170 million people infected worldwide. HCV is a 
RNA virus classified as a separate genus of the Flaviviridae 
family and it is the major etiological agent of non-A, non-B 
hepatitis [68]. Hepatitis C is a blood-borne, infectious, viral 
disease caused by HCV. The chronic infection can result in 
cirrhosis of the liver, liver cancer and failure [69]. 

 As it is the case with HIV, efforts to develop anti-HCV 
agents have focused on the inhibition of key viral enzymes 
for virus replication cycle including NS3-NS4A protease, 
where we distinguish several different approaches of inhibi-
tion mechanisms. In addition to the HCV serine protease, 
NS3 possesses an RNA helicase and a nucleotide triphospha-
tase domain. HCV helicase represents a relatively new and 
unproven antiviral target. Although it is not yet known 

whether helicase inhibition would be effective in suppressing 
HCV replication, it has nonetheless been targeted in the 
search for novel therapies for HCV infection. Potential anti-
HCV compounds cause inhibition of the unwinding through 
intercalation of polynucleotide chain or affecting internal 
ribosomal entry [68, 70]. 

 Unsubstituted salicylanilide was tested in high-
throughput screening for its activity on hepatitis C virus rep-
lication with the result to be proviral agent increasing HCV 
replication [71]. 

 One study evaluated twelve 2,4,6-trihydroxy-3-
nitrobenzamide derivatives (Table 2; compounds 2a – 2l) as 
small inhibitors of HCV NS3-NS4A protease and other ser-
ine proteases. In this series were seven salicylanilide deriva-
tives. N-tridecyl derivative 2b exhibited the lowest IC50 of 
2.3 μg/mL (5.8 μM) and 1.2 μg/mL in the presence and ab-
sence of NS4A, respectively. All salicylanilides were active 
and the most potent was derivative 2k with IC50 8.5 μg/mL 
(22.2 μM) and 3.1 μg/mL in the presence and absence of 
NS4A, respectively. The results suggest that these deriva-
tives inhibit NS3 protease activity without affecting NS4A. 
The presence of second phenyl moiety or long chain sub-
stituent increased activity. The kinetic analyses revealed that 
the mode of action is a combination of non-competitive and 
uncompetitive inhibition. Unfortunately, the majority of 
these compounds displayed a low specificity, exhibiting 
strong inhibitory effects on other human serine proteases, 
chymotrypsin and elastase, several compounds more effec-
tive than HCV protease. Derivative 2d was found to be the 
most selective inhibitor [72]. 

Table 2. Anti-HCV Protease NS3 Activity of Salicylamides 
 

O

OH

N
H

R

NO2

HO

OH

 
 

 R 
% inhibition 
at 100 g/mL 

IC50 

2a n-C7H15 86.8 101.5 μM 

2b n-C13H27 100 5.8 μM 

2c cyclohexyl 81.1 101.9 μM 

2d 2-phenylethyl 69.8 145.2 μM 

2d 2-(4-phenoxy-phenoxy)ethyl 71.0 76.9 μM 

2f p-tolyl 84.8 80.5 μM 

2g m-tolyl 90.4 147.6 μM 

2h o-tolyl 77.8 155.5 μM 

2i 3,4-dimethoxyphenyl 64.9 149.0 μM 

2j 2,3-dichlorophenyl 96.1 28.1 μM 

2k 4-phenoxyphenyl 100 22.2 μM 

2l 4-bromophenyl 94.1 52.6 μM 
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 It was screened a library of 2 000 compounds for inhibi-
tors of HCV serine proteinase NS3. Only three compounds 
were found to be active with IC50 < 10

-5
 M and one of them 

was salicylanilide with no inhibition acting on common ser-
ine proteinases. IC50 of 3-bromo-5-chloro-N-(5-chloro-2-(1-
chloronaphthalen-2-yloxy)phenyl)-2-hydroxybenzamide 
(Fig. 6) was 6.2 μM and in the concentration of 10

-5
 M, 

where it reduced the HCV serine protease activity by more 
than 50%, did not significantly affect the activity of chymo-
trypsin, factor Xa, kallikrein, plasmin, -thrombin and tryp-
sin. Interestingly, the replacement of phenolic hydroxyl 
group by 4-methylphenylsulfonamido moiety resulted in the 
compounds with similar bioactivity. The salicylanilide was 
found being a non-competitive inhibitor and its inhibition 
constant value was estimated to be 3.6 M. 

N
H

O

OH

Br

Cl

O

Cl

Cl

 

Fig. (6). Structure of 3-bromo-5-chloro-N-(5-chloro-2-(1-chloro-

naphthalen-2-yloxy)phenyl)-2-hydroxybenzamide. 

 Some structure modification of this structure was made 

to examine the effect of substituents. The replacement of 

chlorine by bromine on naphthalene ring in combination 

with replacement of bromine on salicylic ring and the 

changes in position of substituents on anilide ring resulted in 

the almost comparable activity. The presence of the large 

hydrophobic group (halogenated naphthoxy moiety) in the 

aniline ring is necessary for a high inhibitory activity, and its 

replacement with chlorine resulted in a large reduction of the 

activity [73]. 

 The HCV NS5B gene encodes an RNA-dependent RNA 

polymerase which enzymatic activity is critical to the repli-

cation of viral RNA genome. Various compounds were re-

ported to affect this target including halogenated salicy-

lanilides, which were identified in a high throughput screen-

ing. The structure-activity relationship (Fig. 7) suggested 

that 4,6-diiodo substitution on the salicylic ring is preferable 

to other halogen substitutions. The replacement of phenolic 

hydroxyl by amino group diminished the activity. On the 

other side, the substitutions on the anilide ring did not 

change the activity significantly, only quantitative – bulky 

hydrophobic moieties on the anilide part of molecule have 

the best activity. The amide linkage can be replaced by the 

imine without loss of activity. Methylation of either the hy-

droxyl group or the amide group of the salicylamide moiety 

abolished the activity, as well as O-acetylation. The most 

efficacious was 2-hydroxy-3,5-diiodo-N-(4-(phenylamino) 

phenyl)benzamide (Fig. 8) with IC50 value of 1.9 μM for 1b 

polymerase. The derivatives were shown to act non-

competitively. More importantly, this class of compounds 

demonstrated broad genotype activity against genotype 1 – 3 

HCV NS5B polymerases and a replication cell culture activ-

ity. Therefore, halogenated salicylanilides represent a novel 

class of allosteric inhibitors. However, one disadvantage is 

their poor solubility [74]. 

N
H

O

OH

Br = I > Cl

Cl < I = Br
R

 

Fig. (7). Halogenated salicylanilides. 
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Fig. (8). Structure of 2-hydroxy-3,5-diiodo-N-(4-phenylamino) 

phenyl)benzamide. 

 Abbot Laboratories patented a group of uracil and 

thymine derivatives for treatment of HCV infection. One 

subgroup of these derivates contain salicylanilide moiety 

(Fig. 9). Hydroxy group could be replaced by methoxy group 

or by hydrogen and the anilide ring by some heteroaryls 

(thiophene, thiazole or ortho-condensed phenyl rings), but 

these modifications did not prove a better activity, they have 

a comparable or a little worse efficacy. 

 These compounds were tested in the HCV polymerase 

(NS5B) inhibition assay for their activity to inhibit HCV 

polymerase from two strains (1a and 1b). The most active 

were 4 compounds (Fig. 10a, 10b, 11, 12) with IC50 < 0.01 

μM against 1b and IC50 higher than 0.01 and lower than 0.1 

μM against 1a polymerase. In the HCV RNA replication 

assay showed the best activity only compounds with partly 

hydrogenated pyrimidine ring or fully hydrogenated in the 

combination with 4-methylsulfonylamido moiety on anilide 

ring with the result having EC50 in the interval from 0.01 to 

1.0 μM [69]. 

N

O

R3

O

R2

N

H
N

R4

OO

R1

R1 = H, CH3; R2 = H, CH2CH3, tert-butyl; R3 = H, CH3

R4 = 4-: H, NR´SO2R´´, SO2NH2, CH2NHSO2CH3,

        2-: H, OCH3, SO2R

dashed line means a possible presence of the double bond

H

 

Fig. (9). Uracil and thymine derivatives having salicylanilide moiety. 
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2.4. Activity Against Herpes Viruses 

 Different severe human infections are caused by herpes 
simplex viruses, varicella-zoster virus (VZV), and human 
cytomegalovirus (HCMV) from the family Herpesviridae. 
The seroprevalence of human herpes viruses is high and re-
activations occur commonly [75]. 

 Two salicylanilide structures with thiourea moieties (Fig. 

13, 14) were synthesized and evaluated against human 

HCMV, herpes simplex virus type 1 (HSV-1) and VZV. N-

(4-(3-(5-chloro-2,4-dimethoxyphenyl)thioureido)phenyl)-2-

hydroxybenzamide (Fig. 13) inhibited these viral strains with 

IC50 of 6.0 g/mL for HMCV and HSV and 4.0 g/mL for 

VZV with 90% inhibition in the concentration of 10.0 

g/mL. The acetylation of phenolic group did not dramati-

cally change the IC values [76]. The level of 1-hydroxy-2-

naphtamide (Fig. 14) activity was determined with IC50 be-

ing 8.0 g/mL for HMCV, 4.0 g/mL for HSV and virus 

varicella-zoster was affected from 41% by the concentration 

of 10.0 g/mL [77]. Thus, these compounds inhibit effec-

tively the growth and replication of herpes viruses. 

N
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Fig. (13). Structure of N-(4-(3-(5-chloro-2,4-dimethoxyphenyl) 

thioureido)phenyl)-2-hydroxybenzamide. 
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Fig. (14). Structure of N-(4-(3-(4-acetamidophenyl)thioureido)-2-

chlorophenyl)-1-hydroxy-2-naphtamide. 

2.5. Salicylamide Derivatives 

 A wide range of antiviral compounds could be notionally 

derived from salicylamide (2-hydroxybenzamide), which is a 

structural part of the salicylanilide molecule. 

 2-Hydroxy-N'-(2-hydroxybenzoyl)benzohydrazide (Fig. 

15) was identified as a lead compound against recombinant 

HIV-1 integrase, but showing limiting cytotoxicity. Based on 

this compound, a series of hydrazides was derived and tested 

against HIV-1-infected CEM cells, some with perspective 

findings [64]. It was shown that the length of the linker and 

the presence of the 2-hydroxyl group are critical for the in-

hibitory potency. Although one 2-hydroxyl group could be 

replaced by a sulphanyl group, the removal of one or both 

the 2-hydroxyls, eventually their replacement with amino, 

carboxyl groups or halogens yielded inactive compounds 

[78]. 

O

N
H

H
N

OH
O OH

 

Fig. (15). 2-Hydroxy-N'-(2-hydroxybenzoyl)benzohydrazide. 

 More compounds containing N-substituted salicylamide 

or salicylhydrazide pharmacophore were described to affect 

HIV integrase, but some were inactive. It implicates that the 

activity is not only the function of pharmacophore presence 

[65, 78-81]. For example, unsubstituted salicylamide is inac-

tive, whereas salicylhydrazide presented a moderate activity 

[80]. Similarly, in the case of 3-amino-2-hydroxy-4-phenyl-

butanoic acid derivatives the 2-hydroxyphenylcarbamoyl 

fragment diminishes the activity whereas 3-hydroxyphenyl-

acarbamoyl exhibited a very good increasing potency [82]. 

Their hydrazide thioanalogues were similarly effective 

against the integrase, but less cytotoxic [83].  

 N-benzylsalicylamide fragment could be notionally found 

in some molecules of 8-hydroxyquinoline integrase inhibi-

tors (Fig. 16) [84]. Combination of salicylamide and rho-
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Fig. (10). Structure of 3-tert-butyl-5-(2,4-dioxotetrahydropyri-

midin-1(2H)-yl)-2-hydroxy-N-(4-(methylsulfonamido)phenyl)ben-

zamide and its methoxy analogue. 
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Fig. (11). Structure of 3-tert-butyl-5-(2,4-dioxotetrahydropyri-

midin-1(2H)-yl)-2-hydroxy-N-(4-(2-morpholinoethylsulfonamido) 

phenyl)benzamide. 
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Fig. (12). Dihydropyrimidine derivative of hydroxybenzamide. 



962    Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 11 Krátk  and Vin ová 

danine fragments (Fig. 17) led to compounds with a moder-

ate anti-HIV-1 integrase activity [85]. 
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Fig. (16). 8-Hydroxyquinoline derivatives. 
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Fig. (17). N-(5-Benzylidene-4-oxo-2-thioxothiazolidin-3-yl)-2-

hydroxybenzamide derivatives. 

 Benzamides containing carboxylic acid motifs were de-
scribed being non-nucleoside inhibitors of hepatitis virus 
NS5B polymerase including one salicylamide (Fig. 18). The 
compound exhibited almost best anti-polymerase activity 
with IC50 of 0.08 M [86]. 
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Fig. (18). Structure of (E)-3-(4-(2-bromophenoxy)phenyl)-2-(2-

hydroxybenzamido)acrylic acid. 

 Salicylamides have a potential to be anti-influenza 
agents. For example, compound BMY-27709 (Fig. 19) af-
fects effectively influenza A H1 and H2 strains, whereas H3 
strains are insusceptible [87-88]. It blocks fusion of viral 
particles and host cell membrane and thus viral entry; the 
mechanism embodies in the prevention of the low pH in-
duced conformation rearrangement of hemagglutinin and the 
compound by specifically docking in a hydrophobic pocket 
around the fusion peptide. The salicylic hydroxyl seems to 
be necessary for the activity, the chlorine could be replaced 
by small lipophilic moieties like methyl. The removal of 
primary amino group is possible and the polar substituents at 
the position 3 diminish the activity. Corresponding car-
bothioamides are also advantageous. Some effectual deriva-
tives [89-92] and antagonists [93] were synthesized. 
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Fig. (19). Compound BMY-27709. 

 Two derivatives NSC125044 (Fig. 20) and JJ3297 (Fig. 
21) were showed to inhibit influenza protein NS1A, which is 

an important factor of virulence enabling evading of the im-
mune response and perspective target [87, 94-95]. 
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Fig. (20). Compound NSC125044. 

 N-benzylsalicylamide Ro 09-0881 (Fig. 22) has been 
determined to be highly active (IC50  0.01 M) inhibitor 
that binds to the capside of human rhinoviruses [96].  
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Fig. (21). Structure of 2-hydroxy-N-(3-phenylpropyl)benzamide, 

JJ3297. 
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Fig. (22). N-Benzylsalicylamide Ro 09-0881. 

2.5.1. Thiazolide Derivatives 

 Some 4-thiazolidinones and carbothioamides derived 
from diflunisal (Fig. 23) were evaluated for the activity 
against different viruses. None of the compounds inhibited 
vesicular stomatitis virus, Coxsackie virus, RSV, parainflu-
enza-3 virus, reovirus, Sindbis virus, Punto Toro virus, HSV-
1, HSV-2 and vaccinia virus-induced cytopathicity at sub-
toxic concentrations. N-methyl and N-allyl hydrazinecar-
bothioamide derivatives showed activity against Vaccinia 
virus and HSV-1, N-phenyl and N-(4-methyl)phenyl ones 
against HSV-1 and Punto Toro virus. Diflunisal thiosemicar-
bazides presented higher efficacy than corresponding 4-
thiazolidinones [97]. 

 Nitazoxanide (2-(5-nitrothiazol-2-ylcarbamoyl)phenyl 
acetate; NTZ; Fig. 24a) is a new anti-infective thiazolide 
used originally for treating protozoal infections. NTZ and its 
active deacetylated metabolite tizoxanide (2-hydroxy-N-(5-
nitrothiazol-2-yl)benzamide; TIZ; Fig. 24b) have presented a 
broad-spectrum of antiviral activity against DNA and RNA 
viruses [98-99]. Thiazolides exhibited good pharmacokinetic 
properties and a very favourable safety profile [99]. 
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Fig. (23). Structure of 4-thiazolidinones. 
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Fig. (24). Nitazoxanide (24a) and tizoxanide (24b). 

 Antiviral properties of NTZ were discovered when pa-
tients with AIDS co infected with hepatitis B and C were 
treated for cryptosporidiosis [100]. The investigation of NTZ 
and TIZ antiviral activity was focused into treatment of 
hepatitis viruses (HBV and HCV) and these drugs and some 
of their derivatives were described to be very promising with 
low nano- and micro molar EC50 (0.15 M) and good SI in 
vitro and in clinical studies (now undergoing Phase II) alone 
or in the combinations with other antiviral compounds like 
interferon, ribavirine, lamivudine, adefovir, telaprevir, and 
2 -C-methylcytidine [99, 101-110]. A range of NTZ deriva-
tives have been tested for antiviral activity, from which some 
were found to be more effective than the parent compound 
[98, 110]. 

 The antiviral mechanism of action of nitazoxanide is dif-
ferent from the mechanism of action against protozoa and 
anaerobic bacteria via direct inhibition against the pyruvate-
ferrodoxin oxidoreductase reaction. A pilot clinical study 
suggested that NTZ can augment the antiviral effect of inter-
feron. NTZ mechanism of action also involves increased 
activation (autophosphorylation) of protein kinase activated 
by double-stranded RNA (PKR), an interferon-induced me-
diator of the cellular antiviral response. By this way NTZ 
promoted PKR, a key step in activating PKR´s kinase activ-
ity for eIF2 alpha. This eukaryotic initiation factor alpha 
phosphorylation, a modification known to mediate host cell 
antiviral defenses, lead to inhibition of translation initiation. 
NTZ-induced eIF2 alpha phosphorylation was reduced in the 
presence of specific inhibitors of PKR autophosphorylation. 
Due to described processes targeting host functions NTZ 
enhances natural cellular antiviral mechanisms and the de-
velopment of antiviral resistance is significantly more diffi-
cult than for drugs directly targeting a viral function or en-
zymes [101, 111]. 

 After serial passage in increasing concentrations of NTZ 
or TIZ replicon cell exhibited lower phenotypic sensitivities 
to the cytotoxic and antiviral effects. The susceptibilities of 
HCV resistant replicons to other antivirotics did not change; 
moreover the sensitivity to interferon was increased. How-
ever, it was not possible to transfer the TIZ-resistant pheno-
type to naive cells by transfection of HCV RNA from these 
lines indicating that primary resistance was conferred by 
changes in the host, not the virus [112-113]. 

 NTZ has been described in vitro (EC50 0.5 g/mL) and in 
clinics to be efficacious in the treatment and cytoprotection 
of rotaviruses or noroviruses diarrhoea and gastroenteritis 
[114-116]. 

 NTZ, TIZ and second generation thiazolides were de-
scribed being effective against influenza A [98, 117] virus 

(H1N1 PR8, WSN and A/FI human strains and avian A/Ck 
strain). Thiazolides produced inhibition of the replication 
and they act at post-translational level by selectively block-
ing the maturation of the viral hemagglutinin, thus impairing 
hemagglutinin intracellular trafficking and insertion into the 
host plasma membrane, a step necessary for correct assem-
bly. Also the viral exit from the cell is prevented. NTZ 
showed EC50 from 0.5 to 1.0 g/mL, TIZ was similarly very 
active, additionally a very effective inhibited replication of 
influenza B strain B/Parma/3/04. 5-desnitro-5-methylsul-
fonyl derivative of NTZ was found to be 10 times active than 
parent compound or TIZ [117]. 

 About activity against other viruses, thiazolides were 
referred to affect at micro molar concentrations, which are 
non-toxic to uninfected cells, many viruses including simian 
SA11 rotavirus, Sendai virus, respiratory syncytial virus, 
coronavirus, vesicular stomatitis virus, adenovirus (Ad5), 
paramyxovirus and herpes simplex virus type 1 (HSV-1). 
IC50 and SI varied between 0.5 and 2.0 g/mL and 25 and 
> 100, respectively [98]. On the other side, they did not sig-
nificantly affect the replication of human rhinovirus and pi-
cornavirus [117]. 

 NTZ and some of its modifications are effective in the 
treatment of a wide range of human parasitic and protozoal 
infections [99, 110, 118-123], especial gastrointestinal, and 
infections caused by anaerobic bacteria [99, 119-120, 124-
129]. NTZ (and its metabolite TIZ) could be also useful as 
antiviral and antiprotozoal agent in the veterinary medicine 
[130-134]. 

 The wide publicity and presentation of very good proper-
ties of NTZ and TIZ evoke same questions and equivocal-
ness which is necessary to answer before routinely usage 
[100, 135-137]. 

3. CONCLUSION 

 Therapy of infections caused by different viruses is still 
challenging and there exists a strong objective need for a 
development of novel agents. No sufficient pharmacothera-
peutic arsenal for the treatment of many serious infection 
diseases is available. The review deals with the antiviral ac-
tivity of structures containing salicylamide (2-hydroxy-
benzamide) and salicylanilide (2-hydroxy-N-phenylben-
zamide) moieties. In general, salicylanilides have been stud-
ied for many years showing a wide spectrum of interesting 
biological activities with a perspective potential usage. 

 Salicylamides (including salicylanilides) have shown a 
suppression inhibitory activity against different virus species 
– coronaviruses, HCV virus (targeted on NS3-NS4A prote-
ase and NS5B polymerase), herpes viruses, influenza vi-
ruses, or HIV virus (where could affect HIV-1 integrase and 
reverse transcriptase). We are presenting a survey of findings 
in the area of their antiviral activity in the last fifteen years. 

 The most promising compounds with some completed 
clinical trials and now undergoing next clinical testing are 
nitazoxanide and its metabolite tizoxanide as a broad-
spectrum of thiazolide antivirotics with a unique mechanism 
of action. They induce of IF2 phosphorylation via activation 
of PKR, key mediators of the intracellular host antiviral re-
sponse. 
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 Thus the field of design, synthesis and evaluation of new 
perspective antiviral agents bring many opportunities. Based 
on presented knowledge, the investigation of salicylanilide 
and salicylamide derivatives may reveal another derivatives 
with a better activity (special need exists for hepatitis and 
HIV viruses) or compounds that affect new viral species. 

ACKNOWLEDGEMENTS 

 This work was financially supported by GAUK 
27610/2010, IGA NS 10367-3 and SVV 2011-263-001. 

REFERENCES 

[1] Vin ová, J.; Imramovsk , A. Salicylanilidy – stále aktuální skupina 

s potenciální antibakteriální aktivitou. Cesk. Slov. Farm., 2004, 53, 
294-299. 

[2] Wilson, D.F.; Ting, H.P.; Koppelman, M.S. Mechanism of Action 
of Uncouplers of Oxidative Phosphorylation. Biochemistry, 1971, 

10, 2897-2902. 
[3] Terada, H.; Goto, S.; Yamamoto, K.; Takeuchi, I.; Hamada, Y.; 

Miyake, K. Structural requirements of salicylanilides for uncou-
pling activity in mitochondria: quantitative analysis of structure-

uncoupling relationships. Biochim. Biophys. Acta, 1988, 936, 504-
512. 

[4] Kadenbach, B. Intrinsic and extrinsic uncoupling of oxidative 
phosphorylation. Biochim. Biophys. Acta, 2003, 1604, 77-94. 

[5] Brown, M.E.; Fitzner, J.N.; Stevens, T.; Chin, W.; Wright, C.D.; 
Boyce, J.P. Salicylanilides: Selective inhibitors of interleukin-

12p40 production. Bioorg. Med. Chem., 2008, 16, 8760-8764. 
[6] Boyce, J.P.; Brown, M.E.; Chin, W.; Fitzner, J.N.; Paxton, R.J.; 

Shen, M.; Stevens, T.; Wolfson, M.F.; Wright, C.D. Identification 
of 14-3-3  by Chemical Affinity with Salicylanilide Inhibitors of 

Interleukin-12p40 Production. Bioconjugate Chem., 2008, 19, 
1775-1784. 

[7] Sugita, A.; Ogawa, H.; Azuma, M.; Muto, S.; Honjo, A.; Yana-
gawa, H.; Nishioka, Y.; Tani, K.; Itai, A.; Sone, S. Antiallergic and 

Anti-Inflammatory Effects of a Novel I B Kinase  Inhibitor, 
IMD-0354, in a Mouse Model of Allergic Inflammation. Int. Arch. 

Allergy Immunol., 2009, 148, 186-198. 
[8] Edwards, M.R.; Bartlett, N.W.; Clarke, D.; Birrell, M.; Belvisi, M.; 

Johnston, S.L. Targeting the NF- B pathway in asthma and chronic 
obstructive pulmonary disease. Pharmacol. Ther., 2009, 121, 1-13. 

[9] Hardaker, A.L.; Bacon, A.M.; Carlson, K.; Roshak, A.K.; Foley, 
J.J.; Schmidt, D.B.; Buckley, P.T.; Comegys, M.; Panettieri, R.A.; 

Sarau, H.M.; Belmonte, K.E. Regulation of TNF-  and IFN-  in-
duced CXCL10 expression: participation of the airway smooth 

muscle in the pulmonary inflammatory response in chronic obstruc-
tive pulmonary disease. FASEB J., 2003, 17, 191. 

[10] Zhong, G.X.; Chen, L.L.; Li, J.; Hu, W.X.; Qi, M.Y. Synthesis and 
anti-inflammatory-analgesic activity of 2´,4´-difluoro-3-

(carbamoyl)biphenyl-4-yl benzoates. Chin. Chem. Lett., 2008, 19, 
1419-1422. 

[11] Biagi, G.; Giorgi, I.; Livi, O.; Scartoni, V.; Barili, P.L.; Calderone, 
V.; Martinotti, E. New 5-substituted-1-(2-hydroxybenzoyl)-

benzotriazoles, potassium channel activators. IV. Farmaco, 2001, 
56, 827-834. 

[12] Biagi, G.; Giorgi, I.; Livi, O.; Nardi, A.; Calderone, V.; Martelli, 
A.; Martinotti, E.; Salerni, OL. Synthesis and biological activity of 

novel substituted benzanilides as potassium channel activators. V. 
Eur. J. Med. Chem., 2004, 39, 491-498. 

[13] Calderone, V.; Coi, A.; Fiamingo, F.L.; Giorgi, I.; Leonardi, M.; 
Livi, O.; Martelli, A.; Martinotti, E. Structural modifications of 

benzanilide derivatives, effective potassium channel openers. X. 
Eur. J. Med. Chem., 2006, 41, 1421-1429. 

[14] Albuschat, R.; Löwe, W.; Weber, M.; Luger, P.; Jendrossek, V. 4-
Anilinoquinazolines with LavendustinA subunit as inhibitors of 

epidermal growth factor receptor tyrosine kinase: syntheses, 
chemical and pharmacological properties. Eur. J. Med. Chem., 

2004, 39, 1001-1011. 
[15] Liechti, C.; Séquin, U.; Bold, G.; Furet, P.; Meyer, T.; Traxler, P. 

Salicylanilides as inhibitors of the protein tyrosine kinase epider-
mal growth factor receptor. Eur. J. Med. Chem., 2004, 39, 11-26. 

[16] Deng, W.; Guo, Z.; Guo, Y.; Feng, Z.; Juany, Y.; Chu, F. Acryloy-

lamino-salicylanilides as EGFR PTK inhibitors. Bioorg. Med. 
Chem. Lett., 2006, 16, 469-472. 

[17] Zhu, X.F.; Wang, J.S.; Cai, L.L.; Zeng, Y.X.; Yang, D. SUCI02 
inhibits the erbB-2 tyrosine kinase receptor signaling pathway and 

arrests the cell cycle in G1 phase in breast cancer cells. Cancer 
Sci., 2006, 97, 84-89. 

[18] Methot, J.L.; Chakravarty, P.K.; Chenard, M.; Close, J.; Cruz, J.C.; 
Dahlberg, W.K.; Fleming, J.; Hamblett, C.L.; Hamill, J.E.; Har-

rington, P.; Harsch, A.; Heidebrecht, R.; Hughes, B.; Jung, J.; 
Kenific, C.M.; Kral, A.M.; Meinke, P.T.; Middleton, R.E.; Oze-

rova, N.; Sloman, D.L.; Stanton, M.G.; Szewczak, A.A.; Tyagara-
jan, S.; Witter D.J.; Secristb, J.P.; Miller, TA. Exploration of the in-

ternal cavity of histone deacetylase (HDAC) with selective 
HDAC1/HDAC2 inhibitors (SHI-1:2). Bioorg. Med. Chem. Lett., 

2008, 18, 973-978. 
[19] Sun, Z.; Zhang, Y. Antituberculosis activity of certain antifungal 

and anthelmintic drugs. Tuber. Lung Dis., 1999, 79, 319-320. 
[20] Waisser, K.; Bure , O.; Hol , P.; Kune , J.; Oswald, R.; Jirásková, 

L.; Pour, M.; Klime ová, V.; Kubicová, L.; Kaustová, J. Relation-
ship between the Structure and Antimycobacterial Activity of Sub-

stituted Salicylanilides. Arch. Pharm. Pharm. Med. Chem., 2003, 1, 
53-71. 

[21] Waisser, K.; Matyk, J.; Divi ová, H.; Husáková, P.; Kune , J.; 
Klime ová, V.; Kaustová, J. The Oriented Development of Antitu-

berculotics: Salicylanilides. Arch. Pharm. Chem. Life Sci., 2006, 
339, 616-620. 

[22] Imramovsk , A.; Vin ová, J.; Férriz, J.M.; Dole al, R.; Jampílek, 
J.; Kaustová, J.; Kunc, F. New Antituberculotics Originated from 

Salicylanilides with Promising In vitro Activity against Atypical 
Mycobacterial Strains. Bioorg. Med. Chem., 2009, 17, 3572-3579. 

[23] Imramovsk , A.; Vin ová, J.; Férriz, J.M.; Buchta. V.; Jampílek, J. 
Salicylanilide esters of N-protected amino acids as novel antimi-

crobial agents. Bioorg. Med. Chem. Lett., 2009, 19, 348-351. 
[24] Vinsova, J.; Imramovsky, A.; Buchta, V.; Ceckova, M.; Dolezal, 

M.; Staud, F.; Jampilek, J.; Kaustova, J. Salicylanilide acetates: 
Synthesis and antibacterial evaluation. Molecules, 2007, 12, 1-12. 

[25] Férriz, J.M.; Vávrová, K.; Kunc, F.; Imramovsk , A.; Stola íková, 
J.; Vav íková, E.; Vin ová, J. Salicylanilide carbamates: Antituber-

cular agents active against multidrug-resistant Mycobacterium tu-
berculosis strains. Bioorg. Med. Chem., 2010, 18, 1054-1061. 

[26] Krátk , M.; Vin ová, J.; Buchta, V.; Horvati, K.; Bösze, S.; 
Stola íková, J. New amino acid esters of salicylanilides active 

against MDR-TB and other microbes. Eur. J. Med. Chem., 2010, 
45, 6106-6113.  

[27] Pastor, L.; Garcia-Domenech, R.; Gálvez, J. New antifungals se-
lected by molecular topology. Bioorg. Med. Chem. Lett., 1998, 8, 

2577-2582. 
[28] Ienacu, I.M.C.; Lupea, A.X.; Hadaruga, D.; Hadaruga, N.; Popescu, 

I.M. The Antimicrobial Activity and Quantitative Structure – Bio-
logical Activity Relationships Evaluation of Some Novel 2-

Hydroxybenzamide Derivatives. Rev. Chim., 2008, 59, 247-250. 
[29] Skála, P.; Machá ek, M.; Vejsová, M.; Kubicová, L.; Kune . J.; 

Waisser, K. Synthesis and Antifungal Evaluation of Hydroxy-3-
phenyl-2H-1,3-benzoxazine-2,4(3H)-diones and Their Thioanalogs. 

J. Heterocyclic Chem., 2009, 46, 873-880. 
[30] Macielag, M.J.; Demers, J.P.; Fraga-Spano, S.A.; Hlasta, D.J.; 

Johnson, S.G.; Kanojia, R.M.; Russel, R.K.; Sui, Z.H.; Weidner-
Wells, M.A.; Werblood, H.; Foleno, B.D.; Goldschmidt, R.M.; 

Loeloff, M.J.; Webb, G.C.; Barrett, J.F. Substituted Salicylanilides 
as Inhibitors of Two-Component Regulatory Systems in Bacteria. 

J. Med. Chem., 1998, 41, 2939-2945. 
[31] Hlasta, D.J.; Demers, J.P.; Foleno, B.D.; Fraga-Spano, S.A.; Guan, 

J.; Hilliard, J.J.; Macielag, M.J.; Ohemeng, K.A.; Sheppard, C.M.; 
Sui, Z.H.; Webb, G.C.; Weidner-Wells, M.A.; Werblood, H.; Bar-

rett, J.F. Novel inhibitors of bacterial two-component systems with 
Gram positive antibacterial activity: Pharmacophore identification 

based on the screening hit closantel. Bioorg. Med. Chem. Lett., 
1998, 8, 1923-1928. 

[32] Hilliard, J.J.; Goldschmidt, R.M.; Licata, L.; Baum, E.Z.; Bush, K. 
Multiple Mechanisms of Action for Inhibitors of Histidine Protein 

Kinases from Bacterial Two-Component Systems. Antimicrob. 
Agents Chemother., 1999, 43, 1693-1699. 

[33] Waisser, K.; Machá ek, M.; Dostál, H.; Gregor, J.; Kubicová, L.; 
Klime ová, V.; Kune , J.; Palát, K.; Hlad vková, J.; Kaustová, J.; 



Antiviral Activity of Substituted Salicylanilides Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 11    965 

Molmann, U. Relationships between the Chemical Structure of 

Substances and their Antimycobacterial Activity Against Atypical 
Strains. Part 18. 3-Phenyl-2H-1,3-benzoxazine-2,4(3H)-diones and 

Isosteric 3-Phenylquinazoline-2,4-(1H,3H)-diones. Collect. Czech 
Chem. Commun., 1999, 24, 1902-1924. 

[34] Cui, Y.; Dang, Y.; Yang, Y.; Ji, R. Synthesis of novel oxazolidi-
none derivatives for antibacterial investigation. Curr. Sci., 2005, 

89, 531-534. 
[35] De La Fuente, R.; Sonawane, N.D.; Arumainayagam, D.; Verkman, 

A.S. Small molecules with antimicrobial activity against E. coli and 
P. aeruginosa identified by high-throughput screening. Br. J. 

Pharmacol., 2006, 149, 551-559. 
[36] Dahlgren, M.K.; Kauppi, A.M.; Olsson, I.M.; Linusson, A.; 

Elofsson, M. Design, Synthesis, and Multivariate Quantitative 
Structure-Activity Relationship of Salicylanilides – Potent Inhibi-

tors of Type III Secretion in Yersinia. J. Med. Chem., 2007, 50, 
6177-6188. 

[37] Ienacu, I.M.C.; Lupea, A.X.; Hadaruga, D.; Hadaruga, N.; Popescu, 
I.M. The Antimicrobial Activity and Quantitative Structure – Bio-

logical Activity Relationships Evaluation of Some Novel 2-
Hydroxybenzamide Derivatives. Rev. Chim., 2008, 59, 247-250. 

[38] Kurita, M.; Shimauchi, T.; Kobayashi, M.; Atarashi, K.; Mori, K.; 
Tokura, Y. Induction of keratinocyte apoptosis by photosensitizing 

chemicals plus UVA. J. Dermatol. Sci., 2007, 45, 105-112. 
[39] Ronni, W.; Oumeish, Y.O. Photodermatoses. Clin. Dermatol., 

1998, 16, 41-57. 
[40] Yamamoto, O.; Tokura, Y. Photocontact dermatitis and chloracne: 

two major occupational and environmental skin diseases induced 
by different actions of halogenated chemicals. J. Dermatol. Sci., 

2003, 32, 85-94. 
[41] Victor, F.C.; Cohen, D.E.; Soter, N.A. A 20-year analysis of previ-

ous and emerging allergens that elicit photoallergic contact derma-
titis. J. Am. Acad. Dermatol., 2010, 62, 605-610. 

[42] Ostrosky-Wegman, P.; García, G.; Montero, R.; Pérez Romero, B.; 
Alvarez Chacón, Cortinas de Nava, C. Susceptibility to genotoxic 

effects of niclosamide in human peripheral lymphocytes exposed in 
vitro and in vivo. Mutat. Res. Lett., 1986, 173, 81-87. 

[43] de la Torre, R.A.; de la Rúa Barceló, R.; Hernández, G.; Espinosa, 
J.J.; Cortinas de Nava, C. Genotoxic effects of niclosamide in As-

pergillus nidulans. Mutat. Res.-Genet. Tox., 1989, 222, 337-341. 
[44] Espinosa-Aguirre, J.J.; Reyes, R.E.; de Nava, C.C. Mutagenic 

activity of 2-chloro-4-nitroaniline and 5-chlorosalicylic acid in 
Salmonella typhimurium – 2 possible metabolites of niclosamide. 

Mut. Res., 1991, 264, 139-145. 
[45] Girl, A.K.; Adhikari, N.; Khan, K.A. Comparative genotoxicity of 

six salicylic acid derivatives in bone marrow cells of mice. Mutat. 
Res., 1996, 370, 1-9. 

[46] Donya, S.M.; Hassan, E.E. Clastogenic Effects of the Fasciolicides 
Closantel and Nitroxynil on Mice Somatic and Germ Cells. Cytolo-

gia, 2007, 72, 29-36. 
[47] Randad, R.S.; Lubkowska, L.; Silva, A.M.; Guerin, D.M.A.; Gul-

nik, S.V.; Yu, B.; Erickson, J.W. Structure-Based Design of 
Achiral, Nonpeptidic Hydroxybenzamide as a Novel P2/P2' Re-

placement for the Symmetry-Based HIV Protease Inhibitors. 
Bioorg. Med. Chem., 1996, 4, 1471-1480. 

[48] Keating, M.R. Antiviral Chemotherapy. Princip. Med. Biol., 1998, 
9, 529-549. 

[49] Jerome, K.R. The road to new antiviral therapies. Clin. Appl. Im-
mun. Rev., 2005, 5, 65-76. 

[50] Richman, D.D. Antiviral drug resistance. Antiviral Res., 2006, 71, 
117-121. 

[51] Griffiths, P.D. A perspective on antiviral resistence. J. Clin. Virol., 
2009, 46, 3-8. 

[52] Haagmans, B.L.; Osterhaus, A.D.M.E. Coronaviruses and their 
therapy. Antiviral Res., 2006, 71, 397-403. 

[53] Wu, C.J.; Jan, J.T.; Chen, C.M.; Hsieh, H.P.; Hwang, D.R.; Liu, 
H.W.; Liu, C.Y.; Huang, H.W.; Chen, S.C.; Hong, C.F.; Lin, R.K.; 

Chao, Y.S.; Hsu, J.T.A. Inhibition of Severe Acute Respiratory 
Syndrome Coronavirus Replication by Niclosamide. Antimicrob. 

Agents Chemother., 2004, 48, 2693-2696. 
[54] Wen, C.C.; Kuo, Y.H.; Jan, J.T.; Liang, P.H.; Wang, S.Y.; Liu, 

H.G.; Lee, C.K.; Chang, S.T.; Kuo, C.J.; Lee, S.S.; Hou, C.C.; 
Hsiao, P.W.; Chien, S.C.; Shyur, L.F.; Yang, N.S. Specific Plant 

Terpenoids and Lignoids Possess Potent Antiviral Activities 

against Severe Acute Respiratory Syndrome Coronavirus. J. Med. 

Chem., 2007, 50, 4087-4095. 
[55] Zhang, X.W.; Yap, Y.L. Old drugs as lead compounds for a new 

disease? Binding analysis of SARS coronavirus main proteinase 
with HIV, psychotic and parasite drugs. Bioorg. Med. Chem., 2004, 

12, 2517-2521. 
[56] Shie, J.J.; Fang, J.M.; Kuo, C.J.; Kuo, T.H.; Liang, P.H.; Huang, 

H.J.; Yang, W.B.; Lin, C.H.; Chen, J.L.; Wu, Y.T.; Wong, C.H. 
Discovery of Potent Anilide Inhibitors against the Severe Acute 

Respiratory Syndrome 3CL Protease. J. Med. Chem., 2005, 48, 
4469-4473. 

[57] Zhu, P.J.; Hobson, J.P.; Southall, N.; Qiu, C.; Thomas, C.J.; Lu, J.; 
Inglese, J.; Zheng, W.; Leppla, S.H.; Bugge, T.H.; Austin, C.P; 

Liu, S. Quantitative high-throughput screening identifies inhibitors 
of anthrax-induced cell death. Bioorg. Med. Chem., 2009, 17, 5139-

5145. 
[58] Chang, Y.W.; Yeh, T.K.; Lin, K.T.; Chen, W.C.; Yao, H.T.; Lan, 

S.J.; Wu, Y.S.; Hsieh, H.P.; Chen, C.M.; Chen, C.T. Pharmacoki-
netics of Anti-SARS-CoV Agent Niclosamide and Its Analogs in 

Rats. J. Food Drug Anal., 2006, 14, 329-333. 
[59] Pyrc, K.; Bosch, B.J.; Berkhout, B.; Jebbink, M.F.; Dijkman, R.; 

Rottier, P.; van der Hoek, L. Inhibition of Human Coronavirus 
NL63 Infection at Early Stages of the Replication Cycle. Antimi-

crob. Agents Chemother., 2006, 50, 2000-2008. 
[60] Li, H.C.; Wang, C.; Sanchez, T.; Tan, Y.; Jiang, C.; Neamati, N.; 

Zhao, G. Amide-containing diketoacids as HIV-1 integrase inhibi-
tors: Synthesis, structure–activity relationship analysis, and bio-

logical activity. Bioorg. Med. Chem., 2009, 17, 2913-2919. 
[61] Ray, S.; Fatima, Z.; Saxena, A. Drugs for AIDS. Mini-Rev. Med. 

Chem., 2010, 10, 147-161. 
[62] Chen, I.J.; Neamati, N.; Nicklaus, M.C.; Orr, A.; Anderson, L.; 

Barchi, J.J.; Kelley, J.A.; Pommier, Y.; MacKerell, A.D. Identifica-
tion of HIV-1 Integrase Inhibitors via Three-Dimensional Database 

Searching Using ASV and HIV-1 Integrases as Targets. Bioorg. 
Med. Chem., 2000, 8, 2385-2398. 

[63] Zhao, G.; Wang, C.; Liu, C.; Lou, H. New Developments in 
Diketo-Containing Inhibitors of HIV-1 Integrase. Mini-Rev. Med. 

Chem., 2007, 7, 707-725. 
[64] Neamati, N.; Hong, H.; Owen, J.M.; Sunder, S.; Winslow, H.E.; 

Christensen, J.L.; Zhao, H.; Burke, T.R.; Milne, G.W.A.; Pommier, 
Y. Salicylhydrazine-Containing Inhibitors of HIV-1 Integrase: Im-

plication for a Selective Chelation in the Integrase Active Site. J. 
Med. Chem., 1998, 41, 3202-3209. 

[65] Marchand, C.; Beutler, J.A.; Wamiru, A.; Budihas, S.; Möllmann, 
U.; Heinisch, L.; Mellors, J.W.; Le Grice, S.F.; Pommier, Y. 

Madurahydroxylactone Derivatives as Dual Inhibitors of Human 
Immunodeficiency Virus Type 1 Integrase and RNase H. Antimi-

crob. Agents Chemother., 2008, 52, 361-364. 
[66] Ranise, A.; Spallarossa, A.; Schenone, S.; Bruno, O.; Bondavalli, 

F.; Vargiu, L.; Marceddu, T.; Mura, M.; La Colla, P.; Pani, A. De-
sign, Synthesis, SAR, and Molecular Modeling Studies of 

Acylthiocarbamates: A Novel Series of Potent Non-nucleoside 
HIV-1 Reverse Transcriptase Inhibitors Structurally Related to 

Phenethylthiazolylthiourea Derivatives. J. Med. Chem., 2003, 46, 
768-781. 

[67] Tummino, P.J.; Harvey, P.J.; McQuade, T.; Domagala, J.; Go-
gliotti, R.; Sanchez, J.; Song, Y.; Hupe, D. The Human Immunode-

ficiency Virus Type 1 (HIV-1) Nucleocapsid Protein Zinc Ejection 
Activity of Disulfide Benzamides and Benzisothiazolones: Correla-

tion with Anti-HIV and Virucidal Activities. Antimicrob. Agents 
Chemother., 1997, 41, 394-400. 

[68] Gordon, C.P.; Keller, P.A. Control of Hepatitis C: A Medicinal 
Chemistry Perspective. J. Med. Chem., 2005, 48, 1-20. 

[69] Wagner, R.; Tufano, M.D.; Stewart, K.D.; Rockway, T.W.; 
Randolph, J.T.; Pratt, J.K.; Motter, C.E.; Maring, C.J.; Lon-

genecker, K.L.; Liu, Y.; Liu, D.; Krueger, A.C.; Kati, W.M.; 
Hutchinson, D.K.; Huang, P.P.; Flentge, C.A.; Donner, P.L.; De-

goey, D.A.; Betebenner, D.A.; Barnes, D.M.; Chen, S.; Franczyk 
II, T.S.; Gao, Y.; Haight, A.R.; Hengeveld, J.E.; Henry, R.F.; Ko-

tecki, B.J.; Lou, X.; Sarris, K.; Zhang, G.G.Z. Uracil or thymine 
derivative for treating hepatitis C. Patent WO 2009/039127, March 

26, 2009. 
[70] Kronenberger, B.; Zeuzem, S. Current and future treatment options 

for HCV. Ann. Hepatol., 2009, 8, 103-112. 



966    Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 11 Krátk  and Vin ová 

[71] Kim, S.S.; Peng, L.F.; Lin, W.; Choe, W.; Sakamoto, N.; Schreiber, 

S.L.; Chung, R.T. A Cell-Based, High-Throughput Screen for 
Small Molecule Regulators of Hepatitis C Virus Replication. Gas-

troenterology, 2007, 132, 311-320. 
[72] Sudo, K.; Matsumoto, Y.; Matsushima, M.; Konno, K.; Shimo-

tohno, K.; Shigeta, S.; Yokota, T. Novel hepatitis C virus protease 
inhibitors: 2,4,6-trihydroxy, 3-nitro-benzamide derivatives. Antivi-

ral Chem. Chemother., 1997, 8, 541-544. and Sudo, K.; Matsu-
moto, Y.; Matsushima, M.; Konno, K.; Shimotohno, K.; Shigeta, 

S.; Yokota, T. Novel hepatitis C virus protease inhibitors: 2,4,6-
trihydroxy, 3-nitro-benzamide derivatives. Antiviral Chem. Che-

mother., 1998, 9, 186. (errata) 
[73] Kakiuchi, N.; Komoda, Y.; Komoda, K.; Takeshita, N.; Okada, S.; 

Tani, T.; Shimotohno, K. Non-peptide inhibitors of HCV serine 
proteinase. FEBS Lett., 1998, 421, 217-220. 

[74] Liu, Y.; Donner, P.L.; Pratt, J.K.; Jiang, W.W.; Ng, T.; Gracias, V.; 
Baumeister, S.; Wiedeman, P.E.; Traphagen, L.; Warrior, U.; Mar-

ing, C.; Kati, W.M.; Djuric, S.W.; Molla, A. Identification of ha-
losalicylamide derivatives as a novel class of allosteric inhibitors of 

HCV NS5B polymerase. Bioorg. Med. Chem. Lett., 2008, 18, 
3173-3177. 

[75] Jääskeläinen, A.J.; Moilanen, K.; Bühler, S.; Lappalainen, M.; 
Vapalahti, O.; Vaheri, A.; Piiparinen, H. Serological microarray for 

detection of HSV-1, HSV-2, VZV, and CMV antibodies. J. Virol. 
Methods, 2009, 160, 167-171. 

[76] Bloom, J.D.; Curran, K.J.; Digrandi, M.J.; Dushin, R.G.; Lang, 
S.A.; Norton, E.B.; Ross, A.A.; O'Hara, B.M. Alpha-methylbenzyl-

containing thiourea derivatives containing a phenylenediamine 
group, useful as inhibitors of herpes viruses. Patent WO 00/34260, 

June 15, 2000. 
[77] Bloom, J.D.; Curran, K.J.; Digrandi, M.J.; Dushin, R.G.; Lang, 

S.A.; Norton, E.B.; Ross, A.A.; O'Hara, B.M. Benzamide-
containing aryl thiourea derivatives useful as inhibitors of herpes 

viruses. Patent WO 00/34238, June 15, 2000. 
[78] Neamati, N.; Sunder, S.; Pommier, Y. Design and discovery of 

HIV-1 integrase inhibitors. Drug Discov. Today, 1997, 2, 487-498. 
[79] Hong, H.; Neamati, N.; Wang, S.; Nicklaus, M.C.; Mazumder, A.; 

Zhao, H.; Burke, T.R.; Pommier, Y, Milne, G.W.A. Discovery of 
HIV-1 Integrase Inhibitors by Pharmacophore Searching. J. Med. 

Chem., 1997, 40, 930-936. 
[80] Zhao, H.; Neamati, N.; Sunder, S.; Hong, H.; Wang, S.; Milne, 

G.W.A.; Pommier, Y.; Burke, TR. Hydrazide-Containing Inhibitors 
of HIV-1 Integrase. J. Med. Chem., 1997, 40, 937-941. 

[81] Hong, H.; Neamati, N.; Winslow, H.E.; Christensen, J.L.; Orr, A.; 
Pommier, Y.; Milne, G.W.A. Identification of HIV-1 integrase in-

hibitors based on a four-point pharmacophore. Antiviral Chem. 
Chemother., 1998, 9, 461-472.  

[82] Takashiro, E.; Watanabe, T.; Nitta, T.; Kasuya, A.; Miyamoto, S.; 
Ozawa, Y.; Yagi, R.; Nishigaki, T.; Shibayama, T.; Nakagawa, A.; 

Iwamoto, A.; Yabe, Z. Structure-Activity Relationship of HIV-1 
Protease Inhibitors Containing AHPBA. Part III: Modification of 

P2 Site. Bioorg. Med. Chem., 1998, 6, 595-604. 
[83] Neamati, N.; Lin, Z.; Karki, R.G.; Orr, A.; Cowansage, K.; Strum-

berg, D.; Pais, G.C.G.; Voigt, J.H.; Nicklaus, M.C.; Winslow, H.E.; 
Zhao, H.; Turpin, J.A.; Yi, J.; Skalka, A.M.; Burke, T.R.; Pommier, 

Y. Metal-Dependent Inhibition of HIV-1 Integrase. J. Med. Chem., 
2002, 45, 5661-5670. 

[84] Cotelle, P. Patented HIV-1 Integrase Inhibitors (1998-2005). Re-
cent Pat. Antiinfect. Drug Discov., 2006, 1, 1-15. 

[85] Dayam, R.; Sanchez, T.; Clement, O.; Shoemaker, R.; Sei, S.; 
Neamati, N. -Diketo Acid Pharmacophore Hypothesis. 1. Discov-

ery of a Novel Class of HIV-1 Integrase Inhibitors. J. Med. Chem., 
2005, 48, 111-120. 

[86] Pfefferkorn, J.A.; Nugent, R.; Gross, R.J.; Greene, M.; Mitchell, 
M.A.; Reding, M.T.; Funk, L.A.; Anderson, R.; Wells, P.A.; 

Shelly, J.A.; Anstadt, R.; Finzel, B.C.; Harris, M.S.; Kilkuskie, 
R.E.; Kopta, L.A.; Schwende, F.J. Inhibitors of HCV NS5B po-

lymerase. Part 2: Evaluation of the northern region of (2Z)-2-
benzoylamino-3-(4-phenoxy-phenyl)-acrylic acid. Bioorg. Med. 

Chem. Lett., 2005, 15, 2812-2818. 
[87] Luo, G.X.; Colonno, R.; Krystal, M. Characterization of a Hemag-

glutinin-Specific Inhibitor of Influenza A Virus. Virology, 1996, 
226, 66-76. 

[88] Steinmetzer, T. Strategien für die Entwicklung neuartiger Grip-
pemittel. Pharm. Unserer Zeit, 2011, 40, 160-168. 

[89] Combrink, K.D.; Gulgeze, H.B.; Yu, KL.; Pearce, B.C.; Trehan, 

A.K.; Wei, J.M.; Deshpande, M.; Krystal, M.; Torri, A.; Luo, G.X.; 
Cianci, C.; Danetz, S.; Tiley, L.; Meanwell, N.A. Salicylamide in-

hibitors of influenza virus fusion. Bioorg. Med. Chem. Lett., 2000, 
10, 1649-1652. 

[90] Deshpande, M.S.; Wei, J.M.; Luo, G.X.; Cianci, C.; Danetz, S.; 
Torri, A.; Tiley, L.; Krystal, M.; Yu, K.L.; Huang, S.; Gao, Q.; 

Meanwell, N.A. An approach to the identification of potent inhibi-
tors of influenza virus fusion using parallel synthesis methodology. 

Bioorg. Med. Chem. Lett., 2001, 11, 2393-2396. 
[91] Yu, K.-L.; Torri, A.F.; Luo, G.X.; Cianci, C.; Grant-Young, K.; 

Danetz, S.; Tiley, L.; Krystal, M.; Meanwell, N.A. Structure–
Activity Relationships for a Series of Thiobenzamide Influenza Fu-

sion Inhibitors Derived from 1,3,3-Trimethyl-5-hydroxy-
cyclohexylmethylamine. Bioorg. Med. Chem. Lett., 2002, 12, 3379-

3382. 
[92] Lagoja, I.M.; De Clercq, E. Anti-InfluenzaVirus Agents: Synthesis 

and Mode of Action. Med. Res. Rev., 2008, 28, 1-38. 
[93] Luo, G.X.; Torri, A.; Harte, W.E.; Danetz, S.; Cianci, C.; Tiley, L.; 

Day, S.; Mullaney, D.; Yu, K.L.; Ouellet, C.; Dextraze, P.; 
Meanwell, N.; Colonno, R.; Krystal, M. Molecular Mechanism 

Underlying the Action of a Novel Fusion Inhibitor of Influenza A 
Virus. J. Virol., 1997, 71, 4062-4070. 

[94] Krug, R.M.; Aramini, J.M. Emerging antiviral targets for influenza 
A virus. Trends Pharmacol. Sci., 2009, 30, 269-277. 

[95] Basu, D.; Walkiewicz, M.P.; Frieman, M.; Baric, R.S.; Auble, 
D.T.; Engel, D.A. Novel influenza virus NS1 antagonists block rep-

lication and restore innate immune function. J. Virol., 2009, 83, 
1881-1891. 

[96] Rollinger, J.M.; Schmidtke, M. TheHuman Rhinovirus: Human-
Pathological Impact,Mechanisms of Antirhinoviral Agents, and 

Strategies forTheir Discovery. Med. Res. Rev., 2010, 31, 42-92. 
[97] Küçükgüzel, G.; Kocatepe, A.; De Clercq, E.; ahin, F.; Güllüce, 

M. Synthesis and biological activity of 4-thiazolidinones, thiosemi-
carbazides derived from diflunisal hydrazide. Eur. J. Med. Chem., 

2006, 41, 353-359. 
[98] Santoro, M.G.; Ciucci, A.; Gianferretti, P.; Belardo, G.; La Frazia, 

S.; Carta, S.; Rossignol, J.F. Thiazolides: A New Class of Broad-
Spectrum Antiviral Drugs Targeting Virus Maturation. Antiviral 

Res., 2007, 74, A31. 
[99] Rossignol, J.F. Thiazolides: a new class of antiviral drugs. Exp. 

Opin. Drug Metabol. Toxicol., 2009, 5, 667-674.  
[100] Mederacke, I.; Wedemeyer, H. Nitazoxanide for the treatment of 

chronic hepatitis C. New opportunities but new challenges? Ann. 
Hepatol., 2009, 8, 166-168. 

[101] Keeffe, E.B.; Rossignol, J.F. Treatment of chronic viral hepatitis 
with nitazoxanide and second generation thiazolides. World J. Gas-

troenterology, 2009, 15, 1805-1808. 
[102] Rossignol, J.F.; Kabil, S.M.; El-Gohary, Y.; Elfert, A.; Keeffe, E.B. 

Clinical trial: randomized, double-blind, placebo-controlled study 
of nitazoxanide monotherapy for the treatment of patients with 

chronic hepatitis C genotype 4. Aliment. Pharmacol. Ther., 2008, 
28, 574-580. 

[103] Korba, B.; Abigail, M.; Marc, A.; Rossignol, J.F. Nitazoxanide is 
an Effective Antiviral Agent Against Both HBV and HCV replica-

tion in vitro. Antiviral Res., 2007, 74, A40. 
[104] Bacon, B.; Shiffman, M.; Lim, J.; Berman, A.; Rustgi, V.; Keeffe, 

E. Phase 2 randomized, doubleblind, placebo-controlled study of 
nitazoxanide plus peginterferon and ribavirin in HCV genotype 1 

patients: interim analysis shows increase in EVR. J. Hepatol., 
2009, 50, S381. 

[105] Shiffman, M.; Ahmed, A.; Jacobson, I. Phase 2 randomized, dou-
ble-blind, placebo-controlled study of nitazoxanide with peginter-

feron alfa-2a and ribavirin in nonresponders (NR) with chronic 
HCV genotype 1: week 28 interim analysis. J. Hepatol., 2009, 50, 

S385-S386. 
[106] Rossignol, J.F.; Elfert, A.; Keeffe, E.B. Evaluation of a 4 week 

lead-in phase with nitazoxanide (NTZ) prior to peginterferon 
(peginf) plus NTZ for treatment of chronic hepatitis C: final report. 

Hepatology, 2008, 48, 1132-1133. 
[107] Rossignol, J.F.; Korba, B.E.; Kabil, S.M. Nitazoxanide in treating 

chronic hepatitis C: in vitro activity and a clinical case series. Gas-
troenterology, 2006, 130, A841. 

[108] Rossignol, J.F.; Elfert, A.; El-Gohary, Y.; Keeffe, E.B. Improved 
Virologic Response in Chronic Hepatitis C Genotype 4 Treated 



Antiviral Activity of Substituted Salicylanilides Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 11    967 

With Nitazoxanide, Peginterferon, and Ribavirin. Gastroenterol-

ogy, 2009, 136, 856-862. 
[109] Rossignol. J.F.; Keeffe, E.B. Thiazolides: a new class of drugs for 

the treatment of chronic hepatitis B and C. Future Microbiol., 
2008, 3, 539-545. 

[110] Korba, B.E.; Montero, A.B.; Farrar, K.; Gaye, K.; Mukerjee, S.; 
Ayers, M.S.; Rossignol, J.F. Nitazoxanide, tizoxanide and other 

thiazolides are potent inhibitors of hepatitis B virus and hepatitis C 
virus replication. Antiviral Res., 2008, 77, 56-63. 

[111] Elazar, M.; Liu, M.; McKenna, S.A.; Liu, P.; Gehring, E.A.; Pug-
lisi, J.D.; Rossignol, J.F.; Glenn, J.S. The Anti-Hepatitis C Agent 

Nitazoxanide Induces Phosphorylation of Eukaryotic Initiation Fac-
tor 2 alpha Via Protein Kinase Activated by Double-Stranded RNA 

Activation. Gastroenterology, 2009, 137, 1827-1835. 
[112] Korba, B.; Glenn, J.; Elazar, M.; Rossignol, J.F. A Role for Nita-

zoxanide in Combination with STAT-C Agents for Inhibition of 
HCV Replication and the Potential for the Prevention of Viral Re-

sistance. Antiviral Res., 2009, 82, A20. 
[113] Korba, B.E.; Elazar, M.; Lui, P.; Rossignol, J.F.; Glenn, J.S. Poten-

tial for Hepatitis C Virus Resistance to Nitazoxanide or Tizoxanide. 
Antimicrob. Agents Chemother., 2008, 52, 4069-4071. 

[114] Teran, C.G.; Teran-Escalera, C.N.; Villarroel, P. Nitazoxanide vs. 
probiotics for the treatment of acute rotavirus diarrhea in children: 

a randomized, single-blind, controlled trial in Bolivian children. 
Int. J. Infect. Dis., 2009, 13, 518-523. 

[115] Rossignol, J.F.; El-Gohary, Y.M. Nitazoxanide in the treatment of 
viral gastroenteritis: a randomized double-blind placebo-controlled 

clinical trial. Aliment. Pharmacol. Ther., 2006, 24, 1423-1430. 
[116] Rossignol, J.F.; Abu-Zekry, M.; Hussein, A.; Santoro, M.G. Effect 

of nitazoxanide for treatment of severe rotavirus diarrhoea: ran-
domised double-blind placebo-controlled trial. Lancet, 2006, 368, 

124-129. 
[117] Rossignol, J.F.; La Frazia, S.; Chiappa, L.; Ciucci, A.; Santoro, 

M.G. Thiazolides, a New Class of Anti-influenza Molecules Tar-
geting Viral Hemagglutinin at the Post-translational Level. J. Biol. 

Chem., 2009, 284, 29798-29808. 
[118] Gilles, H.M.; Hoffman, P.S. Treatment of intestinal parasitic infec-

tions: a review of nitazoxanide. Trends Parasitol., 2002, 18, 95-97. 
[119] Anderson, V.R.; Curran, M.P. Nitazoxanide. A Review of its Use 

in the Treatment of Gastrointestinal Infections. Drugs, 2007, 67, 
1947-1967. 

[120] Hoffman, P.S.; Sisson, G.; Croxen, M.A.; Welch, K.; Harman, 
W.D.; Cremades, N.; Morash, M.G. Antiparasitic Drug Nita-

zoxanide Inhibits the Pyruvate Oxidoreductases of Helicobacter 
pylori, Selected Anaerobic Bacteria and Parasites, and Campy-

lobacter jejuni. Antimicrob. Agents Chemother., 2007, 51, 868-876. 
[121] Fox, L.M.; Saravolatz, L.D. Nitazoxanide: A New Thiazolide Anti-

parasitic Agent. Clin. Infect. Dis., 2005, 40, 1173-1180. 
[122] Stadelmann, B.; Scholl, S.; Muller, J.; Hemphill, A. Application of 

an in vitro drug screening assay based on the release of phospho-
glucose isomerase to determine the structure-activity relationship 

of thiazolides against Echinococcus multilocularis metacestodes. J. 
Antimicrob. Chemother., 2010, 65, 512-519. 

[123] Adagu, I.S.; Nolder, D.; Warhurst, D, Rossignol, J.F. In vitro activ-

ity of nitazoxanide and related compounds against isolates of 
Giardia intestinalis, Entamoeba histolytica and Trichomonas vagi-

nalis. J. Antimicrob. Chemother., 2006, 50, 103-111. 
[124] Sisson, G.; Goodwin, A.; Raudonikiene, A.; Hughes, N.J.; Mukho-

padhyay, A.K.; Berg, D.E.; Hoffman, P.S. Enzymes Associated 
with Reductive Activation and Action of Nitazoxanide, Nitro-

furans, and Metronidazole in Helicobacter pylori. Antimicrob. 
Agents Chemother., 2002, 46, 2116-2123. 

[125] Ballard, T.E., Wang, X., Olekhnovich, I., Koerner, T., Seymour, 
C., Hoffman, P.S., Macdonald, T.L. Biological Activity of Modi-

fied and Exchanged 2-Amino-5-Nitrothiazole Amide Analogues of 
Nitazoxanide, Bioorg. Med. Chem. Lett., 2010, 20, 3537-3539. 

[126] Pankuch, G.A.; Appelbaum, P.C. Activities of Tizoxanide and 
Nitazoxanide Compared to Those of Five Other Thiazolides and 

Three Other Agents against Anaerobic Species. Antimicrob. Agents 
Chemother., 2006, 50, 1112-1117. 

[127] Musher, D.M.; Logan, N.D.; Bressler, A.M.; Johnson, D.P.; Ros-
signol, J.F. Nitazoxanide in the Treatment of Clostridium difficile 

Disease. Gastroenterology, 2008, 134, A-669. 
[128] Musher, D.M.; Logan, N.; Hamill, R.J.; DuPont, H.L.; Lentnek, A.; 

Gupta, A.; Rossignol, J.F. Nitazoxanide for the treatment of Clos-
tridium difficile colitis. Clin. Infect. Dis., 2006, 43, 421-427. 

[129] Musher, D.M.; Logan, N.; Mehendiratta, V.; Melgarejo, N.A.; 
Garud, S.; Hamill, R.J. Clostridium difficile colitis that fails con-

ventional metronidazole therapy: response to nitazoxanide. J. An-
timicrob. Chemother., 2007, 59, 705-710. 

[130] Callan, R.J.; Ashton, L.V.; Goehring, L.S. Nitazoxanide and 
tizoxanide inhibit EHV-1 and influenza type A virus replication in 

vitro. J. Vet. Intern. Med., 2008, 22, 738-738. 
[131] Lappin, M.R.; Clark, M.; Scorza A.V. Treatment of healthy Gardia 

spp. positive dogs with fenbendazole or nitazoxanide. J. Vet. In-
tern. Med., 2008, 22, 778-778. 

[132] Lappin, M.R.; Spindel, M.; Riggenbach, L. Infectious agent preva-
lence rates in dogs with diarrhea and response to administration of 

fenbendazole or nitazoxanide. J. Vet. Intern. Med., 2008, 22, 779. 
[133] MacKay, R.J. Equine Protozoal Myeloencephalitis: Treatment, 

Prognosis, and Prevention. Clin. Techniques Equine Pract., 2006, 
5, 9-16. 

[134] Esposito, M.; Stettler, R.; Moores, S.L.; Pidathala, C.; Muller, N.; 
Stachulski, A.; Berry, N.G.; Rossignol, J.F.; Hemphill, A. In vitro 

Efficacies of Nitazoxanide and Other Thiazolides against Neospora 
caninum Tachyzoites Reveal Antiparasitic Activity Independent of 

the Nitro Group. Antimicrob. Agents Chemother., 2005, 49, 3715-
3723. 

[135] Lanata, C.F.; Franco, M. Nitazoxanide for rotavirus diarrhoea? 
Lancet, 2006, 368, 100-101. 

[136] Darling, J.M.; Fried, M.W. Nitazoxanide: Beyond Parasites toward 
a Novel Agent for Hepatitis C. Gastroenterology, 2009, 136, 760-

763. 
[137] Babu, T.A.; Venkatesh, C. Nitazoxanide use in Rota Viral Diar-

rhea. Cure or Controversy? Indian J. Pediatr., 2010, 77, 1450. 

 

 

Received: December 11, 2010 Revised: March 26, 2011  Accepted: May 05, 2011 

 

 




