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ABSTRACT: Since the ancient times, natural products have served as a major source of 
drugs. About fifty percent of today's pharmaceutical drugs are derived from natural origin. 
Interest in natural products as a source of new drugs is growing due to many factors that 
will be discussed in this article. Viruse s have been resistant to therapy or prophylaxis 
longer than any other form of life. Currently, there are only few drugs available for the 
cure of viral diseases including acyclovir which is modeled on a natural product parent. 
In order to combat viruses which have devastating effects on humans, animals, insects, 
crop plants, fungi and bacteria, many research efforts have been devoted for the discovery 
of new antiviral natural products. Recen t analysis of the number and sources of antiviral 
agents reported mainly in the annual reports of medicinal chemistry from 198 4 to 199 5 
indicated that seven out often syntheti c agents approved by FDA between 1983-1994 , 
are modeled on a natural product parent. I t has been estimated that only 5-15% of the 
approximately 250,000 species of higher plants have been systematically investigated for 
the presence of bioactive compounds while the potential of the marine environment has 
barely been tapped. The aim of this review is to provide an overview on the central role 
of natura l product s i n the discovery an d development o f new antiviral drug s by 
displaying 340 structures of plant, marine and microbial origin that show promising in 
vitro antiviral activity. 

INTRODUCTION 

Natural Products as a Source for New Drugs: Merits and Obstacles 

Since the ancient times, natural products have served as a major sourc e of 
drugs. Abou t fift y percen t o f today' s pharmaceutica l drug s ar e derive d 
from natura l origi n [1] . The growin g interes t i n natura l product s a s a 
source o f ne w drug s ca n b e attribute d t o man y factor s includin g urgen t 
therapeutic needs , th e wid e rang e o f bot h chemica l structure s an d 
biological activitie s o f natura l secondar y metabolites , th e adequac y o f 
bioactive natura l product s a s biochemica l an d molecula r probes , th e 
development o f recen t technique s t o accuratel y detect , isolat e an d 
structurally.characterize th e bioactiv e natura l product s an d advance s i n 
solving th e deman d fo r suppl y o f comple x natura l product s [1] . 
Historically, th e majorit y o f th e natura l product-base d drug s includin g 
cyclosporine, paclitaxel and camptothecin derivatives were first discovered 
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by traditiona l cell-base d in  vitro  assay s befor e thei r rea l molecula r 
biological targets were identified [2] . These cellular biological responses of 
natural products are likely to be associated with the inherent properties of 
secondary metabolites for the defense of their producing organisms [2], 

Infectious vira l disease s remai n a  worldwide problem . Viruse s hav e 
been resistant to therapy or prophylaxis longer than any other form of lif e 
due to their nature because they totally depend on the cells they infect fo r 
their multiplication and survival. This peculiar characteristic has rendered 
the developmen t o f effectiv e antivira l chemotherapeuti c agent s ver y 
difficult. Currently , there are only few drugs available for the cure of viral 
diseases includin g acyclovi r (1) , the know n antiherpeti c dru g whic h i s 
modeled o n a  natura l produc t parent . I n orde r t o comba t viruse s whic h 
have devastatin g effect s o n humans , animals , insects , crop plants , fung i 
and bacteria, many research efforts have been devoted for the discovery of 
new antiviral natural products. Although the search for naturally occurrin g 
products whic h ca n interfer e wit h vira l infection s bega n wit h th e 
successful isolation  of antibiotics from microorganisms but it has not been 
as intensive as that of synthetic antiviral agents [3] . This is mainly due to 
the tendency o f most virologists who adopt a  rational desig n o f antivira l 
agents rathe r tha n towar d empiricis m especiall y wit h th e progres s i n 
knowledge o f vira l replicatio n [3] . Moreover, ther e ar e som e problem s 
arising from the screening of crude extracts, as well as with the purification 
and identificatio n o f the antivira l component s fro m thes e crude extracts . 
These problems became less intense with the recent advances in differen t 
chromatographic an d spectroscopi c technologies . Man y natura l an d 
synthetic compound s wer e foun d t o sho w in  vitro antivira l activit y bu t 
were much les s effective whe n tested in  vivo. This could be attributed t o 
difficulty i n dru g transportatio n t o th e cell s o f th e infecte d tissu e 
especially i f thes e tissue s becom e inflamme d du e t o infection . Man y 
antivirally activ e compound s ar e to o toxi c fo r therapeuti c applications . 
However, natura l product s remai n th e bes t resourc e fo r chemicall y 
diversed ne w lea d entitie s tha t coul d serv e fo r futur e developmen t a s 
potent and safe antiviral agents. Recent analysis of the number and sources 
of antivira l agent s reporte d mainl y i n th e annua l report s o f medicina l 
chemistry fro m 198 4 t o 199 5 indicate d tha t seve n ou t ofte n syntheti c 
agents approve d b y FD A betwee n 1983-1994 , are modeled o n a  natura l 
product paren t [4] . These drug s are : famciclovi r (2) , ganciclovi r (3) , 
sorivudine (6) , zidovudin e (7) , didanosin e (8) , zalcitabin e (9 ) an d 
stavudine (10) [4]. 

The aim of this review is to provide an overview on the central role of 
natural products in the discovery and development of new antiviral drugs. 
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History and Definition o f the Word "Virus" 

The original Latin meaning of "virus" is "poison", "venom" or "slime" [5] . 
The word "virus " was also used figuratively i n the sense of "virulent or 
bitter feeling", "stench" or "offensive odor " [3]. In the late 1800s, the term 
"virus" was bestowed on a newly discovered class of pathogens, smaller 
than bacteria being studied by Louis Pasteur and others of that era [6]. As 
late as 1907 , "virus" was defined a s "the poison of an infectious diseas e 
especially foun d i n the secretio n o r tissues o f a n individua l o r anima l 
suffering fro m infectious diseases [5]. In the early decades of the twentieth 
century, viruses were identified a s infectious agent s that were filterabl e 
and invisibl e i n the ligh t microscope which superficiall y distinguishe d 
them from most familiar microorganisms [5]. Today, viruses are defined as 
noncellular infectious agent s that vary in size, morphology, complexity , 
host range and how they affect thei r hosts [7] . However, they share three 
main characteristics in common: a) A virus consists of a genome, either 
RNA o r DN A cor e (it s geneti c material ) whic h i s surrounde d b y a 
protective protei n shell . Frequentl y thi s shel l i s enclose d insid e a n 
envelope (capsid) that contains both proteins and lipids, b) A virus can be 
replicated (multiplied ) onl y afte r it s genetic materia l enter s a  host cell . 
Viruses are absolutely dependen t on the host cells' energy-yielding and 
protein-synthesizing machinerie s an d henc e the y ar e parasite s a t th e 
genetic level, c) A virus's multiplication cycle includes the separation of 
its genomes from its protective shells as an initial step [7]. When a virus is 
outside the host cell, it is considered no more alive than a chromosome [6]. 

The Multiplication Cycle 

The interval between successive mitosis of the individual cell is divided 
into three periods [7]: 

1- Th e Gl period precedes DNA replication. Its average duration is 12 
hours. 

2- Th e S period during which DNA replicates. Its average duration is 8 
hours. 

3- Th e G2 period in which the cell prepares for the next mitosis. Its 
average duration is 4 hours. 

RNA an d protei n ar e no t synthesize d whil e mitosi s proceeds , i.e. , 
during th e metaphas e whic h i s betwee n 0 2 an d G l period s bu t ar e 
otherwise synthesize d throughou t th e multiplicatio n cycl e [7] . Non-
growing cells are usually arreste d i n the Gl period ; the resting stat e i s 
referred t o as GO. Under norma l grov^ h conditions , cells of a  growing 
culture multiply in an unsynchronized manner, hence cells at all stages of 
the cycle are present. The aging of cells starts after about 50 passages by 
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slowing their growth rate. The amount of time they spend in GO after eac h 
mitosis gradually increases . The chromosomal complemen t changes fro m 
normal diploi d to aneuploid pattern , supernumerary chromosome s an d i t 
finally fragmente d an d th e cel l dies . Malignan t tissue s giv e ris e t o 
aneuploid cel l line s tha t hav e infinit e lif e span s an d ar e know n a s 
continuous cell lines. 

Patterns of Macromolecular Biosynthesis 

The main feature of normal animal cell is its compartmentalization [7] . The 
DNA of the animal cel l i s restricted to the nucleus at all cell cycle stage s 
except durin g metaphase when no nucleus exists . The synthesi s o f RN A 
occurs i n the nucleus an d mos t o f i t remains there , but messenge r RN A 
and transfe r RN A migrat e t o th e cytoplasm . Ribosoma l RN A i s 
synthesized i n th e nucleolus ; th e tw o ribosoma l subunit s ar e partl y 
assembled in the nucleolus and nucleus then migrate to the cytoplasm. All 
protein synthesi s proceed i n the cytoplasm . Th e mitochondria , whic h i s 
located onl y i n th e cytoplasm , contain s DNA-s , RNA - an d protein -
synthesizing systems of their own [7]. 

Viral Replication 

Viruses replicate in different ways . In all cases, the viral DNA or RNA is 
copied repeatedly. Viral proteins are synthesized inside a suitable host cell 
where man y ne w vira l particle s ar e assemble d [6] . Generall y viruse s 
replicate through the following stages [3,6,7]: 

1- Th e viru s chemicall y recognize s an d attache s t o appropriat e hos t 
cell. This step is very specific , i.e. , specific viru s site s will bind t o 
appropriate cellula r recepto r site s whic h ar e presumabl y 
glycoproteins. Th e organ s o f cel l attachmen t o f som e viruse s ar e 
protrusions from thei r oute r surface whic h called spikes . In viruse s 
lacking spikes, complex polypeptide binding sites are involved. 

2- Th e whole virus or its genetic material alone (DNA or RNA) enters 
the ceirs cytoplas m (penetration and uncoating). A virus may have 
different penetratio n mechanism s i n th e hos t cell . Fo r envelope d 
virus, fusio n o f membran e sometime s occurs . Mos t viruse s ar e 
introduced int o the cell by a kind of phagocytosis named viropexis . 
Virus particle s ar e transporte d alon g th e networ k o f cytoplasmi c 
microtubules t o a  specifi c cel l sit e wher e subsequen t replicatio n 
takes place. Uncoating results in the liberation of viral nucleic acids 
into the cell which makes them sensitive to nucleases. 

3- Informatio n contained in the viral DNA or RNA directs the host cell 
to replicat e vira l nuclei c acid s an d synthesize s vira l enzyme s an d 
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capsid proteins , whic h ar e incorporate d int o th e host' s plasm a 
membrane. 

4- Thes e viral nucleic acids, enzymes and capsid proteins are assembled 
into ne w viral particle s (genomes ) togethe r wit h thei r associate d 
RNA or DNA polymerase. 

5- Th e newly formed viral particles are released from the infected cell. 

Viruses usually replicate by lytic or temperate pathways. In the lytic 
pathway, stages 1-4 from above proceeds quickly and the virus is released 
as the host cells undergo lysis, ruptures and dies after los s of its contents. 
In temperat e pathways , th e viru s doe s no t kil l th e hos t cel l bu t th e 
infection enter s a period of latency, in which viral genes remain inactive 
inside th e hos t cell . In som e case s o f latenc y th e vira l gene s becom e 
integrated into the host's DNA, replicated along with it and passed along 
to all daughter cells. In time, damage to the DNA or some other event may 
activate transcription of the viral genes therefore new viral particles can be 
produced and infected cell s are destroyed [6] . Proposed targets of some 
specific antivira l chemotherap y ar e illustrate d i n Figur e 1  and ca n b e 
summarized as [3]: 

1- Attachmen t (adsorption) of the viral particle to the host cell. 
2- Penetratio n of the host cell by infectious viral particles. 
3- Particle s uncoating, release and transport of viral nucleic acid and 

core proteins. 
4- Nuclei c acid polymerase release and/or activation. 
5- Translatio n of m-RNA to polypeptides which are early proteins. 
6- Transcriptio n of m-RNA. 
7- Replicatio n of nucleic acids. 
8- Protei n synthesis (late proteins). 
9- Vira l polypeptides cleavage into useful polypeptides for maturation. 
10- Morphogenesi s and assemblage of viral capsids and precursors. 
11- Encapsidatio n of nucleic acid. 12- Envelopment. 13- Release. 

Viral Proteins 

Proteins represen t th e mai n vira l component . Protein s ar e th e sol e 
constituent o f capsids, the major componen t of envelopes and also they 
are associated with the nucleic acids of many viruses as core proteins [7]. 
Viral proteins have a wide range of molecular weight ranging from 10,000-
150,000 daltons. Viral proteins also vary in number, some viruses posses 
as few as three species while others contains up to 50 protein species. All 
members o f th e sam e viru s famil y displa y almos t th e sam e highl y 
characteristic electrophoretic protein patterns [7]. 

Glycoproteins: Vira l envelope s usuall y contai n glycopotein s i n th e 
form o f oligomeric spikes or projections. The carbohydrate moietie s of 
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glycoproteins are formed o f oligosaccharide (10-15 monosaccharide units) 
which are linked to the polypeptide backbone through N- and O-glycosidi c 
bonds involvin g asparagin e an d serin e o r threonine , respectively . Thei r 
main component s are : galactos e an d galactosamine , glucos e an d 
glucoseamine, fucose , mannos e an d siali c acid which alway s occupie s a 
terminal position [7]. 

Example of some viral proteins with specialized functions are : 
Hemagglutinins: Man y anima l viruse s (e.g. , ortho - an d 

paramyxoviruses) agglutinate the red blood cells of certain animal species. 
This mean s tha t thes e re d cell s contai n receptor s fo r certai n surfac e 
components of viral particles that act as cell attachment proteins which are 
glycoproteins and known as hemagglutinins. Viral hemagglutinins could be 
used in their quantitative measurement [7]. 

Enzymes: Anima l vira l particle s ofte n contai n enzyme s (Tabl e 1) . 
These enzymes are virus-specific. I n addition to the enzymes summarize d 
in Tabl e 1 , viruses ofte n contai n othe r enzymes . Amon g the m ar e th e 
enzymes tha t modif y bot h end s o f m-RN A molecule s synthesize d b y 
their cappin g enzyme s an d poly(A ) polymerases . Protei n kinases , 
deoxyribonucleases, DNA-dependen t phosphohydrolase s an d 
topoisomerases are also often present  in viruses [7]. 

Apoptosis in Viral Infections [8] 

Homeostasis of cell numbers in multicellular organisms is maintained by a 
balance betwee n cel l proliferatio n an d physiologi c (programmed ) cel l 
death. Apoptosis is a process by which cells undergo physiologic death in 
response t o a  stimulu s an d i t i s a  predictable serie s o f morphologicall y 
defined events . It is divided into two stages namely, the breakdown of the 
nucleus an d alteratio n o f th e cel l shap e an d th e plasm a membran e 
permeability. Th e consequence s o f apoptosi s ar e th e fragmentatio n o f 
nuclear DNA , the zeiosi s (boiling ) o f the cytoplas m associate d wit h th e 
blebbing and increased granularity of the plasma membrane and fracturin g 
of the cel l int o subcellula r DNA-containin g apoptoti c bodies . Apoptosi s 
process i s different fro m necroti c cell death by involvement of lysosomal 
enzyme leakage into the cytoplasm, the swelling of the cell and the actual 
rupture of the plasma membrane. Necrosis is often induce d by agents that 
affect membran e integrity , generalize d protei n synthesis , o r energ y 
metabolism [9] . Apoptosis ca n b e induced*b y a  variety o f stimuli , e.g. , 
steroids, cytokines, DNA-damaging agents , growth factor withdrawal and 
in case of T or B cells, antigen-receptor engagement . Apoptosi s i s also a 
mechanism b y whic h cytotoxi c lymphocyte s kil l thei r targets . Man y 
viruses ca n induc e apoptosi s i n infecte d cell s whil e man y othe r viruse s 
especially transformin g viruses , can inhibi t apoptosi s an d allo w fo r cel l 
transformation. Th e nuclea r change s durin g apoptosi s induc e chromati n 
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Table 1. Enzymes in Animal Viruses [7] 

Virus Enzyme 1 

DNA Viruses: 
Poxyvirus 

Herpesvirus 
Adenovirus 
Papovavirus 
Hepatitis virus 
Parvovirus 

DNA-Dependant RNA polymerase 1 
Messenger-RNA cappin g enzyme 
Poly(A) polymerase 
Nucleasess 1 
DNA-Dependant nucleotide phosphohydrolase 
Topoisomerase 
Protein kinase 
None 
None 
None 
DNA Polymerase 
None 1 

RNA Viruses: 
Picomavirus 
Calicivirus 
Togavirus 
Flavivirus 
Coronavirus 
Reo virus 

Rhabdovirus 
1 Paramyxoviru s 

1 Orthomyxoviru s 

1 Bunyaviru s 
1 Arenaviru s 
1 Retroviru s 

None 1 
None 1 
None 1 
None 1 
None 1 
RNA-Dependant RNA polymerase 
Nucleotide phosphohydrolase 
Messenger-RNA cappin g enzyme | 
RNA-Dependant RNA polymerase | 
Neuraminidase 
RNA-Dependant RNA polymerase | 
Neuraminidase 
RNA-Dependant RNA polymerase | 
RNA-Dependant RNA polymerase | 
RNA-Dependant RNA polymerase | 
RNA-Dependant DN A polymerase (reverse transcriptase) 
Ribonuclease H 
Endoribonuclease 
Protein-cleaving enzyme 
Protein kinase 
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condensation into several segments . The nuclear DNA is fragmented int o 
oligonucleosomal-sized piece s [8] . This process involves the activation of 
endogenous endonuclease(s ) i n the cel l programme d t o die . Changes i n 
accessibility o f DNA to nucleases i s mediated b y topoisomerases whic h 
can induc e conformationa l change s i n DN A b y makin g stran d cuts . A n 
increase i n intracellula r calciu m ion s i s observe d i n cell s undergoin g 
apoptosis. Therefore , extracellula r calcium-chelatin g agent s ca n block a 
variety o f apoptoti c forms . Th e endonuclease s associate d wit h DN A 
fragmentation ar e Ca"̂ "^ dependent. 

Classification o f Viruses 

Viral strains that are distinctly differen t i n more than one gene, excluding 
mutants an d variants , are designated species . Species  that ar e apparentl y 
genetically simila r are grouped into genera. These genera are grouped into 
families base d o n morphology , physica l an d chemica l natur e o f vira l 
component an d on molecular strategie s used by viral genomes to express 
themselves and replicate [6]. Viruses are classified int o four major differen t 
classes: 

Bacteriophages 

A class of viruses that infect bacteria l cells. Despite bacteriophages coul d 
have adverse effects o n the host cell , they could also be used a s research 
tools in early experiments designed to reveal whether DNA or proteins are 
the molecule s o f inheritanc e an d i n geneti c engineering . Replicatio n o f 
bacteriophages can proceed by either lytic or temperate pathways [6]. 

Plant Viruses 

Viruses caus e severa l hundre d infectiou s disease s t o man y plant s afte r 
successfully penetratin g their cell walls, reducing the yield of a variety o f 
crops includin g tobacco , potatoes , tomatoes , a s wel l a s man y othe r 
vegetables, inducin g seriou s economi c damages . Som e insect s tha t fee d 
plants assis t i n vira l infection . Vira l particle s ma y b e clingin g t o thes e 
insects' piercing or sucking devices and when these devices penetrate plant 
cells, infectio n occurs . Mos t plan t viruse s ar e RN A viruses . Outwar d 
symptoms of infection includ e mottled and blistered leaves , misshapen or 
abnormally smal l fruits , tumor s o n root s an d colo r chang e i n flowers. 
Examples o f som e commo n RN A viruse s an d thei r targe t plant s are : 
Closterovirus (Beet) , Comovirus (Cowpeas) , Cucumoviru s (Cucumber) , 
Hordeivirus (Barley) , Potaxvirus (Potatoes ) an d Tobamoviru s (Tobacc o 
mosaic virus . Tobacco ) [6] . Examples o f DN A viruse s an d thei r plan t 
targets are: Caulimovirus (Cauliflower) and Geminivirus (Maize) [6]. 
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Table 2 . Classificatio n o f Anima l Viruse s [6,7,10 ] 

Viruse Disease 1 

1 PN A Yirytg^g ; 1 
Adenoviruses 

Herpesviruses: 

H. simplex type I 

H. simplex type II 

Varicella-zoster 

Epstein-Barr 

Papovaviruses 

Parvoviruses 

Poxy viruses 

1 RNAVirw^es ; 
Picomaviruses: 

Enteroviruses 

Rhinoviruses 

Togaviruses 

Paramyxoviruses 

Rhabdoviruses 

Coronaviruses 

Orthomyxoviruses 

1 Arenaviruse s 

1 Reoviruse s 

1 Retroviruses : 

1 HTLVI , 11 

1 HIV 
1 Filoviruses : 

1 Marbur g viru s 

1 Ebol a virus 

1 Mi^ggliangpu s virvisgs; 
1 Th e Norwalk grou p of viruses 

1 Non-A , non-B Hepatiti s 

1 Delt a hepatitis virus (HDV ) 

1 Chroni c infectiou s neuropathi c 
1 agent s (CHINAs ) 

Respiratory infection s 1 

Oral herpes , cold sore s 1 

Genital herpe s 1 

Chickenpox, shingles 1 

Infectious mononucleosis , implicated i n some cancer 1 

Benign and malignant warts 

Roseola (fever , rash ) i n children, aggravate s sickle-cel l anemi a 1 

Smallpox, cowpox 

Polio, hemorrhagic eye disease, hepatitis A (infectious hepatitis ) 1 

Common cold 1 

Encephalitis, dengue fever , yello w feve r 1 

measles, mumps 1 

Rabies 1 

Respiratory infection s 1 

Influenza 

Hemorrhagic fever s 

Respiratory, intestina l infection s 

Associated wit h cance r 

AIDS, ARC 1 

Marburg hemorrhagi c feve r 

Ebola hemorrhagi c feve r 

Gastroenteritis 

Post transfusion hepatiti s 

Hepatitis (requires HBV as a helper virus ) 

Kuru and Creutzfeldt-Jacob i n human, scrapi e i n sheep 
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Animal Viruses 

Many anima l viruse s infec t human s and animal s causing severa l seriou s 
diseases. Tabl e 2  present s a  summar y o f som e anima l viruse s an d th e 
diseases they induce. 

Viroids and Otiter Unconventional  Agents 

Viroids ar e plant pathogens whic h consis t o f naked strand s o r circles o f 
RNA with no protein coat. Viroids are mere snippets of genes smaller than 
the smalles t know n vira l DN A o r RN A molecul e an d the y ca n hav e 
damaging effect s o n citrus , avocados , potatoe s an d othe r cro p plants . 
Apparently, enzyme s alread y presen t i n a  hos t cel l synthesiz e viroi d 
RNA then use this new viroid RNA as a template for building new viroids. 

Some unidentified infectiou s agents cause some rare fatal diseases of the 
nervous system including Scrapie in sheep and Kuru and Crutzfeldt-Jaco b 
(mad cow ) diseas e i n humans . Probabl y thes e disease s ar e cause d b y 
infectious protei n particles , tentativel y name d prions . Prion s migh t b e 
synthesized accordin g t o informatio n i n mutate d genes . Researcher s 
studying scrapie , hav e isolate d th e gen e codin g fo r altere d form s o f a 
protein in infected cells [6]. 

Measurement of Animal Viruses 

Viruses are either measured as infectious units, i.e., in terms of their ability 
to infect, multiply and produce progeny or as viral particles, regardless of 
their function a s infectious agents [7]. 

Titration of  Viruses  as Infectious Units 

Titration mean s the measurement o f the amoun t o f virus in terms o f the 
number of infectious unites per unit volume. 

Plaque Formation [7 ] 

Monolayers of susceptible cells are inoculated with small aliquots of serial 
dilutions o f the virus suspensio n t o be titrated. Wheneve r vira l particle s 
infect cells , progeny virus particles are produced, released and immediately 
infect adjoinin g cells . This process i s repeated unti l after 2-1 2 incubatio n 
days o r more . Areas o f infecte d cell s develo p plaques tha t ca n b e see n 
with a naked eye. Agar is frequently incorporate d in the medium to ensure 
that th e liberate d progen y viru s particle s i n the mediu m d o no t diffus e 
away an d initiat e separat e o r secondary plaques . The infected cell s mus t 
differ i n some recognizable manner from non infected ones , i.e., they must 
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be completely destroyed, become detached from the surface on which they 
grow o r possess stainin g properties differen t fro m thos e o f normal cells . 
The most common method to visualize plaques i s to apply neutra l red o r 
crystal violet to the infected cel l monolayers and then counting the number 
of no n staine d area s [7] . Titer s ar e expresse d i n term s o f numbe r o f 
plaque-forming unit s (PFU ) pe r milliliter . Ther e i s a  linea r relationshi p 
(linear dose-response curve) between the amount of virus and the number 
of plaques produce d whic h indicate s tha t eac h plaqu e i s produced b y a 
single vira l particle . The virus progeny i n each plaque ar e clones . Viru s 
stocks derived fro m singl e plaques are named "plaque purified" whic h i s 
important i n isolatin g pur e viru s strains . Plaqu e formatio n i s th e mos t 
desirable method o f viral titration because i t is economic and technicall y 
simple. However, not  all viruses can be measured thi s way due to lack of 
host cells that can develop the desired cytopathic effects (CPE) . 

Focus Formation [7 ] 

Many tumo r viruse s d o no t destro y cell s i n whic h the y multipl y an d 
hence produce no plaques. They induce morphological changes and faste r 
multiplication rat e i n the infecte d cell s which ar e known a s transforme d 
cells. Colonies of the transformed cell s are developed into large foci which 
are visible by naked eye . Assay by focus formatio n depend s on countin g 
the numbe r o f focus-formin g unit s (FPU) , which i s analogous t o plaqu e 
formation assay . 

Serial Dilutio n En d Poin t [71 

Some viruses destro y cell s they infec t bu t d o not produce th e necessar y 
CPE fo r visibl e plaqu e formation . Thes e viruse s ar e titrate d b y seria l 
dilution en d poin t method . Seria l dilution s o f viru s suspension s ar e 
inoculated int o cel l monolayer s whic h ar e the n incubate d unti l th e cel l 
sheets show clear signs of cell's destruction. The end point i s the dilution 
that give s a  positive (cell-destroying ) reactio n an d originall y contain s a t 
least one infectious unit . 

Enumeration of  the Total Number of Viral Particles (Hemagglutination Assay) 

Many anima l viruse s ge t adsorbed b y red  blood cell s (RBCs ) o f variou s 
animal species. Each viral particle is a multivalent, i.e. , it can adsorb more 
than on e cel l a t a  time. In practice , the maximu m numbe r o f cell s wit h 
which any particular virus can combine is two since RBCs are bigger than 
viral particles. In a virus-cell mixture in which the number of cells exceeds 
the number of viral particles, the small number of cell dimer that may be 
formed i s generally undetectable . If the number of viral particles exceed s 
the number of cells, a lattice of agglutinated cells is formed tha t settles out 
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in a characteristic readily distinguishable manner from the settling pattern 
exhibited b y unagglutinate d cell s [7] . Hemagglutinatio n assa y i s th e 
determination of the virus that will exactly agglutinate a standard number 
of RBCs. Because the number of viral particles required for this is readily 
calculated (slightly higher than the number of cells), hemagglutination is a 
highly accurate and rapid assay. 

In Vitro Antiviral Screening Assays [11,12] 

The vira l infectivit y i n culture d cell s i s determine d durin g viru s 
multiplication i n the presence o f a  single tested compoun d o r extrac t o r 
after extracellular incubation. 

1- Plaqu e inhibitio n o r reduction assays : Only fo r viruse s which for m 
plaques i n suitabl e cel l systems . Titratio n o f a  limite d viruse s 
number or residual viruses infectivity afte r extracellula r action of the 
tested compound. The tested compound must be in a non-toxic dose 
or cytotoxicity shoul d be eliminated b y dilution or filtration befor e 
the titration. 

2- Inhibitio n of viral-induced CPE: For viruses that induce CPE but do 
not for m plaque s i n cel l cultures . Determinatio n o f virus-induce d 
CPE i n monolayer s culture d i n a  liqui d medium , infecte d wit h a 
limited dos e o f viru s an d treate d wit h a  non-toxi c dos e o f teste d 
sample. 

3- Viru s yiel d reductio n assay : Estimatio n o f a  viru s yiel d i n tissu e 
cultures, infected wit h a  given amoun t o f viru s an d treate d wit h a 
non-toxic dose of tested sample. 

4- En d poin t titratio n assay : Determinatio n o f vira l tite r reductio n i n 
the presence of two-fold dilution s of tested sample. 

5- Assay s base d o n measurement s o f specialize d function s an d vira l 
products: For viruses that do not form plaques or induce CPE in cell 
cultures. Determinatio n o f viru s specifi c parameters , e.g. , 
hemagglutination an d hemadsorptio n tests , inhibitio n o f cel l 
transformation and immunological tests detecting antiviral antigens in 
cell cultures . Reductio n o r inhibitio n o f th e synthesi s o f viru s 
specific polypeptide s i n infecte d cel l cultures , e.g. , vira l nuclei c 
acids, vira l genom e cop y number s o r th e uptak e o f radi o labele d 
precursors. 

Current Antiviral Chemotherapy [13,14] 

Research i n antiviral chemotherapy starte d around early 1950' s when the 
search for anticance r drug s revealed severa l new compounds tha t inhibi t 
viral DN A synthesis , e.g. , the pyrimidine analo g idoxuridin e whic h wa s 
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later approve d a s a  topica l treatmen t fo r herpe s keratitis . Sinc e then , 
research efforts wer e focused o n both purine and pyrimidine nucleoside 
analogs [13]. With the emergence of AIDS epidemic, research on antiviral 
generally an d specificall y anti-HI V becam e highes t priority . Man y o f 
these retrovirus proteins have been purified and characterized for the sake 
of designing drugs that would selectively inhibit some critical enzymes of 
HIV such as reverse transcriptase and protease which are required for the 
final packaging of this virus particle. Most current antiviral agents (purine 
and pyrimidine derivatives) target reverse transcriptase inhibition to block 
the transcriptio n o f HI V RN A genom e t o DN A an d henc e preventin g 
synthesis o f vira l mRN A an d protein s (Figur e 1) . Protease inhibitor s 
affect the synthesis of late proteins and packaging (Figure 1). No currently 
available drugs target the early protein synthesis. 

o 
oo 

(Viral Release ) 

Fig (1) . Major sites of action of current antiviral drugs. 
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Antiherpetic Drugs 

1- Acyclovi r (1 ) i s a n acycli c guanosin e derivativ e whic h i s ver y 
effective agains t Herpes simplex  viruses (HSV)-l, -2 and Varicella-
zoster viru s (yZW).  I t als o show s in  vitro  inhibitor y activitie s 
against Epstein-barr  viru s (EBV) , cytomegaloviru s (CMV ) an d 
human herpe s viru s (HHV)-6 . Acyclovi r require s thre e 
phosphorylation step s fo r activation . I t i s first  converte d b y th e 
virus-specific thymidin e kinase to monophosphate derivative (hence 
it i s selectiv e t o th e infecte d cells) . Acyclovi r monophosphat e i s 
then converte d b y th e host' s cellula r enzyme s t o di - followe d b y 
triphosphate derivatives . Acyclovir triphosphate inhibit s viral DNA 
synthesis b y competitiv e inhibitio n o f GT P fo r th e vira l DN A 
polymerase, irreversibl y bindin g t o DN A templat e an d chai n 
termination after incorporatio n to the viral DNA. Valacyclovir i s the 
L-valyl este r o f 1  which i s rapidl y transforme d afte r ingestio n t o 
acyclovir. Resistance to acyclovir can be developed in HSV and VZV 
through alteration of viral thymidine kinase or DNA polymerase. 

2- Famciclovi r (2 ) is the diacetyl ester prodrug of 6-deoxy penciclovir , 
an acyclic guanosine analog. Famciclover i s rapidly converted to its 
prodrug after ora l ingestion. The latter is similar to 1 in the margin of 
activity. It is also active in  vitro against HSV-1, -2 , VZV, EBV and 
hepatitis viru s B  (HVB) . Activatio n b y phosphorylatio n i s als o 
accomplished b y th e virus-specifi c thymidin e kinase . Unlik e 1 , 
Penciclovir does not induce DNA chain termination. There is a cross 
resistance between 1 and penciclovir. 

3- Ganciclovi r (3 ) i s a  guanosin e analo g whic h als o require s 
triphosphorylation fo r activatio n prio r t o inhibitin g th e vira l DN A 
polymerase. Monophosphorylatio n i s catalyze d b y th e virus -
specific protei n kinas e phosphotransferase UL9 7 i n CMV-infecte d 
cells and by thymidine kinase in HSV-infected cells . Ganciclovir i s 
active against CMV, HSV, VZV and EBV. Its activity against CMV 
is 100 fold more than 1 [13]. 

4- Foscame t (4 ) is an inorganic pyrophosphate derivativ e tha t inhibit s 
viral DNA , RN A polymerase s an d HIV revers e transcriptas e (RT ) 
directly without the need of any activation steps . It is in vitro active 
against HSV, VZV, CMV, EBV, HHV-6, HBV and HIV. Resistance 
is developed due to mutation in the DNA polymerase gene [13]. 

5- Cidofovi r (5 ) is a cytosine nucleotide analog which is active in vitro 
against CMV , HSV-1 , -2 , VZV , EBV , adenoviru s an d huma n 
papillomavirus. Phosphorylatio n o f 5  i s independen t o f vira l 
infection [13]. 

6- Sorivudin e (6 ) i s a n investigationa l pyrimidin e nucleosid e analo g 
with an in vitro activity agains t VZV, HSV-1 an d EBV. I t require s 
activation through phosphorylation b y the virus-specific thymidin e 
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kinase. I t competitivel y inhibit s DN A polymeras e bu t doe s no t 
incorporate into viral DNA. 

H2N N 

Acyclovir (1) 

OAc 

Famciclovir (2) 

O 
. 0 

Foscamet (4 ) 

3Na^ 

OH 
Ganciclovir (3) 

NH 

O CAN 

Br 

/Ml H O 
^̂ .O'̂  P(OH) 2 O 

OH 

Cidofovir (5) 

HO 

HO 

Sorivudine (6 ) 

7- Trifluridin e i s a fluorinated pyrimidin e nucleoside that inhibits viral 
DNA synthesis. It is in vitro active against HSV-1, -2, vaccinia virus 
(VV) an d som e advenoviruses . Incorporatio n o f trifluridin e 
phosphate int o bot h vira l an d cellula r DN A prevent s it s systemi c 
use but not its topical use. 

8- Vidarabin e i s an adenine arabinoside whic h show s in  vitro activit y 
against HSV, VZV and CMV. It is phosphorylated intracellularl y by 
host enzyme s t o for m ara-AT P whic h inhibit s vira l DN A 
polymerase. It is incorporated int o both viral and cellular DNA an d 
shows some animal teratogenicity [13]. 

Antiretroviral Drugs [13] 

1- Zidovudin e (7 ) (previousl y azidothymidine , AZT ) i s a 
deoxythymidine analo g tha t also requires anabolic phosphorylatio n 
for activation . I t competitivel y inhibit s deoxythymidin e 
triphosphate fo r th e RT . I t als o act s a s a  chai n terminato r i n th e 
synthesis of pro viral DNA. It is active against HIV-1, HIV-2 and the 
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3-

human T cell lymphotropic viruses . Resistance to 7 occurs due to 
mutation in RT gene. 
Didanosine (8 ) i s a  syntheti c analo g o f deoxyadenosine . I t i s 
anabolically activated to 2,3-dideoxyadenosine-5-triphosphate which 
inhibits viral replication as 7. Resistance is typically associated with 
mutation at codon 74. 
Zalcitabine (9) is a pyrimidine nucleoside that inhibits replication of 
HIV-1 in a similar mechanism to 7. Mutation at codon 65 induces 
resistance which is associated with the decrease in susceptibility to 8 
and 9. 

HO 

L 

N3 

Zidovudine (7) 

HO 

Didanosine (8) 

NHo 

HO 

Zalcitabine (9) 

NHo 

Stavudine (10 ) Lamivudine (11 ) 

4- Stavudin e (10) is a thymidine analog that also requires a metabolic 
activation as that of 7. It is active against HIV-1. 

5- Lamivudin e (11) is a nucleoside analog which in vitro inhibits HIV-1 
and HBV. It inhibits HIV-RT and shows synergistic effect wit h 7 
against HIV-1 . I t requires metabolic phosphorylation a s that of 7. 
High level of resistance is developed by mutation at codon 184. 
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Protease Inhibitors [13] 

1- Indinavi r is a specific inhibitor of HIV-1 protease which is essential 
for the production o f mature and infectious virions . It i s currently 
clinically approved for treatment of HIV-1 infections. 

2- Ritonavi r is an inhibitor of HIV protease with high bioavailability. It 
is metabolized by the hepatic P450 cytochrome oxidase system and 
hence suffers from several drug interactions. 

3- Saquinavi r is a synthetic peptide-like analog that inhibits the activity 
of HIV-1 protease and prevents the cleavage of viral polyproteins. 

Other Antiviral Agents 

1- Amanatdin e an d Rimantadin e ar e th e 1-aminoadamantan e 
hydrochloride an d it s a-methy l derivative . Bot h compound s ar e 
cyclic amines that inhibit the uncoating of the influenza A viral RNA 
within the infected hos t cell and hence prevent its replication. They 
are effective i n prevention and treatment of influenza A infection in 
high risk individuals [13]. 

2- Interferone s (INFs ) ar e a  famil y o f multifunctiona l endogenou s 
polypeptides tha t exert s non-specifi c antivira l activitie s throug h 
cellular metaboli c processes involving the synthesis of both RNA 
and proteins [13-15] . There are four laiown varieties of INFs: INF-
a, INF - CO, INF-p an d INF-y . I n humans , th e INF- a famil y i s 
composed of eighteen genes, six of them are probably pseudogenes. 
There are six INF-co genes, five of them are pseudogenes and a single 
INF-p gene. These three INF subtypes are designated as members of 
a super family o f type I (or oc/p) INFs. Unlike the rest of the other 
INFs, INF-y is encoded in a single copy gene with three introns and 
is designated a s type I I INF . Each type act s a s a  potent comple x 
antiviral, immunomodulatory an d antiproliferative agent . INFs are 
not direc t antivira l agent s bu t they ac t by causin g elaboratio n o f 
effector proteins in infected cells which inhibits the viral penetration, 
uncoating, mRNA synthesis and translation or virion assembly and 
release. Thei r immunomodulator y effec t ma y b e additive t o thei r 
antiviral effect . Thre e know n enzyme s ar e induce d b y INFs : 1 -
Protein kinase that leads to phosphorylation of elongation factor 2 , 
which inhibit s peptid e initiation . 2 - Oligoisoadenylat e synthase , 
which leads to activation of RNAase and degradation of viral mRNA. 
3- Phosphodiesterase , whic h degrades the terminal nucleotide s o f 
tRNA an d thu s inhibitin g peptid e elongation . Systemi c INF- a i s 
currently approve d i n U S for th e treatmen t o f chroni c HB V an d 
HBC infections. I t is also clinically approve d fo r the treatment o f 
AIDS-associated Kaposi's sarcoma and laryngeal papillomatosis. 
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3- Ribaviri n [13 ] i s a  guanosin e analo g tha t i s intracellularl y 
phosphorylated b y the host cell's enzymes. Despite its mechanism 
is not yet fully elucidated , it apparently interferes with the synthesis 
of guanosin e triphosphat e t o inhibi t cappin g o f vira l mRN A an d 
some viral RNA-dependent polymerases. Its triphosphate derivative 
inhibits the replication o f a wide range of RNA and DNA viruses 
including influenz a A  and B , parainfluenza, respirator y syncytia l 
virus (RSV), paramyxovirus, HCV and HIV-1. 

PLANTS AS ANTIVIRAL AGENTS 

Introduction 

Selection of Plants for Antiviral Screening 

Four basi c approache s ar e conducte d fo r plan t selectio n fo r antivira l 
screening assays : 1 - Rando m collectio n o f plant s followe d b y mas s 
screening. 2- Ethnomedical approach. 3- Literature-based follow up of the 
existing leads. 4- Chemotaxonomic approach [12] . The second and third 
approaches ar e th e mos t favore d one s becaus e o f thei r cost-effectiv e 
applicability. The selection based on folkloric use proved five times higher 
percentage of active leads than other approaches. The random approach 
usually affords more novel compounds with antiviral activity. Combining 
ethnomedical, phytochemical and taxonomical approaches is considered 
the best compromise. 

Selection of the In Vitro Assays for Antiviral Screening of Natural Products 

Different cel l culture-base d assay s ar e currentl y availabl e an d ca n b e 
successfully applie d fo r plan t extract s an d pur e compounds . Antivira l 
agents tha t interfer e wit h on e o r mor e vira l biosyntheti c dynami c 
processes are good candidates as clinically useful drugs . Virucidal agents 
that extracellularl y inactivat e viru s infectivit y ar e rathe r candidate s a s 
antiseptics. Th e ke y factor s tha t determin e th e selectio n o f th e assa y 
system are : simplicity , accuracy , reproducibility , selectivit y an d 
specificity [12] . After evaluatio n o f th e antivira l potenc y o f a  teste d 
compound along with its cytotoxicity, the therapeutic index in a given viral 
system i s calculated. The therapeutic inde x is defined a s a  ratio o f the 
maximum drug concentration at which 50% of the normal cells grovrth is 
inhibited to the minimum drug concentration at which 50% (sometimes 90 
or 99%) of the virus is inhibited. The relative potency of a new antiviral 
agent should be compared with an existing approved drug. 
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In Vivo Testing of Antiviral Agents 

In vivo  testing of any new in vitro active antiviral agen t is considered th e 
key ste p befor e an y huma n clinica l trials . Thi s mode l shoul d predic t 
efficacy i n huma n an d shoul d mimi c th e natura l diseas e a s clos e a s 
possible. The therapeutic inde x of any antivira l agen t to be in  vivo teste d 
should b e adequat e s o tha t appropriate , non-toxi c dos e fo r th e anima l 
could be considered. Animal models are useful in : 

1- Detectin g th e effectivenes s o f th e candidat e compoun d a s a  vira l 
inhibitor without inducing a viral resistance. 

2- Testin g i f th e compoun d i s reachabl e t o th e targe t orga n withou t 
stability problems . 

3- Checkin g i f the compoun d i s wel l excrete d an d doe s no t interfer e 
with an animal's metabolic processes. 

4- Provin g that the compound wil l resist and wil l no t adversely affec t 
the immune system [12]. 

Two usefu l anima l model s ar e usuall y employed : heterologu s o r 
homologus. In heterologus systems, a disease is induced by a virus from a n 
animal origi n i n an experimental anima l tha t mimics the human disease . 
Examples o f suc h system s ar e Herpes encephalitis  induce d b y a  huma n 
virus, HSV-l i n rodents including mice, rats and hamsters as well as genital 
herpes induce d b y HSV- 2 i n mice, guinea pigs and monkeys . In case o f 
host specifi c viruses , a  homologu s syste m i s conducted . Fo r exampl e 
CMV infection i s host specific, i.e., human CMV only infects humans and 
mice CMV only infects mice . To study a human CMV-induced disease in 
an anima l model , th e homologu s viru s o f tha t anima l mus t b e used . 
However, i t i s uncertain whether anima l models can be developed fo r all 
human viral infections. Some viruses are without convenient models, e.g. , 
HBV an d huma n papillom a viru s whic h ca n b e studie d i n non-huma n 
mammals only. 

Several review s hav e bee n publishe d dealin g wit h natura l products -
derived antivira l compound s [11,12,16-23] . Presently, there are only tw o 
plant-derived compounds under clinical development [2] . (-f)-Calanolide A 
(12) i s a  C2 2 coumari n isolate d fro m th e Malaysia n rainfores t tree , 
Calophyllum langigerum  b y th e U.S . National Cance r Institut e [2] . I t 
shows a  poten t HIV-R T inhibitor y activit y [2] . In  vitro  studie s o f 1 2 
demonstrated activit y agains t HIV- 1 includin g AZ T an d othe r non -
nucleoside R T inhibitors-resistan t strains . It also show s synergisti c anti -
HIV activity in combination with nucleoside RT inhibitors: 7, 8 and 9 [2]. 
To overcom e th e difficult y o f suppl y o f 12 , its  tota l chemica l synthesi s 
was accomplishe d [2] . I n Jun e 1997 , clinica l developmen t o f 1 2 wa s 
started as a potential drug for treatment of AIDS. A single -center 7-mont h 
U.S. phas e l a clinica l tria l o f 1 2 wa s starte d t o asses s it s safet y an d 
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tolerability [2] , SP-30 3 (13 ) i s a  mixtur e o f natura l oligomeri c 
proanthocyanidins up to a molecular weight 2100 daltons. It is isolated 
from th e latex of a Latin American plant Croton  lechleri [2], It show s 
potent in vitro activity against HSV and other varieties of DNA and RNA 
viruses. Virend, which i s the topical formulatio n o f 13 , is evaluated in 
phase II clinical trials for the treatment of genital herpes in combination 
with acyclovir. These trials were later suspended as they proved virend to 
have no additional benefit over using oral acyclovir alone. Provir, the oral 
formulation o f SF-SOB, is proved to be safe and well tolerated in phase I 
trials but ineffective i n phase II for the treatment of RSV since there was 
no adequate absorption by patients. However, provir was proved effectiv e 
in symptomati c treatmen t o f traveler' s diarrhe a throug h restoratio n o f 
normal bowel function and prevention of recurrences [2]. 

^OH 
J 9-1 1 

OH 

(+)-Calanolide A (12): a-CHg P-CH 3 
H-CalanolideA(67): P-CH 3 a-CH g 

Plant-Derived Antiviral Compounds 

Alkaloids 

Alkaloids are heterogeneous group of compounds linked by the common 
possession o f a  basi c nature , containin g on e o r mor e nitroge n atom s 
usually in combinations part of heterocyclic system [11], Their precursors 
are usually amino acids and they exert certain biological activities. Many 
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alkaloids are also found i n animals and humans where they could exer t a 
profound pharmacologica l activit y [11] . Tabl e 1  illustrate s variou s 
alkaloids with activity against many animal viruses. 

Table 3. Antiviral Plant-Derive d Alkaloid s 

Alkaloid: Type & Name 

Acridone: 
Atalaphillidine (14), 
Citrusinine I (15) 

Amaryllidaggag; 
Lycorine (16), 
Pretazettine (17) 

ApQrphing; 
Oliverine (18), 
Pachystaudine (19), 
Oxostephanine (20) 

PgnzQphgnanthriding: 
Chelidonine (21) , Fagaronin e 
(22), Nitidin e (23) 

P-Carboline: 
BrevicoUin (24), 6-Canthinone 
(25), Harmin e (26) , Harman e 
(27), Harmo l (28) 

Chroming: 
Schumannificine (29) 

FlavQiioid: 
O-Demethyl-buchenavianine 
(30) 
Indole: 
Camptothecin (31), 
10-OMe-camptothecin 

Indoliziding: 
Castanospermine (32), Alexine 

Naphthylisogviffoling: 
1 Michellaminc s A, B (33), C 

Source 

Atalaniia monophylla 
Citrus sp. 

Clivia miniata 
Narcissus tazetta 

Polyalthia oliveri 
Pachypodanthium staudi 
Stephania Japonica 

Chelidonium majus 
Fagara xanthoxyloides 
Xanthoxylium sp. 

About 26 families 

Schumaniophyton 
magnificum 

Buchenavia capitata 

Camptotheca 
acuminata 

Castanospermum australe 
Alexia leiopetala 

Ancistrocladus 
korupensis 

Activity 
Against 

HSV 

HSV 

HSV 

HSV 
HIV-RT 

sv, 
MCMV 

HIV 

HIV 

HSV 

HIV 

HIV 

Mechanism/ 
Inhibition 

Virus-coded 
riboucleoside 
reductase 
Viral DNA -
synthesis 

Cytotoxic 
Protein 
synthesis 

Late protei n 
synthesis 
Assembly o f 
virions 

Cytotoxic/ Cell 
protein 
synthesis 

Late protei n 
synthesis 
Viral 
replication 

Irreversible 
binding t o 
gpl20 

Cytotoxic 

Cytotoxic 
DNA 
topoisomerase 

Glucosidase I 

HIV-induced 
cell killing 
HlV-RT 

Refe- 1 
rence 1 

[12] 

[24,25, 
16] 

[26] 

[27-
29] 

[H] 

[12] 

[30] 

[12, 
31] 

[32-
34] 

[35, 
1 36 ] 
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(Table 3). contd.. 

Alkaloid: Type & Name 

Opium; 
Morphine (34) , Codeine (35), 
Papaverine (36 ) 

Phenantl iroquinozolizidine: 
Cryptopleurine (37 ) 

Pipgriding; 

1-Deoxynojirimycin (38) , l -
Deoxymannojirimycin (39) , 
a-Homonojirimycin (40 ) 

Protoberberine: 
Berberine (41) , Columbamin e 

1 (42) , Palmatine (43) 

Pvrrolizidine: 
1 Austra l ine (44 ) 

Ouinoline/Isoquinoline: 
1 Emetin e (45) , Psychotrin e 

(46), Buchapin e (47) 

Trpp^n^: 
1 Atropin e (48), 

Scopolamine (49) 

Source 

Papaver somniferum 

Boehmeria cylindhca 

Omphalea diandra 

Corydalis cava 

Castanospermum australe 

Cephalis ipecacuanha 
Haplophylum 
tuberculatum 
Euodia oxburghiana 

Atropa belladona 
Datura stramonium 

Activity 
Against 

HSV 

HSV 

HIV 

HIV-RT 

HIV 

HSV 
HIV-RT 
HIV-RT 

HSV 

Mechanism/ 
Inhibition 

Non-specific a t 
subtoxic 
concentration 

Cytotoxic/ cel l 
protein 
synthesis 

Glucosidase I 
Mannosidase I 

HIV-RT 

Glucosidase I 

Cytotoxic/Prote 
in synthesis 
HIV-RT 
HIV-RT 

Viral protei n 
glycosylation 
Non-specific a t 
subtoxic 
concentration 

Refe-
rence 1 

[16] 

[37] 

[12, 
38] 

[29, 
39] 

[12] 

[16, 
29, 
40] 

[16, 
41] 

Atalaphillidlne (14 ) 

OCH3 

Citrusinine I  (15) 

OH 

Lycorine (16 ) 
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H3CO4 

••IN—CHq \ 

HO" 
Pretazettine (17 ) 

Oliverlne (18) R i =  H; R2 = H 
Pachystaudine (19 ) Rj =  OH; Rg = OCH3 

HQ 

CH3 

Chelidonine (21 ) 

OR2 

Fagaronine (22 ) R , =  H: R2 = CH3 
Nitidine (23 ) Ri =  R2 = CH2 

BrevicoUin (24 ) 6-Canthinone (25 ) Harmine(26) R  = OCH3 
Harmane (27 ) R = H 
Harmol (28 ) R  = OH 

HO, 

OH O 
Schumannlflcine (29 ) O-Demethylbuchenavianln e (3( » Camptothecin (31 ) 
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OH 

HQ 

HO 

OH 

Castanospermine (32 ) 

H N — C H 3 

HO 

Morphine (34) R  = H 
Codeine (35 ) R  = CH3 

OH = 

Michellamine (33 ) 

H X 

H3CO' 

Papaverine (36) 

OCHo 

OCH3 

Cryptopleurine (37 ) 

OH 

nr ̂ fi ' 

1-Deoxjmojirimyclne (38): 
Ri =  H. R2 = a-OH 
l-Deoxymannojirimycin (39) : 
R, =  H. R2=P-O H 
a-Homonojirimycin (40): 
Ri =  CH20H. I\j=a-O H 
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RiO. 

RoO' 

OH 

OCHo 

OCHq 

OH 

Berberine (41 ) Rj , R2 = -CHg-
Columbamine (42 ) R j = CH3, R2 = H 
Palmatine (43 ) R , =  R2 = CH3 

H3CO, 

Australine (44 ) 

H3CO' 

H3CO. 

H3CO' 

Emetine (45 ) 

oa: 
Psychotrine (46 ) 

H3C—N^^^ 

O—C-CH' 

8 k"^ 
^ O H 

-\J 

Buchapine (47 ) 
Atropine (48 ) R i =  R2 = H 
Scopolamine (49 ) Rj, R 2 = Epoj ^ 

Carbohydrates 

Many plant-derived carbohydrates exhibited in vitro inhibitory activitie s 
against HIV, HIV-RT, CMV and HSV. Table 4 summarizes the antiviral 
activity of plant and some non-plant carbohydrates. 
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Table 4 . Antiviral Plant-Derive d Carbohydrate s 

Carbohydrate: Typ e & 
Name 

Monosaccharides: 
Glucosamine (50 ) 

Polysagcharidgs; 
Arabinoxylans: MGN- 3 (51 ) 

Syiphatg(j pQlysaggharicJgs; 
Acemannan, Prunellin , Se a 
algal extrac t (SAE ) y-carrag -
enan, Curdlan sulphate (52) 
Fucoidan (53 ) 
NON PIAN T ORIOINS : 
Heparin (54) , Dextran sulph -
ate (55), Dextrin sulphat e 
(56), Pentosa n polysulphat e 
(57), Manna n sulphat e (58 ) 

Lectins: 
Mannose specifi c lectin s 

e" H O ^ " ^ 

NH2 

Glucosamine (50 ) 

Source 

Glycine max.  & Dahlia 
sp. 

Rice bra n enzymatica -
lly modifie d wit h Hyp-
homycetes mycelia 

Aloe sp., 
Alternanthera philoxe-
roides, Chondrus  cris-
pus, Gigartina  sp.. 
Prunella vulgaris,  Sch-
izymenia dubyi,  S. pac-
ifica, Viola yedoensis 

Cymbidium hybrid, 
Epipactis helleborine, 
Hippeastrum hybrid. 
Listeria ovata, 
Machaerium biovulat-
um, M.  lunatus, 
Gerardia savaglia 

Activity 
Against 

HSV 

HIV 

HIV 
HIV 

HIV 
CMV 

Mechanism/ 
Inhibition 

Gylycolipid an d 
glycoprotein 
syntheses 

HIV replication . 
Syncytia formation . 
Increase T  &  B  cel l 
mitogen respons e 

Interaction wit h 
gpl20, 
Blocking the binding 
of gpl2 0 t o CD 4 
receptor. 
Virus attachment . 
Syncytium 
formation, 
Immunostimulation: 
Acemannans 

Cell fusio n o f HI V 
replication. 
Syncytium 
formation. 

Refe-
rence 

[18] 

[42] 

[12] 
[18] 
[43-
45] 

[12] 
[46] 

r L > ^ L „ ^ L , 1 ^^y^^Xi^ 5,OH 0 - O H 

"^VTN 
_ 0 - MGN- 3 (51 ) _ 

[-X„" 
K^^ 
OR 1 

OR 

r 

TSL/-
l \ 1 / 

RO 1 
OR 

\ 

n I 

Curdlan sulphate (52 ) Fucoida n (53 ) | 
R = H  o r SO 3 R  =  H  o r SO3 - | 
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^y 
oso. OR 

Heparin (5^ 

I — O R 

OR 
Dextrin sulphate (56) 
R = H or SO3 " 

OR 

Dextran sulphate (55 ) 
R = HorS03-

I O R 

Pentosan polysulphate (57 ) 
R = H or SO3- Manna n sulphate (58) 

R = H or SO3 -

Chromones, Coumarins  and  Flavonoids 

Chromones, furanocoumarins an d flavonoids  are common constituents i n 
many plan t families . Coumarin s are specifically abundan t i n the familie s 
Rutaceae an d Umbelliferae [11] . The yield coul d sometime s reac h up t o 
1% o f the dry plant weight . Table 5  illustrates various antivira l activitie s 
of chromones, coumarins and flavonoids. 

R2 R 2 
Ri I ^ R i R 2 

KheUln(59) OCH 3 OCH 3 Psorale n (61) H  H 
Visnagin(60) H  OCH 3 Isopimplnelll n (62) OCH 3 OCH 3 

Angelicin (63) 

Coriandrin (64) 
OH 

Glycycoumarin (65 ) 
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Table 5, Antiviral Plant-Derive d Chromones , Furanocoumarin s an d Flavonoid s 

Type & Name Source Activity 
Against 

Mechanism/ Inhibition Refe-
rence 

ClirQmQngg mi Cownarins ; 
Khellin (59), Visnagin (60), 
Psoralen (61) , Isopimpinelli n 
(62), 8-Methoxypsoralen , 
Angelicin (63), 
Coriandrin (64) 

Ammi species 
(Umbelliferae) 
Coriandrum 
sativum 

DNA, RN A 
viruses an d 
Bacteriophages 
HIV 

Cross linkin g vira l 
DNA 
Adds t o vira l 
pyrimidines (i n DNA ) 
and uridines (in RNA), 
forming cycloadduct 

[11] 
[21] 

Glycycoumarin (65), 
Licopyranocoumarin (66) Glycyrrhiza 

glabra 
HIV Giant cell formation [47] 

Calanolides A  (12) , B (67) 
(Costatolide), Soulattrolid e 
(68), Inophyllum s A (69), B, 
C, D(70)and E 

Calophyllum 
langigerum 
C. teysmannii 
C. inophyllum 

HIV-RT HIV-RT [48] 
[49] 
[50] 
[12] 

FiavpoQidg; 
Anthocyanins: Cyanidi n 
(71), Pelargodi n (72) 

Many sp. HSV Virucidal [12] 

Catechins: Catechin (73) Many sp. HSV Virucidal [12] 

Flavanones/ 
Dihydroflavano-ls: Naringin 
(74), Hespereti n (75), 
Taxifolin (76), 
Dihydrofisetin 

Many sp. HSV Virucidal [12] 

Flavones/Flavonols: 
Apigenin (77) , Luteoli n 
(78), 
Luteolin-7-glucoside, Morin, 
Quercetin (79), 
Quercetagistrin, 
Quercimeritrin, Quercetrin, 
3-Methoxyflavones, 4',5 -
Dihhydroxy-3,3\7-
trimethoxyflavone (80) 
5,6,7-Trimethoxyflavone 
Glycyrrhizoflavone (81 ) 
Myricetin ('<2) , Kaempfero l 
(83), &  their 3-O-glucosides 
Baicalein (84), 
6-Hydroxyluteolin (85), 
Pedalitin (86), 
Scutellarein (87) , Querceta-
getin (88), Gossypetin (89), 
6-Hydroxykaempferol (90 ) 

Many sp. 
Plantago sp. 
Euphorbia 
grantii 
Agasiache 
rugoza 
Callicarpa 
japonica 
Glycyrrhiza 
glabra 
Many sp. 
Many sp. 

HSV 
HIV-RT 
Picornavirus, 
e.g., rhin o & 
coxsackie V. 
HSV-1, CM V 
& Poliovirus 
HIV 
HIV 
HIV-RT 

Virucidal 
HIV-RT 

Giant cell formation 

Viral replication , 
synergistic wit h 
acyclovir 
Selective interactio n 
with gpl20 
HIV-RT 

[12, 
21] 
[51] 
[52] 
[53] 
[54] 
[55] 
[56] 
[57] 

[47] 
[12, 
21] 
[58] 

Isoflavones/Isofalvonols: 
5-0-Methylgenistein-7-
glucoside (91) 
Isolicoflavonol (92 ) 

Ulex europaeus 
Glycyrrhiza 
glabra 

HSV 
HIV 

Uknown 
Giant cell formation 

[59] 
[47] 
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(Table 5). contd... 

Type & Name 

Chal cones: 
Licochalcone A (93) 

Flavans: 
(-)-Epicatchin-3-0-gallate 

1 (94) , Epicatchin (95), 
Biflavones: 
Amentoflavone (96) 

Flavanone-Xanthone: 
Swertifrancheside (97 ) 

Source 

Glycyrrhiza 
glabra 

Many sp. 

Viburnum 
prunifolium 

Swertia 
franchetiana 

Activity 
Against 

HIV 

HIV 

HIV-RT 

HIV-RT 

Mechanism/ Inhibition 

Giant cell formation 

Selective interactio n 
with gp 120 

HIV-RT 

HIV-RT 

Refe-
rence 

[47] 

[12] 

[12] 

[60] 

HO 

HO, 

Ucopyranocoumarin (66) 

OH 

OH 

Cyanidin (71) O H 
Pelargodin (72) H 

Ri R o R o 
SoulattroUde (68) O H H  a-CH o 
Inophyllum A (69) O H H  P-CH , 
Inophyllum D (70) H  O H P-CH 3 

OH 

HO 

OH 
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HO. 

Ri 
^ Naringin(74) H  H  O H 

Hesperetin (75 ) H  O H OCH 3 
Taxifolin (76 ) O H O H O H 

HO, 

OH 

OH 

4'. 5-Dihydroxy-3.3'. 7-
tiimethoxy flavone  (80 ) 
5- O-Methylgenlsteln-7-
glucoside (91 ) 

Quercetin (79 ) 
Myricetin (82 ) 
Kaempferol (83 ) 
Quercetagetin (88 ) 
Gossypetin (89 ) 

Ri 
H 
H 
H 
OH 
H 

R2 
OH 
OH 
H 
OH 
OH 

R3 
H 
OH 
H 
H 
OH 

Glycyrrhizoflavone (81 ) 6-Hydroxykaerapferol (90 ) O H H 

HO, 

OH 

Apigenin (77 ) 
Luteolin (78 ) 
Baicalein(84) 
6-Hydroxyluteolin (85 ) 
Pedalitin (86 ) 
Scutellareln (87 ) 

Ri 
H 
H 
OH 
OH 
OH 
OH 

R2 
H 
OH 
H 
OH 
CH3 
H 

R3 
OH 
OH 
H 
OH 
OH 
OH 

HO, 

OH 

Ucochalcone A (93 ) 
(-)-Epicatchln-3-0-gallate(94) o c ' 
(-)-Epicatchln (95 ) 
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OH 

HO, 

Swertlfrancheside (97 ) 

Amentoflavone (96 ) 

Llgnans, Phenolic,  Qulnone/Xanthone  and  Phenylpropanold  Compounds 

Lignans ar e widespread secondar y metabolite s i n plant kingdom. They 
occur in many parts of plants especially wood, resin and bark trees [11]. 
They are also found in many roots, leaves, flowers, fruits and seeds [61]. 
There is an evidence that lignans play a major rol e in plant-plant, plant-
insect an d plant-fungu s interaction s [11] . The chemica l structure s o f 

Table 6. Antivira l Plant-Derive d Lignans , Phenolics , Quinone/Xanthone s an d 
Phenyipropanoids 

LIgnan/: Type & Name 
Phenolic/qulnone/Xan-thone 

Lignans: 
a-Peltatin (98) , Podophyllo -
toxin (99) & its deoxy analog 
(-)-Arctigenin (100) , (-) -
Trachelogenin (101) , 3-0 -
Demethylarcetagenin, Hig h 
M. Wt . Compound s KS- 6 & 
KS-7-Rhinacanthins F  (102 ) 
&E(103) 
T e r m i l i g n a n ( 1 0 4 ) , 
Thann i l i gnan ( 1 0 5 ) , 
Anolignan (106 ) 
Justicidin A  (107) , B , C an d 
their 6'-0-gIucosides , D , 
Diphyllin, Diphyllin aposide 

PbgnQlJgs; 
Benzoic aci d derivatives : 

1 Woodorie n (108 ) 

Source 

Podophyllum 
peltatum 
Amanoa oblongifolia 
Forsythia intermedia 
Ipomea cairica 
Pinus sp. 
P. parvijlora 
Rhinacanthus nasutus 
Terminalia bellerica 
Justicia procumbens 

Woodwardia 
orientalis 

Activity 
Against 

HSV 
HIV 
Influenza A 
HIV-1 
VSV 

HSV 

Mechanism/ 
Inhibition 

Cytotoxic, 
disruption of 
cellular 
microtubules, earl y 
stage of replication . 
Suppression o f 
integration o f 
proviral DN A int o 
cellular genome . 
Replication/micro-
tubule formation , 
nucleic aci d 
metabolism. 
HIV-RT 
Unkown 

Uknown 

Refe- 1 
rence 

[62] 
[63, 
64] 
[65] 
[66, 
67] 
[68] 
[69] 
[70] 

[59] 
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(Table 6) . contd. . 

Lignan/: Type & Name 
Phenolic/quinone/Xan-thone 

Binaphthalenes: 
(-)-GossypoI (109 ) &  it s 
analogs 
Caffeic aci d derivatives: 
Caffeic aci d (110) , Chloro -
genic aci d (111 ) & its butyl 
ester, Rosmarinic acid (112), 
KOP (Caffei c aci d oxidise d 
polymer). 
3,4,5-Tri-(9-caffeoyl-quinic 
ac id , 4 ,5 -Di - O -
caffeoylquinic acid . 
Synapoic acid 
Gallic acid derivatives: 
Methylgaltate(113) 
3,4,5-Tri-O-gaHoylquinic 

1 aci d 

Dehydrogenation polymer s 
1 o f cinnamic derivatives (MW 
1 800-150,000 ) 
1 Catechini c derivatives: 
1 Alkalin e auto-oxidise d cate -
1 chini c acid Comps. (ACK̂ A) 
1 Catechols : 

PeltatolsA(114),B,C 
1 Phloroglucino l derivatives: 
1 Sessilifloren e (115) , Sessili-
1 florol (116), Methoxyresorc -
1 ino l analogs, Butyrylmalloto-
1 chromano l (117) , Isomalloto-
1 chroman , Euglobal 03 (118 ) 

Syzygiol (119) , Chinesi n I I 
(120). 

1 Mallotochromen e (121) , 
1 Mallotojaponi n (122) 

Macrocarpal A  (123) , B, C, 
1 D , E 
1 Oligostilbenes : 
1 Dibalanocarpo l (124) , 
1 Balanocarpo l (125) 

Ouinones/Xanthones: 
1 Anthraquinones / 
1 xanthones : 
1 Aloe-emodi n ( 1 2 6 ) , 
1 Mangiferi n (127 ) 

Source 

Gossypium sp. 

Many sp. 
Securidaca 
longipedunculata 

Sabium sebiferum 
Guiera senegalensis 

Synthesis in presence 
of peroxidas e & 
H202 

Combretum 
micranthum 

Potomorpha peltata 

Mallotusjaponicus 
Meiicope sessiliflora 
Eucalyptus grandis 
Syzygium 
polycephaloides, 
Hypericum Chinese 
Mallotusjaponicus 
Eucalyptus grandis 

Hopea malibato 

Many sp. 

Activity 
Against 

HIV 

HSV 
HIV 

HSV 
HIV 

HIV 

HIV 

HIV 

HSV 
HSV 
HIV 
HIV 

HIV 

HSV 

Mechanism/ 
Inhibition 

Virucidal 

Virucidal, Cellula r 
DNA metabolism. 
Binding of gp 120 to 
CD4 
HIV-RT 

Virucidal 
Binding of gp 120 to 
CD4 
HIV-RT 
Unknown 

Viral penetration 

Unknown 

Cytotoxicity 
Cytotoxic 
HIV-RT 
HIV-RT 

Unknown 

Topically used 

Refe-
rence 

[71, 
72] 

[16, 
73,74] 
[75, 
76] 

[12] 
[75, 
76] 

712] 

[12] 

[77] 

[78, 
79] 
[80, 
81] 
[12] 
[82] 

[83] 

[84] 



ANTIVIRAL AGENTS 505 

(Table 6). contd.. 

Lignan/: Type & Nam e 
Phenol ic/quinone/Xan-thone 

Naphthodianthrones: 
Hypericin (128) , Pseudohy -
pericin (129) 

Naphthoquinones: 
Juglone (130) , Plumbagi n 
(131), p-lapachone (132) 
Conocurvone (133) 
Isoeleutherol ( 1 3 4 ) , 
Isoeleutherin 

PhgpylprQpanQJds: 
Luteosides A (135), B (136), 
C (137), Verbascoside (138), 
Isoverbascoside (139) 

Source 

Hypericum 
triquetrifolium, H. 
perforatum 
Hypericin sp. 

Juglans regia 
Drosera sp. 
Conospermum sp. 
Eleutherin americana 

Markhamia lutea 

Activity 
Against 

HSV 
HIV 

HSV 
HIV 
HIV 

RSV 

Mechanism/ 
Inhibition 

Non-specific unio n 
with viral & cellular 
Memberanes, 
Photosensitizers 
Viral &  virio n 
assembly 

Non-specific a t 
subtoxic doses 
No virucidal effect s 
Unknown 
Uknown 

Intracellular 
mechanism 

Refe-
rence 

[12] 
[85] 
[86] 

[16] 

[87] 

[88] 

[89] 

lignans ar e divers e an d comple x despit e the y ar e essentiall y dimer s o f 
phenylpropanoid unit s (C6-C3) linked by the central carbons of their sid e 
chains [11] . Presently, there are six lignan subgroups : butane derivatives , 
lignanolicles (butanolides) , monoepoxylignan s (tetrahydrofura n 
derivatives), bisepoxylignans (3,7-dioxabicyclo(3.3.0)-octane derivatives) , 
cyclolignans (tetrahydronaphthalenes ) an d cyclolignan s base d o n 
naphthalene [11] . Phenolics, benzoquinones , naphthoquinones , 
anthraquinones and phenylpropanoids are abundant secondary metabolite s 
in plants. Table 6  illustrates the reported antivira l activitie s of these plan t 
secondary metabolites. 

P2 5 

H3CO' 

0R3 

a-Peltatin (98) 
Podophyllotoxln 

H 
(99) O H 

R2 
OH 
H 

R3 
H 
CH3 

H3C 

HaC 

OCHq 

(-)-Arctigenin (100 ) 
(-)-Trachelogenin (101 ) 

R 
H 
OH 
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Ri R g 
Termilignan (104 ) O H OCH 3 
Anolignan B (105) H  O H 

Rhinacanthin-F (102) 
Rhinacanthin-E ( 1 0 3 ) . A 7 . 8 E 

OH ̂ <? ^ ^OCH q 

HO' 

H3C 

H3CO' 

Thannllignan (106) Justicidin A (107) 

OH 
/ O H CH O O H O H CH O 

^ ^ HO ' 

COOCH3 
Woodorien (108) 

(-)-Gossypol(109) 

OH 

HO 

H 

HOOC 

COOH 

txx. 
Caffeic aci d (110) 

HO' f  OH 

Chlorogenlc aci d (111) 
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COOH 

HO ""-Ki^^y^ 

Rosmarinic acid (112 ) HO 

Methylgallate (113) SessiliHoren e (115 ) 
OH 

PeltatolA(114) 

OH O 
HO 

HO 

SessilifloroKllG) 

H3CO 

Butyrylmallotochromanol (117 ) 

O O  O H 

H3CO 

OH 

EuglobalG3(118) Syzygiol(119) 



508 KHALIDA.ELSAYED 

HO, 

OCHq OH 

Chinesin 11 (120) Mallotochromene (121) 

OCHo 

CHO OH 

OHC 

Mallotojaponin (122) Macrocarpal (12^ 

HO' 

HO 

OH 

OH 

Dibal£inocarpol (124) 
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HO 

HO' 

HO 

OH 

Balanocarpol (125 ) 

OH O  O H 

Aloe-emodln (126 ) 

HO^ ^ ^ ^O ^ 

Glc 

OH 

OH 

Mangiferln (127 ) 

OH O  O H 

OH O  O H 
R 

Hypericin (128) CH 3 
Pseudohypericin (129 ) CH2O H 

I : I 
OH O 

Juglone (130) H 
Plumbagin (131 ) CH 3 

P-lapachone ( 132) 

OCH3 O H 

Isoeleutherol (134 ) 

Conocurvone (133 ) 
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Tannins, Terpenes,  Steroids and  Iridoids 

Tannins ar e phenoli c compound s tha t ar e abundan t i n plant kingdom . 
Basically, ther e ar e tw o type s o f tannins . Hydrolysabl e typ e whic h 
usually consists of simple phenolic acids, e.g., gallic acid, which is linked 
to sugar . Th e condense d typ e i s simila r t o flavonoids . Th e know n 
medicinal tannin-containin g plan t lemo n bal m (Melissa  officinalis, 
Labiatae) is extensively studied as antiviral agent [11] . Leave s of this plant 
contain abou t 5% , dry weight of tannins which ar e mainly constructe d 
from caffei c acid . A cream containing 1 % of a specially prepared dried 
extract from lemon balm leaves has been introduced to the German market 
for loca l therapy o f herpes infection o f the skin [90] . The effect o f this 
cream i n the topica l treatmen t i s statisticall y significan t a s proven by 
clinical studies [90]. This is a decisive indication that constituents and /or 
extracts of plants could serve as useful lead s for developing the antiviral 
drugs for the future. Terpenoids are also abundant secondary metabolites 

Table 7. Antivira l Plant-Derived Tannins, Terpenes, Steroids and Iridoids 

Tannin/: Type & Name 
Terpene 

Tanning; 
Hy4rQ|ysql?lg tftunins : 
Chebulagic acid (140), Eugeniin 
(141), Agrimoniin , Cas-uarictin , 
Coriariin, Geranii n ( 1 4 2 ) , 
Galloylgeraniin, 
pentagalloylglucose, 
Genothein B  (143), Sanguin. 
140, Punicalii n (14 4 ) , Punicallagi n 
(145), Gemin D  (146), Nobotanin B 
(147), Camellin B  (148), 
Trapanin B (149) 
Gallitannins & Ellagitannins: 
143, Agrimonii n (150) , Coriari n A 
(151), Hepta & Octagalloylglucose s 
Ellagic aci d (152) , Digalli c aci d 
(153), 1,3,4-Tri-O-gaIloylquini c 
acid ( 1 5 4 ) , 3 ,5 -Di - O -
galloylshikimic acid (155) 

Condensed tannins: 
CatgghinJg aci d (156 ) condense d 
t a n n i n s , P a v e t a n n i n s , 
Cinnamtannins. 

1 Galloy l catechi n an d epicatechin . 
Procyanidin B2 (157), 

1 Galloylate d epicatechi n oligomers . 
1 e.g. , galoylate d (-)-epicatechi n 4,8 -
1 trimer(158 ) 

Source 

Many sp. 
Terminalia 
chebula 
Geum japonicum 
Tibouchina 
semidecandra. 
Camellia 
japonica 
Trapajaponica 
Many sp. 

Comberetum 
micranthum, 
Pavetta owarien-
sis, Cinnamomum 
sp. 
Many sp. 
Punica granatum 

Activity 
Against 

HSV 
HIV 
HIV-RT 

HSV 
HIV-RT 
HSV-2 

Mechanism/ 
Inhibition 

Virucidal 
Attachment t o CD 4 
rece-p tor . Pol y 
(ADP-ribose), 
Glycohydrolase 
(gene transcriptase ) 
HIV-RT 

Virucidal 
Penteration i n the cell 
HIV-RT 
Virucidal 

Refe- 1 
rence 1 

[91] 
[92] 
[93, 
94] 
[95] 
[12] 
[17] 
[96] 
[97] 
[98] 
[99] 
[100] 

[91] 
[101] 
[102] 
[103] 
[104] 
[105] 
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(Table 7). contd.. 

Tannin/: Type & Name 
Terpene 

Sulphated tannins: 

Terpencs: 
Mono & Diterpenes: 
A^-Tetrahydrocannabinol (159) , 
Calcium eienolate, Scopadulcic acid 

1 B  (160), Scopadulin 

Tritgrpgng sapQnins : 
Aescin, Dammarenedio l 1 1 (161), 
Glycyrrhizin (162) , Saikosaponin G 
(163), Ursonic acid (164), Protopri-
mulagenin (165 ) &  its glycosides. 
Eichlerianic acid (166) 
Shoreic aci d (167) , Isofouquiero l 
(168), 22-Hydroxyhopanone (169) , 
Ponasterone A  (170), Pterosteron e 
(171), Ecdysterone (172), Oleanane 
glycosides. 
162, it s sulphate & analogs 
Soya saponin Bl, Gleditsia saponin 
C (173), Gymnocla-dus saponi n G 
(174), 2a,19a-dihydroxy-3-oxo-12-
ursen-28-oic aci d (175) , Ursoli c 
acid (176) , Maslini c aci d (177) , 
Betulinic aci d (178) & its analogs, 
Platanic acid (179). 
Chikusetsusaponin III (180) 
Oleanolic acid (181) , Pomolic acid 
(182) & other related triterpenoids 

Tritgrpgng §tgr<?i4s : 
1 Digitoxin , Digitoxigenin (183) 
1 1-p-Hydroxyaleuritoli c aci d 3-/? -
1 hydroxybenzoat e (184), 
1 Nigranoi c acid (185), 

Buxamine E (186), Cyclobuxamine 
H(187) 

1 Iridoids : 
Fulvoplumerien (188) 

Source 

Semi-synthetic 

Cannabis sativa 
Olea europaea 
Scoparia dulcis 

Anagallis arvensis 
Dipterocarpaceae 
Gierocarpus 
inthcatus 
Glycyrrhiza glabra 
Bupleiirum 
falcatum 
Woodwardia 
ohentalis 
Maesa lanceolata 
Myrsine sp. 
Glycyrrhiza glabra 
Glycine max. 
Gleditsia japonica 
Gymnocladus 
chinensis, Geum 
japonicum 
Syzygium 
claviflonim 
Panax ginseng 
Rosa woodsii  & 
Hyptis capitata 

Digitalis 
purpurea 
Maprounea 
ajricana 
Shisandra sphaerandra, 
Buxus semperv-
irens 

Plumeria rubra 

Activity 
Against 

HIV 

HSV 

HSV 
HIV 
HSV-1 
HIV 

HSV 
HIV-RT 

HIV-RT 

Mechanism/ 
Inhibition 

Attachment to CD4 
receptor 

Virucidal membran e 
effect. Topica l 
treatment 

Viral DNA synthesis 
Viral capsidation 
Virus absorption 
Protein kinase C 
Virucidal, lat e 
proteins synthesis 
Unknown 

Uknown 
HIV-RT 

HIV-RT 

Refe-
rence 

[106] 

[107] 
[108, 
109] 
[110] 

[12] 
[111] 
[16] 
[112, 
113] 
[114] 
[115] 
[116, 1 
59] 
[117] 
[118] 
[43] 
[12] 
[116] 
[119] 
[120] 
[121, 
122] 
[123] 
[124] 
[125] 

[16] 
[50] 
[126] 

[29] 

in plant world. Terpenoids are essentially derived from the basic 5-carbons 
isoprene unit . Thes e ar e classifie d into : monoterpene s (CIO) , 
sesquiterpenes (CI5) , diterpene s (C20) , triterpenes , sterols , saponins . 
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cardiac glycosides (basically al l are C30) and carotenoids (C40) . Iridoids 
are als o common plan t secondar y metabolites . The antivira l activitie s o f 
tannins, terpenes and iridoids are reported in table 7. 

RjO 

'"̂ "̂̂ X̂Y 
HO Ri R 2 R 3 

LuteosideA(135) H  Ca f H 
Luteoside B (136) Ca f H  H 
Luteoside C (137) A c Ca f Ap i 
Verbascoside (138) Ca f H  Ap i 
Isoverbascoside (139 ) Fe r H  Ap i 

X 
o—c 

HO HOH2C 
S^OH 

Caf=Caffeoly, R: H 
Fer = Feruloyl, R : CH3 

OH 
Api = Apiosyl 

OH 

OHHO 

HO 

^ = 0 = C C=:0 

OH 

HOO( 

Chebulagic acid (140 ) 

OH 

OH 



ANTIVIRAL AGENTS 513 

OH 

R,0 

-O 
OR2N O 

OH 

OH 

/ 6 

OH 
HO OHH O O H 

HO OH 

Eugeniin (141) 
OH 

OH 

HO OHH O O H 

HO 

HO OHH O O H 

I I  O H 
OH 

-7 . /r- i^ 
' t=o 0=:C 

HO Î h w / ^ N 
I L,^CY  O H HO O H 'O O H 

Geraniin (142) 
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OH 

Punicallin (144) 

I J  o  Np=o 

OH 

Gemin D (146) 

Oenothein B (143) 
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" V ^ O  O H 

OH 

OH 

Nobotanin (147) H O O H O H O H 

"O O H H O O H Trapani n B  (149) 
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OH 

HO 

HO 

OH 

OH H 3 O H 

HO 

HO 

HO 

O O^ ;>^„ 

HO O H H O O H 

Agrimonlin (150 ) 

OH 

OH 

OH 

"^ OH HD OH 

H O — / \  ^  ^ — O H ^ ^ ^ ^ 

'HO^Q^HO-M 

OH 

OH 

OH 

OH 

HO OH HO 

HO 

EUagic acid (152 ) 

Galoyll-O^^ ^COO H 

HO^ G OGaloyl 

OGaloyl 
1.3,4-Tri-O-galloylquinic acid (15 ^ 

CoriarinA(151) 

HO 

OH H O 
COOH 

HO 

Digallic acid ( 1 5 ^ 

COOH 

A GaloylO^ ^ ^ ^OGatoy l 

OH 

3.5-Di-O-galloylshikimic aci d (155 ) 
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OH 
OH 

OH 
HO, 

OH 

OH 
Catechinlc aci d (156 ) 

OH 

OH 

O-Galoyl 
OH 

'OH 

OH 
Procyanidin B 2 (157 ) 

Galoylated (-)-epicatechi n 4.8-tiimer (158 ) 

CgH, 

A-Tetrahydrocannabinol (159 ) 

''COOH OCOCeH s 

Scopadulcic aci d B  (160 ) 

HO 
Dammairenediol I I (161) 
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HOOQ 

COOH I  ^  ''' 

HO^ 1  I  '̂ ^COO H 
OH O H 

Glycyrrhlzln (162 ) 

C H p H 

Saikosaponin G  (163) R = H, A^^*^ 
Protoprimulagenln (164) R = OH 

COOH 

HO-

Ursonic acid (165 ) 
Elchlerlanlc acid (166) -C(CH3)20 H H 
Shoreic acid (167) H  -C(CH3)20H J 

HO 

OH 

Isofouquierol (168 ) 22-Hydroxyhopanone (169) 
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HO^ 

HO^ 
Ij ^ " R , R , 

Ponasterone A (170) H  H 
H 1 1 Pterosteron e (171 ) O H H 

Ecdysterone (172 ) H  O H 

• t r> 

HOH2 

V 
^ ^  *'' ' HO^**^ ^ Gleditsi a saponin C  (173) 

Gymnosladus saponin G  (17^ 
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HO, 

2a, 19a-dihyclroxy-3-oxo - 12-ursen-
28-oic acid (175 ) 

COOH COOH 

Ri R 2 
UrsoUc acid (176 ) PO H H 
Masllnic acid (177 ) a-O H O H 
PomoUc acid (182) p-O H O H 

HO 

Betulinlc acid ( 178) R  = H2 
latanic acid (179 ) R  = 0 

.X Digitoxigeni n (183 ) 

H O 

COOH 

HO 
l-p-Hydrojgraleuritolic aci d 3-p-hydro^benzoate (184 ) 

Nigranoic acid ( 185) \ H  Buxamin e B  (186) 
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f 

^2^ 

v , ^ ^ ^ ^ 

V . ...%NH 2 

1 1  ^ 
s H 

Cyclobuxamine H  (187) 

COOCH3 1 

y^'^ ,  1 
i 1  1 0 • L J i 1 

Jl 1 
Fulvoplumerien (188 ) 1 

Thiophenes, Pofyacetylenes,  Lactones,  Butenolides  and  Phospholipids 

About seve n hundre d polyacetylene s hav e been isolate d s o fa r mainl y 
from plant s belongin g t o th e famil y o f Asteraceae , Umbellifera e an d 
Campanulaceae [11] . Polyacetylenes occur principally a s straight chai n 
polyines, allenes , phenyl, thiophenyl , thioether an d spiroketal-enoethe r 
derivatives in a quite high yield. Thiophenes and related sulfur compounds 
are usuall y groupe d togethe r wit h th e polyacetylenes becaus e o f thei r 
common biosyntheti c pathway s [11] . Few plant-derive d lactones , 
butenolides an d phospholipid s sho w antivira l activity . Th e antivira l 
activities o f thiophenes , polyacetylenes , lactones , butenolide s an d 
phospholipids from plant origin are reported in table 8. 

Table 8 . Antivira l Plant-Derive d Thiophenes , Polyacetylenes , Lactones , Butenolide s 
and Phospholipid s 

Compound: Type & Name 

Thiophenes & Polvacetvlene: 
la-Terthienyl (a-T ) (189) 
Thiarubrine A (190) 
Thiophene-A (191) 
Phenylheptatriyne (192) 

|ACBP-Thiophene(193) 

Protolichesterinic acid (194) 

Cochinolide (195) 

Phosphlipids: 
Phosphatidylcholine, 
Phosphatidylethanolamine, 
Phosphatidyl inositol (196) 

Source 

Chenactis 
douglasii 
Tagetes sp. 
Bidens spp. 

Citraria islandicm 
Homalium 
cochinchinensis 

Many sp. 

Activity 
Against 

HIV 
CMV 
HSV 

HIV-RT 

HSV-1 & 2 

HIV 

Mechanism/ Inhibition 

Photo-oxidative damag e 
(UVA, 320-40 0 nm)o f 
viral unsaturate d 
membranelipids an d 
associated proteins 

HIV-RT 

Unknown 

Accumulation o f toxi c 
metabolic product s int o 
the HIV memberanes 

Refe- 1 
rence 

[11] 

[50] 

[127] 

[12] 
[128] 
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r\-f\-r\ ^^^nv^^% 
a-Terthienyl (a-T) (189) Thiarubine A (190) 

^4>^-^ 0 ^ ^ ^ 
Thiophene-A(191) Phenylheptatriyne (192 ) 

—^^-^xc 
ACBP-Thiophene (193) Protolichesterinic acid ( 194) 

HO^ " ^ ^ "O " ""' 0 

CochinoUde (195) 

HO 
Phosphatidylinositol (196 ) 

Proteins and Peptides 

Plants ar e endowe d wit h a  multitud e rang e o f protein s an d peptides . 
Several group s o f plan t protein s exhibi t fairl y non-specifi c antivira l 
activity. These constitute: 
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Single-chain (Homologous ) Ribosome-Inactivatin g Protein s fRIPs > 

Since 1925 , extracts of the pokeweed plant {Phytolacca americand)  wer e 
shown to selectively reduce the infectivity o f tobacco mosaic virus (TMV) 
without demonstrabl e effec t o n th e hos t cell . A  protei n o f molecula r 
weight 29,000 daltons designated poekeweed antivira l protein (PAP) was 
purified fro m th e leaf extract [11] . Additional proteins (PAP-II an d PAP-
s) were found i n relative smaller amounts. Subsequently, other RIPs were 
found i n other plants and exhibit similar antiviral activity, e.g., tritin fro m 
Triticum aestivum  seed , geloni n fro m Gelonium  multiflorum  seed , 
momordin fro m Momordica  charantia  seed , sapori n fro m Saponaria 
officinalis seed , dianthin  fro m Dianthus caryophyllus  leaf , tricosanthi n 
from Trichosanthes  kirilowii  [11] , bryodin 2 from Bryonia dioica  [129 ] 
and Bougainvillea  antivira l protei n I  (BA P I ) fro m Bougainvillea 
spectabilis roo t [130] . Th e possibl e mechanis m o f RIP s b y whic h the y 
inhibit viral growth is through inactivating the large subunit of eukaryotic 
ribosomes (excep t fo r the donor plant ribosomes). The antiviral spectru m 
of PAP includes: TMV, southern bean mosaic virus and cucumber mosaic 
virus i n plants . O n th e othe r hand , PA P als o show s activit y agains t th e 
mammalian viruse s HS V an d poliovirus . PA P wa s foun d t o bin d 
irreversibly t o poliovirus , enter s it s cel l culture s an d inactivat e it s 
ribosomes [11] . PAP also was found to have anti-HIV activity through the 
inhibition of translation topisomerase [131-133]. 

Dimeric Ribosome-inactivatin g Protein s 

These cytotoxic glycosylate d protein s consis t o f two distinc t polypeptid e 
groups, th e A  an d B  chains , eac h constitute s abou t 30,00 0 dalto n 
molecular weight . Bot h chain s ar e attache d t o eac h othe r b y a  disulfid e 
bond. The B chain i s responsible fo r initiatin g the cytotoxicity. Chai n A , 
which seem s t o b e homologou s t o th e singl e chai n RIPs , inactivate s 
ribosome function . Unlik e th e singl e chai n RIPs , thi s dimeri c typ e i s 
equally toxi c to uninfected an d virus-infected cells . Ricin (fro m Ricinus 
communis seed) , abrin (from Abrus precatorius seed ) and modeccin (fro m 
Adenia digitata  root ) ar e example s o f thes e toxins . Thes e thre e toxin s 
inhibit the TMV in a similar manner to PAP-related RIPs [11] . Ricin was 
shown to decrease the latent HSV-1 infection in trigeminal ganglia of HSV-
immunemice [11]. 

Lectins 

These cell-agglutinating proteins have been reported active against certain 
membrane-containing viruses . Concanavali n A  (co n A, fro m Canavalia 
ensiformis) was found to inactivate HSV, vesicular stomatitis virus (VSV), 
influenza viru s and CM V infectivit y an d also found t o interfere wit h the 
viral replicatio n [11] . Other example s fo r thes e toxin s are : lenti l lecti n 
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(from Lens culinaris), phytothemagglutinin (from Phaseolus vulgaris) and 
wheat germ agglutinin (from Triticum  vulgaris), which all shown to abolish 
HIV-linfectivity[ll]. 

Antiviral Factor (AVF) 

Some varieties of Nicotiana glutinosa produce a protein called AVF which 
afford som e protectio n agains t TM V b y restrictin g it s lesion s i n a n 
analogy manne r t o interferon s [11] . AV F I s a  glycoprotei n whic h i s 
terminally phosphorylate d wit h 22,00 0 dalton s molecula r weight . Th e 
mechanism of action of AVF is not yet established. 

Meliacin 

Meliacin i s a n antivira l glycopeptid e o f molecula r weigh t 5000-600 0 
daltons, isolated from the leaves of Melia azedarach  (Meliacea ) [11,134]. 
Its mechanism o f action was proposed recently through the prevention o f 
uncoating proces s o f virus and no t through the virucidal o r inhibition o f 
viral penetratio n [135] . The activit y o f thi s glycopeptid e i s displaye d 
against VSV , HSV-1 , poli o virus, S V an d foo t an d mout h diseas e viru s 
(FMDV). 

Aprotinine 

Aprotinine i s anothe r plant-derive d antivira l polypeptid e whic h 
specifically inhibi t myxoviruse s especiall y influenz a A . Aportinin e i s 
known to be a  protease inhibitor . I t acts by interfering wit h the essentia l 
step of cleavage of the precursor Hao into subunit polypeptides and hence 
prevents the viral infection [11]. 

Oligopeptides 

Many plant-derive d di - and tri-peptides were proved to be active agains t 
HSV an d measle s viru s (MV) . Thes e peptide s consis t mainl y o f 
carbobenzoxy derivative s o f phenylalanin e [11] . Cationic peptide s ar e 
used as nature's antibiotics , being produced in response to an infection i n 
virtually mos t organism s includin g plant s and insects . Cationic peptide s 
and protein s ar e no w proceedin g throug h clinica l trial s a s topica l 
antibiotics and antiendotoxins [136] . 

Plant Extracts 

Several thousan d plan t extract s hav e bee n show n t o posses s in  vitro 
antiviral activit y wit h littl e overla p i n specie s betwee n studies . In mos t 
cases, th e assa y method s ar e designe d t o detec t virucidal , prophylacti c 
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Table 9 . Antiviral Plan t Extract s 

Plant Nam e 

Agalia roxburghiana 

Cassiafistula 

Hemidesmus indicus 

Zingiber capitatum 

Melia azedarach 
Neem see d oi l 

Cedrela tubijlora 

Thchilia glabra 

Baccharis crispa, 
B. notosergila 

Geranium sanguineum 

Phyllanthus amarus, 
P. orbiculatus, 
P. Pseudoconami, P. urinari 

Larrea tridentata 

Persea americana 

Acanthospermum hispidum 

1 Callicarpajaponica 

Sedum sarmentosum 

Caraganae Radix 

Veratrum patulum 

1 Osmundae  japonica 

Veratrum viride 

Rooibos tea leaves 

Croton cuneatus, C. lechleri, 
C. palanostigma, C. trinitatis 

Hevea brasiliensis 

Jatropha curcas, 
1 J.  gossypiifolia, 
1 J.  Weberbaueri 

1 Apocynum  sp., 
1 A.  cannabinum 

Nerium oleander 

1 Thevetia  nerifolia 

1 Asarium  canademe 

1 Asclepias  incarnata 

1 Campanula  trachelium 

Activity Agains t 

Newcastle diseas e viru s (NDV ) 

NDV & VV 

NDV, V V 

NDV, V V 

SV,VSV, Potato virus Y 

SV, VSV, HSV, Poliovirus-1 

SV, VSV, HSV, Poliovirus-l 

VSV 

Influenza, HSV , VV, HIV- 1 

HBV 
MCMV,SV 

HSV 

HSV 

HSV 

HIV 

HIV 

HSV-l, HSV- 2 

HSV-l, HSV-2 

HSV-l, HSV- 2 

HSV-l 

HIV 

SV, MCMV 

SV, MCV 

SV, MCMV 

VV, Polio , Pseudorabie s viru s 
(PRV). VV 

VV, Polio 

VV, Polio 

HSV, PRV 

Polio 

HSV 

Mechanism/ Inhibition 

Preinfection treatmen t 

Preinfection treatmen t 

Preinfection treatmen t 

Preinfection treatmen t 

Preinfection treatmen t 
Inhibits transmission 

Postinfection treatmen t 

Postinfection treatmen t 

Postinfection treatmen t 

Postinfection treatme n 

mRNA transcription 

Protein synthesis 

Virucidal 

Virucidal 

gp-I20-CD4 

gp-120-CD4 

Virucidal 

Virucidal 

Virucidal 

Unknown 

Unknown 

Virucidal 

Virucidal 

Virucidal 

Postinfection treatmen t 

Postinfection treatmen t 

Postinfection treatmen t 

Postinfection treatmen t 

Postinfection treatmen t 

Postinfection treatmen t 

Refe- 1 
rence 

" [ H ] 

[137] 

[H] 

[11] 

[11] 

[138, 
139] 

[140-
142] 
[11] 
[143] 

[144] 

[145] 

[146] 

[146] 

[147] 

[147] 

[147] 

[148] 

[149] 

[11] 

[11] 

[11] 

[11] 

[11] 

[11] 

[11] 

[11] 

[11] 
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(Table 9) . contd.... . 

Plant Name 

Tradescantai virginiana 
Artemisia sp. 
Xartthium sp. 
Aster patens 
Coreoptis tripteris 
Eupatorium purpureum 
Hieraceum aurantiacum 
Solidago sempervirens 
Satureja vulgaris 
Scilla campanulata 
Lycopodium obscurum 
Nuphar advena 
Chelidonium majus 
Piper methysticum 
Lysimachia quadrifolia 

1 Gerardia  pedicularia 
1 Sium  suave 

Activity Against 

VV, PRV 
Polio 
Polio 
Measles 
Polio 
HSV 
Polio 
HSV 
VV 
PRV, HSV 
HSV 
VV 
Measles 
Polio 
VV 
Polio, Coxsackie 
PRV 

Mechanism/ Inhibition 

Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 
Postinfection treatment 

Refe-
rence 

[in 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 
[11] 

activities an d t o defin e extract s tha t interfer e w ît h vira l replicatio n i n 
cultured cells . Aqueous and organic extract s have generally bee n proved 
equally fruitfu l an d hence i t is not feasible t o asser t that any one method 
of extractio n i s preferable . Furthe r characterizatio n o f th e activ e 
constituents in these active extracts should reveal some useful compounds . 
Many o f activ e extract s ma y tur n ou t t o b e identica l o r relate d t o th e 
previously described structure classes. Yet, there also may be a possibility 
for som e nove l phytochemicals . Tabl e 9  summarize s som e o f th e mos t 
active extracts in the literature. 

Marine-Derived Antiviral Compounds 

With marin e specie s comprisin g approximatel y on e hal f o f tota l globa l 
biodiversity fo r whic h estimate s rang e betwee n 3-50 0 x  10 ^ species o f 
prokaryote and eukaryote organisms. The marine macrofauna represent s a 
broader range of taxonomic diversity than found i n terrestrial evironmen t 
[150]. With a typical eukaryote possessing 50,000 genes, the global marine 
macrofauna ar e the source of 2.5 x 10^ ^ -1.5 x 101 ^ primary products and 
an associated extensiv e rang e o f secondary metabolite s [150] . Presently, 
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Only fe w thousan d nove l compound s fro m marin e origi n hav e bee n 
identified. These compounds have been revealed unique in chemical and 
pharmacological terms . However, only few promising therapeutic lead s 

Table 10 . Antivira l Marine-Derive d Peptides , Alkaloids , Proteins , Nucleoside s an d 
Other JV-Containin g Compound s 

Compound: Type & Name Source Activity 
Against 

Mechanism/ 
Inhibition 

Refe-
rence 

Pgptite; 
Didemnin A (197), B (198), 
C ( 1 9 9 ) an d othe r 
didemnins 
Kahalalide E  (202 ) 
Callipeltin A  (203) 

Tunicate, Trididemnum 
sp. 

Mollusk, Elysia rufescens 
Sponge, Callipelta sp. 

HSV-1 &  2  & 
other RN A 
viruses 
HSV-2 
HIV-1 

DNA, RN A 
synthesis 
Protein synthesis 
Unknown 
Protective 

[156, 
157, 
158] 
[159] 
[160] 

Aikaloids & ^-Containing 
ConipQUn(j$; 
Eudistomin C  (204), E (205) 
K (206), L (207) 
Topsentin (208 ) 
Bromotopsentin (209 ) 
4,5-dihydroxy-6"-
deoxybromotopsentin (210 ) 
Dercitin(211) 
Tubastrine (212 ) 
Acarnidine A  (213) , B 
(214), C (215) 
Polyandrocarpidine A  (216), 
B (217), C (218), D (219) 
Sceptrin (220) , Debromo -
sceptrin (221) , Dibromo -
sceptrin (222) , Oxysceptri n 
(223), Ageliferin (224 ) 
Mycalamide A  (225) , B 
(226) 
Onnamide A  (227) 
Ptilomycalin A  (228) 
Crambesscidins 81 6 (229) , 
830 (230) , 84 4 (231) &  80 0 
(232) 
Hennoxazole A  (233 ) 
6-Cyano-5-methoxy-l2-
methylindolo[2, 
3A]carbazole (234 ) &  it s 
12-Demethyl deiv . 
Apiidiasphingosine (235 ) 
Batzelladine A  (236) , B 
(237) 
Bauerine A  (238) , B  (239) , 
C(240) 
Variolin B  (241) 
Trikendiol (242 ) 

Tunicate, Eudistoma 
olivaceum, E. glaucus, 
E. album. 
Sponges, Topsentia 
genithx &  Spongosohtes 
sp. 
Sponge, Dercitus sp. 
Softcoral, Tubastrea 
aurea 
Sponge, Acaranus 
erithacus 
Tunicate, Polyandro-
carpa sp. 
Sponge, Agelas coniferin 
& A. cf. mauritiana 
Sponge, Mycale sp. 
Sponge, Theonella sp. 
Sponges, Ptilocaulis 
spiculifer &  Hemimycale 
sp. 
Sponge, Crambe crambe 
Sponge, Polyfibrospo-
ngia sp. 
Blue-green alga , Nostoc 
sphaericum 
Tunicate, ApUdium sp. 

Sponge, Batzella sp. 
B l u e - g r e e n a l g a , 
Dichothrix baueriana 
Sponge, Kirkpatrickia 
variolosa 
Sponge, Trikentrion loeve 

HSV-1, 
HSV-2 
HSV-1, VS V 
& Coronavirus 
CMV 
HIV 
HSV-1, VSV 
HSV-l 
HSV-1 
HSV-1 
HSV-l, 
Poliovirus 
HSV-1, VSV , 
Coronavirus 
A59 
HSV-1 
HSV-1 
HSV-I 
HSV.2 
HSV-1 
HIV 
HSV-2 
HSV 
HIV-1 

Cytotoxicity 
Cytotoxicity 

Cytotoxicity 
Unknown 
Unknown 
Unknown 
Cytotoxicity 

Protein synthesis 
Protein synthesis 
Viral replicatio n 
Viral replicatio n 
Unknown 
Cytotoxicity 
Unknown 
Binding of gp 120 
toCD4 
Unknown 
Unknown 
Unknown 

[161] 

[162] 

[163] 

[164] 
[165] 
[166] 

[167. 
168, 
169] 

[170, 
171] 
[172] 

[173] 
[174] 
[175] 
[176] 

[177] 
[178] 
[179] 
[180] 
[181] 
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(Table 10) . contd. . 

Compound: Type & Name 

1 Nyglg9?idgs : 
Spongothymidine (ara-T , 
243), Spongouridine (244) 
Ara-A ( 2 0 0 ) , 3 ' - 0 -
Acetylara-A 

1 Prptging ; 
BDS-1 
Niphatevirin 
Cyanovirin-N 

Source 

Sponge, Cryptotethia 
crypta 

Gorgonian,£'w/7/ce//flf 
cavolini 

Anemone, Anemonia 
sulcata 
Sponge, Nephates erecta 
Blue-green alga , Nostoc 
ellipsosporum 

Activity 
Against 

HSV-1 & -2 , 

HSV-1 &  -2 , 
vaccinia, 
rhinovirus 9 

mouse 
hepatitis viru s 
MSV-A59 
HIV 
HIV 

Mechanism/ 
Inhibition 

Cytotoxicity 

Cytotoxicity 

Unknown 
Bind t o CD4 , 
preventing gpl2 0 
binding 
Viral replication , 
gp 120 binding 

Refe-
rence 

[182, 
183] 
[184] 

[185] 
[186] 

[187] 

have bee n reporte d t o displa y antivira l activity . Didemnin s A  (197) , B 
(198) and C  (199) ar e a  group o f cyclic depsipeptide s isolate d fro m th e 
Caribbean marin e tunicat e Trididemnum  solidum,  v^hic h ha s bee n 
extensively studie d fo r it s antitumor an d antiviral activities . Didemnin B 
(198) wa s foun d t o inhibi t cel l cycl e progressio n a t G l an d bind s t o 
elongation facto r l a i n th e presenc e o f GT P [151] . I t i s clinicall y 
evaluated i n th e earl y 1980 s i n a  larg e phas e I/I I an d w â s prove d 
interesting antitumo r activitie s [152] . Bot h compound s 19 7 and 19 8 
inhibited th e replicatio n o f HSV- 1 an d HSV- 2 v ît h ID5 0 < 1. 5 |Llg/m L 
[153]. Simila r efficac y v^a s show^n against cosxacki e viru s A21 , equine 
rhinovirus, parainfluenz a viru s 3 , Rif t Valle y feve r virus , Venezuela n 
equine encephaloviru s an d yello w feve r viru s [154,155] . Despite thei r 
significant antivira l activities, didemnins are cytotoxic and inhibit cellular 

JL-o^ >" 

Didemnin A  (197) R  = H CH 3 

o ' 7** ^ ^'xi  ^  Didemni n B  (198 ) R  = 

Didemnin C  (199 ) R = 0 = / 
V — O H 
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DNA, RN A an d protei n synthesi s a t concentration s clos e t o thos e a t 
which viral growth was inhibited and hence they have both low antiviral 
selectivity and therapeutic index . Some improvements in the therapeutic 
index have been achieved throug h structura l modification s [156] , Two 
synthetic antiviral agents are currently under clinical use; ara-A (9P-D-
arabinofuranosyladenin, 200 ) and ara-C (l-|3-D-arabinosyl-cytosine, 201) 
are related to the arabinosides isolated in the early 1950 s from the marine 
sponge Cryptotethia crypta, (Table 10) [155]. 

Ara-A (20(9 
OH Ara- C (201 ) 

^r^yt^iy 
Ri R 2 ^  R 4 

Eudlstomin C  (204) H  O H B r H 
Eudistomin E  (205) B r O H H  H 
Eudistomin K  (206) H  H  B r H 
Eudistx)min L (207) H  B r H  ^ 

CallipeltinAC203) 

iM 
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H,C 

x>. < 
Topsentin (208 ) H 
Bromotopsentin (209 ) B r 

HgC^ CH 3 

Dercitin (211 ) 

HO 

4,5-dih)n-oxy-6"-deo3Qrbromotopsentin (210 ) 

OH 

Tubastrine (212 ) 

Acamidine A  (213) CO(CH2)ioCH 3 
Acamidine B  (214) CO(CH2)^H=CH(CH2)5CH3(2 ) 
Acamidine C  (215) COC13H2 1 

NHo 

Br O 

\ = / 
HN ^  N l 

R2 

(CH2)nNHCNH2 
II 
NH 

NHo 

Polyandrocarpldlne A  (216): n =  5; *  Cis Isomer R j R 2 R 3 
PolyandrocarpldlneB (217) : ns 5 : •trans Isome r Sceptrl n (220 ) H  B r H 
Polyandrocarpldlne C  (218): n  =  4: *Cte Isomer Debromosceptri n (221 ) H  H  H 
Polyandrocarpldlne D  (219): n =  4; *trans Isome r Dlbromosceptrl n (222 ) B r B r B r 
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H N ^ N 

Oxysceptrin (223) NH g 

NHo 

O "NH a 

Ageliferin (224 ) 

OCHo 

OH 

OCHo 

Mycalamide A (225): R = Mycalamid e B (226): R = 

OH O 

Onnamlde A (227): R = 
L-Arg-OH 

Ri R a n 
Ptilomycalln A (228) H  H  1 3 
Crambesscidin816(229) O H O H 1 3 
Crambesscidln 830 (230) O H O H 1 4 
Crambesscidin 844 (231) O H O H 1 5 
Crambesscldin 800 (232 ) H  O H 1 3 
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OH 

H3CO H 

Hennoxazole A  (233 ) 

OCHo 

6-Cyano-5-methoxy-12-methylindolo[2, SAJcarbazol e (234 ) 

OH 

OH 

OH NH 2 
Aplidiasphingosine (235 ) 

NH 

HoN^ ^N , 

(CH2)6 
R N  g  '(CH2)nCH 3 

R n 
Batzelladine A  (236) a-CH g 8  (major) . 9 , 1 0 23.24 : a-Oriente d 
Batzelladlne B  (237) CH 3 6  (major) . 7 , 8  A32.2 4 

NH 

Bauerine A  (238) H 
Bauerlne B  (239) C I 

CI CH q O 

Bauerine C  (240i 
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Variolin B (241) 

OH 

Spongothymidine (ara-T , 243) 

Trikendiol (242) 

OH 

Spongouridine (ara-U, 244) 

Marine-Derived Antiviral Peptides, Alkaloids,  Proteins,  Nucleosides and  Other  N-
Containing Compounds 

Many marine-derived peptides, alkaloids, proteins, nucleosides and other 
A -̂containing compounds were shown to be active against severa l vira l 
species. Table 10 illustrates these activities. 

Marine-Derived Antiviral Terpenoids, Steroids and Carotenoids 

The antiviral activities of various marine-derived terpenoids, steroids and 
carotenoids are summarized in Table 11. 
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Table 11 . Marine-Derive d Antivira l Terpenoids , Steroid s an d Carotenoid s 

Compound: Type & Name 

IMonQferpgng; 
Halogenated cyclohexadien -
one(245) 
Sggqviitgrpgngs: 
Avarol (246), Avarone (247) 
Chamigrene derivative (248) 
Sesquiterpene isocyanid e 
(249) 

1 Strongyli n A (250) 

15-CyanopuupehenoI (251) 
Peyssonol A  (252) , B (253), 
Hyatellaquinone (254) 

(-)-Frondosin A  (255) , D 
(256) 
Pitgrpgpg?; 
Spongiadiol (257) , Epispon -
giadiol (258) , Isospongiadio l 
(259) 
Solenolide A  (260), D (261), 
E(262) 
Brianthein V  (263), Y (264), 
Z(265) 

Halitunal (266) 

Reiswigin A (267), B (268) 

Norsgstgrtgrpengs; 
Mycaperoxide A  (269) , B 
(270) 
Sesterterpenes: 
Variabilin (271) 

Tritgrpgpgs; 
Thyrsiferol (272) , Thyrsiferol 

1 Acetat e (273) , Venustatrio l 
(274) 

1 Holothurinosid e A (275), 
Desholothurin A (276) 

Source 

Red alga , Desmia 
hornemanni 

Sponge, Dysidea avara 
Gland of the se a hare. 
Aplysia dactylomela 
Sponge, Bubahs sp. 
Sponge, Strongyloph-
ora hartmani 
Verongida sponge 
Alga, Peyssonnelia sp . 
Sponge, Hyatella 
intestinalis 
Sponge, Euryspongia 
sp. 

Sponge, Spongia sp. 

Gorgonian, 
Solenopodium sp. 
Gorgonian, Briareum 
asbestinum, B.  polya-
nthes 

Alga, Halimeda tuna 

Sponge, Epipolasis 
reiswigi 

Sponge, Mycale sp. 

Sponge, Jrcinia  sp. & 
Sarcotragus sp. 

Red alga , Laurencia 
venusta 

Sea Cucumber , 
Holothuhaforskahi 

Activity 
Against 

HSV-1,VSV 
HIV 
HSV, VS V 
Coronavirus 
A59 

Influenza PR -
8 
HSV-2 
HIV 

HIV 

HSV-1 

Rhinovirus, 
HSV, Poli o 
III, An n 
Arbor, 
Maryland, 
Semliki Forest 
Coronavirus 
A59, HSV- 1 
Coronavirus 
A59 
HSV-1, VSV , 
Rhinovirus 
A59 

HSV 

HSV 

VSV, 
Coronavirus 
A59, HSV- 1 

HSV 

Mechanism/ 
Inhibition 

Unknown 
Viral replication 
Uknown 
Virucidal 

Unknown 

Unknown 
HIV-RT 

Unknown 

Cytotoxicity 

Unknown 
Unknown 

Unknown 

Unknown 

Unknown 

Cytotoxicity 

Cytotoxicity 

Unknown 

Refe- 1 
rence 1 

[188] 

[189] 
[190] 
[191] 

[192] 

[193] 
[194] 

[195] 

[196] 

[197] 
[198] 

[199] 

[200] 

[201] 

[202] 

[203] 

[204] 
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(Table 11) . contd.. 

Compound: Type & Name 

1 Crossasteroid s B  (277) , D 
(278) 

Steroids: 
Secosteroids: 
Calciferol D  (279 ) 

Sulfated sterols: 
Ibisterol trisodiu m sulfat e 
(280), Halistano l trisodiu m 
sulfate (281),26-Methylhalist -
anol trisodiu m sulfat e (282) , 
25-Demethylhalistanol trisod -

1 iu m sulfate (283 ) 

Weinbersterols disodiu m 
sulfate A (284), B (285) 

Orthosterol disodiu m sulfate s 
A (286), B (287), C (288) 

MgrQtgrpgpgg; 
1 Usneoidol s Z (289), E (290) 

Carotgn9i<3g; 
Cucumariaxanthin C (291) 

Source 

Starfishes 

Gorgonian, Kfuricella 
sp. 

Sponge Spp. , Topse-
ntia, Halichondria  cf, 
mooreiy Pseudaxinyssa 
digitata 

Sponge, Petrosia 
weinbergi 

Sponge, Petrosia 
weinbergi 

Brown seaweed . Cyst-
oseira usneoides 

Sea Cucumber , 
Cucumariajaponica 

Activity 
Against 

Suid herpe s 
virus 

HSV-1, HSV -
2, Polioviru s 

HIV-1, HIV- 2 

Feline leuk -
emia virus, 
HIV-l 

Feline leuke -
mia. Influenz a 
PR8, corona -
viruse A59 

HSV 

Epstein-Barr 
virus 

Mechanism/ 
Inhibition 

Cytotoxicity 

Uknown 

Cytotoxicity, 
HIV-RT 

Uknown 

Uknown 

Uknown 

Uknown 

Refe-
rence 

[205] 

[206] 

[207] 

[208] 

[209] 

[210] 

[211] 

CI 

OAc 

^ 

Halogenated cyclohexadienone (245 ) 

)Ac 

phamigrene derivativ e (248 ) CN 
Sesquiterpene isocyanid e (249 ) 

Strongylin A (250) 
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CH2CO2CH3 

OH 

Peyssonol A (252) Peyssonol B (253) 
15-Cyanopuupehenol (251) 

Hyatellaquinone (254 ) (-)-Frondosin A (255) (.).Frondosl n D  (256) 

CgHu 
HO' 

Ri R 2 R 3 R 4 
Spongiadiol (257) = 0 H  O H 
Epispongiadiol (258) ~ o O H H 
Isospongiadiol (259) H  O H = 0 

AcO 

SolenoUde A (260 ) 

OAc 

' 'CI 

SolenoUde D (261) SolenoUde E (262) 
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RiO' 

CHO 

Ri R 2 
Brianthein V (263 Butyroy l Butyroy l 
Briantheln Y (264) A c Butyroy l 
Brianthein Z  (265) A c A c 

.o^< 

Reiswigin A (267) CH2CH(CH3) 2 
Reiswigin B (268) CH=C(CH3) 2 

^COOH 

R, R 2 
Mycaperoxide A (269) P-CH 3 a-O H 
Mycaperoxide B (270) a-O H P-CH 3 

OH 

R 
Thyrsiferol (272 ) H  18S , 19R 
Thyrsiferol Acetate (273) A c 18S , 19R 
Venustatriol (274) H  18R . 19 S 
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OH 

Holothurinoside A  (275 ) 
QB2 

Ha 

Desholothurin A  (276 ) 

OH 
R, R 2 H O 

Crossasteroids B  (277) H  4-O-Me-Xyl -
(l-2)-3-0-Me-Xyl 

Crossasteroids D  (278) O H Xyl-(l-2)-3-0-Me-Xy l 

Calciferol D  (279 ) 
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NaOgSO^ 

NaOaSO' 

OSOgNa NaOgSO^ ' 
Ibisterol sulfate (280 ) OSOgNa Halistano l sulfate (281 ) 

NaOgSO, 

NaOaSO^ 

OSOaNa 

26-Methylallistanol sulfat e (282 ) 

NaOgSO' 

OSOgNa 

25-Demethylallistanol sulfate (283 ) 

NaOgSq 

NaOaSa 
R, ^ 2 

Welnbersterol disulfate A (284) H  O H 
WeinbersteroldisulfateB(285) O H H 

NaOsSQ, 

NaOgSO^ 

Orthosterol disulfate A (286) C  (CHMcj )=CHMe 
Orthosterol disulfate B  (287) Q 
Orthosterol disulfate C (288) CHEtCHMe 2 
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OH Usneoidols Z (289) 
Usneoidol E  (290) 

OH 

Cucumariaxanthin C  (291) 

Marine-Derived Antiviral Polysaccharides 

The cel l wal l polysaccharide carrageenan , isolate d fro m th e re d alga e 
(Rhodophyta) i s constructe d fro m galactos e wit h varyin g amount s o f 
sulfate substituents . Sample s collecte d i n Senega l include : Hypnea 
musciformis, Anatheca montagnei, Agardhiella tenera and Euchema 
cottonii inhibited the activity of yellow fever virus by up to 25.8% [212]. 
A commercial sample of carrageenan (Sigma Co.) inhibited HSV-1 cell 
growth i n Hela cell s without becomin g cytotoxi c whe n concentration s 
were up to 200 |j.g/mL [213] . The activity against HIV of water soluble 
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compounds extracted fro m Schizymenia  California  was also observed an d 
carrageenan was  reporte d t o b e on e o f th e constituent s whic h inhibit s 
HIV-RT [214,215]. 

Sulfated derivative s o f a  polysaccharid e prepare d b y chlorosulfoni c 
acid treatment o f a fucosamine-containing polysaccharid e fro m a  marine 
Pseudomonas sp . showe d stron g anti-HSV-1 . Thi s sulfate d 
polysaccharide inhibite d the CPE of HSV-1 at 0.72 |Lig/mL. No cytotoxi c 
effects o n Ver o cell s wer e detecte d u p t o 100 0 |Lig/m L [216] . Anothe r 
study indicate d th e inhibitio n o f HIV- 1 replicatio n i n MT- 4 cell s b y a 
sulfated derivative of fucosamine-containing polysaccharid e obtained fro m 
a marin e Pseudomonas  strai n HA-31 8 an d als o showe d n o cytotoxicit y 
[217]. 

A polysaccharide from the green marine alga Ulva lactuca inhibited the 
reproduction of many human and avian influenza viruses . Acid hydrolysi s 
of thi s polysaccharid e reveale d th e presenc e o f arabinose , xylose , 
rhamnose, galactose , mannos e an d glucos e i n rati o o f 1:1:9:5:2:5:16 , 
respectively along with an unidentified suga r [218]. 

Treatment o f laminari n isolate d fro m th e marin e alg a Laminaria 
cichorioides b y endo-p-l,3-glucanas e fro m marin e invertebrate s 
transformed p-l,3:l,6-gluca n int o a  highly efficien t preparatio n agains t 
tobacco mosaic virus named antivi r [219] . Polysaccharides, compose d o f 
mannose, galactose, glucose, uronic acid and sulfate group s (7-8% wt/wt) 
was obtained from the marine microalga Cochlodinium polykrikoides sho w 
potent inhibitor y activitie s against : influenz a viruse s typ e A  an d B , 
respiratory syncytia l viruse s typ e A  an d B , HIV-1 , HSV- 1 an d 
parainfluenza viruse s type 2  and 3 . No cytotoxicit y no r inhibitio n to th e 
blood coagulation were observed up to 100 |Lig/mL [220]. 

An unusua l sulfate d mannos e homopolysaccharide , isolate d fro m th e 
Pacific tunicat e Didemnum  molle  show s in  vitro anti-HI V activity . Th e 
NMR dat a of this polysaccharide reveals that i t consists of a sequence o f 
2,3-disulfated mannos e unit s joined throug h p  (1,6 ) glycosidi c linkage s 
[221]. A natural sulfate d mucopolysaccharid e (OKU40) , extracted fro m a 
marine plan t Dinoflagellata  an d a n artificia l sulfate d polysaccharid e 
(0KU41), was prepared fro m a  marine Pseudomonas, displaye d antivira l 
activities agains t HIV- 1 an d -2 , zidovudine-resistan t HIV-1 , HSV-1 , 
influenza viruse s A  and B , respiratory syncytia l viru s an d measle s viru s 
without displaying cytotoxicity o r inhibition of blood coagulation o f host 
cells [222]. 

Marine-Derived Antiviral  Polyacetylenes,  Quinones/Pyrones,  Macrolides  and 
Prostaglandins 

Table 1 2 illustrates the reported antivira l activities of the common marine 
secondary metabolite s polyacetylenes , quinones/pyrones , macrolides an d 
prostaglandins. 
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Table 12 . Marine-Derive d Antivira l Polyacetylenes , Quinones/Pyrones , Macrolide s 
and Prostaglandin s 

Compound: Type & Name 

1 PQJyaggtylgngs: 
16-Bromo-(7£, 11£ , 15£) -
hexadeca-7,11, 15-triene -
5,13-diynoic acid (292) 
18-Bromo.(9£, 13E , \1E)-
octadeca-9,13, 17-triene -
5,7,15-triynoic acid (293) 
18-Bromo.(7£, 13£ , 17£) -
octadeca-7,13, l7-triene -
5,15-diynoic acid (294) 
18-Bromo-(9£:, 17£) -
octadeca-9,17-diene-5,7,15-
triynoic acid (295) 
16-Bromo-(9£,15£)-
hexadeca-9, 15-diene-5,13 -
diynoic acid (296) 
18-Bromo-(9£ , HE)-
octadeca-9,17-diene-5,7 
-diynoic acid (297) 
18-Bromo-(9£:, 15£) -
octadeca-9,15-diene-5,7,15-
triynoic acid (298) 
Petrosynol (299) 

1 Petrosoli c acid (300) 
Qyinongg/Pyrongs: 
Onchitriol 1(301), II (302) 

2-Hexaprenylhydroquinone 

Magroiidgg; 
Misakinolide A (303) 

Clavulone II (304) 
Punaglandin-1 (305) 

Source 

Sponge, 
Xestospongia muta 
Sponge, Petrosia 
sp. 

Mollusc, 
Onchidium sp. 
Sponge, Ircinia sp. 

Sponge, Theonella 
sp. 

Soft cora l . 
Clavularia viridis 
Octacoral, Teles  to 
nisei 

Activity 
Against 

HIV 
HIV-1 

HSV 
HIV-1, -2 , muri-
ne leukemia virus 

HSV-1,VSV 

VCV,EMC 
HSV 

Mechanism/ 
Inhibition 

HIV protease 
HIV-RT 

Cytotoxicity 
HIV-RT 

Cytotoxicity 

Uknown 

Refe- 1 
rence 

[223] 

[224] 

[225] 
[226] 

[227] 

[155] 
[155] 
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294 Br ' 

295 

296 

297 B i 

298 B i 

COOH 

COOH 

COOH 

COOH 

COOH 

OH O H 

Petrosynol (299) 

OH 

DH O H 
.(CH2)8 

Petrosolic acid (300) COOH 

O O 

Onchitriol I (301): (IDS. 13i^ Onchltrio l II (302): (lOR. 13§ ) 
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H3CO 

Misakinolide A (30 9 

OCHq 

\ ^ ^ ^ > ^ ^ ^ ^ ^ ^ ^ C I COOCH3 

HO 

Clavulone II (304) Punaglandin-1 (305 ) 

m 

Microblal-Derived Antiviral Compounds 

The human dream of finding an antiviral antibiotic from microbial origin 
which selectively affects the viral but not the host cell in a similar manner 
to th e regula r antibiotic s ha s no t becom e a  reality . However , severa l 
microbial-derived metabolite s sho w promisin g activity . Th e us e o f 
microbes t o modif y syntheti c compound s o r t o accomplis h specifi c 
desired reactio n i s commo n i n pharmaceutica l industry . Adenin e 
arabinoside (Ara A, 200), which is approved for clinical investigation, is 
also produce d b y a  Streptomyces  s p [19] . Example s o f secondar y 
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metabolites fro m microbia l origi n tha t sho w antivira l activitie s ar e 
presented below. 

Rifamycins 

Rifamycins ar e microbial-derived macrolide s that were isolated i n 1957 
from the actinomycete Streptomyces mediterranei, obtained from the soil 
of the pine forests of southern France [18]. Of these, rifamycin B (306) is 
the leas t toxic . Additio n o f diethylbarbituri c aci d t o th e fermentatio n 
medium result s i n th e productio n o f 30 6 only . Rifampici n i s the C3-
hydazone semisyntheti c derivativ e o f rifamycins . Rifamycin s sho w in 
vitro and in vivo anti-poxyviruses, e.g., VV activities [18]. These activities 
are apparently due to inhibition of the early step of viral morphogenesi s 
which affect s th e assembl y o f immature vira l particles . The inhibitor y 
activity of rifamycins o n retroviruses is also reported [18] . Many natural 
and semisyntheti c rifamycin s inhibi t th e virio n RNA-dependen t DN A 
polymerase (RT ) [18] . Rifamycin B  (306) was reported activ e agains t 
murine sarcom a viru s (MSV ) du e t o it s RT, focus formatio n an d cel l 
transformation inhibitory activities [18]. Rifamycin antibiotics also inhibit 
the RT of Rauuscher leukemia virus, preventing its leukomogenic activity 
[18]. 

The Ansamycin Antibiotics 

Streptovaricin B  (307), tolypomycin and geldanamycin are examples of 
ansamycins whic h ar e chemicall y relate d t o rifamycins . Th e 
streptovaricins an d tolypomycins resemble rifamycins i n RT-inhibitor y 
activity [18] . Streptovaricin B  inhibits the replication o f poxviruses by 
inhibiting earl y stage s o f mRN A synthesi s [18] . Inhibition o f focu s 
formation of MSV by streptovaricins is also reported [18]. 

Gliotoxin and  Related Compounds 

Gliotoxin (308) is a fungal metabolite , isolated from Aspergillus terreus 
and foun d t o have antibacterial , antitumo r an d antifunga l effect s [18] . 
Gliotoxin acetate inhibited the CPE of poliovirus in monkey kidney cell 
cultures due to the early stag e inhibition of RNA viral replication [18]. 
Gliotoxin also inhibits influenza virus-induced RNA polymerase. 

Arantonins are related compounds, isolated from Arachniotus aureus 
diXidi Aspergillus terreus and show RT inhibitory activity [19] . The activity 
is attributed to the epidithiapiperazinedione moiety, as the case of 308. 

Sporidesmin an d it s metabolite s wer e isolate d fro m Chaetomium 
cochliodes and show structural similarit y t o 308. They also inhibi t the 
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RNA-containing viruse s bu t with remarkable toxicity whic h prohibited 
their therapeutic applicability. 

HQ HO,, 

HaCO,̂ ^ 

Streptovaricin B  (307 ) 

OH 
Gliotoxin (308 ) 

Distamycins (Pyrrole Amidines) 

Distamycin A  (309 ) i s a n oligopeptide , isolate d fro m Streptomyces 
distallicus that inhibits transcription and replication of DNA viruses along 
with its other related semisynthetic analogs [18]. Example of DNA viruses 
inhibited by this group are vaccinia virus and HSV-1. Distamycin A also 
shows inhibitory activity for RT of retroviruses [18]. 
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Daunomycin and Doxorubicin 

Daunomycin (310 ) and doxorubicin (311) are anthracycline glycosides , 
isolated from Streptomyces peucetius [18]. These compounds are used in 
cancer chemotherapy due to their ability to bind DNA. Both compounds 
inhibit RT and production of murine leukemia virus [18]. 

INHo 

OH 

N 

HO' 

I N 

R2 

R 

OH 

Daunomycin (310 ) COCH a ^  ,  ̂ . ,o-.o ^ 5 ^ w ^ 
DoxorubLn,3XI, COH^^ H S j S y ' ^ S ^ N S H 

Bleomycins 

Bleomycins ar e glycopeptid e antibiotics , isolate d fro m Streptomyces 
verticillus. Bleomycins interact With DNA and induce breakage of DNA 
with a concomitant release of free bases. Bleomycin A (312) inhibits the 
replication of W [18] . 

Actinomycin D and Mithramycin 

Actinomycin D is a peptide antibiotic, produced by Streptomyces parvulu. 
It interacts with cellular DNA and inhibits the replication of mammalian 
viruses tha t depen d o n cellula r functions , e.g. , rabie s viru s [18] . 
Mithramycin i s a  relate d compoun d tha t inhibit s influenz a an d 
pseudorabies viruse s probabl y du e t o inhibitio n o f hos t cel l RN A 
polymerase II [18]. 

Cordyceptin (3'-Deoxyadenosine), Toyocamycin and Sinefungin 

Cordyceptin (313 ) i s a  fermentation produc t o f the fung i Aspergillus 
nidulans and Cordyceps militaris.  Cordyceptin inhibit s the synthesis of 
mRNA and hence the replication o f both RNA and DNA viruses [18]. 



548 KHALIDA.ELSAYED 

CX)NH2 NB 

HoN 

NH. 

Bleomycin A (312) 

, i O—CXDNH a 
HO 

This effec t displaye d b y activit y o f 313 agains t VV , HSV , adenovirus , 
rhino virus, polio virus and MSV [18]. 

Toyocamycin (314 ) i s anothe r adenosin e derivativ e produce d b y 
Streptomyces toyocaensis  [18] . This compoun d selectivel y inhibit s th e 
ribosomal RN A synthesi s i n fibroblasts . Th e synthesi s o f adenovirus -
specific mRNA is also inhibited by 314 [18]. 

Sinefungin i s a n adenin e derivative , isolate d fro m Streptomyces 
griseolus an d i t effectivel y inhibit s V V mRN A (guanine-7 -
Jmethyltransferase an d hence inhibits methylation of its mRN A [18]. 

Filipin and Amphotericin B 

Filipin (315 ) i s a  polyene antibioti c tha t i s capabl e o f interactio n wit h 
sterols i n liposome s an d biologica l membranes , leadin g t o alteratio n o f 
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bilayer structure . Filipin shows activity agains t VSV and to less degree 
against influenza and Rauscher leukemia virions [18]. 

Amphotericin B is another related antifungal antibiotic . Its methyl ester 
is active against HSV-1 and -2, VV, SV and VSV with less cytotoxicity and 
improved water solubility [18]. 

Aphidicolln 

Aphidicolin i s a  tetracycli c diterpenoid , produce d b y th e fungu s 
Cephalosporium aphilicola. It has the ability to inhibit HSV-1, -2, VV and 
herpetic keratitis of rabbit [19] . The mechanism of this compound is not 
yet established. 

Cytochalasins 

Cytochalasin B  (316 ) i s a metabolite o f the mold Helminthosporium 
dermatoideum [19] . It inhibits hexose transport i n cells and hence i t is 
used fo r th e stud y o f virus-specifi c glycoprotei n synthesis . I t show s 
potent inhibitor y activit y agains t HSV- 1 an d - 2 apparently du e t o the 
inhibition of viral glycosylation [19] . Cytochalasin D is a closely related 
compound tha t show s activit y agains t adenoviru s bu t i t enhance s th e 
infectivity of poliovirus and parainfluenza [19]. 

Mycophenolic Acid (317) 

It is a phenolic acid, isolated from a  Penicillium sp. and shows inhibitory 
activity against HSV-1 and -2, VV, Semliki forest, influenza A viruses and 
coxsackievirus. Its effect i s probably due to cytotoxicity [19]. 
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Additional antivira l microbial-derived metabolite s are summarized in 
Table 13. 

Table 13 . Microbial-Derive d Antivira l Compound s 

Compound: Type & Name 

1 N'QonXmm.  Protei n an d 
Pgptidg Compotfnds; 

1 Briodionen (318) 
Flutimide (319) 

4-Hydroxysattabacin, Sattazolin 
1 (320) , 2'-Methylsattazolin 

Kistamicin A and B 

Caprolactin A  (321 ) an d B 
(322) 

1 Lycogarubi n A  (323), B (324), 
0(325) 
Fenalamide I (326) 

1 Thiangazol e (327) 
1 FluvirucinsAl,A2 , B1,B2, B3, 
1 B4,B 5 

MM46115(328) 

1 Phenoxa n (329) 

1 Pumilacidi n A, B , C, D , E, F, G 
1 Lanthiopepti n 

Bu.2231 

Oxetanocin A (330) 

1 Adechlori n (331) 

1 Chromosti n 

1 Virantmyci n (332) 

Source 

Streptomyces sp. 
WC76599 

Delitschia 
confertaspora 
Bacillus sp. 

Microtetraspora 
parvossata 
ATCC 55076 
Unidentified 
gm+ve marin e 
bacterium 
Lycogala 
epidendrum 
Myxococcus 
stipitatus 
Gliding bacteria 
Unidentified 
actinomycetes 
Actinomadura 
pelletieri 
Polygonium P I 
V019 
Bacillus pumilus 
Streptoverticillium 
cinnamoneum 
Streptoalloteichus 
hindustanus 
Bacillus 
megaterium 
Actinomadura 
OMR-37 

Unidentified 
1 actinomycete 

Streptomyces 
nitrosporeus 

Activity Against 

Human CMV 

Influenza virus 

HSV-1, HSV-2 

Influenza A 

HSV-2 

HSV-1 

HIV-1 

HIV-1 
Influenza A 

Parainfluenza-1 
and 2 
HIV-1 

HSV-1 
HSV-1 

HSV-1 

HSV-2 

HSV, VV 
Ara-A 
Synergistic 
Avian 
myeloblastosis 
virus 
HSV 

Mechanism/ 
Inhibition 

HCMV Protease 

Endonuclease 

Protein synthesis 

Uknown 

Cytotoxicity 

Uknown 

Replication 

Cytotoxicity 
Unknown 

Unknown 

Cytotoxicity 

Unknown 
Unknown 

Unknown 

Protein synthesis 

Adenosine 
deaminase 

RTII 

Unknown 

Refe-
rence 1 

[228] 

[229] 

[230] 

[231] 

[232] 

[233] 

[234] 

[235] 
[236] 

[237] 

[238] 

[239] 
[240] 

[241] 

[242] 

[243] 

[244] 

j [245] 
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(Table 13). contd.. 

Compound: Type & Name 

1 SF.1836 C (333) 

1 Sattabaci n (334) 
AH-1763 

Sch 68631 (335) 
Pradimicins 

Mutactimycin A (336) 

MagrQiidgs: 
Cycloviracins Bl (337) , B2 

Quatromicins A l (338) , A 2 
1 (339) , A3 (340) 

Podoscyphic acid 

Source 

Streptomyces 
zaomuceticus 

Bacillus sp. 

Streptomyces 
cyaneus 
Streptomyces sp. 
Actinomadura 
AA085 
Mutated 
Streptomyces 

Kibdelosporangium 
albatum 

Amycolatopsis 
orientalis 

Podoscypha sp. 

Activity Against 

Influenza 

HSV-1, HSV-2 

HSV-1, HSV-2 

HCV 
HIV 

HSV-1, HSV.2 , 
Influenza A3 , 
Coxsackie 86 

HSV-1 

HSV-1 

Avian 
myeloblastosis, 
Moloney murin e 
leukemia 

Mechanism/ 
Inhibition 

Replication 

Protein synthesis 

Unknown 

Proteinase 
Unknown 

Protein synthesis 

Unknown 

Cytotoxicity 

Protein synthesis 

Refe-
rence 

[246] 

[230] 1 
[247] 

[248] 
[249] 

[250] 

[251] 

[252] 

[253] 

N 
I 
OH 

Flutimlde (319) 

Brlodlonen (318) 
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Caprolactin A (321) CHgCHMe a 
Caprolactln B (322) CHMe 2 

R R 
Lycogarubin A (323) O H O H 
Lycogarubin B (324) O H H 
Lycogarubin C (325) H  H 

.OH 

J3 

Thlangazole (327) 

MM46115(328) OH 
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NHo 

Phenoxan (329 ) 

X)H 

OH C I 

Adechlorin (331 ) 

OH 

Oxetanocin A (330 ) 

OH 

Vlrantmycln (332 ) 

NHa 

COOH 

SF-18360(333) 

OH 

Sattabacin (334 ) Sch 6863 1 (335 ) 

Mutactlmycin A (336 ) 

H3CO O H 
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CONCLUSIONS 

There i s an urgen t nee d t o identif y nove l activ e chemotype s a s lea d fo r 
effective antivira l chemotherapy . Recen t year s hav e witnesse d grea t 
advances in this area. The enormity of natural products as antiviral agent s 
started t o b e expresse d i n th e are a o f antivira l chemotherapy . Thi s i s 
represented by the FDA's approval for clinica l investigation of two plant-
derived compounds, in addition to one compound of marine origin and one 
microbial-derived compound . Ou t o f te n syntheti c approve d drug s 
between 1983-1994 , seven were modeled on a natural product paren [4]. 
The developmen t o f recen t technique s t o dereplicate , accuratel y detect , 
isolate, structurall y defin e an d automate d assa y th e bioactiv e natura l 
products will result in more lead of antiviral agents. It has been estimated 
that onl y 5-15 % of the approximatel y 250 , 000 specie s o f higher plant s 
have bee n systematicall y investigate d fo r th e presenc e o f bioactiv e 
compounds while the potential of the marine environment has barely been 
tapped [4] . Consequently , natura l product s represen t potentia l antivira l 
leading resources for imaginative discoverers. 
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LIST OF ABBREVIATIONS 

AVF =  Antivira l Factor 
BAP =  Bougainvilla  Antiviral Protein 
CMV =  Cytomegaloviru s 
CPE =  Cytopathi c Effec t 
EBV =  Ebstein-Bar r Virus 
FMDV =  Foo t and Mouth Disease Virus 
HBV =  Hepatiti s B Virus 
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HCMV 
HCV 
HDV 
HHV-6 
HIV 
HSV 
INFs 
MCMC 
MSV 
MV 
NDV 
PAP 
PRV 
RIPs 
RSV 
RT 
SV 
TMV 
VSV 
W 
vzv 

= 
= 
= 
^ 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
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