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Abstract: Lignans are widely produced by various plant species; they are a class of natural products
that share structural similarity. They usually contain a core scaffold that is formed by two or more
phenylpropanoid units. Lignans possess diverse pharmacological properties, including their antiviral
activities that have been reported in recent years. This review discusses the distribution of lignans
in nature according to their structural classification, and it provides a comprehensive summary of
their antiviral activities. Among them, two types of antiviral lignans—podophyllotoxin and bicyclol,
which are used to treat venereal warts and chronic hepatitis B (CHB) in clinical, serve as examples
of using lignans for antivirals—are discussed in some detail. Prospects of lignans in antiviral drug
discovery are also discussed.
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1. Introduction

Lignans are a large group of naturally occurring compounds that are derived from the shikimic acid
biosynthetic pathway [1]. Structurally, Lignans contain a basic scaffold of two or more phenylpropanoid
units [2], and the monomers forming lignans are cinnamic acid, cinnamyl alcohol, propenyl benzene,
and allyl benzene. When the molecular linkage of monomers occurs between positionsβ-β′ (also referred
to as an 8-8′), these compounds are designated as “classical lignans”. In contrast, the compounds are
grouped into “neolignans” if the main structural units are coupled in any other way (non β-β′ linkage).
Figure 1 shows the monomers and the classification. Neolignans have more varied structures than
classical lignans.

Lignans are widely distributed in the plant kingdom, and they exist in plant roots, rhizomes,
stems, leaves, flowers, fruits, seeds, xylem, and resins. Plants, such as the Lauraceae family, especially
the genera of Machilus, Ocotea, and Nectandra are rich sources of lignans. Additionally, Annonaceae,
Orchidaceae, Berberidaceae, and Schisandraceae family contain a large number of constituents of lignans
and neolignans [3–5]. Up to date, lignans are found in over 70 families in plant kingdom, and more
than 200 classical lignans and 100 neolignans have been characterized [6]. They are usually present as
dimers, but some of them are trimers or tetramers. Most of the lignans in plants are in a free state,
while some of them can combine with glycon and form glycosides and other derivatives.
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Figure 1. The monomers and this classification of lignans. 

With such structural diversity of lignans being discovered, it is not surprising that many 
attractive pharmacological activities of the lignan family, such as antitumor [7], antioxidant [5], 
antibacterial [8], immunosuppressive [9], and antiasthmatic properties [10] were reported. Pertinent 
to this review, many lignans have been identified with antiviral activities [11]. Tubulin binding, 
reverse transcriptase inhibition, integrase inhibition, and topoisomerase inhibition are included as 
the reported mechanisms of antiviral activities [12]. Here, we will highlight the antiviral activities 
and mechanisms of action (MOA) of different lignans and their derivatives. 

2. Antiviral Effect and MOA 

Lignans display a vast structural diversity due to the numerous potential coupling modes of the 
phenoxy radicals [13]. As mentioned above, they can be grouped into two subclasses: classical lignans 
and neolignans. Next, we will discuss the antiviral lignans and possible MOA, according to different 
subclasses, and then summarize them in Table 1 at the end of this section. 

2.1. Classical Lignans 

The classical lignans contain dimeric structures that are formed by a β-β′-linkage between two 
phenyl propane units, some of them with a different degree of oxidation in the side-chain and a 
different substitution pattern in the aromatic moieties. They can be classified into six major 
subtypes—dibenzylbutanes, dibenzylbutyrolactones, arylnaphthalenes/aryltetralins, substituted 
tetrahydro-furans, 2,6-diarylfurofurans, and dibenzocyclooctadienes [6,14]. Figure 2 illustrates the 
structures and relationships among them. 

Figure 1. The monomers and this classification of lignans.

With such structural diversity of lignans being discovered, it is not surprising that many attractive
pharmacological activities of the lignan family, such as antitumor [7], antioxidant [5], antibacterial [8],
immunosuppressive [9], and antiasthmatic properties [10] were reported. Pertinent to this review,
many lignans have been identified with antiviral activities [11]. Tubulin binding, reverse transcriptase
inhibition, integrase inhibition, and topoisomerase inhibition are included as the reported mechanisms
of antiviral activities [12]. Here, we will highlight the antiviral activities and mechanisms of action
(MOA) of different lignans and their derivatives.

2. Antiviral Effect and MOA

Lignans display a vast structural diversity due to the numerous potential coupling modes of the
phenoxy radicals [13]. As mentioned above, they can be grouped into two subclasses: classical lignans
and neolignans. Next, we will discuss the antiviral lignans and possible MOA, according to different
subclasses, and then summarize them in Table 1 at the end of this section.

2.1. Classical Lignans

The classical lignans contain dimeric structures that are formed by a β-β′-linkage between
two phenyl propane units, some of them with a different degree of oxidation in the side-chain
and a different substitution pattern in the aromatic moieties. They can be classified into six
major subtypes—dibenzylbutanes, dibenzylbutyrolactones, arylnaphthalenes/aryltetralins, substituted
tetrahydro-furans, 2,6-diarylfurofurans, and dibenzocyclooctadienes [6,14]. Figure 2 illustrates the
structures and relationships among them.
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Figure 2. Relationships between different classical lignans. It depicts the basic mother nucleus 
structure of different subtypes of classical lignans, the main structural feature of this subclass is the 
β-β′ linkage. Dibenzylbutane (central position) is the basic structure of classical lignan, other subtypes 
of lignans derive from this structure with different chemical reactions. 

2.1.1. Dibenzylbutanes 

Dibenzylbutanes, which are also known as simple lignans, are the simplest classical lignans, 
which are the only lignan subtype without being cyclized. They are phenylpropane dimers that have 
a β-β′ linkage. Dibenzylbutane lignans also show an increased diversity due to multiple possible 
oxidation states along the butane chain [15]. Niranthin, nordihydroguaiaretic acid (NDGA), and 
terameprocol (TMP), are the representative compounds with antiviral activity in this subclass, and 
Figure 3 shows their structures. 

Niranthin. This compound was first isolated from Phyllanthus niruri Linn. (family Euphorbiaceae) 
[16], which has long been used in folk medicine for liver protection and anti-hepatitis B virus (HBV) 
in many Asian countries. Ray-L screened 25 compounds from Phyllanthus Species in vitro and 
niranthin showed the best anti-HBsAg activity among them [12]. When evaluated for the anti-HBV 
activity in vitro, niranthin was found to significantly decrease the secretion of HBsAg and HBeAg 
with IC50 values of 15.6 and 25.1 µM in the human HBV-transfected cell line HepG2.2.15, respectively. 
In vivo, niranthin treatment of the DHBV-infected ducklings significantly reduced the serum DHBV 
DNA, HBsAg, HBeAg, ALT, and AST. Mechanistic studies showed that niranthin inhibited not only 
DHBV DNA replication, but also HBV antigen expression, which suggests that niranthin acts as an 
anti-HBV agent through at least two or more targets [16]. 

NDGA was isolated from the leaves of Larrea tridentata (Zygophyllaceae); the plant was known 
as creosote bush, which has been traditionally used in folk medicine across different countries and 
regions for more than 50 different diseases [17]. It was reported that NDGA exerts beneficial effects 
on diverse diseases, like cancer, renal damage, Alzheimer’s disease, and other neurodegenerative 
pathologies [18–20]. At the molecular level, NDGA is a potent scavenger of reactive oxygen species 
[21]. NDGA has been identified to inhibit the replication of the related dengue virus (DENV); MOA 
showed that it inhibits DENV infection by targeting genome replication and viral assembly [22]. 
Moreover, NDGA showed the effect against hepatitis C virus (HCV), West Nile Virus (WNV), and 
Zika Virus (ZIKV) in vitro [23,24]. For influenza A viruses (IAV), NDGA can suppress the replication 
of IAV and the induction of cytokines, trypsin, and MMP-9, with improved animal survival [25]. See 
Table 1 for more details. 

Figure 2. Relationships between different classical lignans. It depicts the basic mother nucleus structure
of different subtypes of classical lignans, the main structural feature of this subclass is the β-β′ linkage.
Dibenzylbutane (central position) is the basic structure of classical lignan, other subtypes of lignans
derive from this structure with different chemical reactions.

2.1.1. Dibenzylbutanes

Dibenzylbutanes, which are also known as simple lignans, are the simplest classical lignans,
which are the only lignan subtype without being cyclized. They are phenylpropane dimers that
have a β-β′ linkage. Dibenzylbutane lignans also show an increased diversity due to multiple
possible oxidation states along the butane chain [15]. Niranthin, nordihydroguaiaretic acid (NDGA),
and terameprocol (TMP), are the representative compounds with antiviral activity in this subclass,
and Figure 3 shows their structures.
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Niranthin. This compound was first isolated from Phyllanthus niruri Linn. (family Euphorbiaceae) [16],
which has long been used in folk medicine for liver protection and anti-hepatitis B virus (HBV) in
many Asian countries. Ray-L screened 25 compounds from Phyllanthus Species in vitro and niranthin
showed the best anti-HBsAg activity among them [12]. When evaluated for the anti-HBV activity
in vitro, niranthin was found to significantly decrease the secretion of HBsAg and HBeAg with IC50

values of 15.6 and 25.1 µM in the human HBV-transfected cell line HepG2.2.15, respectively. In vivo,
niranthin treatment of the DHBV-infected ducklings significantly reduced the serum DHBV DNA,
HBsAg, HBeAg, ALT, and AST. Mechanistic studies showed that niranthin inhibited not only DHBV
DNA replication, but also HBV antigen expression, which suggests that niranthin acts as an anti-HBV
agent through at least two or more targets [16].
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NDGA was isolated from the leaves of Larrea tridentata (Zygophyllaceae); the plant was known
as creosote bush, which has been traditionally used in folk medicine across different countries and
regions for more than 50 different diseases [17]. It was reported that NDGA exerts beneficial effects
on diverse diseases, like cancer, renal damage, Alzheimer’s disease, and other neurodegenerative
pathologies [18–20]. At the molecular level, NDGA is a potent scavenger of reactive oxygen species [21].
NDGA has been identified to inhibit the replication of the related dengue virus (DENV); MOA showed
that it inhibits DENV infection by targeting genome replication and viral assembly [22]. Moreover,
NDGA showed the effect against hepatitis C virus (HCV), West Nile Virus (WNV), and Zika Virus
(ZIKV) in vitro [23,24]. For influenza A viruses (IAV), NDGA can suppress the replication of IAV and
the induction of cytokines, trypsin, and MMP-9, with improved animal survival [25]. See Table 1 for
more details.

TMP is the shorter title of tetra-O-methyl nordihydroguaiaretic acid. It is a methylated derivative
of NDGA and was also initially founded in the resin of the creosote bush [26]. As the derivative
of NDGA, it was tested the antiviral effects against WNV and ZIKV simultaneously with NDGA;
the results showed both compounds inhibited the infection of WNV and ZIKA, with good and similar
IC50 values, and MOA was likely by impairing viral replication [24]. Meanwhile, Pollara showed
that TMP inhibits poxvirus growth in vitro by preventing the efficient spread of virus particles from
cell to cell [27]. Additionally, there were some reports regarding the antiviral activity of TMP against
herpes simplex virus (HSV) and human immunodeficiency virus (HIV) [28,29]. Moreover, it was made
into vaginal ointment for women with HPV-linked cervical intraepithelial neoplasia and it showed
an excellent safety profile in Phase I/II trials [30].

Besides, Xu isolated four new lignans from the aerial parts of Justicia procumbens (Acanthaceae)
and tested their activity against HIV-1. One of the new secoisolariciresinol dimethylether acetate
exhibited anti-HIV-1 activity with an IC50 of 5.27 µM in vitro [31].

2.1.2. Dibenzylbutyrolactones

Dibenzylbutyrolactones, which are also known as lignans-β-β′-lactones(lignanolides), are based
on dibenzylbutanes, with 9-9′epoxy and C9 carbonyl. Lignanolides are often found in the same
plants as theirmonode- hydrogenated or didehydrogenated compounds and corresponding derivatives.
The representative compounds with antiviral activities in this subclass are arctigenin (ATG), yatein,
and hinokinin (Figure 4).
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ATG was initially isolated from Arctium lappa L. (Compositae). So far, the research of antiviral
activity has been mainly focused on IAV and HIV. The erythrocyte agglutination test showed that
ATG can inhibit the replication of the IAV in vitro, and the inhibition was shown to be 100% with
a concentration of 26.8 mM based on hemagglutination titer [32]. In vivo, ATG can reduce lung
index, increase the survival rate of the infected mice, and induce the interferon levels of normal mice,
which suggested that mechanistically ATG can induce the production of interferon [33]. ATG and its
glycoside arctiin were also shown to be orally effective, but less than oseltamivir, the results suggested
that it is a good choice of the combined arctiin with oseltamivir for IAV in immunocompromised
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mice that were infected with IAV [34]. Additionally, ATG strongly inhibited the expression of protein
P17 and P24 of the HIV-1 in vitro. MOA showed that it targets reverse transcription [35]. Studies
on the structure-activity relationship (SAR) showed that: (1) the structure of lactones is necessary;
and, (2) the number and arrangement of phenolic hydroxyl groups are very important for the activity
of lignanolides [36].

Yatein was isolated from Chamaecyparis obtuse (Cupressaceae). It could significantly suppress
HSV-1 replication in HeLa cells without apparent cytotoxicity [37]. MOA showed that yatein can inhibit
HSV-1 alpha gene expression, including the expression of the ICP0 and ICP4 genes, by arresting HSV-1
DNA synthesis and structural protein expression in HeLa cells [38].

Hinokinin was first isolated from the ether extract of Chamecyparis obtusa in 1933, and it was
also found in different species of Phyllanthus (Euphobiaceae) [39], Aristolochia (Aristolochiaceae) [40],
Piper (Piperaceae) [41], Virola (Myristicaceae) [42], Linum (Linaceae) [43], and so on. The anti-inflammatory,
antimicrobial activities, and cytotoxicity of this compound have been extensively studied [44].
Meanwhile, it showed good antiviral activities against human HBV [12], HIV [45], SARS-virus
(SARS-CoV) [46], and human cytomegalovirus (HCMV) [47]. The defects are all data from in vitro and
no in-depth research on MOA.

2.1.3. Arylnaphthalenes/Aryltetralins

The relationship between the arylnaphthalene and aryltetralin subclasses is of interest due to
their deceptive structural similarities. Both of these compounds are based on dibenzylbutanes and
formed by cyclization of six sites in one C6-C3 unit and seven sites in another C6-C3 unit. Their subtle
structural difference lies in whether the B ring consists of a benzene ring or a six-membered ring.
Arylnaphthalenes are also named benzene tetrahydronaphthalene, which means that the B-ring
structure consists of six-membered rings. Aryltetralins are named benzene naphthalene, because the
B-ring structure consists of benzene. The representative compounds of arylnaphthalene are diphyllin
and 6-deoxyglucose-diphyllin (DGP), and podophyllotoxin represents aryltetralin (Figure 5).Molecules 2019, 24, x 6 of 19 
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Figure 5. Structures of arylnaphthalene/aryltetralin and corresponding compounds.

Diphyllin is a natural component of plants with a naphthalene and one hydroxyl lignans [48].
It exists in Haplophyllum alberti-regelii, H. bucharicum, and H. perforatum (Rutaceae) [49]. It showed
broad-spectrum antiviral activity as a potent vacuolar ATPase (V-ATPase) inhibitor [50]. For example,
it blocked ZIKV infection in HT1080 cells with an IC50 of ~0.06 µM [51]; it also altered the
cellular susceptibility to IAV through the inhibition of endosomal acidification, thus interfering
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with downstream virus replication [52]. There are more reports regarding the antiviral effect of
glycosylated diphyllin.

DGP, which is also known as patentiflorin A, was first isolated from plant of Justicia gendarussa
(Acanthaceae) [53]. As the glycosylated diphyllin, it exhibited anti-ZIKV activity both in vitro and
in vivo, and it displayed broad-spectrum antiviral activity against other flaviviruses. MOA showed
that DGP inhibits ZIKV fusion with cellular membranes and infection by preventing the acidification
of endosomal/lysosomal compartments in the target cells [51]. Besides, it also displays potent activity
against a broad spectrum of HIV strains with IC50 values in the range of 15–21 nM [54]; MOA showed
that it acts as a potential inhibitor of HIV-1 reverse transcription [55].

Podophyllotoxin is one of the best-characterized lignans which is a type of aryletralin lignan
lactone, and it was initially found in Dysosmae Verspiellis Rhixoma Et Radix or American mandrake or
mayapple (all belong to family Berberidaceae) [3]. One of the research interests of podophyllotoxin is
focused on anti-cancer activities [56,57]. Furthermore, it was first cited in 1942 as a topical treatment for
venereal warts (Condyloma acuminatum), which is an ailment that is caused by papillomavirus [11].
The clinical randomized controlled trial data with 45 cases showed that podophyllotoxin 0.5% solution
has a beneficial effect on anoenital warts and it is effective and safe for untreated anogenital warts in
immunocompetent individuals [58].

2.1.4. Substituted Tetrahydrofurans

Substituted tetrahydrofurans are also designated as monoepoxylignans. It refers to the formation
of furan or tetrahydrofuran structures that are based on dibenzylbutanes; the representative compounds
are lariciresinol (LA) and the derivatives. Figure 6 shows the structures’ details. There are lots of
traditional medicinal plants, such as Patrinia scabra Bunge (Caprifoliaceae) [59], Stelleropsis tianschanica
(Rutaceae) [60], and Rubia philippinensis (Rubiaceae) [61] with ingredients of LA and the derivatives.
Among them, the plant of Isatis indigotica Fort (Cruciferae) was the most studied because of the root.
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The root of Isatis indigotica Fort is a very famous antiviral traditional medicine in China and is
called Radix Isatidis (Banlangen in Chinese); during the prevalence of SARS in 2003, the traditional
Chinese medicine products containing Radix Isatidis were once out of stock in China. So far,
lots of derivatives with LA structure were isolated from Radix Isatidis and antiviral activities
were demonstrated. For example, lariciresinol-4-O-β-d-glucopyranoside was shown to inhibit the
IAV-induced pro-inflammatory response [62]; the underlying defense mechanism against IAV
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infection is from pharmacological actions on the immune system, signal transduction, cell cycle,
and metabolism [63]; (7′R,8S)-9′-lariciresinol-(alpha-methyl)-butanoate showed a low amount of
activity to anti-HIV-1 [64]; Isatindolignanoside A was shown to have antiviral activity against
Coxsackievirus B3 (CVB3), with IC50 and SI values of 25.9 µM and >3.9, respectively [65]; Clemastanin
B (7S,8R,8′R-(−)-lariciresinol-4,4′-bis-O-β-d-glucopyranoside), as the active ingredient of Radix Isatidis,
it showed to inhibit different subtypes of human IAVs (H1N1, H3N2, and influenza B) [66].

2.1.5. 2,6-Diarylfurofurans

2,6-diarylfurofuran, which is also known as bisepoxylignan, is a lignan with a double
tetrahydrofuran ring structure, which is formed by two side chains of phenylpropanoid interlinked to
form two epoxy structures. There are a few reports of these compounds on antiviral activities (Figure 7).
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Phillygenin is the major active constituent of Fructus Forsythiae (Oleaceae). It can suppresses
high glucose-induced lipid accumulation and it has antibacterial and antioxidant activities [56], and is
could also be a potential therapeutic agent for alleviating inflammation [57]. Antiviral studies show
that phillygenin has good protective effects against infections that are caused by IAV; it could reduce
inflammation that is caused by IAV in vivo in the meanwhile [58].

Sesamin was isolated from the seeds of Sesamum indicum (Pedaliaceae). It has anti-inflammatory
cytokines in human PBMCs that are induced by H1N1 [67]. However, there is no report demonstrating
its direct anti-influenza activity.

2.1.6. Dibenzocyclooctenes

The structure of this subclass of lignans has not only biphenyl structure, but also an eight-membered
ring structure synthesized by biphenyl and side chainring. Figure 8 shows the structures of
dibenzocyclooctadiene and the corresponding compounds. So far, more than 150 lignans have
been isolated and identified from more than 60 species of Schisandraceae family [68]. The reason of
dibenzocyclooctene lignans are called ‘Schisandra chinensis lignans’, even in the professional scientific
literature [69].
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Schisandra Chinensis (Turcz.) Baill. is the most famous plant in Schisandraceae family, and the fruits
(called Fructus Schizandrae) were widely used as a traditional Chinese medicine for treating hepatitis,
myocardial disorders, and hyperlipidemia and neurodegenerative diseases in the countries of East Asia
and others [70–72]. In this plant, nine major bioactive lignans were identified as dibenzocyclooctenes,
they are schisandrol A, schisandrol B, angeloylgomisin H, gomisin G, schisantherin A, schisanhenol,
schisandrin A, schisandrin B, and schisandrin C [73]. In terms of antiviral activities, we have found that
schisandrin A inhibits DENV replication via upregulating the antiviral interferon responses through
the STAT signaling pathway [74]. Schisandrin A and schisandrin B exhibited antiviral activity against
HIV [75], and schizandrin C was shown to be the most active compound in protection against liver
injury in mice. A derivative of schizandrin C, Bicyclol, has been approved as a hepatoprotectant by the
Chinese Food and Drug Administration (CFDA) for the treatment of liver injury in 2004 [76].

Bicyclol(4,4′-dimethoxy-5,6,5′,6′-bis(methylenedioxy)-2-hydroxymethyl-2′-methoxycarbonyl
biphenyl) is an analog of the active component schizandrin C from Fructus Schiznadrae [77], as illustrated
in Figure 9. Bicyclol was shown to have activities in vitro and in vivo. Clinical data showed that
it could inhibit virus replication in patients that were infected with HBV, and the difference of the
response to bicyclol therapy between HBV genotypes B and C was not statistically significant [78].
Other results showed that bicyclol significantly inhibited HCV replication in vitro and in hepatitis
C patients [79]. Mechanistic studies suggest that anti-hepatitis activity of bicyclol is through the
modulation of cytotoxic T lymphocytes [76], and by up-regulating the host restrictive factor (GLTP) for
HCV replication and causing the spontaneous restriction of HCV replication [79]. Bicyclol is now used
to treat the patients with chronic hepatitis B in China [80].
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Figure 9. Bicyclol as an anti-HBV drug [76]. Schizandrin C was isolated from F. Schizandrae and verified
as the most active compound in protection against liver injury in mice. DDB (Dimethyl dicarboxylate
biphenyl) as an analog of schizandrin C has been widely used for the improvement of the abnormal
liver function of CHB hepatitis in China. Bicyclol as a novel substitute for DDB was found to be more
effective in protection against liver injury and was also showed to inhibit hepatitis virus replication
in vitro and in vivo.

Rubrifloralignan A was isolated from another species of Schisandraceae family—Schisandra rubriflora.
It can not only inhibits the formation of syncytium induced by HIV-1IIIB and cell death induced
by HIV-1, but it also inhibits the replication of HIV. Mechanistically, rubrifloralignan A was shown
to inhibit the early stage in HIV-1 replication [81]. The derivative, (+/−)-Gomisin M1, exhibited
the most potent anti-HIV activity, with EC50 and SI values of <0.65 µM and >68, respectively [82].
Halogenated gomisin J derivatives were shown to be a nonnucleoside inhibitor of HIV type 1 reverse
transcriptase [83].

2.2. Neolignans

Neolignans are a class of lignans that do not contain the β-β′ (also referred to as an 8-8′)
phenyl-propane linkage that are characteristic of classical lignans. They can be further grouped into
different subtypes based on the nature and position of the linkage between the phenylpropane units.
In contrast to classical lignans, there are only a few reports on the antiviral activities of neolignans.
Figure 10 shows the structures of some neolignan compounds.
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1,4-Benzodioxane lignans. This subtype of neolignans has received significant attention through
the years due to their good biological activities. One representative is Silymarin flavonolignans,
which were isolated from the seeds of Silybum marianum [84] and they are the most commonly
consumed herbal products among the HCV-infected patients in western countries [85]. Besides,
they were showed to possess antioxidative, anti-inflammatory, and hepatoprotective activities [86].
Recent studies have also documented the antiviral activities of silymarin and its derivatives against
HCV and other viruses [87]. Its derivative intravenous silibinin, which was named Legalon® SIL,
and has been shown to block HCV production and increase anti-inflammatory and anti-proliferative
gene expressions without affecting serum albumin levels in the clinical phase [88]. In addition, it was
showed that silymarin inhibited the replication of IAV [89]. MOA showed that silymarin inhibited
the late mRNA synthesis during IAV replication. It was also reported that silymarin inhibited other
viruses, such as DENV, Chikungunya virus, Mayaro virus, HIV, and HBV [86].

Molecules 2019, 24, x 9 of 19 

 

the late mRNA synthesis during IAV replication. It was also reported that silymarin inhibited other 
viruses, such as DENV, Chikungunya virus, Mayaro virus, HIV, and HBV [86]. 

(7′R,8′S,7′′R,8′′S)-erythro-strebluslignanol G, a neolignan and also a dimer of strebluslignanols, 
was isolated from the root of Streblus asper. It exhibits significant anti-HBV activities in the secretion 
of HBsAg and HBeAg, with IC50 values of 3.67 and 14.67 µM, respectively [90]. 

Secolignans or Cleavage lignans. These neolignans are presumed to be obtained by the pyrolysis, 
oxidation, and cyclization of arylnaphthalenes [91]. Most of the reported compounds were isolated 
from the plants of genus Peperomia (Piperaceae) [92], Urtica (Urticaceae) [93], and Selaginella 
(Selaginellaceae) [94]. They exhibited anti-tumor [95], anti-inflammatory [96], anti-HIV, insect 
antifeedant [97], and other pharmacological activities. Two compounds, Peperomins A and B, which 
were isolated from Peperomia pellucida (Piperaceae) [98], showed moderate inhibitory effects on HIV-
1 IIIB growth in C8166 cells, with EC50 values of around 5 µM. However, it appears that the observed 
bioactivity was due to cytotoxicity [99]. 

 
Figure 10. Structures of some neolignan compounds. 

 

Figure 10. Structures of some neolignan compounds.

(7′R,8′S,7”R,8”S)-erythro-strebluslignanol G, a neolignan and also a dimer of strebluslignanols,
was isolated from the root of Streblus asper. It exhibits significant anti-HBV activities in the secretion of
HBsAg and HBeAg, with IC50 values of 3.67 and 14.67 µM, respectively [90].

Secolignans or Cleavage lignans. These neolignans are presumed to be obtained by the
pyrolysis, oxidation, and cyclization of arylnaphthalenes [91]. Most of the reported compounds
were isolated from the plants of genus Peperomia (Piperaceae) [92], Urtica (Urticaceae) [93],
and Selaginella (Selaginellaceae) [94]. They exhibited anti-tumor [95], anti-inflammatory [96], anti-HIV,
insect antifeedant [97], and other pharmacological activities. Two compounds, Peperomins A and B,
which were isolated from Peperomia pellucida (Piperaceae) [98], showed moderate inhibitory effects
on HIV-1 IIIB growth in C8166 cells, with EC50 values of around 5 µM. However, it appears that the
observed bioactivity was due to cytotoxicity [99].
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Table 1. The antiviral activities of lignans and their derivatives from plants.

Subclass Cpd From Plants Organs Virus(es) IC50 (µM) CC50 (µM) Status MOA/Targets Refs

Dibenzylbutanes

Niranthin Phyllanthus niruri L.
(Euphorbiaceae) Whole plants HBV 15.6~25.1 369.9 In HepG

2.2.15
In Vitro
In Vivo

inhibits DHBV DNA replication and HBV antigen
expression. [12,16]

NDGA
Larrea tridentate

(Zygophyllaceae) Leaves (resin)

DENV No data No data

In Vitro

targets genome replication and viral assembly

[22–25]

HCV 30 70 in Huh7
NDGA-mediated alterations of host lipid
metabolism, LD morphology, and VLDL

transport affect HCV proliferation

WNV/ZIKV 7.9/9.1 162.1 in Vero
WNV: disturb the lipid metabolism probably by

interfering with the sterol regulatory element
binding proteins (SREBP) pathway

IAV In Vivo
suppresses replication of IAV and induction of
cytokines, trypsin, and MMP-9, with improved

animal survival

TMP
Larrea tridentata

(Zygophyllaceae) Leaves (resin)

WNV/ZIKV 9.3/5.7 1071.0 in Vero In Vitro impaires viral replication

[24,26–30]

poxvirus No data No data In Vitro prevents the efficient spread of virus particles
from cell to cell

HSV 43.5 160 in Vero In Vitro TMP inhibits both these viruses replication by
blocking the binding of the host cell transcription

factor, Sp1, to viral promoters.HIV 25 No data In Vitro

HPV In Clinical

selectively interferes with HPV viral genes E6/E7
with Sp1dependent promoters, and induces

apoptosis by inactivation of the CDC2/cyclin B
complex (maturation promoting factor) and
production and phosphorylation of survivin

Secoisolariciresinol
dimethyleTher acetate

Justicia procumbens
(Acanthaceae)

Air-dried
aerial parts HIV-1 5.27 11.6 In Vitro waiting for the deeper research [31]

Dibenzyltyrolactones

ATG
Arctium lappa L.
(Compositae)

Whole plants IAV No data No data In Vitro
In Vivo induce the production of interferon

[32–36]

HIV-1 No data No data In Vitro inhibit the expression of protein P17 and P24 of
the HIV-1 virus

Yatein Chamaecyparis obtuse
(Cupressaceae) Dried leaves HSV-1 30.6 ± 5.5 >100 In Vitro

inhibiting HSV-1 alpha gene expression,
including expression of the ICP0 and ICP4 genes,

and by arresting HSV-1 DNA synthesis and
structural protein expression in HeLa cells

[37,38]

Hinokinin
Chamecyparis obtusa

(Cupressaceae) Woods

HBV No data No data In Vitro

waiting for the deeper research [12,45–47]
HIV <28 527 in H9

SARS-CoV >10 >750 in Vero

HCMV No data 115 in A549



Molecules 2020, 25, 183 11 of 17

Table 1. Cont.

Subclass Cpd From Plants Organs Virus(es) IC50 (µM) CC50 (µM) Status MOA/Targets Refs

Arylnaphthalenes

Diphyllin

genus Haplophyllum
(Rutaceae)

Epigeal part ZIKV 0.06 3.48 in MDCK
In Vitro

vacuolar ATPase (V-ATPase) inhibitors

[48–52]
IAV

0.1–0.6 in
different
strains

24.1 in A549 inhibit endosomal acidification, thus interfering
with downstream virus replication

DGP
Justicia gendarussa

(Acanthaceae)
Stems and

leaves
ZIKV 0.01–0.07 15–32 In Vitro

In Vivo

prevented the acidification of
endosomal/lysosomal compartments in target
cells, thus inhibiting ZIKV fusion with cellular

membranes and infection.
[51,53–55]

HIV-1 15–21 nM No data In Vitro HIV-1 reverse transcription

Aryltetralins
Dysosmae Verspiellis &
Podophyllum peltatum

(Berberidaceae)

Roots and
stems

Papilloma
virus Launched in China waiting for the deeper research [3,11,56–58]

Substituted
tetrahydrofurans

lariciresinol-4-O-
β-d-glucopyranoside

Isatis indigotica Fort
(Cruciferae) Roots

IAV 50 µg/mL >200 µg/mL In Vitro pharmacological actions on the immune system,
signal transduction, cell cycle, and metabolism [62,63]

(7′R, 8S)-9′-lariciresinol-
(α-methyl)-butanoate HIV-1 0.66 mM 0.67mM in

C8166 In Vitro No report [64]

Isatindolignanoside A CVB3 25.9 >100 In Vitro waiting for the deeper research [65]

Clemastanin B IAV 0.087–0.72
mg/mL 6.2–7.5 mg/mL In Vitro targets viral endocytosis, uncoating or RNP

export from the nucleus [66]

2,6-diarylfurofurans

Phillygenin Fructus Forsythiae
(Oleaceae) Fruits IAV In Vivo reduce inflammation caused by IAV. [57,58]

Sesamin Sesamum indicum
(Pedaliaceae) Seeds

inflammatory
cytokines

induced by
H1N1

No data No data In Vitro anti-inflammatory cytokines in human PBMCs [67]

Dibenzocyclooctene Bicyclol Analogue of schizandrin C from
Fructus Schiznadrae HBV Launched in China inhibit virus replication in patients

infected with HBV [76–80]

HCV 30 No data In vitro/Vivo/
Clinical

modulation of cytotoxic T lymphocytes
up-regulating the host restrictive factor (GLTP)
for HCV replication, and causing spontaneous

restriction of HCV replication

Rubrifloralignan A Schisandra rubriflora
(Schisandraceae) Fruits HIV-1 40.46 123.35 In Vitro inhibit the early stage of HIV-1 replication [81–83]

1,4-Benzodioxane
lignans

Silymarin Silybum marianum
(Compositae) Seeds

HCV In Clinical

blocked HCV production, increased
anti-inflammatory, anti-proliferative gene

expressions without affecting serum
albumin levels

[84–89]

IAV No data No data In Vitro inhibition of late viral RNA synthesis

Dimer of
strebluslignanols

(7′R,8′S,7”R,8”S)-erythro-
strebluslignanolG

Streblus asper
(Moraceae) Roots HBV 3.67/HBsAg

14.67/HBeAg No data In Vitro inhibit the secretion of HBsAg and HBeAg [90]

Secolignans Peperomins A&B Peperomia pellucida
(Piperaceae) Whole plants HIV-1 IIIB 5 No data In Vitro related to the cytotoxicity expressed as

CC50 of compounds [98,99]

IC50, inhibitory concentration of compound that produces 50% inhibition of virus-induced cytopathic effects; CC50, concentration that reduces the growth of target cells by 50%.
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3. Prospects of Lignans and Their Derivatives in Antiviral Development

Lignans are traditionally defined as a class of secondary metabolites that are derived from the
oxidative dimerization of two or more phenylpropanoid units. They boast a vast structural diversity,
despite their common biosynthetic origins. It is also well-established that this class of compounds exhibit
a range of potent biological activities. Owing to these factors, lignans have proven to be a challenging
and desirable synthetic target that have instigated the development of some different synthetic methods,
advancing our collective knowledge towards the synthesis of complex and unique structures.

Virus-related diseases are becoming a more challenging public health concern with increased
global travel and emergence of viral resistance to the clinical antiviral drugs. There is an urgent need to
develop novel antiviral drugs targeting different viral and host proteins. Lignans, as discussed in this
review, have large structural diversity and pharmacological activities, including antivirals. Two types of
antiviral lignans—podophyllotoxin and bicyclol, which show high potency in the treatment of venereal
warts and chronic hepatitis B, respectively—serve as good examples of developing lignans for antivirals.
However, we believe that the potential of lignans in antivirals needs further exploration in the research
and development. As noted above, although many of the classical lignans have been showed to display
wide-range antiviral activities, little is known regarding the neolignans, which have more varied
structures than classical lignans, with regards to their antiviral activities. These neolignans should
be carefully evaluated to assess their activities against different viruses, and it is highly likely that
many new antiviral activities will be discovered. Furthermore, action of mechanism studies should be
investigated for facilitating the development of lead lignans in antiviral drug discovery.
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