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Abstract 20 

HIV-1 reverse transcriptase (RT) is still an extremely attractive pharmaceutical target for the identification of 21 

new inhibitors possibly active on drug resistant strains. Medicinal plants are a rich source of chemical 22 

diversity and can be used to identify novel scaffolds to be further developed by chemical modifications. We 23 

investigated the ability of the main lignans from Schisandra chinensis (Turcz.) Baill. fruits, commonly used 24 

in Traditional Chinese Medicine, to affect HIV-1 RT functions. We purified 6 lignans from Schisandra 25 

chinensis fruits and assayed their effects on HIV-1 RT and viral replication. Among the Schisandra chinensis 26 

fruit lignans, Schisandrin B and Deoxyschizandrin selectively inhibited the HIV-1 RT-associated DNA 27 
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polymerase activity. Structure activity relationship revealed the importance of cyclooctadiene ring 28 

substituents for efficacy. In addition, Schisandrin B was also able to impair HIV-1 RT drug resistant mutants 29 

and the early phases of viral replication. We identified Schisandrin B and Deoxyschizandrin as new scaffold 30 

for the further development of novel HIV-1 RT inhibitors. 31 

 32 

Keywords: Schisandra chinensis, HIV-1, reverse transcriptase, plant extracts, plant diversity, HIV 33 

resistance. 34 

 35 

Introduction 36 

Despite the approval of 25 drugs for Human Immunodeficiency Virus type 1 (HIV-1) therapy, emergence of 37 

drug resistance strains and side effects due to chronic drug administration require the identification of new 38 

HIV-1 inhibitors (Mehellou et al., 2010). For this purpose, HIV-1 reverse transcriptase (RT) is still an 39 

extremely attractive drug target since it is a viral-coded protein characterized by multifunctional activities 40 

essential for different and fundamental steps in the viral retrotranscription process (Tramontano and Di 41 

Santo, 2010; Esposito et al.,  2012; Distinto et al., 2012; Corona et al., 2013). In particular, HIV-1 RT has 42 

two main enzymatic functions: an RNA-Dependent DNA Polymerase (RDDP) activity, responsible for the 43 

formation of the RNA:DNA intermediate, and a Ribonuclease H (RNase H) activity, responsible for the 44 

hydrolytic cleavage of the RNA strand of the RNA:DNA hybrid (Esposito et al.,  2012). According to their 45 

different mechanism of action, RT Inhibitors (RTIs), all selectively inhibiting the DNA polymerase function, 46 

are divided into i) Nucleoside RT inhibitors (NRTIs), that structurally resemble and compete with natural 47 

nucleotides, and ii) Non-Nucleoside RT Inhibitors (NNRTIs) that are structurally different allosteric agents 48 

and bind to a hydrophobic pocket near to the DNA polymerase active site (Esposito et al.,  2012). Selection 49 

of drug resistant HIV-1 strains represents one of the major therapeutic problems. In particular, the HIV-1 RT 50 

Y181C and Y188L point mutations are important for the development of drug resistance to first-generation 51 

NNRTIs such as Nevirapine (Mellors et al., 1992; Mellors et al., 1993; Ren et al., 2008), while the RT 52 

K103N mutation plays a crucial role in drug resistance to second-generation NNRTIs such as Efavirenz 53 

(Maga et al., 1997; Domoal et al., 2004). 54 
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Plants are a source of chemical diversity and can be used to identify new scaffolds to be further developed by 55 

chemical modifications (Li and Vederas, 2009). Despite this, only a limited number of plant extracts have 56 

been actually searched for their efficacy on HIV-1 replication and no natural compound has been developed 57 

up to clinical approval for HIV treatment (Cos et al., 2008; Yu et al., 2007). Traditional Chinese Medicine 58 

(TCM) is the major ancient therapeutic system in China and its herbal component is the most important. 59 

Until now only very few plants used in TCM have been explored for antiviral efficacy, despite the fact that 60 

screening for active lead compounds from TCM extracts is considered more efficient than a screening from a 61 

standard combinatorial chemical library. In fact, considering the long TCM history, a great number of 62 

compounds (hits) are likely to be discovered and to be better suited for lead development given their higher 63 

degree of drug-like properties (Li and Peng, 2013). 64 

In TCM, the fruit of Schisandra chinensis (Turcz.) Baill. is commonly known as Wu-Wei-Zi with thousands 65 

years of history. It is recorded in the “Shen Nong’s herbal classic” as a top grade material that helps in cough 66 

and prevents asthma and it is officially listed in the Chinese Pharmacopoeia as a tonic, sedative and 67 

astringent agent (National Pharmacopoeia Committee 2010). In the past decades, Wu-Wei-Zi has been 68 

developed as an alternative medicine for the treatment of various liver diseases (Pao et al., 1975; Liu et al., 69 

1985). Chemical investigations on Wu-Wei-Zi revealed that the mainly components are lignans, especially 70 

dibenzo[a,c]cyclooctadiene lignans, which showed antihepatotoxic, antioxidant, anticancer activities, as well 71 

as effects on the central nervous system  (Liu and Pesca, 1982; Hancke et al., 1999; Opletal et al., 2004; 72 

Panossian and Wikman, 2008). Particularly, Schisandrol A and Schisandrol B showed the capacity to 73 

lowering elevate transaminase levels in mice as a protection on induced liver damage and oxidative stress 74 

(Pu et al., 2012), while Schisantherin A and Deoxyschizandrin are used for their liver-protective, anti-tumor 75 

and anti-oxidant activities and showed also cardioprotective effects in rats (Chang et al., 2013; Pan et al., 76 

2011; Pu et al., 2012; Xu et al, 2005). Furthermore, Schisandrin B presents a generalized protective effect 77 

against tissues oxidation, demonstrated also in neuronal cells, and is able to selectively inhibit ATR kinase 78 

activity in DNA damage response (Chen et al., 2013; Lam et al., 2012; Nishida et al., 2009).  79 

In addition, single components of other members of the Schisandraceae family such as the Schisandra 80 

sphaerandra and Schisandra rubriflora have been reported to inhibit the HIV-1 RT activity as well as viral 81 

replication, respectively (Sun et al., 1996; Xiao et al., 2010; Chen et al., 2006). 82 
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Hence, in the present work, we investigated the effect of six dibenzo[a,c]cyclooctadiene lignans extracted 83 

and purified from the Schisandra chinensis fruits on both HIV-1 RDDP and RNase H RT functions.  84 

In biochemical assays two components, Schisandrin B and Deoxyschizandrin, selectively inhibited the HIV-85 

1 RT-associated DNA polymerase activity in the micromolar range. Schisandrin B was able to impair the 86 

early phases of HIV-1 replication in cell-based assays and, importantly, it was effective also on HIV-1 87 

K103N, Y181C and Y188L single RT mutants in biochemical assays. 88 

 89 

Materials and Methods  90 

Compound purification.  91 

Briefly, six lignans including Schisandrol A, Schisandrol B, Schisantherin A, Deoxyschizandrin, Schisandrin 92 

B and Schisandrin C were isolated and purified by repeated open-column chromatography including SiO2, 93 

Sephadex LH-20 and ODS column from the petroleum ether and EtOAc part of Schisandra chinensis. The 94 

chemical structure was confirmed based on 1H NMR and 13C NMR data. The purities (higher than 97%) of 95 

those 6 compounds were determined by HPLC-DAD.  96 

Protein expression and purification. 97 

 HIV-1 RT gene subcloned into the p6HRT_prot plasmid was kindly provided by Stuart Le Grice (NCI). 98 

Protein expression and purification was performed in M15 E. Coli cells as described (Suchaud et al., 2010). 99 

HIV-1 RT K103N, Y108C and Y188L mutants were produced by site-directed mutagenesis using the 100 

Stratagene kit according manufacturer’s indication. 101 

RNase H polymerase-independent cleavage assay.  102 

The HIV-1 RT-associated RNase H activity was measured as previously described (Esposito et al., 2013). 103 

RDDP assay.  104 

The HIV-1 RT-associated RDDP activity was measured using the Enz-Check Reverse Transcriptase Assay 105 

Kit (Invitrogen), as previously described (Esposito et al., 2013). 106 

Cell culture assay.  107 

The cytotoxicity of the compounds for the human T lymphoblastoid cell line Jurkat Clone E6-1 (ATCC® 108 

TIB-152) was assessed using the MTT method (Gonzales and Cheng, 1993). The ability of active 109 
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compounds to inhibit the viral replication was performed using a single round of infection which measures 110 

the efficiency of the early events of the virus life cycle as previously described (Helseth et al., 1990). 111 

 112 

Results 113 

With the aim of identifying new chemical scaffolds that could be used to develop novel anti-HIV-1 agents, 114 

we assayed the fruit components of the TCM plant Schisandra chinensis (Turcz.) Baill. fruits, also taking 115 

into account that other compounds extracted from plants belonging to the Schisandraceae family have been 116 

shown to inhibit both HIV- 1 RT-associated RDDP activity and virus replication (Sun et al., 1996; Xiao et 117 

al., 2010). Starting from Schisandra chinensis fruit extracts, we extracted and purified six 118 

dibenzocyclooctadiene lignans: Schisandrol A, Schisandrol B, Schisantherin A, Deoxyschizandrin, 119 

Schisandrin B and Schisandrin C.  All these six compounds are twist boat-chair configuration with a linked 120 

biphenyl cyclohexadiene system and each ring is substituted with various groups. Schisantherin A is a S- 121 

biphenyl while other five lignans are R-biphenyl configuration. The six compounds were first tested for their 122 

effects on both HIV-1 RT associated functions, RDDP and RNase H activities, using Efavirenz and 123 

RDS1643 (Tramontano et al., 2005) as positive controls (Table 1). Results showed that lignans 124 

Deoxyschizandrin and Schisandrin B inhibited the RT-associated RDDP activity in the micromolar range 125 

(IC50 values around 30 µM concentration), lignans Schisandrol B and Schisandrin C slightly inhibited the 126 

HIV-1 RT-associated RDDP activity (IC50 values around 100 µM concentration), while lignans Schisandrol 127 

A and Schisantherrin A were ineffective. Differently, none of the six lignans was able to inhibit the RT-128 

associated RH function even at 100 µM concentration (Table 1). 129 

In order to assess the potential of the new identified scaffolds, we tested the ability of the two most active 130 

compounds, Deoxyschizandrin and Schisandrin B, to inhibit the early phase of the HIV-1 replication using 131 

an env complementation system capable of one single round of infection (Helset et al., 1990) (Table 2). 132 

Results showed that Schisandrin B holds an interesting antiviral activity and impair the early steps of HIV-1 133 

replication with a selective index > 6, while Deoxyschizandrin was ineffective due to cell toxicity. 134 

To further assess the Schisandrin B scaffold potential for drug development, we evaluated its ability to 135 

inhibit the HIV-1 RT-associated RDDP activity of enzymes bearing some of the most common, clinically 136 

relevant, single mutations involved in NNRTI resistance: K103N, Y181C and Y188L RTs (Table 3). 137 
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Interestingly, Schisandrin B confirmed its ability to inhibit the HIV-1 RT-associated RDDP function 138 

showing only a 2-fold increase in IC50 value when tested on the Y181C RT mutant and a 3-fold increase 139 

when tested on the K103N and Y188L RT mutants. 140 

 141 

Discussion 142 

TCM is a millenary therapeutic system based on a holistic approach in which the pathological manifestations 143 

are the result of an overall body disequilibrium, while western medicine is characterized by a more analytic 144 

approach. Although these methodologies can appear so different, TCM constitutes an ancient and rich source 145 

of knowledge, with a great application potential also in an analytical drug discovery process. In fact, since 146 

TCM extracts have been experienced for their medical properties for such a long time, their use in screening 147 

processes allows for more efficient identification of hits compounds with drug-like characteristics (Li and 148 

Peng, 2013).  149 

In the present study we investigated the anti-HIV-1 therapeutic potential of components of the fruits from 150 

Schisandra Chinensis, a plant belonging to Schisandraceae family whose other members have already been 151 

shown to have constituents with anti-HIV-1 activity (Sun et al., 1996; Xiao et al., 2010), and whose main 152 

components are a group of lignans known in TCM also for their drug-like properties (Pao et al., 1975; Liu et 153 

al., 1985; Liu and Pesca, 1982; Hancke et al., 1999). 154 

The structure activity relationship (SAR) study of the effects of the six tested lignans on the HIV-1 RT-155 

associated RDDP activity demonstrates the importance of the substituents on the cyclooctadiene ring for RT 156 

inhibition. In particular, the two methyl substituents in position 6 and 7 of the cyclooctadiene ring appear to 157 

be essential for RT inhibition by Schisandrin C, Deoxyschizandrin and Schisandrin B, as showed also for 158 

some structurally-related lignans extracted from the fruits of Schisandra Rubiflora, another plant belonging 159 

to the same taxonomic family of Schisandra chinensis  (Chen et al., 2006). The importance of these 160 

substituents is also demonstrated by the fact that, on the one side, the addition of an hydroxy moiety in 161 

position 7 of the cyclooctadiene ring reduces RT inhibition (compare Schisandrin B to Schisandrol B), on the 162 

other side their substitution with hydrogen atoms abolishes RT inhibition (compare Deoxyschizandrin to 163 

Schisandrol A). Active compounds differ for the absence (Deoxyschizandrin) or the presence of one 164 

(Schisandrin B and Schisandrol A) or two (Schisandrin C) dioxolane rings as cyclooctadiene ring 165 
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substituents. While the presence of two dioxolane rings reduces the potency of RT inhibition, hence 166 

suggesting the importance of the three-hydroxymethyl substituted phenyl ring for Deoxyschizandrin and 167 

Schisandrin B interaction with RT, the presence of only one dioxolane ring clearly reduces the compound 168 

cytotoxicity leading Schisandrin B to exert an anti-viral effect in cell-based assays. It is worth to note that 169 

also the modification of the methoxy substituents in positions 1 and 13 could probably be important in 170 

enhancing the Schisandrin B inhibition potency, as suggested by two similar molecules extracted from the 171 

fruits of Schisandra Rubiflora, where the replacement of the two methoxy moieties with hydroxyl groups 172 

showed a significant increase in the compounds anti-HIV-1 activity (Chen et al., 2006).  173 

In the effort of assessing the Schisandrin B relevance as new scaffold for drug development, we evaluated its 174 

effects on the single HIV-1 RT K103N, Y181C and Y188L mutants, that are relevant for NNRTI resistance 175 

in clinical practice. Interestingly, Schisandrin B showed only a 2-3 fold reduction in its potency of RT 176 

inhibition against all three mutant RTs, while Efavirenz showed a 7-10 fold IC50 increase on K103N and 177 

Y188L RT mutants. 178 

In conclusion, results confirmed that TCM is a valuable source of compounds with drug-like properties and 179 

demonstrated that Schisandrin B is a promising scaffold for the further development of novel HIV-1 RT 180 

inhibitors that can be effective also on NNRTI resistant strains. 181 

 182 

References 183 

Corona,  A., Masaoka, T., Tocco, G., Tramontano,  E.,and  Le Grice, S.F. 2013. Active site and 184 

allosteric inhibitors of the ribonuclease H activity of HIV reverse transcriptase. Future Med. Chem.  5, 2127-185 

2139. 186 

Chang, R., Li, Y., Yang, X., Yue, Y., Dou, L., Wang, Y., Zhang, W.; Li, X. 2013. Protective Role of 187 

Deoxyschizandrin and Schisantherin A against Myocardial Ischemia–Reperfusion Injury in Rats. PLoS ONE. 188 

8, e61590. 189 

Chen, M., Kilgore, N., Lee, K.H., and Chen, D.F. 2006. Rubrisandrins A and B, Lignans and Related Anti-190 

HIV Compounds from Schisandra Rubriflora. J. Nat. Prod. 69, 1697-1701.  191 

Chen, P., Pang, S., Yang, N., Meng, H., Liu, J., et al. 2013. Beneficial Effects of Schisandrin B on the 192 

Cardiac Function in Mice Model of Myocardial Infarction. PLoS ONE 8, e79418. 193 



 

8 
 

Cos, P, Maes, L., Vlietinck, A., and Pieters, L. 2008. Plant-derived leading compounds for chemotherapy 194 

of human immunodeficiency virus (HIV) infection - an update (1998 - 2007). Planta Med. 74, 1323– 1337. 195 

Distinto, S., Esposito, F.,  Kirchmair, J., Cardia,  M.C.,  Gaspari,  M., Maccioni, E., Alcaro, S., Markt, 196 

P., Wolber, G., Zinzula,  L. and Tramontano, E. 2012. Identification of HIV-1 reverse transcriptase dual 197 

inhibitors by a combined shape-, 2D-fingerprint- and pharmacophore-based virtual screening approach.  Eur. 198 

J. Med. Chem. 50, 216–229. 199 

Domaoal, R.A., and Demeter, L.M.  2004. Structural and biochemical effects of human immunodeficiency 200 

virus mutants resistant to non-nucleoside reverse transcriptase inhibitors. Int. J. Biochem. Cell. Biol. 36, 201 

1735–1751. 202 

Esposito, F., Corona, A., and Tramontano, E. 2012. HIV-1 reverse transcriptase still remains a new drug 203 

target: structure, function, classical inhibitors, and new inhibitors with innovative mechanisms of actions. 204 

Mol. Biol. Int. doi: 10.1155/2012/586401. 205 

Esposito, F., Sanna, C., Del Vecchio, C., Cannas, V., Venditti, A., Corona, A., Bianco, A., Serrilli, 206 

A.M., Guarcini, L., Parolin, C., Ballero, M. and Tramontano, E. 2013. Hypericum hircinum L. 207 

components as new single-molecule inhibitors of both HIV-1 reverse transcriptase-associated DNA 208 

polymerase and ribonuclease H activities. Path. Dis. 68, 116-124.  209 

Hancke, J.L., Burgos, R.A., and Ahumada, F.1999. Schisandra chinensis (Turcz.) Baill. Fitoterapia. 70, 210 

451-471.  211 

Helseth, E., Kowalski, M., Gabuzda, D., Olshevsky, U., Haseltine, W., and Sodroski, J. 1990. Rapid 212 

complementation assays measuring replicative potential of human immunodeficiency virus type 1 envelope 213 

glycoprotein mutants. J. Virol. 64, 2416-2420. 214 

Hu, J., Mao, C., Gong, X., Lu, T., Chen, H., Huang, Z., and Cai, B. 2013. Simultaneous determination of 215 

eleven characteristic lignans in Schisandra chinensis by high-performance liquid chromatography. 216 

Pharmacogn Mag. 9, 155–161 217 

Lam, P.Y., Ko, K.M. 2012. Schisandrin B as a Hormetic Agent for Preventing Age-Related 218 

Neurodegenerative Diseases. Oxid Med Cell Longev.  219 

Li, J., and Vederas, J.C. 2009.  Drug Discovery and Natural Products: End of an Era or an Endless 220 

Frontier? Science. 325, 161-165.  221 



 

9 
 

Li, T., and Peng, T. 2013.  Traditional Chinese herbal medicine as a source of molecules with antiviral 222 

activity. Antiv. Res. 97, 1-9. 223 

Liu, G.T., Chang, H.M., Yeung, H.W., Tso, W.W., and Koo, A. 1985.  Hepato-pharmacology of Fructus 224 

Schizandrae. Advances in Chinese Medicinal Materials Research, pp. 257–268. Singapore, World Scientific.  225 

Liu, K.T. and Lesca, P. 1982. Pharmacological properties of dibenzo[a,c]cyclooctene derivatives isolated 226 

from Fructus Schizandrae chinensis III. Inhibitory effects on carbon tetrachloride-induced lipid peroxidation, 227 

metabolism and covalent binding of carbon tetrachloride to lipids. Chem-Biol. Interact. 41, 39–47. 228 

Maga, G., Amacker, M., Ruel, N., Hubscher, U., and Spadari, S. 1997.  Resistance to nevirapine of HIV-229 

1 reverse transcriptase mutants: loss of stabilizing inter- actions and thermodynamic or steric barriers are 230 

induced by different single amino acid substitutions. J. Mol. Biol. 274, 738–747.  231 

Mehellou, Y., and De Clercq, E. 2010. Twenty-six years of anti-HIV drug discovery: where do we stand 232 

and where do we go? J. Med. Chem. 53, 521–538.  233 

Mellors, J.W., Dutschman, G.E., Im, G.J., Tramontano, E., Winkler, S.R., and Cheng, Y.C. 1992. In 234 

vitro selection and molecular characterization of human immunodeficiency virus-1 resistant to non-235 

nucleoside inhibitors of reverse transcriptase. Mol. Pharmacol. 41, 446–451. 236 

Mellors, J., Im, G.J., Tramontano, E., Winkler, S.R.,  Medina, D.J.,  Dutschman, G.E.,  Bazmi, H.Z.,  237 

Piras, G., Gonzales, C.J., and Cheng, Y-C. 1993. A single conservative amino acid substitution in the 238 

reverse transcriptase of human immunodeficiency virus-1 confers resistance to (+)-(5S)-4,5,6,7-tetrahydro-5-239 

methyl-6-(3-methyl-2butenyl)imidazo[4,5,1,jk][1,4] benzodiazepin-2(1H)-thione (TIBO R82150). Mol. 240 

Pharmacol. 43, 11–16. 241 

Nishida, H., Tatewaki, N., Nakajima, Y., Magara, T., Ko, K. M., Hamamori, Y., and  Konishi, T. 2009. 242 

Inhibition of ATR protein kinase activity by schisandrin B in DNA damage response. Nucleic Acids 243 

Research. 37(17), 5678–5689 244 

Mossmann, T. 1983. Rapid colorimetric assay for cell growth and survival. Application to proliferation and 245 

cytotoxicity. J. Immunol. Methods. 65, 55-63. 246 

National Pharmacopoeia Committee. 2010. Pharmacopoeia of People Republic of China. Chemical 247 

Industry Press, Beijing, China. 248 



 

10 
 

Opletal, L.,  Sovová, H.,  and Bártlová, M. 2004.  Dibenzo[a,c]cyclooctadiene lignans of the genus 249 

Schisandra: importance, isolation and determination. J. Chromatog. 812, 357–371. 250 

Pan, M.-H., Chiou, Y.-S., Tsai, M.-L., and Ho, C.-T. 2011. Anti-inflammatory activity of traditional 251 

Chinese medicinal herbs. J Tradit Complement Med. 1, 8–24. 252 

Pan, S.-Y., Zhou, S.-F., Gao, S.-H., Yu, Z.-L., Zhang, S.-F., Tang, M.-K., Sun, J.-N., Ma, D.-L., Han, 253 

Y.-F., Fong, W.-F., and Ko, K.-M. 2013. New Perspectives on How to Discover Drugs from Herbal 254 

Medicines: CAM’s Outstanding Contribution to Modern Therapeutics. Evid Based Complement Alternat 255 

Med. Article ID 627375.  256 

Panossian, A., and  Wikman, G. 2008.  Pharmacology of Schisandra chinensis Bail.: an overview of 257 

Russian research and uses in medicine. J. Ethnopharmacol. 118, 183–212.  258 

Pao, T.T., Liu, K.T., Hsu, K.F., and Sung, C.Y. 1975. Studies on Fructus Schizandrae I: effects on 259 

increased SGPT levels in animals caused by hepatotoxic chemical agents. J. Chinese Med. 54, 275–277. 260 

Pu, H.-J., Cao, Y.-F., He, R.-R., Zhao, Z.-L., Song, J.-H., Jiang, B., Huang, T., Tang, S.H:, Lu J.M., 261 

and Kurihara, H. 2012. Correlation between Antistress and Hepatoprotective Effects of Schisandra Lignans 262 

Was Related with Its Antioxidative Actions in Liver Cells. Evid Based Complement Alternat Med  263 

Ren, J., and Stammers, D.K. 2008.  Structural basis for drug resistance mechanisms for non-nucleoside 264 

inhibitors of HIV reverse transcriptase. Virus Res. 134, 157–170. 265 

Suchaud, V., Bailly, F., Lion, C., Tramontano, E., Esposito, F., Corona, A., Christ, F., Debyser, Z.  and  266 

Cotelle, P. 2010.  Development of a series of 3-hydroxyquinolin-2(1H)-ones as selective inhibitors of HIV-1 267 

reverse transcriptase associated RNase H activity. Bioorg. Med. Chem. Lett. 22, 3988–3992.  268 

Sun, H.D., Qiu, S.X., Lin, L.Z., Wang, Z.Y., Lin, Z.W., Pengsuparp, T., Pezzuto, J.M., Fong, H.H., 269 

Cordell, G.A. and Farnsworth, N.R. 1996. Nigranoic acid, a triterpenoid from Schisandra sphaerandra that 270 

inhibits HIV-1 reverse transcriptase. J. Nat. Prod. 59, 525–527.  271 

Tramontano, E., and  Di Santo, R. 2010.  HIV-1 RT-associated RNase H function inhibitors: Recent 272 

advances in drug development. Curr. Med. Chem. 17, 2837-2853. 273 

Tramontano, E., Esposito, F., Badas, R., Di Santo, R., Costi, R., and La Colla, P. 2005. 6-[1-(4-274 

Fluorophenyl)methyl-1H-pyrrol-2-yl)]-2,4-dioxo-5-hexenoic acid ethyl ester a novel diketo acid derivative 275 



 

11 
 

which selectively inhibits the HIV-1 viral replication in cell culture and the ribonuclease H activity in vitro. 276 

Antiv. Res. 65, 117-24. 277 

Xiao, W., Wang, R.,  Zhao, W., Tian, R., Shang, S., Yang, L., and Yang, J.  2010.  Anti-HIV-1 Activity 278 

of Lignans from the Fruits of Schisandra rubriflora. Arch. Pharm. Res. 33, 697-701. 279 

Xu, M., Wang, G., Xie, H., Wang, R., Wang, W., et al. 2005. Determination of schizandrin in rat plasma 280 

by high-performance liquid chromatography-mass spectrometry and its application in rat pharmacokinetic 281 

studies. J Chromatogr B Analyt Technol Biomed Life Sci. 828, 55–61.  282 

Yu, D.,  Morris-Natschke, S.L., and Lee, K-H.  2007.  New developments in natural products-based anti-283 

AIDS research. Natural Med. Res. Rev. 1, 108-132. 284 

 285 

Schisandra chinensis components on the HIV-1 RT-associated activities.  286 

Table 1. 287 

Compound Chemical structure  RDDP IC50 

(μM)a 
RNase H IC50 

(μM)b 
 
 
 

Schisandrol A 
 

 

 
 

>100 (92%)c 

 
 

>100 (100%) 

 
 

Schisandrol B 
. 

 

 
 

100 ± 5,0 

 
 

>100 (100%) 

 
 
 

Schisantherrin A 
. 

 

 
 

>100 (67%) 

 
 

>100 (92%) 
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Deoxyschisandrin 
. 

 
 
 

 

 
 

34,5 ± 4,5 

 
 

>100 (100%) 

 
 
 

Schizandrin B 
 
 

 

 
 

29,0 ± 1,0 

 
 

>100 (100%) 

 
 
 

Schizandrin C. 

 

 
 

100 ± 5,0  

 
 

>100 (82%) 

 
RDS1643 

 

  
> 50 

 
8,6 ± 1,1 

 
Efavirenz 

 

 
 

 
0,023± 0,004 

 
> 10 

aCompound concentration required to reduce HIV-1 RT-associated RDDP activity by 50%. 288 
bCompound concentration required to reduce HIV-1 RT-associated RNase H activity by 50%. 289 
cPercentage of control activity in the presence of 100 µM compound concentration. 290 
 291 

Effect of Deoxyschisandrin and Schizandrin B on HIV-1 replication. 292 

Table 2. 293 

 
Compound 

 

 
EC50 (µM)a 

 
CC50 (µM)b 

 
SIc 

 
Deoxyschisandrin 
 

 
> 20 

 
    20 

 
-- 

 
Schizandrin B 
 

 
   15 

 
> 100 

 
> 6 

    
aCompound concentration required to inhibit early phases of HIV-1 294 
replication by 50%. 295 
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bCompound concentration required to reduce Jurkat cell viability by 296 
50%. 297 
cSelective index. 298 
 299 

Effect of Schizandrin B on HIV-1 RT mutants. 300 

Table 3. 301 

 
 
 
Compound 

 

 
IC50 (µM)a 

 
 

K103N RT 
 

 
Y181C RT 

 
Y188L RT 

 
Schizandrin B 
 

 
90 ± 7 

 
 55 ± 4 

 
95 ± 5 

 
Efavirenz 
 

 
0,176 ± 0,025 

 
0,050 ± 0,009 

 
0,198 ± 0,062 

aCompound concentration required to reduce HIV-1 RT-associated RDDP  302 
activity by 50%. 303 
 304 

 305 


