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Dear Editor; 

urcumin is an herbal polyphenol 

compound which can be extracted from 

Curcuma longa L. plant in Asian 

countries. According to the literatures it has 

several medical advantages including anti-

oxidant, anti-inflammatory and anti-coagulant 

properties and insulin like and lipid hemostasis 

[1-2]. 

Based on the previous researches, Curcumin 

has been shown to have efficient effects during 

clinical trials or in vitro experimental studies 

against cancer, arthritis, cardiovascular, 

nervous syndromes, bowel disease, diabetes, 

kidney maladies, and infectious disease parti-

cularly Human immunodefciency virus (HIV), 

cyto-megalovirus (CMV), hepatitis C virus 

(HCV), Helicobacter pylori, Salmonella Typhi-

murium, Vibrio vulnificus, Neisseria gonorr-

hea and, Trypanosoma cruzi without toxicity 

effects. Therefore, Curcumin has FDA (Food 

and Drug Administration) approval; because of 

its safety on human cell lines and efficacy in 

several disorders [2-4].  

HIV is considered as one of the major global 

health concerns; According to WHO reports in 

2017, it is estimated 1,800,000 HIV infected 

cases throughout the worldwide. [5]. Highly 

Active Antiretroviral Therapy (HAART) is 

only available strategy for control of AIDS 
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which include six different classes of 

Nucleoside reverse transcriptase (NRTIs), 

Non-nucleoside reverse transcriptase (NNR-

TIs), Integrase inhibitor, Protease inhibitors 

(PIs), CCR5 inhibitor and viral fusion inhibitor 

which is recommended as one of the NNRTIs 

plus two NRTIs worldwide. Although, HAA-

RT has reduced global burden of AIDS, but it 

has several limitations for example toxic 

effects, low-bioavailability of NRTIs, restric-

tion of NRTIs in tuberculosis infected indivi-

duals or drug resistant strains [6]. 

In conclusion, it is necessary to introduce 

novel therapeutic option against HIV in 

combination with classically HAARTs to gain 

more successive treatment in HIV/AIDS 

patients [4,7]. In this study, we reviewed recent 

papers reporting sufficient outcomes of Cur-

cumin as novel anti-HIV-1 drug candidates; In 

addition, there are in sillico evidence for 

appropriate binding affinity of Curcumin to 

active sites of HIV-drug targets such as Pro-

tease, Integrase, Reverse-transcriptase, gp41 

and CCR5 surface molecule using Molegro 

virtual Docker (MVD) via Evolutionary 

algorithms (EA) for the first time in present 

study.  

The HIV-1 Protease (PR) is responsible for 

processing the viral poly-protein and its 

function is necessary for production of new 

viral particles [1]. Several studies have shown 

that Curcumin can inhibit HIV-1/HIV-2 

Protease activities; Sui et al., found that 

Curcumin inhibits HIV-1 PR and HIV-2 PR 

with IC50 of 100µM and 250µM respectively 

[7]. Vajragupta et al. has been conducted 

docking analysis about binding efficacy of 

Curcumin into Protease; in this study it was 

shown that Curcumin is capable of binding to 

HIV PR and interacts with various residue 
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consisting residues Asp25, Asp29, Asp30, 

Gly27', Asp29', and Asp30' [1]. In our study, it 

was observed that Curcumin can bind to active 

site of HIV-1 PR with suitable binding energy; 

also it can block S3/S3´ drug pocket. Its 

structure is well fitted in active site and 

interacted with two catalytic residues including 

Asp25 and Asp29 (Table 1).  

The HIV-1 Integrase is coded by pol which is 

responsible for insertion of HIV genome into 

the host DNA [1]. Curcumin can also have 

considerable effect as anti-integrase inhibitors 

according to molecular docking and in vitro 

studies [1,8]. Curcumin can interact with active 

site of integrase throughout its two phenyl ring; 

experimental studies suggested that Curcumin 

inhibits HIV-1 Integrase with IC 40µM 

concentration; Furthermore, Curcumin ana-

logues has great efficacy in prohibition integ-

rase activity with IC50 lower than 10µM [1,3]. 

Vajragupta et al., have found that Curcumin 

can interact with Asp64, Asp116 and close to 

Mg2+ cofactor [1]. It has been shown that 

Curcumin can bind to active site of HIV-1 

Integrase (Table 1).   

The HIV-1 Reverse transcriptase (RT) plays an 

important role in HIV pathogenesis via 

conversion of viral RNA to double strand 

DNA. There are two classes of NRTIs and 

NNRTIs in HAART strategy for blocking 

Table 1. Docking results of Curcumin and HIV molecular targets with root-mean-square deviation tolerance (RMSD) of ≤2.0 Å 

Receptor/PDB 

accession number 
Moldeock energy H-bound score 

Interaction with 

residues 
Cartesian chart 

Protease 

(2BPX) 
-130.31 -6.51 

Gly48 

Ile 47 

Arg8 

Asp25 

Ala28 

Asp29 

 

 

13.06 

23.54 

5.76 

Integrase 

(3WNE) 
-138.18 -3.71 

Gln95 

Glu96 

Ala98 

Tyr99 

Leu102 

Ala129 

Trp132 

Tyr174 

Lys173 

 

 

 

-8.94 

4.66 

15.82 

Reverse-transcriptase 

(3V4I) 
-135.05 -6.97 

Lys219 

Lys65 

Arg72 

Asp113 

Phe116 

Ala114 

Lys219 

Tyr115 

 

 

 

-9.67 

25.71 

33.50 

CCR5 chemokine 

receptor 

(2OT5) 

-146.26 -6.07 

Phe79 

Asp76 

Cys290 

Asn293 

His289 

Leu72 

Phe112 

Ile116 

Trp248 

Tyr244 

 

 

 

 

185.89 

111.41 

22.77 

gp41 surface molecule 

(3GWO) 
-109.49 -3.48 

Asn42 

Trp43 

Phe44 

Ser39 

Leu40 

 

 

8.14 

-3.91 

6.75 
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HIV-1 RT activities [6]. But available HIV-1 

RT inhibitors have several restrictions such as 

high cost, toxicity, low bio-availability and 

interaction with other drugs particularly 

Rifampin in TB patients [6,9]. According to 

our docking analysis, Curcumin has the ability 

to bind to polymerase domain of HIV-1 RT; It 

has appropriate binding energy and H-bound 

capacity for interaction with polymerase 

residues of HIV-1 RT (Table 1). There are no 

experimental results for Curcumin inhibitory 

effects on HIV-RT.   

The gp41 is an important surface glycoprotein 

of HIV which is necessary for fusion of viral 

particles to CD4+ T cells membrane.  

Therefore, it is considered as new selective 

target for HIV drug development [10]. This 

study was the first document of molecular 

docking analysis of Curcumin against gp41 of 

HIV. According to our report, Curcumin has 

potential capacity to inhibit gp41 envelope 

protein during molecular Docking analysis 

(Figure 1). Given that docking our results, 

Curcumin can interact with aromatic groups of 

Trp43 and Phe44 of gp41 which is located in 

active sites via its two phenyl rings (Table 1). 

The CCR5 (C-C chemokine receptor type 5) 

surface molecule on the surface of white blood 

cells specially CD4+ T cells which plays a key 

role in entry of HIV particle into the host cells. 

Consequently, CCR5/CXCR4 is considered as 

a reliable target for treatment of HIV [10]. 

Nowadays, there is one FDA approved anti-

HIV drug (Maraviroc) for treatment of 

HIV/AIDS [6]. Talwar et al., have shown 

inhibitory effects of Curcumin in entry of HIV-

1 into HeLa-based P4-CCR5 cells [11].  

According to our analysis, Curcumin has 

potential ability to interact with active site of 

CCR5 (Figure 1). Curcumin has hydrophobic 

nature; thus, it can interact with several 

residues of active site of CCR5 molecule 

(Table 1).    

However, Curcumin has anti-inflammatory 

effects including reduction of induce nitric 

oxide (iNOS), alternation in AMPK and 

mTOR signaling pathway, dysregulation of 

NF_kB, TNF-α, IL-1, IL-6, COX-2 and JAK-

STAT3 transcription factors; In addition, it has 

been shown that Curcumin can reduce the 

expression of HIV proteins including Tat and 

gp120 [3,12-14]. It suggested that clinical trials 

of Curcumin have successful results in HIV 

infected patients [1,3-4].  

Although, Curcumin has major restriction such 

as low water solubility and low-bioavailability 

capacity; however, the novel Curcumin 

analogues such as alkali analogues has better 

pharmaceutical features and anti-HIV activity 

[14]. 

In summary, Curcumin has the capacity as a 

novel candidate as anti-HIV compound.  

According to clinical trials, experimental and 

molecular docking evaluation its remarkable 

novel anti-HIV compound; Consequently, It is 

suggested that Curcumin plus conventional 

HAART drugs has novel appropriate candi-

dates for treatment of HIV/AIDS. 

 

 

 

 

 

 

 
Fig.  1.  Interaction of Curcumin with active sites of HIV-1 Protease, Integrase, Reverse transcriptase, gp41 and CCR5 surface molecule 

from A to E respectively. 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                               3 / 4

https://journal.isv.org.ir/article-1-349-fa.html


Keikha M et al 

Iranian Journal of Virology, Volume 12, Number 2, 2015       37 

References 
 
1. Vajragupta O, Boonchoong P, Morris GM, 

Olson AJ. Active site binding modes of curcumin 

in HIV-1 protease and integrase. Bioorg Med Chem 

Lett. 2005;15(14):3364-8. 

2. Mirzaei H, Naseri G, Rezaee R, Mohammadi M, 

Banikazemi Z, Mirzaei HR, et al. Curcumin: A new 

candidate for melanoma therapy?. Int J Cancer. 

2016;139(8):1683-95. 

3. Prasad S, Tyagi AK. Curcumin and its ana-

logues: a potential natural compound against HIV 

infection and AIDS. Food Funct. 2015;6(11):3412-

9. 

4. Jordan WC, Drew CR. Curcumin--a natural herb 

with anti-HIV activity. J Natl Med Assoc. 1996;88 

(6):333-39. 

5. Tinasti K. HIV and AIDS among adolescents 

who use drugs: opportunities for drug policy 

reform within the sustainable development agenda. 

J Int AIDS Soc. 2018;21:e25045. 

6. de Béthune MP. Non-nucleoside reverse trans-

criptase inhibitors (NNRTIs), their discovery, 

development, and use in the treatment of HIV-1 

infection: a review of the last 20 years (1989–

2009). Antiviral Res. 2010;85(1):75-90. 

7. Sui Z, Salto R, Li J, Craik C, de Montellano PR. 

Inhibition of the HIV-1 and HIV-2 proteases by 

curcumin and curcumin boron complexes. Bioorg 

Med Chem. 1993;1(6):415-22. 

8. Mazumder A, Neamati N, Sunder S, Schulz J, 

Pertz H, Eich E, Pommier Y. Curcumin analogs 

with altered potencies against HIV-1 integrase as 

probes for biochemical mechanisms of drug action. 

J Med Chem. 1997;40(19):3057-63. 

9. Jain R, Clark NM, Diaz-Linares M, Grim SA. 

Limitations of current antiretroviral agents and 

opportunities for development. Curr Pharm Des. 

2006;12(9):1065-74. 

10. Kazmierski WM, Kenakin TP, Gudmundsson 

KS. Peptide, peptidomimetic and small‐molecule 

drug discovery targeting HIV‐1 host‐cell attach-

ment and entry through gp120, gp41, CCR5 and 

CXCR4. Chem Biol Drug Des. 2006;67(1):13-26. 

11. Talwar GP, Dar SA, Rai MK, Reddy KV, Mitra 

D, Kulkarni SV, et al. A novel polyherbal micro-

bicide with inhibitory effect on bacterial, fungal 

and viral genital pathogens. Int J Antimicrob 

Agents. 2008;32(2):180-5. 

12. Guo L, Xing Y, Pan R, Jiang M, Gong Z, Lin 

L, Wang J, Xiong G, Dong J, et al. Curcumin 

protects microglia and primary rat cortical neurons 

against HIV-1 gp120-mediated inflammation and 

apoptosis. Plos One. 2013;8(8):e70565. 

13. Ali A, Banerjea AC. Curcumin inhibits HIV-1 

by promoting Tat protein degradation. Sci Rep. 

2016;6:27539. 

14. da Silva TA, Medeiros RM, de Medeiros DC, 

Medeiros RC, de Medeiros JA, de Medeiros GC, de 

Andrade RD, Lais LL, Silva Dantas PM. Impact of 

curcumin on energy metabolism in HIV infection: 

A case study. Phytother Res. 2019; 33(3):856-858. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

https://journal.isv.org.ir/article-1-349-fa.html
http://www.tcpdf.org

