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INTRODUCTION
D. sinensis Hemsl. plant of the genus Dregea volubilis (Asclepiadaceae), 
widely distributed in the southwest of China and grown at an altitude 
of 500–3000 m of mountain jungles or bushes. As a common medicinal 
material, it is extensively used in Dai ethnic minorities with therapeutic 
effects including detoxification, blood‑activating, defervesce, 
detumescence, and acesodyne.[1] In the system of Dai medicine, D. 
sinensis Hemsl. plays a vital role in enhancing human immunity. With 
the intensive researches on Dai medicine, various studies have been 
focused on this plant species.[2] At present, more than 100 compounds 
have been obtained from D. sinensis Hemsl. Steroidal glycosides are 
the main constituents in these obtained compounds, which are the 
significant biological active ingredients.[3‑14] Since 1920’s, steroidal 
glycosides compounds have been found from several plant species. 
These compounds mainly distributed in Asclepiadaceae,[15] yam,[16] 
Gentianaceae,[17] and solanaceae[18] species. Among the plant species, 

Asclepiadaceae has the highest content of steroidal glycosides. Many 
plants of Asclepiadaceae have already proved to be of significant value in 
treating cough, tumor, rheumatoid arthritis, asthma, etc.[19‑22] However, 
the pharmacological mechanism of D. sinensis Hemsl. has not been 
clarified clearly. In this paper, the chemical composition database of D. 
sinensis Hemsl. was builded up, and then molecular docking was carried 
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ABSTRACT
Background: Dregea sinensis Hemsl. plant of the genus Dregea 
volubilis  (Asclepiadaceae), plays a vital role in anticancer, antidepression, 
and immunoregulation. Steroidal glycosides are the main constituents 
of this herb, which were significant biological active ingredients. 
Objective: The objective of this study is to recognize the mechanism of 
anticancer, antidepression, and immunoregulation of D. sinensis Hemsl. 
Materials and Methods: Seventy‑two steroidal glycosides of D. sinensis 
Hemsl. were evaluated on the docking behavior of tumor‑associated 
proteins  (PI3K, Akt, mTOR), depression‑related proteins  (MAO‑A, MAO‑B) 
and immune‑related proteins (tumor necrosis factor‑α [TNF‑α], tumor necrosis 
factor receptor 2  [TNFR2], interleukin‑2Rα  [IL‑2Rα]) using Discovery Studio 
version  3.1  (Accelrys, San Diego, USA). Results: The molecular docking 
analysis revealed that mostly steroidal glycosides of D. sinensis Hemsl. 
exhibited powerful interaction with the depression‑related protein  (MAO‑A) 
and the immune‑related proteins (TNFR2, IL‑2Rα). Some ligands exhibited high 
binding energy for the tumor‑associated proteins (PI3K, Akt, mTOR) and the 
immune‑related protein (TNF‑α), but MAO‑B showed none interaction with the 
ligands. Conclusion: This study has paved better understanding of steroidal 
glycosides from D. sinensis Hemsl. as potential constituents to the prevention 
of associated cancer, depression and disorders of immunoregulation.
Key words: Anticancer, antidepression, D. sinensis Hemsl., 
immunoregulation, steroidal glycosides

SUMMARY
•  The ligand database was consist of 72 steroidal glycosides from Dregea 

sinensis Hemsl
•  Steroidal glycosides had the potential to dock with the tumor-associated 

proteins (PI3K, Akt, mTOR)
•  Steroidal glycosides were bounded with MAO-A rather than MAO-B, 

accorded with the inhibitor selectivity of MAOs, can be considered as potent 
candidate inhibitors of MAO-A

•  72 ligands got high interaction with TNFR2 and IL-2Rα, regard the steroidal 

glycoside as powerful candidate inhibitors of TNFR2 and IL-2Rα.

Abbreviations used: PI3K: Phosphatidyl inositol 3-kinase; Akt: Protein 
kinase B; mTOR: Mammalian target of rapamycin; MAO-A: Monoamine 
oxidase A; MAO-B: Monoamine oxidase B; TNF-α: Tumor necrosis factor α; 
TNFR2: Tumor necrosis factor receptor 2; IL-2Rα: The alpha subunit (CD25) 
of the interleukin-2 receptor; DS: Discovery Studio; PDB: Protein Database 
Bank; 3D: three‑dimensional.
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out with the tumor‑associated proteins, depression‑related proteins, and 
immune‑related proteins, respectively. Finally, the action mechanism of 
D. sinensis Hemsl. was explored at the level of protein molecules.

MATERIALS AND METHODS
Ligand preparation
Based on the published literature,[3‑14] the database of Dregea sinensis 
Hemsl. including 72 steroidal glycosides were prepared by ChemBio 
Office software. Classified by the structural characteristic, steroidal 
glycosides can be divided into seven categories: (A) C5‑C6 single bond, 
C17 hydroxylation;  (B) C5‑C6 double bond, C17 hydroxylation;  (C) 
C5‑C6 double bond, C17 hydroxylation, C20 carbonylation; (D) C5‑C6 
double bond, C17 non‑hydroxylation, C20 carbonylation;  (E) C5‑C6 
single bond, C17 hydroxylation, C20 carbonylation;  (F) C5‑C6 single 
bond, C17 hydroxylation, C20 carbonylation; and  (G) the others. The 
type of A- F shown in the Table 1 below.

Target protein identification and preparation
The initial three‑dimensional (3D) geometric coordinates of the X‑ray 
crystal structure of the protein was downloaded from the Protein 
Database Bank  (PDB)  (http://www.rcsb.org/pdb/home/home.do). 
The 3D structures of tumor‑associated proteins: Phosphatidylinositol 
3‑kinase  (PI3K, PDB ID: 1E8Y); protein kinase B  (Akt, PDB ID: 
4GV1); mammalian target of rapamycin  (mTOR, PDB ID: 4JSP). The 
3D structures of depression‑related proteins: monoamine oxidase 
A (MAO‑A, PDB ID: 2Z5Y); monoamine oxidase B (MAO‑B, PDB ID: 
4CRT). The 3D structures of immune‑related proteins: Tumor necrosis 
factor‑α  (TNF‑α, PDB ID: 2AZ5); tumor necrosis factor receptor 
2  (TNFR2, PDB ID: 3ALQ); and the alpha subunit  (CD25) of the 
interleukin‑2 receptor (IL‑2Rα, PDB ID: 2ERJ).

Docking studies
The molecular docking calculations were performed using the LibDock 
protocol under the protein‑ligand interaction section in Discovery 

Studio 3.1  (Accelrys, San Diego, USA), which the ligand would be 
structurally rearranged in response to the receptor. Docking was carried 
out as described elsewhere,[23] which hinted the target compounds as 
inhibitors of proteins.

RESULTS AND DISCUSSION
PI3Ks are enzymes which catalyze the phosphorylation of one or more 
inositol phospholipids in the 3‑position of the inositol ring.[24] Akt is a 
serine/threonine protein kinase. After the pH‑regulatory domain of Akt 
binds to PI3K, Akt is activated and translocated from the cytoplasm to 
the membrane, and consequently, mediates the activation of multiple 
downstream genes.[25] The mTOR is an important regulatory factor of 
cell growth and proliferation.[26] Many researches indicated that the 
PI3K/Akt/mTOR signaling pathway plays a crucial role in tumorigenesis 
and tumor progression. If this pathway disorders, it can induce a series 
of diseases, including cancer, neurological disease, and autoimmune 
diseases.[27‑29] 72 constituents of D. sinensis Hemsl. were evaluated on the 
docking behavior of PI3K, Akt, and mTOR, respectively. The docking 
studies calculations as in Table 2. 22 ligands exhibited interaction with 
the PI3K. most of them were type  A, B, C, F, G. In contrast, type  D 
and E were hard to dock with the PI3K. C‑44 had the highest LibDock 
score  (116.41) with that of PI3K, D‑47, C‑43, B‑36, and A‑3 also had 
high interaction energy. Akt possessed 35 docking ligands, and D‑52 
had the highest LibDock score  (171.88). A‑type, B‑type, and D‑type 
compounds had the high LibDock score with Akt. As for the docking 
studies calculations with mTOR, 27 steroidal glycosides had interaction 
with this protein. A‑29 got the highest score  (159.14) with that of 
mTOR. The result showed that A‑type, C‑type, and D‑type also got high 
LibDock score with this protein. PI3K, Akt and mTOR all had high 
LibDock score with A‑3 (113.29, 133.63, 115.76), B‑36 (109.13, 128.83, 
153.20), C‑43 (109.53, 113.79, 121.34), and G‑60 (99.59, 125.20, 122.10). 
This result provided a direction for the next anticancer drug research 
and development, to a certain extent, the study explained anticancer 
mechanism of D. sinensis Hemsl.

Table 1: the steroidal glycosides Structural Characteristic of Dregea sinensis Hemsl

Type Structure Amount Type Structure Amount
A 33 B 10

C 4 D 14

E 2 F 4

G _ 5
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Table 2: The libdockscore analysis of 72 ligands with that of PI3K, Akt, mTOR, MAO‑A, MAO‑B, TNFR2, TNF‑α and IL‑2Rα using Discovery Studio

LIGAND PI3K Akt mTOR MAO‑A MAO‑B TNFR2 TNF‑α IL‑2Rα
A‑1 92.26 112.45 102.43 115.72 87.21 89.62 
A‑2 116.63 84.18 111.04 
A‑3 113.29 133.63 115.76 114.75 101.86 109.84 
A‑4 37.93 
A‑5 87.09 122.38 106.26 90.74 108.04 97.65 
A‑6 122.60 115.34 95.17 108.32 
A‑7 90.93 82.67 72.27 81.79 
A‑8 112.12 104.03 
A‑9 94.95 107.27 107.38 127.70 
A‑10 131.74 113.96 106.58 
A‑11 91.14 90.43 132.42 
A‑12 78.38 137.04 140.51 
A‑13 52.69 126.70 158.10 147.50 140.85 
A‑14 69.92 68.78 
A‑15 98.49 90.09 110.66 90.68 91.69 
A‑16 109.42 95.92 79.79 77.44 76.22 
A‑17 58.53 69.74 79.11 
A‑18 85.22 86.18 86.38 90.90 79.14 
A‑19 86.90 87.04 124.48 90.63 84.87 
A‑20 39.06 
A‑21 81.05 84.62 87.94 
A‑22 70.90 176.10 171.73 139.52 
A‑23 98.02 95.63 
A‑24 121.77 96.88 
A‑25 159.18 126.31 
A‑26 117.81 163.71 100.54 
A‑27 44.30 107.85 
A‑28 129.91 113.73 130.37 118.15 
A‑29 129.05 159.14 134.44 156.99 127.43 
A‑30 56.60 41.82 
A‑31 130.81 
A‑32 106.12 101.15 82.65 
B‑33 65.65 108.44 84.95 96.45 76.73 81.74 
B‑34 199.36 155.59 131.43 
B‑35 130.78 124.37 111.06 108.09 
B‑36 109.13 128.83 153.20 141.09 134.08 130.89 144.16 
B‑37 84.66 142.08 156.95 147.24 151.63 
B‑38 108.25 93.04 164.71 134.71 134.49 146.39 
B‑39 157.74 153.96 143.02 
B‑40 104.10 159.81 123.67 121.58 142.53 
B‑41 125.81 179.70 149.55 
B‑42 127.25 122.93 125.67 
C‑43 109.53 113.79 121.34 159.74 147.36 142.70 
C‑44 116.41 106.78 145.50 139.98 75.33 150.10 
C‑45 72.68 129.24 169.57 143.57 121.92 134.49 
C‑46 94.04 130.86 164.52 143.55 131.86 
D‑47 114.54 157.05 128.55 115.36 115.67 
D‑48 156.31 157.72 167.57 162.36 123.78 144.10 
D‑49 108.81 175.27 163.80 125.80 133.38 
D‑50 108.81 175.27 163.80 125.80 133.38 
D‑51 137.66 153.89 161.04 
D‑52 171.88 141.59 155.49 147.86 69.52 152.77 
G‑53 98.09 68.77 87.05 80.01 76.86 84.59 
G‑54 79.33 57.12 93.36 92.18 89.08 90.54 
G‑55 98.09 98.64 82.41 62.21 83.40 92.88 
A‑56 52.94 72.10 78.91 
F‑57 79.33 105.42 96.75 91.25 87.20 
F‑58 89.84 77.27 83.71 
G‑59 81.57 111.57 110.38 123.23 92.75 94.80 
G‑60 99.59 125.20 122.10 118.22 94.34 80.92 94.66 
F‑61 161.76 129.92 102.82 138.55 
F‑62 103.60 161.10 151.74 129.60 
D‑63 106.11 63.74 
D‑64 151.61 105.36 169.42 127.20 118.06 157.97 
D‑65 94.64 139.60 128.69 119.42 161.10 

Contd...
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Monoamine oxidases (MAOs) localized to the outer mitochondrial 
membrane in various cells catalyzed amine to produce hydrogen peroxide 
by oxidative deamination in the brain and peripheral nerve tissues.[30] 
There exist two forms of MAOs: MAO‑A and MAO‑B. Two forms of 
MAOs have been identified by substrate and inhibitor selectivity.[31,32] 
They have different effects in neurotransmitter metabolism and biological 
behavior. As for the docking studies and binding free energy calculations 
with MAO‑A and MAO‑B [Table 2]. Sixty ligands exhibited interaction 
with MAO‑A, including all the B‑type and all the C‑type ligands, but 
there were 8 A‑type steroidal glycosides of 12 failed‑ligands. Most of the 
docking ligands got high LibDock score, especially B‑34 (199.36) was the 
highest. Meanwhile, all the ligands were failed to dock with MAO‑B. The 
result showed steroidal glycosides of D. sinensis Hemsl. had a significant 
difference in interaction with MAOs and conform to the inhibitor 
selectivity. Steroidal glycosides can be considered as potent inhibitors of 
MAO‑A.
TNF‑α is a pleiotropic cytokine involved in immunity, inflammation, 
cell proliferation, differentiation, and apoptosis,[33] mainly secreted from 
activated macrophages. Both TNF receptors TNFR1 and TNFR2 are 
transmembrane proteins,[34] with high similarity in their extracellular 
regions although they differ widely in their intracellular domains.[35] All 
the ligands showed interaction with TNFR2, compared with 16 docking 
ligands to TNF‑α [Table 2]. Then almost A‑type ligands failed docking 
with the TNF‑α. A‑22 (171.73) had the highest score with that of TNFR2, 
and B‑38 (134.49) to TNF‑α. Finally, the docking studies calculations with 
that of IL‑2Rα, in which 64 ligands exhibited interaction with IL‑2Rα and 
the failed‑ligands were all A‑type. IL‑2Rα got the highest LibDock score 
with D‑64 (161.10). Molecular docking analysis of steroidal glycosides 
and immune‑related proteins  (TNFR2, TNF‑α, and IL‑2Rα) indicated 
that steroidal glycosides had interaction with these proteins, especially 
TNFR2 and IL‑2Rα. As a powerful evidence to illuminate D. sinensis 
Hemsl. owning the function of immunoregulation.

CONCLUSION
In the present study, it was found that steroidal glycosides of D. 
sinensis Hemsl. had the potential to dock with the tumor‑associated 
proteins  (PI3K, Akt, mTOR). These compounds accorded with the 
inhibitor selectivity of MAOs, just were bound with MAO‑A rather 
than MAO‑B, can be considered as a potent candidate inhibitors of 
MAO‑A. 72 ligands got high interaction with TNFR2 and IL‑2Rα, 
regard the steroidal glycoside as powerful candidate inhibitors of 
TNFR2 and IL‑2Rα. However, the ligands were weakly bound with 
TNF‑α. Hence, it is strongly suggested that the results had paved better 
understanding of steroidal glycosides of D. sinensis Hemsl. as potential 
PI3K, Akt, mTOR, MAO‑A, TNFR2, and IL‑2Rα inhibitors in relation 
to the prevention of associated cancer, depression, and disorders of 
immunoregulation.

Financial support and sponsorship
This project was supported by the National Major Scientific Instruments 
and Equipment Development Project (Grant No. 2013YQ03059514).

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1.  Editorial Committee of Flora of China. Flora of China. Beijing: Science Press; 2010.

2.  Song LR. Chinese Materia Medica. Shanghai: Shanghai Scientific Press; 1999.

3.  Lv F, Jia SH, Dai RJ, Meng WW, Deng YL. A new steroid from Dregea sinensis. Chem Nat 

Comp 2014;50:862‑4.

4.  Liu Y, Qu J, Yu S, Tang W, Liu J, Hu Y, et al. Nine novel C‑21 steroidal glycosides substituted 

with orthoacetate from Dregea sinensis var. corrugata. Steroids 2008;73:184‑92.

5.  Shen XL, Hu YJ, Xu J, Chen HS, Shen YM. Studies on the chemical constituents of Dregea 

sinensis hemsl. Acta Pharmacol Sin 1996;31:613‑6.

6.  Liu Y, Tang W, Yu S, Qu J, Liu J, Liu Y. Eight new C‑21 steroidal glycosides from Dregea 

sinensis var. corrugata. Steroids 2007;72:514‑23.

7.  Liu YB, Su EN, Li JB, Zhang JL, Yu SS, Liu J, et al. Steroidal glycosides from Dregea sinensis 

var. corrugate screened by liquid chromatography‑electrospray ionization tandem mass 

spectrometry. Nat Prod 2009;72:229‑37.

8.  Jia SH, Lv F, Dai RJ, Meng WW, Chen Y, Deng YL. C‑21 steroidal glycosides from Dregea 

sinensis. J Asian Nat Prod Res 2014;16:836‑40.

9.  Shen XL, Mu QZ. New oligosaccharides of Dregea sinensis. Acta Chim Sin 1990;48:709‑18.

10.  Jia SH, Liu XJ, Dai RJ, Meng WW, Chen Y, Deng YL, et al. Six new polyhydroxy steroidal 

glycosides from Dregea sinensis Hemsl. Phytochem Lett 2015;11:209‑14.

11.  Shen XL, Mu QZ. A new steroidal compound of Dregea sinensis hemsl. Acta Bot Yunnanica 

1989;11:51‑4.

12.  Jin QD, Mu QZ. Studies on the structure of diglycoside from Dregea sinensis var. corrugate. 

Acta Pharmacol Sin 1990;25:617‑21.

13.  Jin QD, Zhou QL, Mu QZ. Study on structure of dregeoside B from Dregea sinensis var. 

corrugate. Nat Prod Res Dev 1990;2:14‑8.

14.  Jin QD, Mu QZ. Structure of dregeoside a from Dregea sinensis var. corrugata. Acta Bot 

Yunnanica 1988;10:466‑70.

15.  Yoshikawa  K, Okada  N, Kan  Y, Arihara  S. Steroidal glycosides from the fresh stem of 

Stephanotis lutchuensis var. japonica (Asclepiadaceae). Chemical structures of stephanosides 

K‑Q. Chem Pharm Bull (Tokyo) 1996;44:2243‑8.

16.  Aumsuwan P, Khan SI, Khan IA, Ali Z, Avula B, Walker LA, et al. The anticancer potential of 

steroidal saponin, dioscin, isolated from wild yam (Dioscorea villosa) root extract in invasive 

human breast cancer cell line MDA‑MB‑231 in vitro. Arch Biochem Biophys 2016;591:98‑110.

17.  Yang H, Ding C, Duan Y, Liu  J. Variation of active constituents of an important Tibet folk 

medicine Swertia mussotii Franch.  (Gentianaceae) between artificially cultivated and 

naturally distributed. J Ethnopharmacol 2005;98:31‑5.

18.  Arango  E, Londoño B, Segura  C, Solarte  Y, Herrera  S, Saez  J, et  al. Prevention of 

sporogony of Plasmodium vivax in Anopheles albimanus by steroids of Solanum nudum 

Dunal (Solanaceae). Phytother Res 2006;20:444‑7.

19.  Aderounmu AO, Omonisi AE, Akingbasote JA, Makanjuola M, Bejide RA, Orafidiya LO, et al. 

Wound‑healing and potential anti‑keloidal properties of the latex of Calotropis procera (Aiton) 

Asclepiadaceae in rabbits. Afr J Tradit Complement Altern Med 2013;10:574‑9.

20.  Ye B, Li J, Li Z, Yang J, Niu T, Wang S. Anti‑tumor activity and relative mechanism of ethanolic 

extract of Marsdenia tenacissima  (Asclepiadaceae) against human hematologic neoplasm 

in vitro and in vivo. J Ethnopharmacol 2014;153:258‑67.

21.  Nenaah  G. Antimicrobial activity of Calotropis procera Ait.  (Asclepiadaceae) and isolation 

of four flavonoid glycosides as the active constituents. World J Microbiol Biotechnol 

2013;29:1255‑62.

22.  Oliveira RS, Figueiredo IS, Freitas LB, Pinheiro RS, Brito GA, Alencar NM, et al. Inflammation 

Table 2: Contd...

LIGAND PI3K Akt mTOR MAO‑A MAO‑B TNFR2 TNF‑α IL‑2Rα
D‑66 179.41 125.83 116.63 
D‑67 114.38 113.25 
D‑68 83.57 157.49 130.77 114.41 
D‑69 112.74 105.45 128.52 98.33 103.88 
D‑70 142.92 99.13 149.16 122.44 100.75 130.52 
E‑71 120.50 137.24 127.32 
E‑72 133.38 77.37 109.95 



XIUJIE LIU, et al.: Potential Mechanism of D. sinensis Hemsl

362� Pharmacognosy Magazine, Volume 13, Issue 51, July-September 2017

induced by phytomodulatory proteins from the latex of Calotropis procera (Asclepiadaceae) 

protects against Salmonella infection in a murine model of typhoid fever. Inflamm Res 

2012;61:689‑98.

23.  Narayanaswamy  R, Isha  A, Wai  LK, Ismail  IS. Molecular docking analysis of selected 

Clinacanthus nutans constituents as xanthine oxidase, nitric oxide synthase, human 

neutrophil elastase, matrix metalloproteinase 2, matrix metalloproteinase 9 and squalene 

synthase inhibitors. Pharmacogn Mag 2016;12 Suppl 1:S21‑6.

24.  Hawkins  PT, Stephens  LR. PI3K signalling in inflammation. Biochim Biophys Acta 

2015;1851:882‑97.

25.  Toulany M, Rodemann HP. Phosphatidylinositol 3‑kinase/Akt signaling as a key mediator of 

tumor cell responsiveness to radiation. Semin Cancer Biol 2015;35:180‑90.

26.  Strimpakos  AS, Karapanagiotou  EM, Saif  MW, Syrigos  KN. The role of mTOR in the 

management of solid tumors: An overview. Cancer Treat Rev 2009;35:148‑59.

27.  Wang H, Duan L, Zou Z, Li H, Yuan S, Chen X, et al. Activation of the PI3K/Akt/mTOR/p70S6K 

pathway is involved in S100A4‑induced viability and migration in colorectal cancer cells. Int 

J Med Sci 2014;11:841‑9.

28.  Moore MN. Do airborne biogenic chemicals interact with the PI3K/Akt/mTOR cell signalling 

pathway to benefit human health and wellbeing in rural and coastal environments? Environ 

Res 2015;140:65‑75.

29.  Deng L, Chen J, Zhong XR, Luo T, Wang YP, Huang HF, et al. Correlation between activation 

of PI3K/AKT/mTOR pathway and prognosis of breast cancer in Chinese women. PLoS One 

2015;10:e0120511.

30.  Jiang B, Li S, Liu W, Yang Y, Chen W, He D, et al. Inhibitive activities detection of monoamine 

oxidases (MAO) A and B inhibitors in human liver MAO incubations by UPLC‑ESI‑MS/MS. 

J Pharm Biomed Anal 2015;115:283‑91.

31.  Geldenhuys WJ, Darvesh AS, Funk MO, Van der Schyf CJ, Carroll RT. Identification of novel 

monoamine oxidase B inhibitors by structure‑based virtual screening. Bioorg Med Chem 

Lett 2010;20:5295‑8.

32.  Ledesma  JC, Escrig  MA, Pastor  R, Aragon  CM. The MAO‑A inhibitor clorgyline reduces 

ethanol‑induced locomotion and its volitional intake in mice. Pharmacol Biochem Behav 

2014;116:30‑8.

33.  Li  H, Cao  MY, Lee  Y, Benatar  T, Lee  V, Feng  N, et  al. Virulizin®, a novel immunotherapy 

agent, stimulates TNFalpha expression in monocytes/macrophages in vitro and in vivo. Int 

Immunopharmacol 2007;7:1350‑9.

34.  Guo G, Morrissey J, McCracken R, Tolley T, Klahr S. Role of TNFR1 and TNFR2 receptors in 

tubulointerstitial fibrosis of obstructive nephropathy. Am J Physiol 1999;277 (5 Pt 2):F766‑72.

35.  Hashem RM, Mohamed RH, Abo‑El‑matty DM. Effect of curcumin on TNFR2 and TRAF2 in 

unilateral ureteral obstruction in rats. Nutrition 2016;32:478‑85.


