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ABSTRACT 

Objective: Asparagus racemosus, the source of Asparagamine A, has been known for its multifaceted therapeutic actions. But these actions have 
hardly been attributed to Asparagamine A, a polycyclic pyrrolizidine alkaloid.  

Methods: In the present study, a molecular docking of Asparagamine A with critical proteins associated with many diseases. Farnesyl 
Pyrophosphate Synthase (FPPS) in osteoporosis, Plasmepsin II in malaria, HIV1 proteases in AIDS, CmaA2 and PKnB in tuberculosis, Trypanothione 
Reductase (TR) in Trypanosomiasis and Leishmaniasis, Insulin Receptor (IR), Vascular Endothelial Growth Factor Receptors (VEGFR) and 
Peroxisome Proliferator Activated Receptors (PPAR) in cancer, are few of the proteins being targeted for their associated diseases. Lamarckian 
Genetic Algorithm was applied for molecular docking using Autodock4.2. The metabolite structures were retrieved from KNApSAcK-3D database. 
PreADMET server was used for Toxicity and ADME predictions. 

Results: Asparagamine A was found to exhibit good drug-likeness score, good ADME properties with no carcinogenicity and toxicity. Asparagamine 
A showed a higher affinity with the above mentioned proteins than standard commercially available drugs. Thus, the phytochemical Asparagamine 
A can be a potential therapeutic molecule.  

Conclusion: Asparagamine A gave a high affinity for crucial drug targets involved in many diseases, thus providing a clue for design of lead 
molecules with better specificity and affinity. Further, in vitro and in vitro studies needs to be carried out. 

Keywords: Asparagus racemosus, Asparagamine A, Molecular Docking, ADME & Toxicity. 

 

INTRODUCTION 

Asparagus racemosus belongs to the family of Asparagaceae and 
commonly known as Shatavari, is found in tropical and subtropical 
regions of Asia, Africa and Australia [1]. In traditional medicinal 
systems like Ayurveda, Unani and Siddha, this plant has been 
reported to possess potential to treat variety of diseases and 
disorders. The plant is widely known for its excellent rejuvenating 
activity on female reproductive system. In addition, extracts from 
various plant parts of Asparagus are well known to possess anti-
ulcer, anti-bacterial, anti-depressant, anti-inflammatory, 
antiprotozoal, antiviral, antioxidant and anticancer properties [1-4]. 
Such a great variety of therapeutic usefulness of this plant is due to 
the wide variety of phytochemicals present in it. The major 
phytochemicals present in the Asparagus racemosus include 
Shatavarins (I-IV), Idaein, Immunoside, Racemosides, Diosgenin, 
Sarasasapogenin, Asparagamine A etc. [1, 3-5]. Among these, 
Shatavarin IV has already been known to have anti-cancerous 
activity [6]. Keeping in view, the wide therapeutic activity of 
Asparagus racemosus, not much work has been done to attribute 
these therapeutic benefits to any specific phytochemical. 
Interestingly, when the structures of all the phytochemicals of this 
plant were evaluated, Asparagamine A, a polycyclic pyrrolizidine 
alkaloid, found to have a very unique cage like structure [7-8]. 
Though this unique structured Asparagamine A was isolated and 
characterized two decades ago by Sekine et.al., yet not much have 
been reported about its potential activities in the scientific 
literatures [7]. This compound has been reported to possess 
excellent antioxidant, anti-oxytocin, antitumor activities [8-10], but 
the effectiveness and efficacy of the compound was never evaluated 
over wide range of diseases against which Asparagus racemosus has 
shown therapeutic benefits. In the present study, we have tried an In 
silico approach to explore the therapeutic potentials of 
Asparagamine A over osteoporosis, AIDS, tuberculosis, cancer, 
malaria, leishmaniasis and trypanosomiasis. The critical proteins 
which are considered to be essential for the development and 
progression of these diseases were isolated computationally and 
were docked with Asparagamine A using AutoDock4.2 tool (version 
1.5.6). 

MATERIALS AND METHODS 

Protein structure retrieval 

The three dimensional crystal structures of target proteins were 
retrieved from Protein Data Bank (http://www.rcsb.org/pdb/). The 
proteins selected for targeting the diseases have been compiled in Table 
1. Miscellaneous ligands and other hetero-atoms such as water, ions, etc. 
were removed from the protein models for active site predictions and 
further docking studies using Argus Lab Software. 

Protein Active Site Predictions 

The active sites of target proteins were predicted by using CASTp 
Calculations (Computed Atlas of Surface Topography of proteins). 
Among the predicted site, the site having the catalytic amino acids 
was chosen for the docking of the ligand. The catalytic amino acids of 
the each protein were analyzed from UniProt 
(http://www.uniprot.org/). 

Substrate selection 

The three dimensional structure of Asparagamine A was screened 
from KNApSAcK-3D database (http://knapsack3d.sakura.ne.jp/). 
The PDB structure of the ligand was deduced using PRODRG Server 
(davapc1.bioch.dundee.ac.uk/cgi-bin/prodrg). Ligand optimization 
and energy minimization was further done using Argus lab software. 
Apart from this, the three dimensional structures of standard 
inhibitors for all the aforesaid proteins were also deduced from 
PubChem database (http://pubchem.ncbi.nlm.nih.gov/) and were 
used as reference molecules. 

Molecular Properties and Drug likeness 

The Asparagamine A was further examined for its drug likeness and 
molecular properties using FAF-Drug2 (http://mobyle.rpbs.univ-
paris-diderot.fr/cgi-bin/portal.py?form=FAF Drugs#forms:: FAF- 
Drugs2) and PreADMET (http://preadmet.bmdrc.org/).  

Molecular Docking 

The computational docking of Asparagamine A and standard 
inhibitors were performed into the active site of corresponding 
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protein models using AutoDock4.2 software (version 1.5.6). 
While docking, polar hydrogen’s were added to protein models 
using the hydrogen’s module and thereafter, Kollman united 
atom partial charges were assigned. Docking of ligand was 
carried out using Lamarckian Genetic Algorithm with standard 
docking protocol on the basis a population size of 150 randomly 
placed individuals; a maximum number of 2.5*107 energy 
evaluations, a mutation rate of 0.02, a crossover rate of 0.80 and 
an elitism value of 1 [11]. Fifteen independent docking runs 
were carried out for each ligand and results were clustered 
according to the 1.0 Ǻ rmsd criteria. The grid maps representing 
the proteins were calculated using autogrid and grid size was set 
to 60*60*60 points with grid spacing of 0.375 Ǻ. The coordinate 
of the docked protein along with the ligand was visualized using 
UCSF chimera and LigPlot+ [12]. 

RESULTS AND DISCUSSION 

Millions are being affected and millions are dying each year because 
of the diseases like cancer, AIDS, malaria, tuberculosis, obesity, 
osteoporosis, leishmaniasis and trypanosomiasis. A number of drugs 
exist commercially that could be used for treatment of these 
diseases. But still the search of new leads continues because of the 
side-effects posed by the existing drugs; emergence of the drug 
resistant forms of microorganisms and the need to develop drug 
with better efficacy and potency. The drugs developed against the 
above mentioned diseases are usually targeted towards some of the 
crucial proteins associated with the diseases or the causative 
microorganisms (Table 1). In this study, Asparagamine A was 
targeted against those proteins to analyze its inhibitory effect over 
aforesaid diseases and the result was compared with the inhibitory 
efficiency of standard inhibitors. 

  

Table 1: Potential Drug targets to target various diseases 

Diseases Proteins Notations Organism PDB ID Ref. 
Osteoporosis Farnesyl Diphosphate Synthase FPPS Homo sapiens 2F8C [13] 
Cancer Peroxisome Proliferator 

Activated Receptor  
PPAR alpha Homo sapiens 3ET1 [14] 

Peroxisome Proliferator 
Activated Receptor  

PPAR delta Homo sapiens 3ET2 

Peroxisome Proliferator 
Activated Receptor  

PPAR gamma Homo sapiens 3ET3 

Insulin Receptor Kinase 
Domain 

IR Homo sapiens 1IRK [15] 

Vascular Endothelial Growth 
Factor Receptor 1 Kinase 
Domain 

VEGFR1K Homo sapiens 3HNG [16] 

Vascular Endothelial Growth 
Factor Receptor 2 Kinase 
Domain 

VEGFR2K Homo sapiens 3VHE 

Insulin like Growth Factor 1 
Receptor Kinase Domain 

IGF1RK Homo sapiens 3LW0 [17] 

Malaria Plasmepsin II PII Plasmodium 
falciparum 

1SME [18] 

Tuberculosis Mycolic Acid Cyclopropane 
Synthase 

CmaA2 Mycobacterium 
tuberculosis 

1KPI [19] 

PKnB Kinase Domain PKnB Mycobacterium 
tuberculosis 

1O6Y [20] 

HIV 1 HIV1 Protease H1P HIV 1AJV [21] 
Leishmaniasis Trypanothione Reductase LTR Leishmania 

infantum 
2JK6 [22] 

Trypanosomiasis Trypanothione Reductase TTR Trypanosoma 
cruzi 

1BZL 

 

ADME & Toxicity predictions were initially done to evaluate the 
pharmacokinetics and the toxicity of the phytochemicals/ligands. 
These predictions demonstrated that Asparagamine A did not have 
any mutagenicity and carcinogenicity. Asparagamine A was found to 
follow Lipinski’s rule of five which allow the evaluation of 
pharmacokinetics of the drug including absorption, distribution, 
metabolism and excretion (ADME). The predicted percentage 
absorption of Asparagamine A through oral route was found to be 
90.94%. High absorption of the drug allows it to achieve high 
concentration at the target site. Also, it was found to bind with 
plasma proteins weakly, making the majority of the unbound 
molecules available for diffusion, distribution and deposition across 
the body. The molecular properties as well as the three and two 
dimensional structure of Asparagamine A are mentioned in Table 2 
and Figure 1 respectively. 

Molecular docking using the computational approach has proved to be 
an effective methodology to analyze the interaction patterns of the 
ligands with the proteins models. The interaction of drug with protein 
could bring structural changes that may change or block its potential 
activity. A known fact is that the active site of protein plays a critical role 
in protein’s activity and the computational designed drugs, usually 
targets these active sites. Docking analysis revealed that Asparagamine A 
possessea a very high affinity towards the Plasmepsin II and HIV-1 

proteases with estimated Ki values of 1.06 nM and 4.58 nM respectively. 
Both these proteins belong to the class of aspartic proteases and are 
usually targeted for drug designing against malaria and AIDS 
respectively [23-24]. Plasmepsins assist in degrading the hemoglobin, a 
critical metabolic need of plasmodium. On the other hand, HIV-1 
protease catalyzes the proteolytic cleavage of the polypeptide precursors 
into mature enzymes and structural proteins of the virus [25]. 

HIV infection has significantly contributed to worldwide re-
emergence of tuberculosis incidences. The emergence of multi drug 
resistant (MDR) and extensively drug resistant (EDR) strains of 
Mycobacterium tuberculosis has drawn much of the attention 
towards the development of novel drugs [26-27]. In this regard, it is 
desired to design lead molecules that can simultaneously target both 
the diseases. Interestingly, Asparagamine A showed a binding 
energy of -9.48Kcal/mol and -8.54Kcal/mol towards CmaA2 and 
PKnB respectively; which have recently been identified as potential 
drug targets to combat tuberculosis [19-20]. CmaA2 is known to be 
a trans–cyclopropane synthase for both the methoxy- and keto- 
mycolates which are the major components of the cell envelope of M. 
tuberculosis and helps in the interaction of these bacteria with the 
human host [28]. PKnB is known as a functional kinase that is 
autophosphorylated on serine/ threonine residues and is also able 
to phosphorylate the peptide substrate myelin basic protein[29]. 
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Another protein Trypanothione Reductase (TR) is unique to 
Trypanosomes & Leishmania and absent from mammalian cells, is 
considered as a potential drug target to combat Leishmaniasis and 
Trypanosomiasis [22, 30]. Asparagamine A was found to have high 
affinity towards Trypanothione Reductases derived from both, 
Leishmania infantum (Ki: 17.75 nM) and Trypanosoma cruzi (Ki: 
37.93 nM) with estimated binding energies of -10.57 Kcal/mol and -
10.12 Kcal/mol respectively.  

Farnesyl Pyrophosphate Synthase (FPPS) is an enzyme which regulates 
a variety of cell processes which are important for osteoclast functioning, 
membrane ruffling, endosomes trafficking, and apoptosis [31-32]. The 
literature suggests that the inhibition of FPPS leads to the suppression of 
bone resorption which is a key feature of diseases such as osteoporosis, 
cancer associated bone disease and Paget's disease of bone [33]. 
Asparagamine A was found to have a binding energy of -9.12 Kcal/mol 
(Ki: 205 nM) against FPPS. 

 

Table 2: Molecular Properties of Asparagamine A 

Molecular properties 
Molecular Weight 385.45 
Log P 2.24 
Log Sw -3.44 
tPSA 66.02 
HB Donors 1 
HB Acceptors 6 
Lipinski’s Violations 0 
Solubility (mg\l) 12322.28 
Oral Bioavailability (VEBER) Good 
Oral Bioavailability (EGAN) Good 
AMES Test Non Mutagen 
Carcinogenicity Non Carcinogen 
Human Intestinal Absorption (%) 90.947 
In Vitro Plasma Protein Binding (%) 44.936 

 

 

Fig. 1: Three dimensional (A) and two dimensional (B) 
structure of Asparagamine A. 

 

The anti-tumor and anti-cancer potentials of Asparagamine A have 
already been mentioned in the literatures. But still the mechanism 
through which such an effect is exerted is unknown. The analysis 
suggests that the anticancer and antitumor activity of 
Asparagamine A could be because of the inhibition of either 
angiogenesis or the critical signaling pathways involved in the 
survival of cancerous cells. Asparagamine A bound efficiently with 
kinase domains of VEGFR1 (Ki: 389.75 nM) and VEGFR2 (Ki: 
913.59 nM).  

The signaling cascades activated through these receptors are 
crucial for the angiogenesis [16, 34-35]. It is also important to 
mention that the insulin receptors (IR) and insulin like growth 
factor 1 receptor (IGF1R) surface expression increases under 
malignant conditions which in turn mediates invasion and 
metastasis of the cancerous tissue [17, 36-37]. Asparagamine 
showed a good affinity towards both the receptor proteins, IR (Ki: 
272.24 nM) and IGF1R (Ki: 142.08 nM).  

Peroxisome Proliferator-Activated Receptors (PPARs) are known to 
play a critical role in regulating lipid metabolism. PPARs have also 

been acknowledged for being associated with disorders like cancer 
and diabetes. Heightened expression of PPARβ/γ has already been 
reported by Jaeckal et al, in the neck and head squamous carcinomas 
[38]. Furthermore, certain agonists of PPARγ are found to enhance 
the expression of VEGF in colorectal tumor cell lines HT29, thus 
promoting the tumor growth [39].  

Over expression of PPARδ in turn have an inhibiting effect over 
PPARγ activities in regulating tumor cell death. It has also been 
reported that inhibition of PPARγ, prevents the proliferation of 
human colon cancer cells (HT-29) [40]. Therefore, PPAR’s are 
identified as a critical drug targets for treatment of cancer [14, 41-
43]. Asparagamine A showed a high affinity towards PPAR γ and 
PPAR α and potentially good affinity towards PPAR δ (Ki: 1620 
nM). 

It is highly desirable that a ligand must possess a high affinity for the 
protein to modulate the protein activity. The affinity of the ligand for 
the protein correlates with the binding energy of the protein ligand 
complex. Thus, lower the binding energy of the complex, higher the 
affinity of the ligand for the protein.  

The analysis of ligand’s affinity towards the protein is insufficient 
to predict stable docking. Thus, it is essential to analyze the 
complete interaction profile of ligand with amino acid residues of 
the protein. The interactions that are usually accounted in protein-
ligand complex are hydrogen bonds and hydrophobic interactions. 
The presence of these hydrogen bonds and hydrophobic 
interactions increases the stability of protein ligand complex. In 
this regard, the probable hydrogen bonds and hydrophobic 
interactions formed between proteins and Asparagamine A was 
illustrated through Chimera (Table 3) and LigPlot+ (Table 4 & 
Figure 2). 

A comparative analysis of the binding affinity of Asparagamine A 
and the reference molecules towards the corresponding proteins 
suggested that the alkaloid Asparagamine A could be developed into 
potential therapeutic agent for the treatment of many diseases 
(Table 5 and 6). The analogues of Asparagamine A could also be 
developed for the improvement of its specificity and affinity towards 
a protein target. The chemical synthesis of Asparagamine A was 
reported by Brüggemann M. et.al., also makes it a suitable candidate 
for much desirable mass scale production of the ligand and its 
analogues [44]. 
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Table 3: Binding Interactions of Asparagamine A – Docking and Chimera Analysis 

Proteins Minimum Binding  

Energy (Kcal/mol) 

Ki (nM) Hydrogen  

Bonds 

Interacting Amino Acids 

FPPS -9.12 205 8  Lys57, Arg60, Arg112(4),  

Lys257, Asp243 

PPAR alpha -10.02 45.4 3 Ser280 (2), Cys276 

PPAR delta -7.9 1620 0 - 

PPAR gamma -9.97 48.88 3 Ser289 (2), Cys285 

IRK -8.96 272.24 1 Asp1150 

VEGFR1K -8.74 389.75 0 - 

VEGFR2K -8.24 913.59 1 Asp1046 

IGF1RK -9.34 142.08 2 Asp1153 (2) 

PII -12.24 1.06 4 Asp34, Val78 (2), Ser79 

CmaA2 -9.48 111.94 0 - 

PKnB -8.54 553.05 3 Lys40 (2), Asp156 

H1P -11.38 4.58 2 Ile50, Asp128 

LTR -10.57 17.75 6  Thr51, Asp327 (3), Met333,  

Thr335, 

TTR -10.12 37.93 6 Ser15, Asp36 (2), Thr52 (2), 

Cys53 

 

Table 4: Molecular Interactions of Asparagamine A – LigPlot+ Analysis 

Proteins Interacting Amino Acids via 

Hydrogen Bonds Hydrophobic Interactions 

FPPS Arg60, Arg112 (3), Lys257 Gly56, Lys57, Gln96, Leu100, Asp103, 
Asp107, Asp174, Lys200, Thr201, Tyr204, 
Gly240, Asp243, Asp261, Lys266 

PPAR alpha Cys276, Ser280 (2) Phe273, Thr279, Ile317, Tyr314, Leu321, 
Met330, Leu331, Val332, Ile354, Met355, 
His440, Val444, Leu460, Tyr464 

PPAR delta Thr253 Cys249, Thr252, Ile290, Phe291, Met293, 
Leu294, Ile297, Leu303, Ile327, Ile328, 
Lys331, His413 

PPAR gamma Cys285, Ser289, His323 Phe282, Arg288, Leu330, Ile326, Leu340, 
Ile341, Met364, His449, Leu453, Leu465, 
Leu469, Tyr473 

IRK Asp1150 Phe1054, Val1059, Leu1123, Phe1128,His1130,  
Asp1132, Asn1137, Ile1148, Gly1149,  
Gly1152, Met1153, Thr1154, Tyr1162 

VEGFR1K Asp1040 Ala874, Thr877, Glu878, Ile881, Leu882, 
Val892, Cys1018, His1020, Ile1038, 
Cys1039, Gly1042 

VEGFR2K Asp1046(2) Val848, Ala866, Lys868, Glu885, Ile888, 
Leu889, Ile892, Val899, Leu1035, 
Phe1044, Cys1045, Phe1047, Val1916 

IGF1RK - Glu1050, Met1054, Val1062, Val1063, 
Met1079, His1133, Arg1134, Asp1135, 
Ile1151, Gly1152, Asp1153 

PII Asp34, Val78 (2), Ser79 Ile32, Gly36, Ser37, Met75, Asn76,  
Tyr77, Ile123, Leu131, Tyr192,  
Gly216, Asp214, Thr217 

CmaA2 - Tyr24, Tyr41, Gly145, Ile184, Ile210,  
Leu211, Phe215, Gly218, Leu220,  
Tyr247, Trp254, Tyr280,Cys284, Phe288 

PKnB Lys40, Asp138, Asp156 Phe19, Gly20, Met22, Ser23, Val25, 
Met155, Gly158, Thr159 

H1P Asp 124, Asp 128, Ile50 Asp25, Gly27,Ala28,Gly48, Gly49, Gly126, 
Ala127, Asp129, Val131, Ile146, Gly147, Ile149,Pro180,Val181, Ile183 

LTR Asp327 (2), Thr335 Gly13, Ser14, Gly50, Thr51, Cys52, Gly56, 
Cys57, Ala159, Gly161, Ser162, Tyr198, 
Arg287, Gly326, Met333, Leu334 

TTR Thr52 (2) Ile11, Gly12, Ala13, Ser15, Ile 35, Asp 36, 
Val37, Ser47, Gly51, Gly126, Gly128, 
Ala160, Ser161, Gly162, Arg291, Ala338 
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Fig. 2: Molecular interactions of Asparagamine A- UCSF Chimera & LigPlot+ 

 

Table 5: Binding Energy of Reference Inhibitors (Standard drugs) 

Proteins Inhibitors Minimum Binding Energy (Kcal/mol) Ki (nM) 

FPPS Alendronate [33] -9.32 148 

PPAR alpha MK886 [45] -7.96 1460 

PPAR delta MK886 -3.64 214000 

PPAR gamma MK886 -9.28 158 

1,3-Thiazolidine-2,4-dione [41] -4.01 1140000 

IRK BMS-536924 [15] -6.34 22350 

VEGFR1K Axitinib [46-47] -9.86 58 

Vandetanib [46-47] -8.54 550 

VEGFR2K Axitinib [46-47] -9.94 52 

Vandetanib [46-47] -7.36 4010 

IGF1RK PQIP [48] -9.47 114 

PII Chloroquine [49] -8.44 652 

CmaA2 Thioacetazone [19] -6.26 26000 

PKnB 2,4-Dichloroquinazoline [20] -4.75 330000 

H1P Indinavir [21] -11.17 6 

Amprenavir [21] -9.62 89 

LTR Ebsulfur [50] -6.96 7970 

TTR Ebsulfur -6.74 11500 

 

Table 6: Comparison between the standard drugs with Asparagamine A 

Proteins Inhibitors Ki (nM)  
[Standard drugs] 

Ki (nM)  
[Asparagamine A] 

FPPS Alendronate 148 205 
PPAR alpha MK886 1460 45.4 
PPAR delta MK886 214000 1620 
PPAR gamma MK886 158 48.88 

1,3-Thiazolidine-2,4-dione 1140000 48.88 
IRK BMS-536924 22350 272.24 
VEGFR1K Axitinib 58 389.75 
 Vandetanib 550 389.75 
VEGFR2K Axitinib 52 913.59 
 Vandetanib 4010 913.59 
IGF1RK PQIP 114 142.08 
PII Chloroquine 625 1.06 
CmaA2 Thioacetazone 26000 111.94 
PKnB 2,4-Dichloroquinazoline 330000 553.05 
H1P Indinavir 6 4.58 
 Amprenavir 89 4.58 
LTR Ebsulfur 7970 17.75 
TTR Ebsulfur 11500 37.93 



CONCLUSION 

The complete study was conducted in silico to explore the 
therapeutic potentials of the ligand Asparagamine A derived from A. 
racemosus. The overall analysis suggests that Asparagamine A shows 
a higher affinity towards the critical proteins, generally targeted to 
combat aforesaid mentioned diseases. The study provides a clue for 
the development of a new lead that could be used for the prevention 
or cure of multiple diseases. Further, In vitro and In vivo validation of 
aforesaid therapeutic potentials of Asparagamine A is required. 

CONFLICT OF INTEREST 

Authors declare no conflict of interest. 

“NOTE: The First Author and Second Author have contributed 
equally.” 

REFERENCES 

1. Bopana N, Saxena S. Asparagus racemosus - 
Ethnopharmacological evaluation and conservation needs. 
Journal of Ethnopharmacology. 2007; 110(1): 1-15. 

2. Sharma A, Sharma V. A Brief Review Of Medicinal Properties Of 
Asparagus racemosus (Shatavari). International Journal Of Pure 
& Applied Biosciences. 2013; 1(2): 48-52. 

3. Sachan AK, Das DR, Dohare SL, Shuaib M. Asparagus racemosus 
(Shatavari): An Overview. International Journal Of 
Pharmaceutical And Chemical Sciences. 2012; 1(2): 588-592. 

4. Ashajyothi V, Pippalla RS, D S. Asparagus racemosus - A 
Phytoestrogen. International Journal Of Pharmacy & 
Technology. 2009; 1(1): 36-47. 

5. Sharma M, Sharma A, Kumar A. Ethnopharmacological 
Importance Of Asparagus racemosus: A Review. Journal Of 
Pharmaceutical And Biomedical Sciences. 2011; 6(6): 1-12. 

6. Mitra SK, Prakash NS, Sundaram R. Shatavarins (containing 
Shatavarin IV) with anticancer activity from the roots of 
Asparagus racemosus. Indian journal of pharmacology. 2012; 
44(6): 732. 

7. Sekine T, Fukusawa N, Kashiwagi Y, Ruangrungsi N, Murakoshi 
I. Structure of asparagamine A, novel polycyclic alkaloid from 
Asparagus racemosus. Chemical and pharmaceutical bulletin. 
1994; 42(6): 1360-1362. 

8. Sekine T, Ikegami F, Fukasawa N, Kashiwagi Y, Aizawa T, Fujii 
Y, et al. Structure and relative stereochemistry of a new 
polycyclic alkaloid, asparagamine A, showing anti-oxytocin 
activity, isolated from Asparagus racemosus. J. Chem. Soc., 
Perkin Trans. 1. 1995; 4): 391-393. 

9. Tip-Pyang S, Tangpraprutgul P, Wiboonpun N, Veerachato G, 
Phuwapraisirisan P, Sup-Udompol B. Asparagamine A, an in vivo 
anti-oxytocin and antitumor alkaloid from Asparagus racemosus. 
ACGC Chemical Research Communications. 2000; 12(1): 31-35. 

10. Wiboonpun N, Phuwapraisirisan P, Tip pyang S. Identification 
of antioxidant compound from Asparagus racemosus. 
Phytotherapy Research. 2004; 18(9): 771-773. 

11. Morris GM, Goodsell DS, Halliday RS, Huey R, Hart WE, Belew 
RK, et al. Automated docking using a Lamarckian genetic 
algorithm and an empirical binding free energy function. 
Journal of computational chemistry. 1998; 19(14): 1639-1662. 

12. Pettersen EF, Goddard TD, Huang CC, Couch GS, Greenblatt DM, 
Meng EC, et al. UCSF Chimera—a visualization system for 
exploratory research and analysis. Journal of computational 
chemistry. 2004; 25(13): 1605-1612. 

13. Hosfield DJ, Zhang Y, Dougan DR, Broun A, Tari LW, Swanson 
RV, et al. Structural basis for bisphosphonate-mediated 
inhibition of isoprenoid biosynthesis. Journal of Biological 
Chemistry. 2004; 279(10): 8526-8529. 

14. Berger J, Moller DE. The mechanisms of action of PPARs. 
Annual review of medicine. 2002; 53(1): 409-435. 

15. Dool CJ, Mashhedi H, Zakikhani M, David S, Zhao Y, Birman E, et 
al. IGF1/insulin receptor kinase inhibition by BMS-536924 is 
better tolerated than alloxan-induced hypoinsulinemia and 
more effective than metformin in the treatment of 
experimental insulin-responsive breast cancer. Endocrine-
related cancer. 2011; 18(6): 699-709. 

16. Sitohy B, Nagy JA, Dvorak HF. Anti-VEGF/VEGFR therapy for 
cancer: reassessing the target. Cancer research. 2012; 72(8): 
1909-1914. 

17. Baserga R. The IGF-I receptor in cancer research. Experimental 
cell research. 1999; 253(1): 1-6. 

18. Silva AM, Lee AY, Gulnik SV, Maier P, Collins J, Bhat TN, et al. 
Structure and inhibition of plasmepsin II, a hemoglobin-
degrading enzyme from Plasmodium falciparum. Proceedings 
of the National Academy of Sciences. 1996; 93(19): 10034-
10039. 

19. Banerjee D, Bhattacharyya R. Isoniazid and thioacetazone may 
exhibit antitubercular activity by binding directly with the 
active site of mycolic acid cyclopropane synthase: Hypothesis 
based on computational analysis. Bioinformation. 2012; 8(16): 
787. 

20. Lougheed KE, Osborne SA, Saxty B, Whalley D, Chapman T, 
Bouloc N, et al. Effective inhibitors of the essential kinase PknB 
and their potential as anti-mycobacterial agents. Tuberculosis. 
2011; 91(4): 277-286. 

21. Marzolini C, Telenti A, Buclin T, Biollaz J, Decosterd LA. 
Simultaneous determination of the HIV protease inhibitors 
indinavir, amprenavir, saquinavir, ritonavir, nelfinavir and the 
non-nucleoside reverse transcriptase inhibitor efavirenz by 
high-performance liquid chromatography after solid-phase 
extraction. Journal of Chromatography B: Biomedical Sciences 
and Applications. 2000; 740(1): 43-58. 

22. Spinks D, Shanks EJ, Cleghorn LA, McElroy S, Jones D, James D, 
et al. Investigation of trypanothione reductase as a drug target 
in Trypanosoma brucei. ChemMedChem. 2009; 4(12): 2060-
2069. 

23. Nguyen JT, Hamada Y, Kimura T, Kiso Y. Design of potent 
aspartic protease inhibitors to treat various diseases. Archiv 
der Pharmazie. 2008; 341(9): 523-535. 

24. Gil L A, Valiente PA, Pascutti PG, Pons T. Computational 
Perspectives into Plasmepsins Structure—Function 
Relationship: Implications to Inhibitors Design. Journal of 
tropical medicine. 2011; 2011(1): 1-15. 

25. Brik A, Wong C-H. HIV-1 protease: mechanism and drug 
discovery. Organic & biomolecular chemistry. 2003; 1(1): 5-14. 

26. Deivanayagam CN, Rajasekaran S, Venkatesan R, Mahilmaran A, 
Ahmed P, Annadurai S, et al. Prevalence of acquired MDR-TB 
and HIV co-infection. Indian Journal of Chest Diseases and 
Allied Sciences. 2002; 44(4): 237-242. 

27. Sharma S, Mohan A, Kadhiravan T. HIV-TB co-infection: 
epidemiology, diagnosis & management. Indian Journal of 
Medical Research. 2005; 121(4): 550-567. 

28. Glickman MS, Cahill SM, Jacobs WR. The Mycobacterium 
tuberculosis cmaA2 gene encodes a mycolic acid trans-
cyclopropane synthetase. Journal of Biological Chemistry. 
2001; 276(3): 2228-2233. 

29. Av-Gay Y, Jamil S, Drews SJ. Expression and characterization of 
the Mycobacterium tuberculosis serine/threonine protein 
kinase PknB. Infection and immunity. 1999; 67(11): 5676-
5682. 

30. Khan MOF. Trypanothione reductase: a viable 
chemotherapeutic target for antitrypanosomal and 
antileishmanial drug design. Drug target insights. 2007; 2(1): 
129-146. 

31. Rogers MJ. New insights into the molecular mechanisms of 
action of bisphosphonates. Current pharmaceutical design. 
2003; 9(32): 2643-2658. 

32. Lindert S, Zhu W, Liu YL, Pang R, Oldfield E, McCammon JA. 
Farnesyl diphosphate synthase inhibitors from in silico screening. 
Chemical biology & drug design. 2013; 81(6): 742-748. 

33. Fisher JE, Rogers MJ, Halasy JM, Luckman SP, Hughes DE, 
Masarachia PJ, et al. Alendronate mechanism of action: 
geranylgeraniol, an intermediate in the mevalonate pathway, 
prevents inhibition of osteoclast formation, bone resorption, 
and kinase activation in vitro. Proceedings of the National 
Academy of Sciences. 1999; 96(1): 133-138. 

34. Wu Y, Zhu Z. Vascular endothelial growth factor receptor 1, a 
therapeutic target in cancer, inflammation and other disorders. 
Current medicinal chemistry. 2009; 16(22): 2890-2898. 



Ray et al. 
Int J Pharm Pharm Sci, Vol 6, Issue 3, 247-253 

253 

35. Smith NR, Baker D, James NH, Ratcliffe K, Jenkins M, Ashton SE, 
et al. Vascular endothelial growth factor receptors VEGFR-2 
and VEGFR-3 are localized primarily to the vasculature in 
human primary solid cancers. Clinical Cancer Research. 2010; 
16(14): 3548-3561. 

36. Frasca F, Pandini G, Scalia P, Sciacca L, Mineo R, Costantino A, et 
al. Insulin receptor isoform A, a newly recognized, high-affinity 
insulin-like growth factor II receptor in fetal and cancer cells. 
Molecular and cellular biology. 1999; 19(5): 3278-3288. 

37. Cohen DH, LeRoith D. Obesity, type 2 diabetes, and cancer: the 
insulin and IGF connection. Endocrine-related cancer. 2012; 19(5): 
F27-F45. 

38. Jaeckel EC, Raja S, Tan J, Das SK, Dey SK, Girod DA, et al. 
Correlation of Expression of Cyclooxygenase-2, Vascular 
Endothelial Growth Factor, and Peroxisome Proliferator–
Activated Receptor δ With Head and Neck Squamous Cell 
Carcinoma. Archives of Otolaryngology–Head & Neck Surgery. 
2001; 127(10): 1253-1259. 

39. Röhrl C, Kaindl U, Koneczny I, Hudec X, Baron DM, König JS, et 
al. Peroxisome-proliferator-activated receptors γ and β/δ 
mediate vascular endothelial growth factor production in 
colorectal tumor cells. Journal of cancer research and clinical 
oncology. 2011; 137(1): 29-39. 

40. Tsukahara T, Hanazawa S, Kobayashi T, Iwamoto Y, Murakami-
Murofushi K. Cyclic phosphatidic acid decreases proliferation 
and survival of colon cancer cells by inhibiting peroxisome 
proliferator-activated receptor γ. Prostaglandins & other lipid 
mediators. 2010; 93(3): 126-133. 

41. Figueroa SH, Espinosa JJR, Soto SE, Pérez JCA, Ramos RR, Aguilar 
FJA, et al. Discovery of Thiazolidine-2,4-
Dione/Biphenylcarbonitrile Hybrid as Dual PPAR α/γ Modulator 
with Antidiabetic Effect: In vitro, In Silico and In Vivo Approaches. 
Chemical biology & drug design. 2013; 81(4): 474-483. 

42. Gross B, Staels B. PPAR agonists: multimodal drugs for the 
treatment of type-2 diabetes. Best Practice & Research Clinical 
Endocrinology & Metabolism. 2007; 21(4): 687-710. 

43. Stienstra R, Duval C, Müller M, Kersten S. PPARs, obesity, and 
inflammation. PPAR research. 2006; 2007(1): 1-10. 

44. Brüggemann M, McDonald AI, Overman LE, Rosen MD, Schwink 
L, Scott JP. Total synthesis of (±)-didehydrostemofoline 
(asparagamine A) and (±)-isodidehydrostemofoline. Journal of 
the American Chemical Society. 2003; 125(50): 15284-15285. 

45. Kehrer J, Biswal S, Thuillier P, Datta K, Fischer S, Vanden HJ. 
Inhibition of peroxisome-proliferator-activated receptor 
(PPAR) α by MK886. Biochem. J. 2001; 356(899-906. 

46. Qi W-X, Tang L-N, Sun Y-J, He A-N, Lin F, Shen Z, et al. Incidence 
and risk of hemorrhagic events with vascular endothelial 
growth factor receptor tyrosine-kinase inhibitors: an up-to-
date meta-analysis of 27 randomized controlled trials. Annals 
of Oncology. 2013; 24(12): 2943-2952. 

47. Verbeek HH, Alves MM, de Groot J-WB, Osinga J, Plukker JT, Links 
TP, et al. The effects of four different tyrosine kinase inhibitors on 
medullary and papillary thyroid cancer cells. Journal of Clinical 
Endocrinology & Metabolism. 2011; 96(6): E991-E995. 

48. Wu J, Li W, Craddock BP, Foreman KW, Mulvihill MJ, Ji Q-s, et al. 
Small-molecule inhibition and activation-loop trans-
phosphorylation of the IGF1 receptor. The EMBO journal. 2008; 
27(14): 1985-1994. 

49. Romeo S, Dell'Agli M, Parapini S, Rizzi L, Galli G, Mondani M, et 
al. Plasmepsin II inhibition and antiplasmodial activity of 
Primaquine–Statinedouble-drugs'. Bioorganic & medicinal 
chemistry letters. 2004; 14(11): 2931-2934. 

50. Lu J, Vodnala SK, Gustavsson A-L, Gustafsson TN, Sjöberg B, 
Johansson HA, et al. Ebsulfur is a benzisothiazolone cytocidal 
inhibitor targeting the trypanothione reductase of 
Trypanosoma brucei. Journal of Biological Chemistry. 2013; 
288(38): 27456-27468. 

 


