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Abstract 

Different studies have shown that the regular consumption of certain vegetables and fruits can 
reduce disease risks. The Zingiber officinale (ginger) rhizome is consumed worldwide as a spice and 
herbal medicine. It is made up of pungent phenolic substances collectively regarded as gingerols. 6-
Gingerol exhibits a good number of biological activities as the basic active ginger compound. It is 
chemically a relative of capsaicin and piperine, the compounds which give chilli peppers and black 
pepper their respective spiciness. 6-gingerol and its analogues have a favourable toxicity profile, but 
are cytotoxic towards a range of cancer cell lines including blood cancer and lung cancer. The 
compound has also been investigated in vitro for its effect on cancerous tumors of the bowel, breast 
tissue, ovaries, and pancreas, with positive results. Each   of the 6-gingerol analogues used for the 
purpose of this study were designed with the aid of the ChemAxon software while the 2D structure of 
6-gingerol was view and downloaded from the PubChem repository. Each of the chemical structures 
were converted into SMILES strings using the OpenBabel software and the pharmacokinetic 
parameters which includes the blood-brain barrier permeation properties of each experimental 
compounds was predicted using the SwissADME online server. 7 analogues were obtained through the 
modification of 6-gingerol (C=O, COOH, CONH2, NH2, OH, C2H5 and CH3) by the substitution of each 
functional groups for the OCH3 group attachment to the carbon-1 (C1) of 6-gingerol. Results obtained 
from the in silico pharmacokinetics study showed that the COOH, CONH2 and the NH2 analogues of 6-
gingerol lost their blood-brain barrier permeation activity while others including 6-gingerol retained 
theirs. These three compounds can be applied as therapeutic alternatives to 6-gingerol and non 
neuroactive agents for the prevention of interference with the Central Nervous System (CNS). The 
laboratory synthesis of these compounds is therefore recommended. 
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Introduction 

Ginger (Zingiberofficinale Roscoe, Zingiberaceae) 
is a medicinal plant that has been widely used in 
Chinese, Ayurvedic and other global herbal 
medicinal practices since ancient times for a wide 
array of ailments including arthritis, rheumatism, 
sprains, muscular aches, pains, sore throats, cramps, 
constipation, indigestion, vomiting, hypertension, 
dementia, fever, infectious diseases and 
helminthiasis [1]. 6-Gingerol is the major 
pharmacologically-active component of ginger [2]. It 
is known to exhibit a variety of biological activities 
including anticancer, anti-inflammation, and anti-
oxidation [3]. 6-Gingerol has been found to possess 
anticancer activities via its effect on a variety of 
biological pathways involved in apoptosis, cell cycle 
regulation, cytotoxic activity, and inhibition of 
angiogenesis [4]. Thus, due to its efficacy and 
regulation of multiple targets, as well as its safety 
for human use, 6-gingerol has received considerable 
interest as a potential therapeutic agent for the 
prevention and/or treatment of various diseases [5]. 
6-Gingerol is isolated from ginger root using ethanol 
and other organic solvents [6]. 

The blood-brain barrier (BBB) is a highly regulated 
and complex layer of cells that has evolved to 
protect the brain from toxic molecules and 
infectious agents [7]. The Blood Brain Barrier can 
also be said to be the physical barrier in the 
circulatory system that stops many substances from 
traveling into the Central Nervous System (CNS) [8]. 
The blood-brain barrier (BBB) functions to protect 
the brain from toxic molecules and infectious agents 
that can impact brain health and cognitive function 
[9]. It also serves as the interface between the brain 
and the other tissues of the body. Under normal 
conditions, the BBB permits the selective transport 
of molecules that are essential for brain function 
and metabolism while preventing the passage of 
most proteins and small molecules, including the 
majority of drugs in current use [10]. 

The drugs which are intended to interact with 
their molecular targets in the CNS must cross the 
BBB in order to be used as therapeutic agents [11]. 
The peripherally acting agents should not cross the 
BBB so as to avoid the CNS related side effects. In 
both cases the BBB permeability of the molecules 

must be known [12]. Common disease states, 
environmental toxins, certain medications and the 
aging process itself can compromise the integrity of 
the BBB [13]. Drug developers and regulatory 
agencies are increasingly interested in measuring 
and monitoring cognitive function as part of a 
drug’s safety profile and risk management strategy 
[14, 15]. 

The aim of this study is to effect structural 
modifications on the 2D structure of 6-gingerol 
thereby affecting its blood brain barrier permeability 
attribute. The sole objective of performing this 
experiment is to find alternative 6-gingerol 
structural analogues that will pose less threat to the 
functionality of the brain and yet effectively perform 
biological functions as a peripherally acting 
therapeutic agent. 

Methods 

Ligand Preparation 

The 2D structure of 6-gingerol and its modified 
analogues were designed using the MarvinSketch 
software [16]. All designed structures were 
downloaded and saved as mrv files in preparation 
for docking.  

File Conversion 

Saved mrv files from the ligand preparation 
process were converted into SMILES strings 
(Simplified Molecular Input-Line-Entry System) using 
the Open Babel Open Source Chemistry Toolbox. 
Open Babel, a chemical toolbox is designed to speak 
many of the languages of chemical data [17]. It's an 
open and collaborative project allowing anyone to 
make searches, conversions, analysis, or storage 
data from molecular modelling, chemistry, solid-
state materials, biochemistry, or related areas [18]. 

Ligand Minimization 

6-Gingerol and its modified analogues were 
minimized using the UCSF Chimera software [19]. 
UCSF Chimera is an extensible program for 
analyzing and interactively visualizing molecular 
structures and related data which include 
supramolecular assemblies, density maps, alignment 
of sequences, results from molecular docking, 
trajectories and conformational ensembles [20].  
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Visualization of Atoms 

Atoms making up 6-gingerol and its modified 
analogues were visualized using the Pymol 
molecular visualizer [21]. PyMOL is an open-source 
tool for model visualization and it is made available 
for utilization in structural biology [22]. The Py 
aspect of the name of the software is a reference 
pointer that it is extensible and extends by the 
python programming language [23]. 

Results and Discussion 

Structure of 6-Gingerol 

Figure 1 shows the 2D structure of 6-gingerol as 
designed by the MarvinSketch software. 
Modifications that resulted into the derivatives of 
this compound were made through the substitution 
of the OCH3 group attachment to the carbon-1 (C1) 
of the compound with other functional groups such 
as the C=O, C2H5, CH3, CONH2, COOH, NH2 and OH 
groups. 

The 3D Structure of 6-Gingerol 

The 3D structure of 6-gingerol was generated 
though the input of the canonical SMILES obtained 
from the OpenBabel conversion of the 2D structure 
of the compound into the Chimera visualizer. The 
“Build Structure” function of the Chimera visualizer 
was enacted to generate a 3D structure which was 
saved as a Mol2 file. The saved Mol2 file was viewed 
using the Pymol visualize and this same software 
was used in labeling and viewing each atom making 
up the compound. The 6-gingerol modifications as 
reported in figure 1 were made by substituting the 
OCH3 functional group attachment of the 
compound with other functional groups. This OCH3 
group is clearly depicted in the 6-gingerol 3D 
structure in figure 2. The oxygen component of the 
functional group is labeled O4 while the CH3 
component is labeled C17, H24, H25, H26 

The polar surface area (PSA), also known as the 
topological polar surface area (TPSA) of a molecule 
is defined as the sum of all polar atoms (oxygen and 
nitrogen), with the inclusion of the hydrogen atom 
attachments. The polar surface area is a metric that 
is often used in medicinal chemistry to optimize the 
cell permeation ability of drugs. Molecules with a 
PSA value higher than 140 angstroms squared are 
known to be poor in cell membrane penetration 

[24]. For molecules to penetrate the blood–brain 
barrier (BBB) (in order to act on the central nervous 
system receptors), the value assigned to the polar 
surface area must be less than 90 angstroms 
squared [25]. 6-Gingerol and five of its modified 
analogues (C=O, C2H5, CH3, NH2 and OH) might 
possess the blood-brain barrier permeation 
attributes as their TPSA values appeared lower than 
90 angstroms 

The partition coefficient between n-octanol and 
water (log Po/w) serves as the classical method for 
the description of lipophilicity. The diversity of the 
models backing the predictors will increase the 
accuracy in the prediction using the consensus log 
Po/w [26]. The lipinski’s rule [27] was used as the 
drug likeness descriptor for the purpose of this 
study and the optimal lipophilicity range (Log Po/w) 
allowed should not exceed 5. The observation from 
the concensus lipophilicity column of table 1 shows 
that 6-gingerol and all the analogues derived from it 
are within the optimal lipophilicity range and as such 
can be regarded as druglike compounds.  

Activities regarding drug development can be 
facilitated and made easier in cases where 
molecules are soluble. This brings about ease in 
drug handling and its formulation [28]. Moreover, 
for discovery projects that target the oral form of 
administration, one of the major absorption 
property influencers the solubility of the compound 
[29]. Also, drugs that are designed for parenteral 
administration requires a high solubility attribute to 
aid the delivery of an appreciable amount of the 
active ingredient in smaller volumes of 
pharmaceutical dosage [30]. A compound can be 
considered as soluble if the Log S value is less than 6 
[28]. 6-Gingerol and its modified analogues used for 
the purpose of this study, according to the column 
projecting the solubility result in table 1 are all water 
soluble, implying that they might be easily 
absorbed. 

The nature of the gastrointestinal mucosal 
membrane surface area plays an important role in 
the process of drug absorption and it has a varying 
and differential effect from the stomach to the 
rectum. The physiochemical properties of the 
luminal content are also implicated to have an 
influence in drug absorption process [31]. The 
absorption process itself is continually described in 
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terms of hypothesis of simple partition of pH, where 
absorption is controlled by the equilibrium position 
between the ionized and non-ionized forms of the 
drug at varying physiological pH values encountered 
in the gastrointestinal tract [32]. All the 
experimental possess a high gastrointestinal 
absorption rate, indicating their ability to aid drug 
bioavailability. 

Overcoming the ability of a non neuroactive drug 
to cross the blood brain barrier is a major challenge 
to be solved in the processes of designing drugs. 
Only neuroactive drugs are required to possess the 
blood brain permeation attribute for functionality 
On the contrary, non neuroactive drugs should not 
cross the blood brain barrier for the avoidance of 
psychotropic side effects [33]. Blood-brain barrier 
permeation results from table 1 showed that three 
of the modified analogues of 6-gingerol (CONH2, 
COOH and NH2) cannot penetrate the blood brain 
barrier. It was also interesting to note that the NH2 
analogue of 6-gingerol did not possess the blood-
brain barrier permeation attribute even though the 
TPSA value is below 90 angstroms.   

The P-glycoprotein (P-gp) is involved 
physiologically in the reduction of the harmful 
effects of toxic compounds, xenobiotics and drugs 
which the body is exposed to by constantly 
pumping them out of cells. The need for the role 
played by the P-glycoprotein has led to the 
recognition of the modulation it confers on many 
important and clinical therapeutic agents and this 
pharmacokinetic importance has led to the 
incorporation of its screening in any process 
involving drug discovery [33]. Drug pharmacokinetic 
parameters can also be affected through various 
drug induced induction or inhibition directed at 
modulating drug transporters and this can lead to a 
significant drug-drug interaction [34]. Excluding the 
C2H5 and NH2 analogues of 6-gingerol, other 
experimental ligands were no substrates to the P-
glycoprotein hence their oral bioavailability remains 
intact.  

The bioavailability of drugs designed for oral 
administration can be determined by the 
biotransformation process mediated by the 
intestinal CYP3A4 and the constant pumping of 
absorbed drugs out of the cell which is a process 
mediated by the P-glycoprotein. It has been 

hypothesized that the action of the CYP3A4 and P-
glycoprotein may be in concert to reduce oral drug 
bioavailability and viewing this hypothesis from a 
theoretical point of view makes it more attractive 
[34]. The recent test on the hypothesis of the 
possibility of the enhancement of substrate 
disappearance mediated by the CYP3A4 being 
stimulated by drugs interacting with the apical 
efflux pump suggests that the P-gp/CYP3A4 are 
cosubstrates and that P-glycoprotein increases the 
potentials of CYP3A4-mediated disappearance of 
drugs during secretary detoxification in the intestine 
[35]. It is also possible for the P-glycoprotein to have 
an influence on first-pass metabolism in a manner 
describing co-operativity [35]. Table 1 showed that 
the C=O analogue of 6-gingerol unlike other 
experimental ligands might exhibit a higher 
bioavailability, being an inhibitor of the CYP3A4. 
Other experimental ligands might undergo CYP3A4-
mediated intestinal biotransformation which in turn 
lowers their bioavailability. The results from this 
column of table 1 also showed that the C2H5 
analogue of 6-gingerol can inhibit the CYP3A4 and 
this suggests the drug might be orally bioavailable 
even though it appeared to be a P-glycoprotein 
substrate.  

Many areas in the process of drug discovery are in 
need of estimation models and methods for the 
determination of the ease of synthesizing drug-like 
molecules (synthetic accessibility).. The assessment 
of the synthetic accessibility (SA) of a lead candidate 
is a task which takes part in the discovery of lead, 
disregarding methods the lead candidate has been 
known with. The synthetic accessibility score ranges 
from 1 (very easy) to 10 (very difficult) after 
normalization process [36]. This confirms the ease 
of the laboratory synthesis 6-gingerol and all its 
modified analogues as their synthetic accessibility 
score do not exceed 3.0. 

Conclusion 

Results from the above analysis have shown that 
structural modifications can be a potent tool in 
altering the pharmacokinetic properties of selected 
compounds. All the experimental ligands have 
shown drug-likeness attributes while the COOH, 
CONH2 and the NH2 analogues of 6-gingerol have 
stood out to be the only ones that can act as non 
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neuroactive agents with regards to their inability to 
permeate the blood brain barrier. The laboratory 
synthesis of these compounds is therefore 
recommended for further studies. 

References 

1. Ali B, Blunden G, Tanira M and Nemmar A. 
(2008). Some phytochemical, pharmacological and 
toxicological properties of ginger (Zingiberofficinale 
Roscoe): A review of recent research. Food and 
Chemical Toxicology. 46(2): 409-420. 

2. Blumenthal M, Busse W, Goldberg A, 
Gruenwald J, Hall T, Klein S, Riggins C and Rister R. 
(1998). The Complete German Commission E 
monographs. Therapeutic Guide to Herbal 
Medicines, Austin TX, American Botanical Council. 

3. Chaiyakunapruk N, Kitikannakorn N, 
Nathisuwan S, Leeprakobboon K and Leelasettagool 
C. (2006). The efficacy of ginger for the prevention 
of postoperative nausea and vomiting: a meta-
analysis. Am. J. Obstet. Gynecol. 194, 95–99. 

4. Chen C, Kuo M, Wu C and Ho C. (1986). 
Pungent Compounds of Ginger (Zingiberofficinale 
Roscoe) Extracted by Liquid Carbon Dioxide. Journal 
of Agriculture and Food Chemistry 34(3): 477-480. 

5. Hashimoto K, Satoh K, Murata P, Makino B, 
Sakakibara I, Kase Y, Ishige A, Higuchi M and Sasaki 
H. (2002). Component of Zingiberofficinale that 
improves the enhancement of small intestinal 
transport.PlantaMedica. 68:936-9. 

6. Huang Q, Iwamoto M, Aoki S, Tanaka N, 
Tajima K, Yamahara J, Takaishi Y, Yoshida M, 
Tomimatsu T and Tamai Y. (1991). Anti-5-
hydroxytryptamine 3 effect of galanolactone, 
diterpenoid isolated from ginger. Chem. Pharm. Bull. 
(Tokyo) 39, 397–399. 

7. Liu, X.; Tu, M.; Kelly, R. S.; Chen, C.; Smith, B. 
J. Development of a computational approach to 
predict blood-brain barrier permeability. Drug 
Metab.Dispos.2004, 32, 132-9. 

8. Smith, Q. R. A review of blood-brain barrier 
transport techniques. Methods Mol. Med. 2003, 89, 
193-208. 

9. Jolliet-Riant, P.; Tillement, J. P. Drug transfer 
across the blood-brain barrier and improvement of 
brain delivery. Fundam.Clin.Pharmacol. 1999, 13, 16-
26. 

10. Pardridge, W.M.  (2012), Drug transport 
across the blood-brain barrier.  J Cereb Blood Flow 
Metab.,32(11):1959-72.   PMID 22929442 

11. Gumbleton, M.; Audus, K. L. Progress and 
limitations in the use of in vitro cell cultures to serve 
as a permeability screen for the bloodbrain barrier. 
J. Pharm. Sci. 2001, 90, 1681-98. 

12. Reichel, A.; Begley, D. J.; Abbott, N. J. An 
overview of in vitro techniques for blood-brain 
barrier studies.Methods Mol. Med. 2003, 89, 307-24. 

13. Abbott Joan, N. Prediction of blood-brain 
barrier permeation in drug discovery from in vivo, in 
vitro and in silico models. Drug DiscoVery Today: 
Technol. 2004, 1, 407-416. 

14. Crivori, P.; Cruciani, G.; Carrupt, P. A.; Testa, 
B. Predicting bloodbrain barrier permeation from 
three-dimensional molecular structure. J. Med. 
Chem. 2000, 43, 2204-16. 

15. Iyer, M.; Mishru, R.; Han, Y.; Hopfinger, A. J. 
Predicting blood-brain barrier partitioning of organic 
molecules using membrane-interaction QSAR 
analysis. Pharm. Res. 2002, 19, 1611-21. 

16. Chen, J., Swamidass, S. J., Dou, Y., Bruand, 
J., and Baldi, P. (2005). ChemDB: a public database 
of small molecules and related chemoinformatics 
resources. Bioinformatics. 21(22): 4133–4139. 

17. Noel, M. O., Michael, B., Craig, A. J., Chris, 
M., Tim, V. and Geoffrey, R. (2011). Hutchison Open 
Babel: An open chemical toolbox. Journal of 
Cheminformatics,3: 33.  

18. Bultinck, P., Langenaeker, W., Lahorte, P., De 
Proft, F., Geerlings, P., Van Alsenoy, C. and 
Tollenaere. J. P. (2002). The Electronegativity 
Equalization Method II: Applicability of Different 
Atomic Charge Schemes. Journal of Physical 
Chemistry. 106: 7895-7901. 

19. Pettersen, E. F., Goddard, T. D., Huang, C. C., 
Couch, G. S., Greenblatt, D. M., Meng, E. C. and 
Ferrin, T. E. (2004). "UCSF Chimera--a visualization 
system for exploratory research and analysis". J 
Computational Chemistry, 25(13): 1605–1612. 

20. Goddard, T. D., Huang, C. C., Meng, E. C., 
Pettersen, E. F., Couch, G. S., Morris, J. H. and Ferrin, 
T. E. (2017). UCSF chimerax: meeting modern 
challenges in visualization and analysis. Protein 
Science.27 (1).32-35. 

21. Zhu, K., Day, T., Warshaviak, D., Murrett, C., 
Friesner, R. and Pearlman, D., (2014). Antibody 
structure determination using a combination of 

http://pharmacologyonline.silae.it/


PhOL     Cosmas, et al.    6 (pag 1-9) 
 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

homology modeling, energy-based refinement, and 
loop prediction. Proteins, 82(8): 1646-1655. 

22. Salam, N. K., Adzhigirey, M., Sherman, W. 
and Pearlman, D. A. (2014). Structure-based 
approach to the prediction of disulfide bonds in 
proteins. Protein Engineering, Design and Selection, 
27(10): 365-374 

23. Beard, H., Cholleti, A., Pearlman, D., 
Sherman, W. and Loving, K. A. (2013). Applying 
Physics-Based Scoring to Calculate Free Energies of 
Binding for Single Amino Acid Mutations in Protein-
Protein Complexes, PLoS ONE, 8(12): 828-849. 

24. Pajouhesh, H. and Lenz, G. R. (2005). 
Medicinal Chemical Properties of Successful Central 
Nervous System Drugs.NeuroRx, 2(4): 541-553. 

25. Hitchcock, S. A. and Pennington, L. D. 
(2006). Structure - Brain Exposure Relationships. 
Journal of Medicinal Chemistry, 49(26): 7559–7583.  

26. Mannhold, R., Poda, G. I. and Ostermann, C. 
(2009). Calculation of molecular lipophilicity: 
State‐of‐the‐art and comparison of log P methods 
on more than 96,000 compounds. Journal of 
Pharmacological Science, 98: 861–893. 

27. Lipinski, C. A., Lombardo, F., Dominy, B. W. 
and Feeney, P. J. (2001). Experimental and 
computational approaches to estimate solubility 
and permeability in drug discovery and 
development settings. Advanced Drug Delivery 
Reviews, 4(1–3): 3–26.  

28. Ritchie, T. J., Macdonald, S. J. F., Peace, S., 
Pickett, S. D. and Luscombe, C. N. (2013).  Increasing 
small molecule drug developability in suboptimal 
chemical space. Medicinal Chemistry 
Communications, 4: 673 

29. Ottaviani, G. (2010). What is modulating 
solubility in simulated intestinal fluids? European 
Journal of Pharmaceutical Sciences,41: 452–457. 

30. Savjani, K. T., Gajjar, A. K. and Savjani, J. K. 
(2012). Drug solubility: importance and 
enhancement techniques. ISRN Pharm 2012, 195727. 

31. Bogentoft, C., Carlsson, I., Ekenved, G. and 
Magnusson, A. (1978). Influence of food on the 
absorption of acetylsalicylic acid from enteric-
coated dosage forms. European Journal of clinical 
Pharmacology, 14: 351- 355. 

32. Borgstroem, B., Dahlqvist, A., Lundh, G. 
&Sjovall, J. (1957). Studies of intestinal digestion and 
absorption in the lumen.Journal of clinical 
investigation, 36: 1521- 1536. 

33. Wolak, D. J. and Thorne, R. G. (2013). 
Diffusion of macromolecules in the brain: 
implications for drug delivery. Molecular 
Pharmaceutics, 10:1492–1504. 

34. Williams, W. C. and Sinko, P. J. (1999). Oral 
absorption of the HIV protease inhibitors: A current 
update. Advanced Drug Delivery Reviews,39: 211–
238. 

35. Chan, L. M., Cooper, A. E., Dudley, A. L., Ford, 
D. and Hirst, B. H. (2004). P-glycoprotein potentiates 
CYP3A4-mediated drug disappearance during Caco–
2 intestinal secretory detoxification. Journal of Drug 
Targeting, 12: 405–413.  

36. Ertl, P. and Schuffenhauer, A. (2009). 
Estimation of synthetic accessibility score of drug-
like molecules based on molecular complexity and 
fragment contributions. Journal of 
Cheminformatics, 1: 8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://pharmacologyonline.silae.it/


PhOL     Cosmas, et al.    7 (pag 1-9) 
 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Table 1: Physicochemical properties, lipophilicity, solubility, pharmacokinetics and lipinski druglikeness of antifolate drugs, 
gedunin and its modified derivatives 

Parameters 6-
Gingerol 

C=O 
analogue  

C2H5 
analogue  

CH3 
analogue 

CONH2 
analogue 

COOH 
analogue 

NH2 
analogue 

OH 
analogue 

Formula C17H26O4 C17H24O4 C18H28O3 C17H26O3 C17H25NO4 C17H24O5 C16H25NO3 C16H24O4 

Molecular 
weight g/mol 

294.39 292.37 292.41 278.39 307.38 308.37 279.37 280.36 

Num. H-Bond 
acceptors 

4 4 3 3 4 5 3 4 

Num. H-Bond 
donors 

2 2 2 2 3 3 3 3 

TPSA Å² 66.76 74.60 57.53 57.53 100.62 94.83 83.55 77.76 

Lipophilicity 
Consensus 
Log Po/w 

3.13 2.96 3.81 3.49 2.47 2.80 2.55 2.75 

Water 
Solubility Log 
S 

Soluble Moderate
ly Soluble 

Moderate
ly Soluble 

Moderate
ly Soluble 

Moderately 
Soluble 

Soluble Soluble Soluble 

GI absorption High High High High High High High High 

BBB 
permeant 

Yes Yes Yes Yes No No No Yes 

P-gp 
substrate 

No No Yes No No No Yes No 

CYP3A4 
inhibitor 

No Yes Yes No No No No No 

Lipinski 
Druglikeness 

Yes; 0 
Violation 

Yes; 0 
Violation 

Yes; 0 
Violation 

Yes; 0 
Violation 

Yes; 0 
Violation 

Yes; 0 
Violation 

Yes; 0 
Violation 

Yes; 0 
Violation 

Synthetic 
accessibility 

2.81 2.67 2.77 2.58 2.71 2.84 2.57 2.61 
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Figure 1: The two dimensional (2D) structure of 6-gingerol and its modified derivatives as designed using the MarvinSketch 
software. 
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Figure 2: 3D structure of 6-Gingerol showing all labeled atoms 
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