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ABSTRACT

To explore stable mechanism of ursolic acid/p-cyclodextrin inclusion
compound under high pressure. Molecular mechanics (MM) and molecular
dynamics (M D) were used to analysisthe conformation of ursolic acid and
B - cyclodextrin inclusion under high pressure and normal pressure.
Moreover, the molecular interaction between subject and object was
calculated. Molecular simulation results confirm: the most stable
conformation of inclusion complexesis hydroxyl end up and carboxy! end
down which of ursolic acid. the formation of hydrogen bonds between the
ursolic acid and  — cyclodextrin. In the water environment, the dynamic
equilibrium of simulation systemisreached. Simulation systemin thewater
environment, thetotal energy and the potential energy which under 500M pa
pressure are smaller than normal pressure. The system density of 500M pa
pressure is bigger than others.These demonstrate that the pressure can
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make the system more stable and reduce its volume.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Cyclodextrin (Cyclodextrins, CDs) with specia
structure are inner hydrophobic and hydrophilic,
thereforecanforminclusion complexeswithmany smdl
molecules. Because of thisunique performance, CDs
hasbeen widely used in many fieldsof food, medicine
and other..Inclusion compoundswith 3 —cyclodextrins
are widely used in chemistry and have often been
employed in Pharmaceutical Chemistry for drug
delivery!¥, Host-guest inclusion complex of calculation
takesagreat partinthestudy of cydodextrin. Molecular
amulationcongderssmal Szesysems, a atypica scde
of afew nanometers, and determinestheir behaviour

from acareful computation of theinteractionsbetween
their components?. Theresearchin thisareacan be
divided into the following categories®: (1) The
cdculation of abinding freeenergy,(2) theandysisof a
conformation,(3) the analysis of a spectral

characterization etc.

Withtherapid devel opment of quantum mechanics,
some microscopic properties of molecules can be
obtained by quantum mechanicd caculations, including
molecular structure, ionization potential, conformation
etc. Accordingto the spatial scaleand thesimulation
timeisdifferent, themethod of molecular smulationis
divided into molecular mechanics and molecular
dynamicssmulations(MM&M D), quantum mechanics
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smulations(QM) and mesoscopic Smulation.

Molecular mechanics(MM) smulationisakind of
simulation method which usethemolecular to andyse
the static properties. It uses the analytic experience
functionthroughthe characterization of bondlengths, bond
anglesand dihedrd anglechanges, aswd| asthepotentid
function of non-bonding interaction from the typica
structura parametersand forceto describethe change
of stressor energy iscaused by themolecular structure
change. Trestment of biologicd macromolecular systems
canusethesmplepotentia function.

Molecular dynamics (MD)* simulation is an
important tool to study the structure of biological
macromolecules, kineticand thermodynamic properties.
Themethod cannot only givethemotion detailsof large
biological moleculesat theatomiclevel, but also can
providedetail ed information of pogition fluctuationsand
conformational changes for biological
macromol ecules.It can explainthe experimentd dataat
the micro levell®. Compared with other simulation
method, molecular dynamics simulation has the
advantagesof high precison, cansmultaneoudy obtain
the statistical data of system dynamics and
thermodynamics, awiderange of applicationsetc.

Common molecular smulation softwareincluding
Amber, Charmm, Gromacs, Materia and studio, this
article selectsthe Material s Studio softwarewhich be
developed by Accelryscompany of America. Materias
Studio software can be optimized geometries, predicted
the properties, cal cul ated the quantum mechanicsand
mol ecular dynamicssimul ation, theresearcherscan get
very high accuracy datathrough somesimpleoperation.

Tabushi and Mizutani et al.l” calculated the
interaction energy of theinclusionwithiodineaniline
and nitrophenol moleculeand ==- cyclodextrins. The
study found intheinclusion of Van der Waalsforceas
themain forcein themolecular recognition process.

D.Thompson and other scholarg® studied the
molecular recognition mechanisms by molecular
smulation for medicineand f§ - cyclodextrin inclusion
complex. They mainly using molecular dynamicsfree
energy simulations (M DFE) to describe the specific
combination of drugsand § — cyclodextrin. Through
the computer simulation to analyze the el ectrostatic
interaction between the metal organic molecular.
Determination of f - cyclodextrin is to identify organic

guest moleculesby Van der Wad sforce, thesmulation
resultsagreewith the thermodynamic analyses*¥.

The objective of this work is to explore stable
conformation insdetheinclusion complexesof ursolic
acid and B — cyclodextrin from molecular mechanics
(MM) and molecular dynamics (MD) caculations. At
the sametimeto anayze the conditions of simulated
syseminwater environment.

SELECT SSMULATION PARAMETERS

This experiment mainly used Discover and
Amorphouscell of Materials Studio. Discover using
molecular mechanics and molecular dynamics.
Amorphouscell can establish arepresentative model
to complex systems based on the CVFF, PCFF,
COMPASS €tc.

Select forcefield

A structure model of B - cyclodextrin was
constructed by Visudizer of Materias Studio based on
crysta dataof f—cyclodextrin. Smilarly for astructura
model for ursolic acid. To construct a periodic
amorphousunit by Construction of Amorphouscell for
aursolic acid and acyclodextrin. The PCFFforcefidd
isapowerful forcefield to support polymer and organic
material atomic simulation. The CFF91 force field
focuses on the research of polymer and polymer
materialg°. AsshowninFigure 1, PCFFforcefiddis
applicableon B - cyclodextrin inclusion complex system.

Figure 1 : Sructural smulation of the ursolic acid /-
cyclodextrininclus

Select Cut-off distance
Discover select the default values are Coarse,
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Medium, Fineand Ultra-finerespectively for truncation
distance, splinewidth and buffer width.

Sdlect parameter of dynamicssimulation

Ensembleisset to NPT. Temperature selection of
298K, the choice of the force field focuses on the
biochemical and molecular system simulation of the
PCFF (including hydrogen bonding). Pressurewas set
as0.0001 and 0.5GPa. The number of stepsisset to
30000, thetime step isset to LFS, dynamicstimeis
30.0ps. Record thefull trgjectories.

SIMULATIONAND MODELS

Tofind alowest energy conformationfromincluson
complexesof ursolicacid/ 3 - cyclodextrin by the Smart
Minimizer method of Maerid Studio. Thelowest energy
conformation is immersed in water environment
gmulation.Thewater environment smulaioncanbuilda
amorphous periodic unit contains 600 water molecules
throughtheAmorphousCdl of Maeria Sudio,itsdendty
is1.0g/cm?. Thisstudy sdectstwo kindsof smulation
system:(1)theursolic acid and § — cyclodextrin will be
putintheweater environment Smulation contains600 water
mol eculesunder atmospheric pressureand smulatethe

Third

Second
Figure2: Thesixinitial structuresof theursolicacid /g-cyclodextrin inclusion

First

For energy minimization to the six kinds of
conformations, theresult isthe specific energy vaues
of thelowest energy conformationthat  beshownin
TABLE 1. Thefirst oneasthelowest can beseenfrom
TABLE 1.

Throughthelowes energy conformationof indusion
complex to caculate hydrogen bond, resultscan be seen
that the carboxyl of ursolic acid and the hydroxyl of —
cyclodextrin group. form hydrogen bond. Asshownin

inclusion process;(2) Similarly under 500M pa.
RESULTSAND DISCUSSION

Optimized conformation

The position of  — cyclodextrin is fixed as the
smdler end upward and the bigger end downward. The
ursolic acid maybe hassix conformationsin the cavity
of B — cyclodextrin.As shown in Figure 2. The first
conformation : hydroxy end upward and carboxyl end
down of ursolic acid through the cavity of  —
cyclodextrin.The second conformation: hydroxy end
upward and carboxyl end down of ursolic acid, carboxyl
terminal in the cavity of B —cyclodextrin.The third
conformation: hydroxy end upward and carboxyl end
down of ursolicacid, hydroxyl termind inthecavity of
B —cyclodextrin. The fourth conformation: carboxyl end
upward and hydroxy end down of ursolic acid through
the cavity of B — cyclodextrin. The fifth conformation:
carboxyl end upward and hydroxy end down of ursolic
acid, carboxyl terminal in the cavity of § —
cyclodextrin.The sixth conformation: carboxyl end
upward and hydroxy end down of ursolicacid, hydroxyl
termind inthecavity of p—cyclodextrin.

Fifth

Fourth Sixth«

Figure3.
Water environment model

The first conformation is immersed in water
environment to establishthesmulation mode. Figure4
(A) istheamorphousunit,whichincdudesonly thelowest
energy conformation of theinclusion complex. Figure4
(B) includesthelowest energy conformation and 600
water moleculesof theincluson complex. Theincluson
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TABLE 1: Thelowest energy list of six structuresof inclusion complexes

First Second Third Fourth Fifth Sixth
Total Potential energy/kJmol™ -229.254  -164.911 -198.622 -196.641 -183.303 -169.618
Internal/kJmol ™ -120.186  -120.895 -130.823 -101.125 -119.944 -132.477
bond/kJmol ™ 35.10687  32.95465 28.31218 37.63021 34.94473 34.15739
angle/kdmol ™ 128.9467  132.7825 123.0754 140.7557 126.8686 121.9324
torsion/kJmol ™ -231.217  -232.373 -229.963 -221.266 -227.790 -237.073
out_of_plane/kJmol™ 0.167723  0.265111 0.248937 1.889427 0.172785 0.174718
cross/kdmol ™ -53.1907  -54.5236 -52.4967 -60.1349 -54.1408 -51.6680
nonbond/kJmol ™ -109.068 -44.016 -67.799 -95.515 -63.358 -37.141
vdW/kJmol™* 68.47043  94.64051  100.36478 97.16308  105.70961  87.46060
electrostatic/kJmol ™ -177.538  -138.657 -168.164 -192.678 -169.068 -124.601

complex was subjected to energy minimization, obtain
amorphous unit, asshown in Figure4(C).

Dynamicssimulation

UsingtheDynamicsto carry out dynamicssmulation
for amorphous unit of thelowest energy. By changing
pressure(0.1M paand 500M pa) to obtain the diagram
of energy and simulation time, temperature and
smulationtime, asshowninFigure5to6.

The diagram above shows, energy value of

Figure4: Water environment model

smulation sysemisinsmal amplitudefluctuationswith
dynamicssimulation, under the 0.1M paand 500M pa.
The temperature is in the set value 298K level
fluctuation. It proved that s mulation system achievea
balance.

Thedynamicsmulated datatablewhich beinwater
environment shownin TABLE 2. Initial istheinitia
data of water environment model. Average is the
averageafter dynamicssimulation. Tota energy (Etot)
isthetotal energy. Potentia energy (Epot) and Kinetic
energy (Ekin) are potential energy and kinetic energy.

Therelationship between thethreeis Etot = Epot +
Ekin.

See TABLE 2, ssimulation model after dynamic
operation, the average temperature and pressure are
basicaly reachesthe set va uellt proved that Smulation
system achieveabadance.

Inaddition, whenthesmulation systeminthewater
environment, the total energy and the potential are
smaller under 500M pa pressurethan it under 0.1Mpa.
These demonstrate that the pressure can make the
system more stableand reduceitsvolume.
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Energy vs, Smulation Time

Energy (ecal )

5000 J
.ssmw
- 0.1 MPa

4500

0 1000 000 00
S T ()

Legerd
—— Potmtis Energy  — ~— - Morbend Energy

Erergy v Senliton e

R o 500MPa

Sruinton Tee (5

Lo

P fegy = = - Noond Swy
Figure5: Theenergy variation vssmulation time

Tenperature vs, Smulztion Time

Temperature [¥)

m WW

150
§ 0.1 MPa

150

[ 10000 20000 000

Smulgion Time (fs)

B 500MPa

..........

...............

Sviation Time (%
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TABLE 2: Mation dynamicsdata sheet

Average
Initial

0.1Mpa 500M pa
Tota energy (kcal/mol) -5024.569  -3063.216  -3239.680
Potential energy (kcal/mol) -6824.263  -4838.445  -5017.769
Kinetic energy (kcal/mol) 1799.694 1775229  1778.089
Temperature (K) 298.000 293.949 294.423
Pressure (GPa) _ -0.000407  0.498579
Density (g/cm®) 1.0003 1.0530 1.1735

CONCLUSIONS

Themost sableconformetion of induson complexes
ishydroxyl end up and carboxyl end down which of
ursolicacid,it runthrough the cavity of f—cyclodextrin.
In the inclusion compound, hydrogen bonds were
formed between ursolicacid and B — cyclodextrin. When
thesmulation systeminwater environment, under the
condition of 500 M pa pressure,the total energy and
potentia energy issmdler than under normd pressure.lt
shows that increased pressure can make the system
more stable. Under the same conditions, under 500M pa
pressure, thedensty islessthan under norma pressure.
It showsthat increased pressure can compress system
volume,
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