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ABSTRACT

In this work, we have stadied the solvent effects an values of Gibhs free energy, crithalpy. entropy and dipole
moment in spread of solvents arcund anticancer drig of temoslomide that is an alkynating agent, For this
purposc, the quantum mechanic calculations hased on Hartree-Fock theory at the $TO-3G/-21G levels have
been dome. Moreover, we have compated resulted thermodynarme values in pos phase as well as various
solvents when surround the Temozolomide molecule. We obtained the cffects of different dielectric constants
un Temozalomide with the onsager self-consistent model reaction ficld {SCRF} by applying Harirce-Fock
theory and alse we obtained the effects of temperatyre La thermodymamic values of Temozolomide in zas phase

and vanous solvends,
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INTRODUCTION

Temozolomide (TMZ) is an anticancer drug that its
brmd name is temodar. Early 1980s it was made in a
British laboratery and then 1t was contirmed for use in
the United Siales in 1999(1]. Temozalomide has been
approved in the United States for therapy of
astrocytoma that is a kind of bmin tumor and is
Crtering various phases of clinical estimation against
other tumors [2]. A chematherapy medicine wtilized o
intertcre in develepment of cancer cells and reduve the
s1z¢ of a cancerous tumer [3). It belonygs 1© a new sort
of oral imidazotetrazines that cnter the cerebrospim
flid and do not necd  hepaticmetabolism  for
actvation[4-61. Also 1t is an alkylating agent of the
imidazo  [5,1d]-1.2.3,5-  tetrazine  series  [7].
Temozolomide has outstanding oral bioavailability
[8,9]. and also has demonstrated important &linical
aclivity against malignant melanomas, astrocytoma and

'Currcspand[ng author bn_ uwhmedfyahos com

ghoras  [10]. Temozolomide i structurally
correlated to the antimelanoma drug DTIC; hoth
agents need alterabon 1w MTIC for their clinical
activity. In as much as DTIC is metabolicallv
activated tn MTIC in the liver, the alietation of
tetnozolomide to MTIC is presumed to be pH
dependent [11]. It is swoutly stable under acidic
colditions, howcver the tatc of depradation
growves speedily on passing through neutral to
basic pH [12]. Hence pH-dependent activation of
temosolomide may give a significant basis of
largeted therapy directed towand tumors (such as
gliomas, malignant melanomas and astrocytoma),
that are recogmized w have @ higher pH compared
with encireling brain tissue, Temozolomide is
chemically classified as an imidazoletrazinone
[13]. The defimng charactensiic uf this sort ot
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compound is an imidazole ring that 18 combined
with a tetrazinone ring system that includes three
adjacently bnnded nitrogen amms  {14]
Temozoldmide obtaines its cyiotoxic effect
chictly by methylating the O position of guanine.
This adduct can be eliminated by the DNA repair
protein O°-methylguamine -DN A- methyltransferase
{(MGMT). that is represemted in a subgroup of
GBM. Therefore, It shows its highest efficiency
agamnst tumors lacking MOGMT  expression oo
account of a methylated MGMT promoter [15,16].

However, although tempzolomide
meaningfully increases the extent of patients
sunviving [or =2 years, long-term survivaors are still
rare, The biological charactenstices of CSC supply
a conceivable interpretation for the inattention of
chemotherapy in the long erm: CSC from several
tumor entifics overexpress multidrug resistance
proteins, that may defend them against cytotoxic
drugs that destoy progenitor and discriminated
cells{17]. So, in this research, the values of gibbs
free energy, cnthalpy, enropy and dipole momem
have been investigated by quanturn mecharmic
calculations within the onsager sclf-consistent
reaction ficld (SCRF) model wtilizmg HE/STO-3G
and 321G basis scts in various solvens and
temperatore have been compared.

COMPUTATIONAL METHOD

1-Ab initin method

Ah initio methnd is available i macromodel
program. It is important to choose a loveld that is
well parametrized for the molecular system under
study. Accurate yeomnetry coordinates and energy
parameters are particularly important in molecular
systems  sinec  they  contrnl  conformational
interconversions, Low-encrgy stuctures found on
cach surface were selected and subjected tn
unrestraincd  quantum mechanical minimization
using HF/ST(}-3(; and 3-21G SCRF[18].

The splvent effect in guantum mechanic 15 gltten
a perturbation term n Lhe Hamiltenjan of the
isolated solute [19].Ha:

H = H,+ H, (1)
The perturhation term  creates from  the
elecine  dipnile moment operator (=) and

reaction field vector, £ ;
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H,=-.R ! (2)

The reactinn field is function of the electric
dipole moment o ; R=—ge= ' ! (N
g is the onsager factnr which determines the
sterength of the reactinn ficld and depends on the
relative permittivity of the medium, £, and on

the radius of the cavity, [19] &,:
2{c - 1)
E = 3 .
{(2e + 1)a, i
The effect of the reaciion field by selvent

perturbaltion is united as an additional tcrm in the
Fnck equation[19]: | :

(4)

F=F"-ga{ax) , .8
The energy is obtamed by ! '

E={¢|H,|¥)-0.5xR ‘ 1 (6)
where Wis the full wave function of the

molecule. These SCRF equation are ' solved
iteratively. A single excited configuration
interaction (CT) calculanon is acted from the
single determinamt SCRE ground state [19].The
energy corrcction to the excited state caused by
the solvent agitation is obtained by

m=11 ., | ,
ﬁErF—mg«“}—(“‘})-(“f) (7)
where n denotes the solvent réfactive index.

h
<ac‘> the dipole moment of the sclute excited

state. Thisequation accounts fir the fact that oniy
the electronic polarization can respond tn the
change in the dipole moment during the
ahsorption process. 3

In a solvent cllcet calculation cavity radius is
the only adjustable parameter and the choice of
the madius bas heen conversed widely. Dnc of
method to calculate the radius is to estimate it
from the solute molar volume [19].

¥
4l = —m | (®)

4N '
where &, iz Avogadro’s number and V) is

given by cxpcriment, While the exﬁelimentai
molar volume 15 not attainable, the molccular
greates] dimension could be used lo estirnate the
radius] 19]. ‘ |
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2- Thermoche mistry
Caleulations in 1 atmosphere pressute and

temperatures 298K, 300K 302 K, 305K  and

310 X have been done at STO-3G/3-21G basis
sets. Gibbs free cnergy. enthalpy, energy and
entropy obtained hy Gaussian 98 program [20].
Four equations wili be wtilized ta derive the final
expressian utilized to calowlate the differcnt
printed out by Gaussian 98 prosram. The intcrnal
thermal cnergy £ can he gained from the
partitian functian [21]:

dhn g
E = Nk ,T° 1
R LT I

The partiian function from any component can
he ufilized to caleulate the entropy contribution S
from which camponent, appiying the relatian [21]

N
=— and substituting V &, = K. the molar
N}!
Entrapy is:

S = Rinfg(V,)e)+ Rr(aqu )
aT ),

Also maiar enthalpy is defined as [21];

H=RT[T[a!ﬂq] +1] (3)
T oy

Finally, the energy can be wilized to acquire
the heat capacity [21]:

K(TIAH . AH _,
(t+ (T RT -

€ (T) = (4)

In this rescarch, Gibbs free encrgy of the
reaction  has  becn appmised by applying
expression: AG(TY = AH(T)Y-TAS(T).

RESULTS AND DISCUSSION

The imcraction between the snlute and the
solvent molecules acts a signification role in
comprehending the different malecular processes
included in chemustry and biochemistry. Whercas

temazalomide (TMZ ) is an aral alkylating agent
and acts as an inhubitor of DNA mismatch repair
and can induse apoptosis[2223] and Reccnt
clinical studies have demonstrated that TMZ, is
effective for malignanl ghoma and accepted as
first-line chemotherapy {24.25]. Hence we have
investigaled values of Temozolomide in gas
phasc and different solvents. The quantum
mechanic calculatinns is donc by the Gaussian
4R program based on the HF/STO-3G and HF/3-
21G leveis. In the Gaussian program a simple
estimation is ublized in which the volume of the
salute is wtilized 10 compute the radius of a
cavity which farms the bypothetical surface of
tbe malecule [26,27]. Moreover, we surveyed the
cffcels of solvemts on PDB  form of
Temezolamide anticancer drug. Since the solute
dipole momenl induces a dipole moment in
apposite dircclion in the surrounding medium,
polanzaton of the medium will polarize the
charge distnbution in the solvent. Also directian
of thc water molecules at the TMZ-water
interface can be intluenced the dircction af the
water dipole mament. The consequences gained
from nnsager model appeared quile sensitive ta
the polatity of the cocircling solvent. The dipole
murment value af lemozolnmide drug in vanous
solvents with the same temperature is reported in
Tablc 1.

The dagram of dipole moment 1s drawn
according @ dielectric constant far vamnous
sabvents in HF/STO-3G and HF/3-21G Levels
that exhibited in Fig. 1.

The ather practical approach applies to
calculations of the molecular volume as
described the contour of Hartree-Fock theory
which equal molecular volume ta the radius of 2
cavity and a constant inereasment nf the nearest
possihle approach of salvent molecules. When
the volume keyword 1s osed. the laucr approach
of Gaussian is applicd. Onsager model simply
describes the influence of a mulecule in solntion
and its medium. m which we have assumed that
the solutc is w a apherical cavity inside tho
salvent.  Such case & desembed as a
homogencous, polanzabic medium of diclecttic
constant. The swdies of Temazolomide drug in
gas phase and differcnt solvents are performed
by thc SCRF method at ah mihe HF/STO-3G
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and HF/3-21G levels af theory. The calculated
cavity radius, 5.714, was used for the geometry
pptimization in the SCRF method. The results of
Onsager mode] calculations showed that (nbbs
free energy, encrey, cnthalpy and entropy values
of Temozolomide is sensitive to polarity of the
surrounding solvent. Aecording to this approach,
the Gihhs frce energy. enthalpy, cntropy and
energy valucs, which depend on the dielectnc
constant £, are listed in Tabies 23,4,
Tahles(2,4}indicate  that with temperature
increase from 298K to 310K .thermodynamic
values of Gihbs free energy of Temozolomide 1n
gas phase and different solvents decreases which
15 the lowest amount of Gibbs free encrgy in
temperature of 310K . Ohtained Gihbs free
energy values in all cxamined temperatures
decrease according to diclcetric constant solvent
increase, as the most negative Gihbs frec cnergy
value 15 for the time that Temozolomide remains
in water solvent with dielectric constant
£ =78.39 Also Tahle ? shows ohtamed Gibhs
free enmergy, enthalpy and entropy wvalucs in
diffcrent solvents and proves dependency of

Table 1. Theorctical dipole moment values in vanous solvents at several temprranres

i

coo
thermodynamic — parameters to  fomperature
Moreaver, Tahles (2.3,4) indieate changes of
encrgy, enthalpy and entropy of Temozolomide

dmeg in gas phase and different solvents on hasis
of temperature changes between 298K up to

310 K. It means temperature increase from
298K 103 10K, the most positive values of
energy, cnthalpy and entropy 1s for temperature
of 310K . Also calculated values of energy,
enthalpy and entropy based on diclectric constant
solvent iocrease in temperature of 298K to
310K indicate that the values of energy and
gnthalpy moves toward negative values. As the
lowest values of energy and cnthalpy occurs
when Temozolomide 15 in water solvent, and the
values of entropy is positive  and, the most
positive value of entropy 15 when temozolomide
18 10 watcr solvent. Besides in this projeei the
diagram of Gihbs free energy and enthalpy are
drawn according to temperature for common
solvents in HF/STO-3G and HF/3-21G levels
ihat exhibited in Fig. (2,3}

Medium HF | T/K 298 300 302 s no

(Gas phase 22,0094 22 {1004 220679 220088 ' 22.0963
Water 1130839 113 9853 113 9848 1139848 1139851
Acetonitrile L12.9803 112.8963 11258093 1129063 1129540
Methanol 112.6339 12,7064 PR RTAR 112THE 11293537
Acergne wJ FET 44491 1144399 PELA482 1114491 ° 1114487
Tetrahyrofuran 8 A 106.0647 1060602 1060593 106.0647 | 106,30
Aniline A E 1048900 1045631 I RR47 1048900 | 102 3497
Chlorobenzine % 1025497 102 5481 1023475 1023493 | 1025400
Chloraform = 844533 84,4535 B4 4605 84435452 244528
Benzena ié B3.4293 83330 %3 4189 8313311 : 23,4085
Carhontetrachlonde & 643610 64,7228 . G0k 649303 | 648070
Gas phase 169472 165742 L6, 9079 PA9398 | 16 8970
Water . LT754000  L7750001 17751612 17751423 17741319
Methan] E P5728440 1372 A333 15727640 15727949 15T R15]
Chloroform ™ 2338385 253 5431 2330002 25385301 2538453

Carbontetrachloride 84.45907 B4 3678 24,4000 B4,.4281 B4 3283
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Table 2. Theoretical Gibbs frec energy and energy valucs in differcnt salvests at several temperatures HESTO-3G
' |

level
. Temperanzred k) -
Medium 298 300 302 305 310
(ras phase _ | 1640283841 -IAMERA03E  -1ea0ZB425) -1640284 5T -LE402E5 100
Warer E -16d 4G 548 -1 6dda] 759 -16404a] 9% -1640462 332 -1640462, 009
Acctomunls = -1 54045 2 584 = 1640452, T30 -1640453.025 -1640453 269 -1640453. 541
bethanol 2 -1s40450 469 - 1640450 68 -1 68404 50,209 =1040451 254 -4 5183
Assione E:'n 1640450 460 - 640450, 89 -1, 309 -1 52 007 160404 52,6001
Tetmahyro [urua I | 1640380323 - 630383,528 MR AR -160403%0 081 ~1640300,637
Aniline E 1ed03RE 5 1Y - 640382642 -1 A2 945 -1640383, 278 -1a20343, 833
Chiorohenzent Bl -1ed0368 524 1440369 041 =16405R% 2T -1640369.628 1 16403TQ 2ED
Chlotoform B 1 -1ea3e3.429 - 1840363 644 =1640363.8T -1640364, 226 1030364 812
Bonzene g -1840310 36 N 10.754 -15403 10,956 -1640311 .28 ~154031 1,809
Carbontairachloride -1640300 372 -16403 10, 164 -16e40310,375 = 16403 10,692 -1640311.22
(Jas phase ~103025 2425 -1640252.76 1640252 69 - 1640252584 1640252 405
Watcr -1E40428 128 A28 056 =164042T A7TH -16404 2T Bé -16404 2T 66
Agctoanie = | -16d0419.356 =1 6403 19 2 =104 14908 -1addi1 2 RRR <1541 R 58D
Methanod E 164041 T 036 -16404 16,963 -16404 16, RS -1640416.T67 -1840d 16,563
Anetone T‘é -1 640G 471 -1 640400, 4403 -lad40400_333 =1640400.225 - 1640400, 042
Tetrzhyrafuran =, | -1640357.159 V6403 3T OO -t64035T 016 -16403560,901 1640356 TL3
Amling E -1640350 173 = 1640350 102 ~1640350.028 640345 915 640345, 723
Chivmwbenzens 2| 1640330535 - 1640330487 -1640330,409 S1ea0330 291 Ae4330.093
Chiorpform B 40329433 -1640329.377 -1640320_ 303 - 630329 192 -1640329. (K
Benzen: 10302797 ~16A02 70 D0R =-164027T3 84 -1640279. 735 -1640279.567
Carbontetrachloride S1e)2TS 233G 040279 275 -1640279. 229 -164027T9.1 28 -1630278 256

Table 3. Thearatical enthalpy energy and entropy enerigy values in different solvents at several temperatures
HF/STO-3G level

Temperatare(K) Lt
Medizm 708 00 nz 308 T 310
Gas phase IGANIA 132 -IGA0I52.164 1630250089 1630251978 |, -1640251.760
Water 1640427506 -1640427 46 -IGAD42TITR 1640427054 | -164D42T.(MS
Acctonnle o | -16A04IBS0S  -IGADAIRASE  -IGADAISA06  L6ADAIBIE2 | -1640418.073
Methanol £ | -i640406.443  -in0416367 1640416285 -IGA04I6 161 -iR4D415.952
Acetone T | 1640300878 -1640399 800 1540399733 1640399619 | -1640399.426
Tetrshyrofuran Z | 16d0156.566  -1640256.454 1640356 45 -§640356.297 © -1640356.006
Aniline B 164034958 -1640349.4TR 1640345 386 LGG40348.282 1 -1640349.507
Chlorobenzence £ | 1640333966 1640331891 1640333800 -i640332.683 | 1640333477
Chiorofarm B | -164032885F  -1640328.703  -1ed0T2E.SH6  -1640328.463 | 1640328 29
Benzens AB40270 377 1640079315 -164027924  -1640270.E32 - -1640278.45)
Carbonletrachioride 1640279339 1640770257 JJG4B2TROSD  -1A402TETII -1640278.339
Gas phase 0104591 0ID4REE 0 105048 0 105403 5 105904
Woler 016954 0 117166 0 17439 0.117847 0.118524
Acetanitrile o 0.1 15975 0.1i6213 .1 1647 0 116855 0.1 7404
Methanal = 0.1 14125 0.§14353 0.1 14632 0 115041 0.1§5721
Acetone £ 0 114105 0 114333 0.1 14604 0.1§50i6 0.115696
Tewrahyrafiran E 114077 0 114331 B 14603 0.1§5014 0.1i5696
Amlime ~ 0.110479 0 110734 0 4 09RE 011379 0.1§2034
Chiorobenzenc & 0109475 110717 0 EHIRTY 0 11077 0.ii142
Chioroform 2 0.1 06420 0.1306248 0.1064Y5 0 106864 B 107477
Benzena 0.105531 0,104884 0.106015 106391 B 19701 T
{_arbontetrachiotide 0 104664 0 104814 0 105111 0105477 0106067
242
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Table 4. Theoretical (ribbs free energy, enthalpy eaergy, energy and entropy energy values in different salvents
a1 severa] temperatures HF/3-21 G level

. Temperature(K)
Medium 298 300 302 305 31D
(Gas phasc u s -850152.8049 SRII5A005T  -BRGIA3236 -R59153.564]1 -B50154, 1289
Water & 9 — -1684592 514 -1 664892,608 <1564802.887 1654593 (97 -1564503 608
klathanol " E E -1664591.225 -166450] 408 -1664891.792  16A4302 254 -leadR02 216
Chlomiomm g I -IE64TIBR 16 -16647I18.5897 -1664730,123 1664739345 -1864730.016
Curbontetrachlonde I -1653335 615 -1633335 810 -1653336.061 16533 36,4403 -160533 36,002
Cras phiase - -A50119,6970 -BEOHI9A213  -BSULIG IR 2590104136 -EE91i0 28
Water EF | -I664857.463  -I6B4857.325  -I664857.197  -16GIRSE92T  -1664856.511
Methano __.’;_s h; - 1564856,932 - i6648 56, 867 1564856502 - 1664836601 -1 6648 56.432
Chlomlorm £ -16647035.1409 - bEGA TR, 106 1664704, 054 1684707957 -1684T707.804
Catbanictrachlonde ™ -1653305.215 1683305034 165330547 1633304931 -1633304, 603
(s phase = -B500120.2903 SE50 E3BE SBSI20009E -BS0L19 719D -E59119.217%
Water - -1664837.525 -1864857.463  -L6EARSTA0F  -1654857.207 -l66a4837 127
Methanol E E -166485 7,463 -1664857.32F 1664857197 -1664RS6.917 1664856 432
Chlorofarm E 1664708, 163 6B H8. T2 -leEAT0R.673  -16R4T0R 5SS -1664T0R.43%
Carbonteimchionde o -1653308 808 ~1653305.731 1653305647 -1653305.506 -1653305 108
Gas phase & (.0R9805 QL0000 0.0adr 7 1.H0454 LLEL
Water EE 1.11518 1.1 15649 011504 0.11642 007000
Methana] R 0111036 0.111294 0.111566 0.011978 0.012663
Chiorgform 53 Q099269 Q009433 1.0996 775 LLATLLTEL LUNRL LT
Carbontetrachlonde % 99221 199393 0 099655 0, o2 § 0.100023
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Fig. 2. Gihbs free energies calculated far TMZ by SCRF mods! a< a funetion of temperature 1 (a) Gas phase
{b} Water (e} Methanol {d) Chiorofomm () Carbon tetrachloride.
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CONCLUSION

The most of the prevalent investigation
computational chemistry are based nn the study
of vanous mnlecules in different dielectric
cnnstants. Thus in 1his project, we try tn study
the effects nf solvent for the PDB form of
temnzninmde  anticancer  drug  because
Temozolomide 15 very impartant drug for cancer
cells and is alsn a commnn type nf anticancer
drug that empllved o interfere in cancerous
tissue growth and reduce the size 0f cancer cell.
In this paper, a dipnle m the molecule will induce
a dipole in the medium, and the electrc ficld
applied by the solvent dipole will in tum in
interact with the mnlecular dipole leading to net
stabilization [28]. So we fmund that dipoic
moment 15 a function of dielectric cnnstant and
increase of diclectric constamt solvent increases
the dipoie mnment. in nex1 slage, we comparcd
obtained Gibbs free coergy valumes based on
dielectric constant solvent imcrease which
ndicates water sobvent is the best enviroment far
the anticancer drug of Temoznlomide in HEF/
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