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Abstract: Irbesartan (IS) is a potent, long-acting receptor antagonist for the octapeptide
angiotensin II (AIl), having high selectivity for the AT, subtype. AIl accelerates the
development of atherosclerosis by activating AIl subtype 1 receptors that promote
generation superoxide anion and cause oxidative stress, leading to activation of nuclear
transcription factor and endothelial dysfunction. IS is used in the treatment of hypertension,
diabetic nephropathy and heart failure. The drug is metabolized in animals and humans to
give at least seven urinary metabolites (denoted as M1, M2, M3, M4, M5, M6 and M7)
although it does not rely on biotransformation for its pharmacological effact. IS shows
minimal potential for drug or food interactions. Molecular modelling analyses based on
molecular mechanics, semi-empirical (PM3) and DFT {at BALYP/6-31G* level) calculations
show that IS and its metabolites have moderately large LUMO-HOMO energy differences
ranging from 5.0 to 5.2 eV from DFT calculations, indicating that IS and all its metabolites
will be kinetically inert. Thus, although the molecules have some electron-deficient regions
on their surface so that they could potentially react with glutathione and nucleobases in
DNA, the high kinetic inertness of the molecules is believed to provide protection against
such adverse reactions.
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INTRODUCTION

Increase in obesity and type 2 diabetes and the resulting consequences in cardiovascular morbidity
and mortality have become an issue of great concern among public health authorities worldwide
(York et al., 2004, Zimmet ef af., 2001; Pershadsingh, 2006). The metabolic syndrome (MetS)
represents a cluster metabolic and cardiovascular risk factors that predispose the sufferers to heart
attack, stroke, heart failure and sudden cardiac death (Pershadsingh, 2006). Chronie inflammation and
an abnormal pro-oxidant state may play a significant role in the development of epithelial dysfunction
and the progression of atherosclerosis (Ross, 1999) and the two may also play a role in the
pathogenesis of MetS as both are found in the syndrome (Sola ef al., 2005). Itbesartan (IS, SR47436;
BMS-186295; 2-butyl-3-[[2°-(1 H-tetrazole-5-v1)[ 1,1°-biphenyl]-4-y1 methyl | -1.3-diazaspiro[ 4,4 Jnon-
1-en-4-one) is a potent, long-acting receptor antagonist for the octapeptide angiotensin IT (AIT), having
high selectivity for the AT, subtype (Cazaubon ef af., 1993). It is used in the treatment of
hypertension, diabetic nephropathy and heart failure (Eberhardt ef af., 1993; Gottlieb e# af., 1993). Like
telmisartan, it provides a novel approach in addressing the multifactorial components of MetS.

Angiotensin II accelerates the development of atherosclerosis by activating angiotensin II type
1 receptors that promote generation superoxide anion and cause oxidative stress, leading to activation
of nuelear transcription factor and endothelial dysfunction (Koh et al., 2006).

IS is well absorbed both in the presence and absence of food and in co-administration of other
drugs (Hong e af., 2005), with bioavailability of 60-80% (Unger, 1999). IS metabolized in animals and
humans to give at least seven urinary metabolites (denoted as M1, M2, M3, M4, M5, M6 and M7)
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Fig. 1. Metabolic pathways for irbesartan {(Based on Chando ef af., 1998)

(Chando er al., 1998, Steamns ef af.. 1992; Davi ef /., 2000), although it does not rely on
biotransformation for its pharmacological effect. M1 is a tetrazole N*-B-glucuronide, M2 is obtained
from monohydroxalyation of IS at the w-1 (C3) position of the butyl side chain. M3 is the keto
derivative of M2. M4 and M$5 are two different monohydroxylated metabolites resulting from the
oxidation of the spirocyclopentane ring. M6 and M7 are obtained oxidation of M4 and M3
respectively (Alexandre ef al., 2004). CYP2C9 is the major cytochrome P450 isoform involved in the
metabolism of IS as itis the case for other clinically important drugs such as phenytoin, warfarin and
losarin (Cazaubon et al., 1993).

In this study, molecular modelling analyses have been camried out using the program
Spartan 02 (Spartan, 2002) to investigate the relative stability of IS and its metabolites with
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the aim of providing a better understanding on their relative toxicity. The work was carried
out in the School of Biomedical Sciences, The University of Sydney during February to August 2006.

Computational Methods

The geometries of IS and its metabolites have been optimized based on molecular mechanics
(Fig. 1), semi-empirical and DFT calculations, using the molecular modelling program Spartan *02.
Molecular mechanics calculations were carried out using MMFEF force field. Semi-empirical calculations
were carried out using the routine PM3. DFT calculations were carried at BALYP/6-31G™* level. In
optimization calculations, a RMS gradient of 0.001 was set as the terminating condition. For the
optimized structures, single point calculations were carried out to give heat of formation, enthalpy,
entropy, free energy, dipole moment, solvation energy, energies for HOMO and LUMO. The order
of calculations: molecular mechanics followed by semi-empirical followed by DFT ensured that the
structure was not embedded in a local minimum. To firther check whether the global minimum was
reached, some calculations were carried out with improvable structures. Tt was found that when the
stated order was followed, structure corresponding to the global mimimum or close to that could
ultimately be reached in all cases. Although RMS gradient of 0.001 may not be sufficiently low for
vibrational analvsis, it is believed to be sufficient for calculations associated with electronic energy
levels.

RESULTS AND DISCUSSION

Table 1 gives the total energy, heat of formation as per PM3 calculation, enthalpy, entropy, free
energy, surface area, volume, dipole moment, energies of HOMO and LUMO as per both PM3 and
DFT calculations for IS and its metabolites M1, M2, M3, M4, M5, M6 and M7. Figure 2-9 give the
regions of negative electrostatic potential (grevish-white envelopes) in (a) and density of electrostatic
potential on the molecular surface (where red indicates negative, blue indicates positive and green
indicates neutral) in (b) as applied to the optimized structures of IS and its metabolites M1, M2, M3,
M4, M5, M6 and M7.

The calculated solvation energies of IS and its metabolites M 1-M7 from PM3 calculations are -
10.22,-20.25,-16.12, -18.56, -15.44,-13.93, -14.44 and -20.29, respectively and the corresponding

Table 1: Calculated thermodynamic and other parameters of IS and its metabolites

Total energy Heat of Enthalpy Entropy Free Solvation
Calculation  (kcal mol™/  formation (kcal mol™  (calmol™  energy energy

Molecule  type atomic unit*)  (kcalmol™) K™ K™ (kcalmol™)  (kcal mol™)
IS PM3 71.93 82.15 327.57 189.93 270.94 -10.22
DFT -1373.25 32941 188.69 273.18 -9.13
M1 PM3 -17.67 2.58 334.78 202.51 274.40 -20.25
DFT -1523.67 335.96 201.31 275.97 -18.98
M2 PM3 -2.49 13.63 319.66 203.04 259.12 -16.12
DFT -1522.48 321.05 201.78 260.92 -15.02
M3 PM3 -17.19 1.37 32047 197.69 261.53 -18.56
DFT -1522.51 321.97 196.32 263.47 -17.12
M4 PM3 27.27 42,71 331.25 195.57 272.94 -15.44
DFT -1448.46 332.89 194.31 274.99 -14.31
M5 PM3 38.34 24.41 331.61 192.73 274.15 -13.93
DFT -1448.67 332.90 191.45 275.85 -12.88
Mé PM3 39.24 53.67 316.60 194.26 258.68 -14.44
DFT -1447.27 317.87 193.15 260.31 -13.23
M7 PM3 -159.65 -179.94 433.00 257.25 356.30 -20.29
DFT -2133.18 435.12 256.03 358.82 -18.95
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Table 1: Continued

Calculati on Dipole HOMO LUMO LUMO
Molecule  type Area (A Volume (A% moment (debye)  (6V) (&) -HOMO (£V)
I3 FM3 461.74 44577 7.6 873 -1.02 8T
DFT 466,13 446,84 6.9 -6.58 -1.52 506
M1 PM3 480.54 460.90 76 -381 -1.00 8.8l
DFT 434 42 461.61 2.1 -6.70 -1.55 e )
M2 FM3 47728 456.56 5.3 -380 -0.89 891
DFT 47157 45556 6.2 -6.49 -1.31 518
M3 PM3 47518 45597 T8 871 -0.68 903
DFT 472.10 445449 5.5 -6.45 -1.23 522
M4 FM3 470.97 45330 8.5 -276 -1.04 2727
DFT 47406 45405 4.6 -6.60 -1.60 5.00
M5 PM3 468.23 45274 8.6 -B86 -1.06 .80
DFT 471,78 45368 2.2 -6.61 -1.60 5.01
0] FM3 46527 445 57 71 -89 -1.02 887
DFT 468.63 44933 47 -6.66 -1.43 523
M7 PM3 634,60 59895 4.5 -9.46 -1.35 .11
DFT 613.35 50588 4.0 -6.36 -1.30 506

*in atomic units from DFT caculations

CH,

Fig. 2: Structure of IS giving in: (a) the electrostatic potential (greyish envelope denotes negative
electrostatic potential) and in (b) density of electrostatic potential on the molecular surface
{where red indicates negative, blue indicates positive and green indicates neutral)

dipole moments from DFT ecaleulations are 6.9, 8.1, 6.2, 5.5, 4.6, 8.2, 4.7 and 4.0, respectively. The
values suggest IS and its metabolites would not vary greatly in their solubility in water.

IS and its metabolites are found to have large LUMO-HOMO energy differences that
range from 5.0 to 3.2 eV from DFT calculations, indicating that IS and all its metabolites
would be kinetieally inert.
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&
Fig. 3: Structure of M1 giving in: (a) the electrostatic potential (greyish envelope enctesnegative

electrostatic potential) and in (b) density of electrostatic potential on the molecular surface
(where red indicates negative, blue indicates posttive and green indicates neutral)

HO

Fig. 4: Btructure of M2 giving in: (a) the electrostatic potential (grevish envelope denotes negative
electrostatic potential) and i (b) density of electrostatic potential on the molecular surface
(where red indicates negative, blue indicates posttive and green indicates neutral)
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(&

Fig 5: Structure of M3 giving in: (a) the electrostatic potential (grevish envelope denotes negative
electrostatic potential) and in (b) density of electrostatic potential on the molecular surface
(where red indicates negative, blue indicates posttive and green indicates neutral

Fig & Btructure of W4 giving in: (a) the electrostatic potential (grevish envelope denotes negative
electrostatic potential) and in (b) density of electrostatic potential on the molecular surface
(where red indicates negative, blue indicates posttive and green indicates neutral)
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H

Fig. 7: Btructure of M5 giving in: (a) the electrostatio potential (grevish envelope denctes negative
electrostatic potential) and in (b) density of electrostatic potential on the melecular surface
(where red indicates negative, blue indicates posttive and green indicates neutral)

0
N \ ?:N
\ N\ \NH
a
CH.

)

Fig. & Btructure of M6 giving in: (a) the electrostatic potential (grevish envelope denotes negative
electrostatic potential) and in (b) density of electrostatic potential on the molecular surface
(where red indicates negative, blue indicates positive and green indicates neutral)
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Fig. 9: Structure of M7 giving in: (a) the electrostatic potential (greyish envelope denotes negative
electrostatic potential) and in (b) density of electrostatic potential on the molecular surface
(where red indicates negative, blue indicates positive and green indicates neutral)

In the case of IS, M1, M2, M3, M4, M3, M6 and M7 the electrostatic potential is found to be
more negative around the various nitrogen and oxygen centers, indicating that the positions may be
subject to electrophilic attack.

Although not shown, when the positions of HOMos with high electron density and LUMOs are
considered, the following points emerge. In the case of I3, the HOMOs with high electron density are
found to be centered mostly on the non-hydrogen atoms of the 1,3-diazaspire ring whereas the LUMO
are centered on the non-hydrogen atoms of the tetrazole and phenyl rings. In the case of M1, M2, M3,
M4, M35, M6 and M7, the HOMOs with high electron density are centered mostly on the non-
hydrogen atoms of the 1,3-diazaspiro and the phenyl rings whereas the LUMO are centered mostly
on the non-hydrogen atoms of the tetrazole and phenyl rings. The overlap of HOMO with high
electron density and region of negative clectrostatic potential close to sulfur, gives further support to
the idea that the position may be subject to electrophilic attack.

The molecular surfaces of IS and its metabolites M1, M2, M3, M4, M3 and M6 are found to
abound in neutral (green) regions indicating that the compounds generally would have low solubility
in water. However, the compounds are also found to possess some negative (yellow and red) and
positive {blue) regions indicating that they may be subject to electrophilic and nucleophilic attacks.
Within the cell, the nueleophilic attack may be that due to glutathione and nucleobases in DNA.
Reaction with glutathione will induce cellular toxicity by compromising the antioxidant status of the
cell whereas that with nucleobases in DNA will cause DNA damage. However, as stated earlier, since
IS and 4l its metabolites are expected to be kinetically inert, the rate of such adverse reactions may be
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low. The terminal metabolite M7 abounds almost equally in neutral green and negative yellow and red
regions (and some positive blue regions) indicating that it would be most soluble in water.

‘When surface area and volume of IS and its metabolites M1, M2, M3, M4, M5, Mé and M7 are
compared, it is found that the values for none of the metabolites match exactly with those of IS (with
the closest match being found for M6) (Table 1), indicating that none of the metabolites may act as a
substrate for the receptor to which IS binds. This may explanation why the pharmacological activity
of I8 is attributed to the parent drug and not to any of the metabolites.

CONCLUSIONS

Molecular modelling analyses based on semi-empirical and DFT calculations show that.IS and
all its metabolites have large LUMO-HOMO energy differences so that they would be kinetically inert.
This means that although all the compounds have some electron-deficient regions on the molecular
surface so that they could potentially react with glutathione and nucleobases in DNA, in actual fact
the rate of such adverse reactions may not be significant because of the kinetic inertness of the
molecules.

ABBREVIATIONS

IS: Irbesartan; SR47436; BMS-186295; 2-butyl-3-[[2°-(1H -tetrazole-5-y1)[1,1°-biphenyl]-4-
yl]methyl]-1,3-diazaspiro[4,4]non-1-en-4-one

MetS:  Metabolic syndrome

AL Angiotensin 11

DFT: Density functional theory

LUMO: Lowest unoccupied molecular orbital

HOMO: Highest occupied molecular orbital
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