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Abstract-Thromboxane AZ, prostaglandin H2, a series of chemically stable cyclic endoperoxide 
analogues (U 46619, U 44069, ON0 11113,9, 11, diazo PGH, and SQ 26655) and different isomers of 
SO26655 were analysed for their spatial configuration by conformational analysis in a simulated 
membrane-water interface environment with a “structure tree” procedure already described for prosta- 
glandins, leukotrienes and lipoxins. The conformers derived from the structure tree and with a high 
probability of existence are presented. A new method allows one to visualize the surface charge density 
of the calculated molecules. The spatial configuration and the surface charge density of each molecule 
are compared to their known order of competition binding to the putative TXAr/PGHz receptor of 
platelets. The conformations and charge density analysis merely shows that the different stere~hemistry 
of these molecules lead to spatial nonformation, that mimics (agonists), or that are far from (antagonists) 
the TXAdPGH2 conformation. 

Blood platelets and blood vessel endothelial cells play 
important roles in either the development or the pre- 
vention of atherosclerosis and related disorders [l, 21. 
Conversion of arachidonic acid obtained by the action 
of phospholipase A, on membrane phospholipids and 
by subsequent activation of different specific enzymes 
finally leads to the formation of potent labile pro- 
aggregatory substances from platelets [3,4] and to 
potent labile anti-aggregatory substances from the 
vessel wall cells [4,5]. 

The adversary action of these different molecules 
and their extreme lability has encouraged the search 
for stable analogues [6-91 of both types of activity for 
evident pharmacological and therapeutic purposes 
flO-171. Systematic approaches have then been made 
by different groups to synthesize and develop moi- 
ecules that mimic or antagonize the effect of prosta- 
glandin HZ and thromboxane A2 [6-9,13,18-201. 
Chemically stable analogues have thus been obtained 
by modifications of the dioxabicyclo (3,1,1)-heptane 
ring system of TXA;? while generally leaving the 5- 
heptenoic acid and 3-hydroxy 1-octenyl chains 
unchanged and in the same stereochemistry. Changes 
in the activity of some stable ring structures generally 
assessed by studies on plateletssystems have also been 
obtained either by modifications of the side chains and 
carbinol stereochemistries, or by complete modi- 
fication of the side chains. 

However, despite the considerable amount ofwork 
dedicated to the finding of molecules suitable for one 
of the major health problems, no systematic attempts 
have beenmadeforthestudyonconformationalstruc- 
ture-activity relationship of these prostaglandins- 
related compounds. Nevertheless, it should be noted 
that calcutated confo~ational energy has been 

t To whom correspondence should be sent. 

undertaken for some prostaglandins and thrombox- 
anes [21-251 and that theoretical analysis has also 
made hypothetical interaction of calcium with prosta- 
glandins [26] and thromboxane A2 [27] understand- 
able. 

The good agreement between prediction methods 
and different experimental observations has indeed 
put forward the analysis of conformations for mol- 
ecular recognition 1281. Theoretical conformational 
analysis appears to be a powerful tool for visualizing 
molecules and for obtaining information on inter- 
actions between compounds [29,30], on structure- 
activity relationship of pharmacological drugs or bio- 
logical compounds [23,25,31-361, but also on the 
mode of microorganization of amphiphilic molecules 
in the vicinity of membranes [37-44]. So, confor- 
mational analysis may help at least in part, to under- 
stand the biological and pharmacological activities of 
a wide variety of molecules. 

The present paper will focus on conformational 
analysis as one of the ways to gain insight into the 
molecular structure of TXAI, PGH2 and a series of 
chemically stable endoperoxide analogues obtained 
either by modifications of the bicycloheptane ring or 
by modifications of the side chains stereochemistry on 
one of these stable ring structures. 

These are U 46619, U 44069, 9-11 diazo PGH,, 
ON0 11113, SQ26655 andSQ26538andsomesimilar 
molecules because they appear to be the molecules 
most studied. 

MATERIALS AND METHODS 

The method follows a strategy generally used to 
study the conformation of polypeptides 1451. Our 
theoretical prediction (molecular structure analysis) 
of each isolated stable endoperoxide analogue firstly 
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Fig. 1. (a) Initial conformation of TXA2 and numbering of atoms f atoms and angles in the side chains 
taken as reference for all the molecules investigated. (b) Structure of prostanoids investigated in this 
work. RI and R2 indicate that the heptenoic acid and octenyl chains respectively, are identical to those 
found in natural prostanoids. Ring structures of SQ 26655, ON0 11113, PGHr, U 44069, U 46619 and 

diazo-PGHr are respectively shown from upper left to lower right. 

evaluates the total conformational energy calculated 
as the sum of three equations of energy: 

(1) The London-van der Waals energy of inter- 
action between all pairs of non-mutually bonded 
atoms. This is well suited by the atom-atom inter- 
action function of Buckingam: 

E vdw = z[Aij exp(-Bij*r;j) -Cij*ri6], (1) 
ij 

wherei,j,=1,2,3,.. are the non-bonded atoms, rij 
their distances from each other in a given structure, 
and A,, Bij and C;j coefficient assigned to atom pairs. 
These coefficients have been reported by Liquori and 
coworkers [46,47] and like other quantum-mech- 
anical results, they emerge in part as the solution of 
the Schrodinger equation and in part as heuristic vari- 
ables. They have been applied with success to mol- 
ecular structure analysis of polypeptides, proteins and 
amphiphilic molecules. An imposed repulsive cut-off 
value of 100 kcal/mol is applied where rij is smaller 
than 0.1 nm. 

(2) The generalized equation of Coulomb’s elec- 
trostatic interaction between atomic point charge in 
which the values of discrete atomic point charge are 
similar to those currently used in conformational 
analysis [31,45,48,49]. Discrete charges of the 
COOH group also correspond to those used, the sum 
of the charges being equal to 0. 

The dielectric constant &ii is the determinant for the 
importance of this electrostatic term. In the first cal- 
culation, the dielectric constant is assumed to be 16.5 
since it has been determined experimentally and 
theoretically that the dielectric constant value in a 
membrane-water interface is about 10-30 and that the 
dielectric constant of the inner lipid matrix is about 3 
[50,51]. 

(3) The potential energy of rotation of torsional 
angles. The rotation around the C--C or C--O bond 
was calculated by 

uij 
Et, = T (1 + COS @ii), (3) 

where Uijcorrespond to the energy barrier in the eclip- 
sed conformation during the rotation. Uij is equal to 
2.8 kcal/mol for the C-C bond and 1.8 kcal/mol for 
the C-O bond. 

The internal energy of the molecule under inves- 
tigation is calculated for a large number of con- 
formations in a systematic analysis structure tree 
where six changes of 60” each were succesively 
imposed to n torsional angles chosen yielding 6” con- 
formers in each branch of the structure tree [39]. The 
internal energy is calculated for each conformer and 
the most probable configuration was taken following 
Boltzmann’s equation of probability of existence. The 
effect of entropy was considered at this stage of the 
calculation process as negligible and hence, the selec- 
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Fig. 2. Structure of rhe six isomers of SQ 26655 investigated in this study, respectively from upper left 
to Iower right; compounds 3a (SQ 26538), 4a, 3c, 5c, 2a and 5a (SQ 26655) taken from Ref. 9. RI and 
Rz indicate that the position of the heptenoic acid and octenyl chains are different in compounds 3c and 

5c. (R) and (S) indicate the hydroxy stereochemistry. 

Fig. 3. Full van der Waals volume representation of the most probable confo~ations of respectively 
PGH2, diazo-PGHz, U 44069, U 46619,ONO 11113, SQ 26655 and TXA, from upper left to lower right. 
For each molecule, the doubie bond C,+& is in the plane of the figure. Oxygen atoms are shaded in 

order to have a better insight into the molecules. 

tion of conformers was based on their energy rather 
than free energy. To limit the number of possible 
degrees of freedom, bond lengths and bond angles 
were assumed to be constant. The conformations 
derived from the systematic study and yielding a low 
internal energy were submitted to a second analysis 
using a simplex minimization procedure [52], in order 
to further reduce their total energy in avariable dielec- 
tric field and by taking the transfer energy of each part 

of the molecule [53] throughasimulatedinterface [37- 
39,411. The simplex minimization procedure is made 
with a resolution of less than 10“ on each torsional 
angle. We have assumed a dielectric constant equal 
to 3 above the interface while the atom most deeply 
immersed in the aqueous phase delineates a plane par- 
allel to the first where the dielectric constant was 
assumed to be 30 [37,39,41,50,51]. Between these 
two planes, the dielectric constant was allowed to 
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Fig. 4. Full van der Waals volume representation of the most probable conformations of the six isomeric 
molecules 3a, 4a, 3c, 5c, 2a and 5a. Same position of molecules as in Fig. 2. For each molecule, the ring 

structure is in the plane of the figure. 

increase linearly along the axis perpendicular to the 
interface. 

To better compare the two series of molecules, they 
were identically oriented in each series. The first series 
of molecules were oriented with the atom system 
C,+&==Ctfl,s in a plane perpen~cular to the 
view axis while the second series is oriented with the 
four carbon atoms non-bonded to the oxygen of the 7 
oxabicyclo(2,2,l)heptyl ring system in a plane per- 
pendicular to the view axis with the oxygen behind the 
plane. 

Finally, an isoelectrostatic energy contour map 
showing attractive and repulsive regions was cal- 
culated in these defined planes. The electrostatic 
potential field around one molecule is calculated as 
follows: a plane is defined by three or four atoms, a 
virtual charge is translated by steps of 0.05 nm in all 
directions (x, y) and the electrostatic energy is cal- 
culated in each position taking into account a low 
dielectric constant and all atomic discrete charges of 
the molecule. A contour to contour interval by steps 
of 1 kcal/mol is then drawn. 

Calculations were made on an Olivetti M380 com- 
puter equipped with an Intel 80387 arithmetic co-pro- 
cessor of 32 bits with the aid of the PC-MSA+@ 
program (molecular structure analysis) and the PC- 
MGM+@ program (molecular graphic manipuIation). 
The PC is coupled to an Olivetti laser plotter. With 
this configuration each conformer is calculated in 
approximately 0.3 sec. 

Principal molecules 

ON0 11113: 9, ll-epithio-11,12 methano-TXA2, 
U46619: 15 S-hydroxyl-11 cr, 9a (epoxymethano) 
prosta-5Z,13E dienoic acid, U 44069: 15 S-hydroxy- 
llo, 9a (methanoepoxy) prosta-5Z,13E dienoic 
acid, 9,lldiazo PGHs: 9,11-diazo prostaglandin Hz, 
SQ 26655 [lS-(la,2p)(5Z), 3t.y (lE,3S),4&7-[3-3- 
hydroxy-1-octenyl, -7-oxabicyclo [2.2.1] hept-2-yl] 
-5 heptenoic acid, TXAz: thromboxane Az, and 
isomers of SQ 26655 [9]. 

RESULTS 

The molecular structure of TXA, has been taken 
as our initial conformation and is illustrated in Fig. la 
together with the atom numbering and the torsional 
angles. The molecule is in the full extended con- 
figuration at the beginning of the computation pro- 
cedure. The other molecules we have called “series 
no. 1” and they were submitted to conformational 
analysis and are shown in Fig. lb. The “series no. 2” 
that contains SQ 26655 and five isomers is shown in 
Fig. 2. Each molecule has 12 important rotational 
angles. If these angles were affected by systematic 
changes of 60”, more than 2.109 conformers could be 
calculated. In order to avoid this large number, the 
“structure tree” procedure was used [37,39]. The 
systematic analysis was carried out on proximal tor- 
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Fig. 5. Electrostatic field contour to contour representation (expressed in kcal/mol) of U 44069, U 46619, 
SQ 26655 and TX& respectively. 

sional angles to the bicyclic ring system by two 
sequences on five rotational angles (angles 4, 5, 6,7 
and 8 followed by angles 2,3,4,8 and 9) yielding for 
each molecule 7776 + x.7776 different conformers, x 
being the number of the most probable case after 
the first sequence. 

After the energy minimization procedure [52] at 
the simulated interface [37,38,41] and that takes all 
angles into account, the structure tree degenerates 
into one stable structure for all molecules inves- 
tigated. These stable conformations have high prob- 
abilities of existence (between 88 and 98% of 
probability). 

Figure 3 summarizes the most probable con- 
formations of the seven isolated molecules of the 
first series. For comparison, the molecules were all 
oriented with the double C+C bond (Cis=Ci4) in 
the plane of the figure. As can be seen in this figure, 
the conformations of U 44069, U46619 and 
SQ 26655 are identical. The conformation of TXA,? 
is not very far except that the dioxabicyclo ring 
system is tilted closer to the side chains. Relative to 
the three similar molecules, PGHz possess its ring 
system in the same position but the side-chains are 
both rotated in the same direction. The ON0 11113 
and diazo-PGHr molecules behave differently. This 
may be due for the former, to the biggest sulphur 
atom and, for the latter, to a different electrostatic 
charge at the place of the two nitrogen that replace 
the two oxygen of PGHz. However, if one considers 
a rotation of 90” along the z axis (z and x being in 
the plane of the figure, while y is perpendicular), the 

ON0 molecule has its two chains in a similar position 
and configuration than for the three identical mol- 
ecules. This is also true for PGHz. So, except for the 
diazo-PGH, analogue, all the molecules presented 
in Fig. 3 are similar if one considers the van der 
Waals volume and the general structure. 

Figure 4 shows the most probable conformations 
of six isomeric molecules of SQ 26655. This series is 
oriented with the four carbon atoms non-bonded to 
the oxygen of the ring system in the plane of the 
figure (same orientation for the ring system and same 
place for the molecule than Fig. 2). The position of 
the heptenoic acid and 3-hydroxy octenyl chain on 
the ring system and the chain inversion in the two 
weak agonist analogues [9] are clearly shown here 
(upper right and lower left). It is obvious that these 
isomeric molecules have very different spatial con- 
formations and van der Waals volume. 

Figure 5 demonstrates that the electrostatic field 
taken around molecules U 44069, U 46619, SQ 26655 
and TXAz in the plane in the C1s==C14 double bond 
are quasi-identical. On the contrary, Fig. 6 shows 
that the electrostatic field around the six isomeric 
molecules in the plane of the ring system does not 
present any similarities between them. 

DISCUSSION 

It has been reported that the five molecules ana- 
logues of TXAz or PGH2 have effective con- 
centrations for half maximal response for platelet 
aggregation that are very similar [13,14], the more 



2446 M. DELEERS and R. BRASSEUR 

Fig. 6. Electrostatic field contour to contour representation (expressed in kcal/mol) of the six isomers 
of SQ 26655 presented in the same Position as in Fig. 2. 

potent (ON0 11113) being only 4 times more potent 
than the diazo derivative. The cellular response 
evoked by the three other molecules (U44069, 
U 46619 and SQ 26655) are quasi-identical [14]. This 
could be well reflected by the most probable con- 
formation of these molecules and by their global van 
der Waals volumes seen in Fig. 3. The similarities 
between these molecules are also well reflected by 
the electrostatic field taken around the plane chosen 
(Fig. 4). When one considers PGH2 and to a lesser 
extent ON0 11113, this is also true. However the 
electrostatic field around the diazo-PGHz derivative 
may not be compared to the other molecules due to 
the presence of the nitrogen atoms. 

On the other hand, the results of the second series 
study emphasize the obvious existence of great dif- 
ferences in the spatial configuration of the isomeric 
molecules of SQ 26655 that were chosen here for 
their vastly different activities on platelets [9]. 
Indeed, the six molecules have a broad spectrum of 
activity on platelets; a strong agonist (SQ 26655), a 
ten times less strong agonist (SQ 26538), two weeks 
agonists, a weak and a strong antagonist. This is also 
evident when one looks at the electrostatic field 
around these molecules. It could however be argued 
that the plane through the ring system is less rep- 
resentative than the plane taken through the 
C1s=Cr4 bond chosen for the analogues of TXA2/ 
PGH2. However, if this last picture convention is 
taken for the six isomeric molecules (data not shown 
except for SQ 26655 in Fig. 4), it appears that the six 
isomers have no similarities between them for either 
their global van der Waals volumes or for their 

electrostatic environment. More, it even appears 
that SQ 26538 whose activity in platelets is relatively 
high, does not resemble SQ 26655 as far as the two 
parameters are considered. 

The present work aimed at characterizing the most 
probable conformations of TXA*, PGH2 and five 
strong agonist analogues. The aim was also to char- 
acterize isomers with vastly different activities. The 
most probable conformation obtained for these mol- 
ecules appears to have a link and even to parallel 
their biological activities. 

It should be noted here that if conformational 
analysis of TXA2, PGHz and their five analogues is 
conducted in a homogenous dielectric environment, 
several structures with high probabilities (>5%) are 
found. On the contrary, the analysis of these seven 
molecules each time leads to only one structure with 
a high probability when the simulated interface is 
introduced in the computation method. 

This work on molecular structure analysis and on 
the environmental electrostatic field of some pro- 
stanoid analogues may thus help in understanding 
differences in the biological potency of the molecules 
studied. However, we have already shown that the 
action of certain molecules on presumed and hypo- 
thetical membrane receptors may require an equi- 
librium between two different forms with high 
probabilities of existence [39,42,43]. The high prob- 
ability of existence of only one conformation suggests 
here the very specific action of these compounds. 

This work tends to prove the usefulness of con- 
formational analysis made in a simulated membrane- 
water interface. This type of conformational study 
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may indeed provide the basis for work on receptor 
recognition and for interactions between receptors 
and PGHr/TXAr analogues and/or antagonists 
involved in signal transduction in blood platelets. 

The polymorphism in solution of these molecules 
seems to degenerate into one stable structure in the 
vicinity of a membrane or in the membrane interface. 

If the assumption is made that a very specific 
and unique conformation of agonists is needed for 
recognition, then the similarities in confo~ations 
obtained in the simulated membran~water interface 
for the first series of molecules may explain the 
binding to the putative TXAr/PGHr receptor 
[lf) 171. 
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