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Study of the Action of Flavonoids on Xanthine-Oxidase by Molecular Topology
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A study was performed on xanthine-oxidase inhibition by 22 flavonoids, including flavones, flavonols,
flavanones, and chalcones, using UV spectroscopy for experimental data and molecular topology to establish
the structure-activity relationship (SAR) model. The flavonoids were classified into four groups according

to their activity on xanthine-oxidase (inactive, low, significant, or high), and linear discriminant analysis
was used to classify each compound within a group. The results led to a very good model, which was able
to classify correctly as xanthine oxidase inhibitors, along with a test set of molecules including a variety of
different compounds such as allopurinol, caffeic acid, esculetin, and alloxantin.

INTRODUCTION malarials?®® antitoxoplasmatic® and also cytostatic¥, most
of which may be considered as new leads.

Flavonoids are the subject of continuing biological studies 1o purpose of the present paper is to establish the

due to their bactericidal? spasmolytic; hepatoprotecting,  o|ationships between the structure and ¥@ inhibiting
and enzyme inhibiting (xanthine-oxidase, NADH-0xid&s¥) ity of these compounds by means of an experimental

activities, among others. A further issue of multidisciplinary 4.4 theoretical study using UV spectroscopy as well as
investigation is concerned with the reactions and action .\ iecular topology, respectively.

mechanisms of xanthine-oxidas¥() and other enzymes
present in biological fluids and tissu€s’® MATERIALS AND METHODS
Since 1968, when McCord and Fridovi€ldemonstrated
the participation ofXO in the generation of free radicals,
interest in the new properties of this enzyme has considerabl)ﬁt
increased. Its role in the generation of oxygen active species,
in viral infectiond” and in the process of ischemia/reper-
fusion®1® has been determined. The inhibition of this
enzyme as well as the antioxidant properties of flavonoids
showing either known or potential pharmaceutical applica-
tions have also been studitt® Several authors have
investigated the influence of substituent nature and position
on the degree oKO inhibition by some flavonoid&?21.22 Nim
Most of these studies, however, are of a qualitative nature. M = mﬁ (1)
Furthermore, the type of inhibition exerted by chalcones, J;

flavanones, and flavones on this enzyme has not yet been
completely elucidated. where ‘m’ is the subgraph order, i.e., the number of edges
in the subgraphiNn is the number of typet" and order ‘n’

The structures of the flavones, flavanones, and chalcones
udied are shown in Figures 1 and 2.
The formalism used includes the following steps.
Calculation of Topological Descriptors.In this work we
have used Kier and H&%3° connectivity indices up to the
fourth order,™y, as well as the topological charge indices
(TCI) introduced by ug®

It is well-known that the connectivity indices may be
derived from the adjacency matrix and they are defined as

Molecular topology has widely demonstrated its ability . ; ,
for an easy and efficient characterization of molecular SUP9raphs within the whole graph; aftgis a factor defined
structure, through the so-called “topological indicEsvhen ~ for €ach subgraph as
these indices are selected adequately it is possible to have a m1
very specific characterization of each chemical compadnd. "S = I—l(ai)iﬂ? 2)
Moreover, these descriptors allow the obtention of SAR and - .

QSAR relations able to select or design new drugs with a _ )

hypoglycemic?’ antibacterialg® betablocker@? analge-  the subgraph andi = vertices valence.
sics$931 pronchodilator$? sedatives? antifungals’* anti- ~ Topological charge indice&x and Jc of a given orderk
into a graph representing a molecule are defined as
* Corresponding author phone: 34-6-386 48 91; fax: 34-6-386 48 92; N—1 N
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N
m; = h;aihth ()

Matrix A is called the adjacency matrix. Its elemeajs
represent the bonds between the atoms corresponding to
verticesi andh in the graph. The element, takes value 0
whetheri = h or it is not bonded td and it takes the value
1if i is bonded td by a simple bond; the value of 1.5 if the

(1) Flavone X3=X5=X6= X7=X8=X2'=X3"=X4'=H bond is aromatic; 2 for double bonds; and 3 for triple ones.
) 7(OH)-fiavone X7=oH X3X5=X6-XB=X2=X3=X4=H Matrix Q is called the “coulombian matrix”. Its elements
(3) 5,7(OH),-flavone X5=X7=0OH X3=X6=X8=X2=X3’=X4’=H k | f Ih _ f h . h _ / d2 h

(4) 3,7,3’,4’(OH),-flavone X3=X7=X3"=X4'=OH X5=X6=X8=X3"=X4'=H Ohj Fa e value 0 0 - ]_' l =, t €Nnagn = 1. hjs W .ere
(5)3,5,7,3”,4’(OH)s-flavone X3=X5=X7=X3'=X4'=OH X6=X8-X2'-X4'-H dhj is the topologlcal distance between VGI"[I(fES.I’Id]. o)
(6)3,57.2° 4 (OH)sflavone  X3=X5=X7-X2'=X4'-OH  X6-X8-X3'=H represents the Kronecker delta symbé(o.,5) = 1, if a =

(7) 5,7(0OH),-6,4’(MeO),-flavone  X5=X7=0H; X6=X4’=MeO; X3=X8=X2’=X3"=H . _ H G H H

(8) 5,7(0H),-6,8,4’(MeO);-flavone X5=X7=0H; X6=X8=X4"=MeQ; X3=X2’=X3’=H ﬂ ’ (5((1,ﬁ ) - O’ I_f (1 = ﬂ . d” is the t_OpOI(_)glcal distance
(9) 5.7,4'(OH)s-6,8(MeO)y-flavone X5=XT=X4'=OH  X6=X8-MeO X3-X2'—X3'~H between the verticadsand]. The topological distance between

two vertices and] is defined as the number of edges between
the two vertices by the shortest path.
Thus,Gi represents the sum of all tleg charge terms for
every pair of vertices andj, at topological distanck.
Valence topological charge indic&s,’ andJy’, are defined
in a similar way, substituting the matriA by AY. The
elements of both matrices are identical except for the main
diagonal ofAY, which is obtained by Pauling electronega-
tivity difference with respect to the carbon atom:

(10) Flavanone X5=X7=X4'=H a; = EN(@i) — EN(C) (6)
(11) 5,7(OH),-flavanone X5=X7=0OH X4=H I
(12) 5,7,4’(OH);-flavanone X5=X7=X4"=OH

Actually, we usek values ranging from 1 to 5. Thus, a
total of 20 TCI are used in the correlation analysis.

Linear Discriminant Analysis. Linear discriminant analy-
sis™ (LDA) was used to obtain the discriminant function able
to differentiate the inhibiting activity ofXO by the 22
flavonoids analyzed. The selection of the optimal discrimi-
nant function was carried out using the BMDP 7M pack&ge.
The method used for the selection of the descriptors was
the F-Snedecor, and the classification criteria was the shortest
Mahalanobis distance (distance of each case to the mean of
all cases used in the regression equation). The quality of the

Figure 1. Structures of the flavones and flavanones studied.

(13) Chalcone X2'=X3"=X4'=X4=H discriminant function is evaluated by the parameter Wilk's
(14) 2°(OH)-chalcone X2'=OH X3'=X4=X4=H |ambda OrU-StatlS'[lC.
(15) 4(OH)-chalcone X4=0OH X2'=X3’=X4=H I .
(16) 4(F)-chalcone Nar X3 Xt The gnalyzed compou_ndslwere classified into f(')ur'g.rqups,
(17) 4(MeO)-chalcone X4=MeO X2'=X3=X4'=H according to the following intervals of percent inhibition
(18) 2°,4’(OH),~chalcone X2'=X4'=0H  X3'=X4=H degree, PIG, values:
(19) 2’,4’(OH),-3’MeO-chalcone X2'=X4'=0H  X3’=MeO X4=H
(20) 2’(OH),4’(MeO)-chalcone X2°=OH X4'=MeO  X3'=X4=H group 1. inactive values of % inhibition lower than 5%
(21) 2'(OH),4(MeO)-chalcone X2’=OH X3'=X4=H  X4=MeO group 2. low activity values of % inhibition between 5% and 25%
(22) 2’(OH),4F~chalcone X2'=OH X3'=X4'=H X4=F group 3. significant  values of % inhibition between 25% and 70%
Figure 2. Structures of the chalcones studied. activity o
9 group 4. high values of % inhibition higher than 70%
activity
and . : . .
Since LDA gives only percentages of probability for inclu-
sion of a given compound within a certain category, a simple
G, way to quantify the probability for a chosen molecule to be
= N—1 4 included within a group is
G
whereN represents the number of vertices in the chemical P=)XP; (7)

graph representing the molecular structure. This is the

number of atoms different from hydrogen in the molecule. \yhere thex; values are either 0, 1 ,2, or 3, for inactive, low
cj is the charge term betweerandj. It is defined asj = active, significant active, and high active drugs, respectively.
m; — m; beingmy; andm; elements of th& x N matrixM, Obviously, the maximum value fd? would be 3 and the
obtained as product of two matriced: = A-Q. Thus minimum is 0. Thus a compound showing the value 3 would
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have virtually 100% probability to be a potent inhibitor, while Table 1. Percent Inhibiting Degree, PIG, of Xanthine Oxidase by

another one showing = 0 should be completely inactive.

Flavonoids, at 30C

Before developing the LDA analysis, a correlation study

between PIG and Tls was performed in order to select the
best descriptors possible to distinguish the inhibitory activity.
The regression equations were obtained by multilinear
regression between both PIG and the whole set of Tls.
The presence of possible “outliers” is easily detected
through a cross-validation test, in which each case is
eliminated from the data set and then the regression analysis
is carried out again with th&l—1 remaining cases, being
predicted after the activity value for the deleted case. The
procedure is repeated so many times as there are cases in
the data. From the residuals obtained, the standard error of

estimate SE(CV) is determined for the cross-validation.
Experimental Procedure.The flavones{—9), flavanone
(12), and chalcones1g, 19) were obtained from natural
products’® Chalconesl3—17 and 20—22 were synthesized
using the Claisen-Schmidt reactfénand unsubstituted
flavanone 10) according to the method developed by
Geissman and Clintoft. Compounds1—6 and 12 were
purchased from Sigma Chemical Co. The purification and

characterization of the compounds was performed by previ-
ously reported crystallization, chromatographic, and spec-

troscopic procedure/$ The solvents used in this process were

methanol (spectroscopic grade), cyclohexane, and ethyl

acetate, all from Merck and without further purification.
Preliminary experiments ofO inhibition were carried out
in order to select the best working conditions. The used
concentration of xanthineXj was 4.9x 10°° M in TRIS
buffer (5 mM pH 8.1). The flavonoids were added to the
reaction mixture dissolved in DMSO. The final concentration
of DMSO was 0.34% (v/v). ThXO (EC 1.1.3. 22, grade
IV from milk) was obtained from Sigma Chemical Co. The
inhibition of XOwas determined by monitoring the formation
of urate at 290 nm on a Shimadzu UV 160A double beam
spectrophotometer with 1 cm thermostatically controlled
cells, at 30°C. In the procedure followed for quantitative

compound chemical name PIG
1 flavone 3.0
2 7(OH)-flavone 49.7
3 5,7(OH)-flavone 91.1
4 3,7,3,4(OH)s-flavone 91.8
5 3,5,7,3 4 (OH)s-flavone 91.4
6 3,5,7,24 (OH)s-flavone 70.1
7 5,7(OH}—6,4(OCHg),-flavone 77.8
8 5,7(OH)}—6,8,4(OCH)s-flavone 61.4
9 5,7,4(0OH);—6,8(OCH).-flavone 72.7
10 flavanone 3.6
11 5,7(OH)-flavanone 20.1
12 5,7,4OH)s-flavanone 28.7
13 chalcone 0.0
14 2(OH)-chalcone 21.5
15 4(OH)-chalcone 45.5
16 4F-chalcone 0.0
17 4(OCH)-chalcone 4.8
18 2,4 (OH),-chalcone 39.8
19 2,4 (OH),—3'(OCHg)-chalcone 171
20 2(OH),4(OCHg)-chalcone 17.2
21 2(OH),4(OCHy)-chalcone 16.2
22 2(OH),4F-chalcone 30.3

Group 1. Flavonoid Inactive. These flavonoids are either
unsubstituted (compounds 10, and13) or they do not have
a hydroxyl group (compounds6 and17). Thus, it can be
inferred that the presence of hydroxyl groups in the flavonoid
structures is essential for inducing the inhibition activity on
XO.

Group 2. Flavonoids with Low Actiity. Group 2 comprises
flavonoids with PIG values in the 82% interval. It
comprises five compounds belonging to two well-differenti-
ated structural patterns: flavanondd)(and chalconesl@
and19—21). These compounds have only an OH group in
common at equivalent positions (C5 of flavanone and C2
of chalcone). In chalcones, it is observed that the introduction
of OCH; groups in the rings A or B ofl4 lowers their
enzymatic inhibition activity (compoundg—21).

determinations, 2.9 mL reaction mixtures were prepared Group 3. Flaonoids with Significant Actity. Two

containingX (4.9 x 107> M) and flavonoids (5.0x 10°°
M). The reaction was initiated by adding«8 of XO solution

subgroups can be distinguished within Group 3.
Subgroup 3.AThis subgroup comprises the compounds

containing 4.59 UI/mL, and the absorbances were recorded2, 8, 15, and18, which have PIGs between 40% and 70%.

for 10 min. The percent inhibition degree was calculated by
eg 8. In all experiments, the substrate ([So]) and flavonoid
([Fo]) concentrations indicated above were used.

XO is a molybdenum-containing oxido-reductase, which
catalyzes the oxidation of to uric acid?’ To quantitatively
analyzeXO inhibition by flavonoids, the percent inhibition
degree (PIG) was defined as

_100(VoC— Vo)
B VoC ®
where VoC is the initial rate (mol X s%) of the control

enzymatic reaction ([Fof 0) and Vo is the initial rate of
the enzymatic reaction in the presence of the inhibitor.

PIG

RESULTS AND DISCUSSION

Biological Properties. Values of PIG of the analyzed
flavonoids, at 30°C, are listed in Table 1.

To allow for an easier discussion of results, we have
divided the flavonoids included in this study into four groups.

Structurally, all these flavonoids exhibit aty3-unsaturated
carbonyl group. Also, compoun@sand18 have a hydroxyl
group in equivalent positions (C7 of flavone and’ @4
chalcone), whilel5 possesses a hydroxyl bound to C4
(Figure 2). Considering flavonel) and chalconel(d) are
inactive, it is evident that the introduction of hydroxyl groups
in their structures induces the inhibiting activity ©.

Subgroup 3.BThe two flavonoids 12 and 22) of this
subgroup have a hydroxyl group at equivalent positions (C5
of flavanone and C2of chalcone) and exhibit very similar
PIG values (about 30%).

Group 4. Flavonoids with High Actiity. This group is
formed by six flavonoids (compounds-7 and9), which
show the highest PIG values (PIG 70%). All the
compounds in this group exhibit the following: (a) the
structure of benzg-pyrone, which acts as antioxidant in
various biological systenf$;*° (b) theo,3-unsaturated car-
bonyl group, that favors tha-electronic delocalization of
the phenyl ring B; and (c) OH groups at positions 7, 3, and/
or 5.
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The obtained PIG values (Table 1) indicate that the 2
presence of a hydroxyl bound to C7 is fundamental. In Group
4 flavonoids, it is observed that the presence of @@idups 15 .
(compounds to 9) decreases the inhibiting activity of 5,7-
(OH)2-flavone (compoun@). 1 .
Structure —Activity Relationship. The structure of drugs .
is closely related to their biological properties. As was stated  °s *
above, all flavonoids with high inhibiting activity oXO
(Group 4) present structural characteristics similar to those
exhibited by other antioxidant flavonoié5! ,"
It is known that the high chemical reactivity of carbonyl o8 .
compounds is closely related to their acid and basic proper-
ties?! Pharmacological carbonyl compounds usually exert
their action through direct interaction with the enzyme. In .
particular, the interaction of the molybdenum atomx )
with the oxygen atoms of th¥ carbonyl groups determines
the oxidation ofX to uric acid® T2 as 4 05 0 0s 1 15 2
Since flavonoids compete witk when interacting with Residuals (CV)
the enzyme, it is reasonable to assume that such interaction&igure 3. Plot of the residuals obtained in the cross-validation
are determined by the reactivity of the Carbony| and hydroxy| versus the residuals obtained Wllb and XO inhibitory activity.
groups at.pqsition 7 of the ﬂavpn?éas well as by structural Table 2. Classification Functions Obtained from Linear
characteristics such as planarity. The hydrogen atoms of thepiscriminant Analysis (LDA)
OH groups at positions 3 and 5 of the flavones can form
intramolecular hydrogen bonds with the oxygen atom of the
carbonyl, favoring the molecule planarity and, therefore, the
delocalization of ther electrons. It is clear that this planarity 2 116.31 137.37 150.10 193.20
also depends on the substituents in the phenyl ring B. constant  —24.85  —3411 —40.46 ~66.13
The inhibiting activity ofXO by flavonoids is determined
to a large extent by their structural properties. The flavonoids

Residuals
o
3,

groups

inactive low significant high

Table 3. Classification Matrix for the Set of Compounds Studied

analyzed in this paper belong to four well differentiated no. classified into group

structural patterns: flavones, flavonols, flavanones, and group no.of cases % correct inactive low significant high

chalcones. Therefore, it is not at all an easy task to establishi,active 5 80.0 4 1 0 0

a simple SAR relationship for an efficient prediction by using low 5 60.0 1 3 1 0

only a few structural parameters. significant 6 333 1 2 2 1
high 6 83.3 0 0 1 5

The intercorrelation study (not shown here), which was
performed including all the variables, demonstrated that the
J, charge index was the best one to predict the inhibitory increment in the stabilization of the aromatic ring due to an
activity, showing the following statisticst = 0.8495,F = inductive effect. Thus, compare the values for the flavones
51.6, SE= 0.617,p < 0.0001 forN = 22 compounds. The 5 and 6: While the PIG value is 91.4 for the first one, it
cross-validation study revealed that no outliers were found, lowers to 70.1 for the second one. The only structural
and, therefore, all the set of compounds can be input in the difference is the presence of OH substituents in ortho against
LDA. Figure 3 shows the results obtained from the plot of meta positions, respectively.
residuals versus deleted residuals. It is noteworthy that all The mean charge transferred at a topological distance 2
the points are very close to the bisector of the coordinate in the aromatic rings would take into account the well-known
axes. Moreover, the value of SE(CW¥)0.638 is similar to ortho-para leading character of the OH which stabilizes the
the one obtained using the whole set (SE.617). rings transferring charge at a distance 2 (ortho) and 4 (para).

The classification functions obtained from LDA are shown Obviously the higher the number of OH groups in the A
in the Table 2. The statistical parameters Are= 22; U ring (especially in the positions 5 and 7) the higher the PIG
(statistics, Wilk’s lambday 0.2273; and= = 20.391. value is. However, the existence of such groups in the B

The topological charge index;, takes into account the ring (particularly in the positions’'2and 4) has a negative
mean value of the charge transferred between atoms placednfluence on the XO inhibition capability (compare flavones
at a topological distance= 2. This means that the intra- 5 and 6), probably through the impediment of the ring B for
molecular charge transfers between atoms placed at ar electronic delocalization.
topological distance= 2 plays an important role in this Tables 3 and 4 illustrate the results obtained for the global
property. A possible explanation is related to the above classification matrix as well as for one-to-one compound
expressed influence of the presence of hydroxyl groups in classification entries within a given category as well as their
the positions 5, 7, and 4Also the presence of the methoxy values ofP.
groups clearly decreases the XO inhibitor effect. The The selected model is able to classify correctly over 80%
methoxy groups have a positive electronic inductive effect, of the inactive molecules and 83.3% of the active ones.
while the hydroxyl ones have a negative inductive effect. It Flavone () is included within the group “Low” with a 44.7%
is to be expected that the presence of hydroxyl groups in of probability and as “Significant” with a 38.1%. Since both
the A ring increases the XO inhibition effect through an values are rather close, an activity between low and
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Table 4. Classification Matrix for Each One of the Compounds Allopurinol Alloxantine
Analyzed o o
m N H oy OH
probability f N . N
compound J, inact. low signif. high P  class. NI 2\ /LO
Group Inactivity Activity OH °7 N o
flavone nl1 0.486 0.169 0.447 0.381 0.003 1.218 low Caffeic Acid Probenecid

flavanone n10 0.375 0.765 0.195 0.040 0.000 0.275 inact.
chalconen13 0.341 0.877 0.108 0.015 0.000 0.138 inact. QP
chalcone nl6 0.417 0.547 0.335 0.118 0.000 0.571 inact. HO = cooH N /\s//
chalcone nl7 0.399 0.651 0.273 0.077 0.000 0.427 inact. C\)N
Group Low Activity e e COOH

Esculetin TEI-6720

chalconen19 0.532 0.052 0.360 0.552 0.036 1.572 signif. o o o

chalcone n20  0.463 0.273 0.444 0.282 0.001 1.011 low m . <

chalconen21 0.475 0.214 0.450 0.335 0.002 1.126 low o Z I\>_Qo
HOOC s

flavonen8  0.653 0.000 0.011 0.077 0.912 2.901 high ©

chalcone n18 0.484 0.178 0.448 0.371 0.003 1.199 low O

flavonen3 ~ 0.580 0.010 0.187 0.528 0.275 1.881 signif. o

flavonen6  0.720 0.000 0.000 0.005 0.995 2.995 high

flavanone n11 0.481 0.187 0.449 0.361 0.003 1.180 low
chalconenl4 0.431 0.462 0.379 0.159 0.000 0.697 inact.
Group Significant Activity
flavone n2 0.536 0.046 0.349 0.562 0.043 1.602 signif. Sulfinpyrazone ) N
flavanone n12 0.538 0.043 0.343 0.566 0.048 1.619 signif.
chalcone nl5 0.417 0.547 0.335 0.118 0.000 0.571 inact.
) N,

chalconen22 0.497 0.132 0.436 0.426 0.006 1.306 low @\/\m

Group High Activity ﬁ o
flavone n4 0.689 0.000 0.002 0.017 0.981 2.979 high ; ;
flavonen5 0720 0000 0000 0005 0995 2995 high ioore & Stiuctres of the compounds tested with the
flavone n7 0.636 0.000 0.025 0.142 0.833 2.783 high  Taple 5. Classification Scheme for Each One of the Compounds of
flavonen9  0.676 0.000 0.003 0.030 0.967 2.964 high  tne Test Group

aThe last column illustrates the values of the probability of activity probability class
(P). The closera 3 a given value, the higher the probability of activity = compound J, inact. low signif. high P class. (ref)

is. The classification criterion is as follows: inactive: values between - - .
7= AR . allopurinol 0.648 0.000 0.014 0.092 0.894 2.88 high aétive
0 and 1.0; low: values between 1 and 1.5; significant: values between probenecid 0.327 0.906 0.084 0.010 0.000 0.10 inact. Mact.

1.5 and 2.0; and high: values between 2.0 and 3. sulfinpyra- 0.294 0.953 0.044 0.003 0.000 0.05 inact. iMct.
zone

significant for this compound is to be expected. Chalcone ngcfﬁl'gﬁc'd 8'_32? g‘_ggg 8'.3%3 8:33% g:ggg %‘lgg mgn Z?&Z

(16) is correctly classified as inactive. TEI-6720 0.696 0.000 0.001 0.013 0.986 2.98 high abtive
Moreover, this discriminant model clearly outlines the alloxantin 0.667 0.000 0.005 0.044 0.951 2.95 high agtive

decisive influence of thé, index. Indeed, just taking a look

to Table 4, it is noteworthy that those compounds showing by us, J, topological charge index, which also strengthens

J, values lower than 0.48 are either inactive or low active. the importance of these indices.

Most of the compounds withl, between 0.48 and 0.58 are

significantly actives, while the compounds showing values CONCLUSIONS

higher than 0'69 _are highly active. L _ The compounds investigated by UV spectroscopy and
To _test_ the ef'ﬂue_ncy of the selected discriminant fu_nct|on, molecular topology, belong to the typical structural patterns
a validation test with a set of compounds was carried out, of flayones, flavonols, flavanones, and chalcones. From the
including both, highly heterogeneous structures and signifi- ¢y nerimental and theoretical results obtained, it can be
cant inhibition activity. All of them, namely allopurinét, concluded that (a) the hydroxylation of flavone at position
caffeic acid?® esculetirt® TEI-6720? (2-(3-cyano-4-iso- 3 g pstantially modifies its structure, while dihydroxylation
butoxyphenyl)-4-methyl-5-thiazolecarboxylic acid), and allo- ¢ fjayanone at positions 5 and 7 makes its behavior similar
xantin>* were correctly classified within the group of “high {1 that of 5,7(0OH)2-flavones. (b) In all cases, the carbonyl
activity”. On the contrary other uricosuric but noninhibitor region plays a major role in th¥O inhibiting activity of
compounds, such as probenée@hd sulfinpyrazoné were these compounds. Likewise, the hydroxyl group at position
correctly classified as such. 7 constitutes another important bioactive region. Both
Table 5 shows the set of test compounds plus tlgir  conclusions (a) and (b) are basically coincidental with other
values as well as their classification matrix. Their structures guthors'®2!for whom the presence of free hydroxyl groups
are illustrated in Figure 4. at C5 and C7 as well as the existence of a double bond
These results are important because they demonstrate thatetween C2 and C3 play an important role in the inhibition
the topological model may be applied to rather different of XO. They also realized that the methylation of an hydroxyl
structures, thus opening doors to the future selection of newgroup decreases the inhibition activity. The flavones most
leads in this field. It must be also emphasized that all these effective asXO inhibitors showed a 7-OH-substitution and
results have been obtained with only a one-variable regres-a catechol or 34',5'-pyrogallol function on the B ring* (c)
sion equation, using a topological index originally introduced By the LDA method, the studied flavonoids were classified
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into four groups according to their activity ofO (inactive,
low, significant or high). (d) A simple structurectivity
relationship was proposed. The inhibiting effect grows with
increasing values of the topological descripder Further-
more, the SAR topological model used here allows not only
a very significant level of correct prediction of flavonoids
activity but also extrapolation of the results to other very
different structures, for instance, allopurinol, caffeic acid,
esculetin, or alloxantin, all of them poteKDO inhibitors.
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