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ABSTRACT

A study of the relationships between electronigddtire and trypanocidal activities of a seriestibsemicarbazone
derivatives on Trypanosoma brucei brucei was carmait. With the log (1&) of the biological activity and the
variation of the values of set of twenty local atoneactivity indices belonging to common skeletsa,obtain one
statistically significant equation (R= 0.98, R?=96, adj-R?= 0.93, F(7,12)=39.20 (p<0.00000), SD-1D). Based

on the analysis of the results, a partial two-disienal trypanocidal pharmacophore was built.

Keywords: Trypanosoma brucei brucdghiosemicarbazone derivatives, QSAR, pharmacopliffg, QSAR.

INTRODUCTION

African trypanosomes are flagellated protozoa tvixtracellulary in blood and tissues of the manmnahosts and
are transmitted by the bite of tsetse fli€assinaspp)[1, 2]. It is a protozoan parasite that affduaimans as well as
animals [3] and is responsible for sleeping sickné&'hile Trypanosoma brucei brucealecimates livestock,
Trypanosoma brucei gambiensad Trypanosoma brucei rhodesiespecies are responsible for human African
trypanosomiasis. In 2009, after continued contffarts, the number of cases reported dropped b&@Ww00 (9878)
for the first time in 50 years. This decline in ruen of cases has continued with 6314 new casesteepio 2012.
However, the estimated number of actual casesasta20,000 and the estimated population at risgGisnillion
people[4]. These diseases represent a major pubdithhproblem in region of the world least abled&al with the
associated economic burden. With no immediate gaispf vaccines, and no satisfactory drug treatmethie
requirement for new therapies is a priority. Howeverug discovery is high risk and expensive, ahd t
development of agents designed specifically toeatg/panosomal diseases is not perceived to benesaially
attractive [5]. In fact, among these drugs, fewth®#m are available for chemotherapy and most atgated and
difficult to administer [2, 6].Drugs used for theeatment of human African trypanosomiasis we have
Suramin,Pentamidine, Melarsoprol and EflornithiBach of these drugs presentsone or some probleais asu
ineffective against early stage, ineffective agalate stage, toxic, resistance observed in fiBld A recent study
shows that thiosemicarbazones have antibacterjaB][7antimicrobial [9], antiviral [10], antitumdt[L-13] and
antifungal [14] activities. Furthermore, some workBow that they possess trypanocidal activities[1E3,

215
Scholar Research Library



Gaston Kpotin et al Der Pharmacia Lettre, 2016, 8 (17):215-222

16].Thiosemicarbazones are DNA replication andgaseé inhibitors [3], particularly cysteine proteadsbitors[1,
14, 17, 18]. This inhibitory activity justifies thstudy of the trypanocidal activity because cyseprotease
inhibitors have been shown to kill African trypanosain vitro and in animal models of disease[19, 20]. In this
paper we present the results of a quantum-cherstcaly of the relationships between electronic $tmecand
trypanocidal activities again¥rypanosoma brucei brucef a series of thiosemicarbazone derivatives.

METHODS AND CALCULATIONS

The model.

As the methodology employed here to find relatigostbetween electronic structure and inhibitionstants has
been extensively discussed and applied in seveqadrs, we present here a short standard summa2gR IFhe
inhibition constant, I can be expressed as a linear relationship ofattme: f

log(IC,)=a+> [eQ+ f$+ s8]+> 3 [ it ME & )nfe)m

SRR+ () S(H]+X gt kw7 wB]H Y0

j k=1

where Qis the net charge of atom SjE andSJ!\l are, respectively, the total atomic electrophili anucleophilic
superdelocalizabilities of Fukui at., Fn(F;n) is Fukui index of the occupied (vacant) MO m(ho¢ated on atom
i[29]. SjE (m)is the atomic electrophilic superdelocalizability MO m on atom j, etc. The total atomic

electrophilic superdelocalizability of atom j cap®nds to the sum over occupied MOs ofSﬁeém) 's and the
total atomic nucleophilic superdelocalizability aom j is the sum over vacant MOs 8‘”(n”f) 's[29]. p.]- is the
local atomic electronic chemical potential of atprfi]; is the local atomic hardness of atonty; is the local atomic

electrophilicity of atom j,G;is the local atomic softness of atom j, aQTaxis the maximum amount of electronic

charge that atom j may accept from another site[2B. O,’'s are the orientational parameters of the

substituents[SO-S?]. Throughout this paper HqM@fers to the highest occupied molecular orbivahlized on
atom j and LUM@ to the lowest empty MO localized on atom j. They ealled the local atomic frontier MOs. The
application of this method (Eqg. 1) has given exioey results for a great diversity of drug-recepsystems
(see[33-44] and references therein).

Selection of the experimental data.
Molecules were selected from a set reported in Ff. The molecules are shown in Fig.1 and TablelTlie
experimental data employed in this study are thgaimocidal activity ormrypanosome brucei brucdiCs,. The test
is performed on the bloodstream form of the sté of Trypanosoma brucei brucdiy the Lilit Alamar Blue
method [3].

Rs

R{
Figure 1: Structure of thiosemicabazones
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Table 1. Selected molecules and their trypanocidaktivities

Mol. Ry R | R Rs | Rs | 109(ICs0) (uM)
1 Me H H H H 2.33
2 Me H H [ OMe| H 1.96
3 Me @] H H H 2.30
4 Me H H cl [ H 1.04
5 Me H H H Br 1.85
6 Me H H Br | H 1.43
7 Me H * * H 0.98
8 H H H H H 2.65
9 H [@] H H H 2.34
10 H H Cl H H 2.21
11 H H H cl | H 1.92
12 H H H [ OMe| H 2.41
13 | CHMe | H H | OMe| H 2.12
14 H H H Me | H 2.09
15 H Me H H H 2.35
16 H OH| H H H 2.27
17 H H |OMe| OH | H 2.47
18 H OH| H H Cl 1.66
19 H H Br H H 2.13
20 Phe H H H H 1.83

Calculations

The electronic structure of the molecules was abkthiwithin the Density Functional Theory (DFT) &L P/6-
31G(d,p) level with full geometry optimization. THgaussian suite of programs was employed[45]. Tall
atomic reactivity indices were calculated from thiagle point log file with the D-Cent-QSAR softwavédth
correction of the anomalous electron populationat thometimes are produced by the Mulliken popufatio
analysis[46, 47].All electron populations smalleant or equal to 0.0le were considered as zerontatienal
parameters of the substituents were calculated casstomed[31, 32]. We employed the common skeleton
(CS)hypothesis stating that there is a particudaiog atoms, common to all molecules, which accotimt nearly all
the biological activity. The variation of the vatuef a set of local atomic reactivity indices ofj@up ofatoms
belonging to this CS should give an account of ¥hgation of the trypanocidal activity throughottet series
analyzed. We made use of Linear Multiple Regressinalysis (LMRA) techniques to determine which atoand
reactivity indices are directly involved in the iaion of the biological activity. We built a matrcontaining the
dependent variable (log (4§)), and the local atomic reactivity indices of atbms of the common skeleton as
independent variables. The Statistica software weasl for LMRA[48]. The common skeleton numberingli®wn

in Fig. 2.

S11
9
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N
7 3 N12

Figure 2: Common skeleton numbering

6

RESULTS

The LMRA with all molecules gives the following sisdically significant equation:
Iog(IC50):-8.89-2.525 (HOMO*) +0.4iL4—10.25% -1.98 4—0.591 c

. . 2)
-0.43F 5 (LUMO+1j -0.66F (HOMO-1)

with n=20, R= 0.98, R2= 0.96, adj-R?= 0.93, F(7:39.20 (p<0.00000) and a standard error of estimiafel2. No
outliers were detected and no residuals fall oetslte +2 limits. Here B(HOMO)* is the electron population
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(Fukui index) of the highest occupied MO localizedatom 2, is the localatomic electronic chemical potential o
atom 4, S is the local atomic softness of atomdh, is the local atomic electrophilicity of atom # is the local

atomic hardness of atom 9, fEUMO+1)* is the Fukui index of the second lowesicant MO localized on atom 10
and R(HOMO-1)* is the Fukui index of the second highestupied MO localized on atom 1.

Table 2 shows the beta coefficients and tHest results for the significance of coefficierdf equation 2.
Concerning independent variables, Table 3 showsthieshighest internal correlation & F2(HOMO)*)=0.39. In

7 conjugated systems it is normal to find a certiegree of correlation between some “independeniabkes. Fig.

3 shows the plot of observed vakes calculated values of log(kg). The associated statistical parameters of Eq.2
shows that this equation is statistically significaxplaining about 93% of the variation of thelbgical activity.

Table 2: Beta coefficients and t-test for significace of coefficients in equation 2

Variable Beta coefficient  t(12)  p-Value
F,(HOMO)* -0.45 -4.89 0.000373
Wa 0.37 4.69 0.000525
55 -0.68 -7.91 0.000004
4 -0.75 -7.36  0.000009
Mo -0.81 -6.17  0.000048
Fio(LUMO+1)* -0.35 -411 0.001452
Fi (HOMO-1)* -0.27 -3.8¢  0.00224!
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Figure 3: Plot of predicted vs. observed log(l&) values. Dashed lines denote the 95% confidencedrval

Table 3: Squared correlation coefficients for the ariables appearing in equation 2

Fz(HOMO)* Ha Cs M4 N9 Fl(](LUMO+l)*
™ 0.04 1.00
s 0.08 0.006 1.00
o 0.10 0.30 0.17 1.00
Mo 0.39 0.32 0.001 0.30 1.00
Fi(LUMO+1)* 0.18 0.05 0.08 0.003 0.34 1.00
F.(HOMO-1)* 0.002 0.0004 0.05 0.01  0.00001 0.06
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Table 4 shows the local molecular orbital structfreome atoms appearing in Eq. 2.

Table 4: Local Molecular orbitals of atom 1, 2 andLO

Molecule | Atom 1 (C) Atom 2 (C) Atom 10 (C)

1(51) 4'748r49n-52n53n54n | 46m48n49n-52n53n54n | 491500516-526541551
2 (59) 5657159-61n62163r | 56n57n591-60n61n62n | 5715806590-60r6 1162t
3(59) 5455156n-60n61163r | 55n56n571-60n61n62n | 571580590-600611621
4 (59) 5455156n-60n61n62r | 54t56n571-60n61n62n | 571580595-60562163n
5 (68) 6465166m-69n70n71n | 65n66n671-69170n71n | 661676686-69671n72n
6 (68) 6465166n-69n70n71n | 63t65n66n-69n70n71n | 661676685-69571n72n
7 (64 58159160r-65166n67r | 58t59n60n-65166n67n | 621630645-65066167n
8 (47) 4243145n-48149n51n | 44n45n46n-48n4m5ln | 4514604 76-4804 950
9 (55) 5152153n-56n57158t | 52t53rn54n-56n57158n | 53t540550-56058159
10 (55) 5@52153n-56n57159n | 52153n54n-56n57758t | 53t5465505-5605815%
11 (55) 5152153n-56n57n59 | 52n53154n-56n57158n | 53t540550-566581600
12 (55) 53%541551-57158159n | 5354n55r-56n57758t | 53t5465505-56rn58159n
13 (63 5M60n61n-6516 7168t | 60n61n62n-64n65166n | 611620636-64566n670
14 (51) 4748149n-52n53n54n | 4749n50rn-52153n54n | 49500516-52154rn551
15 (51) 4748149n-52n53n54n | 48n49n50rn-52153n54n | 49500516-52t54rn551n
16 (51) A@47n49-52153n54n | 4M50n51n-52153154n | 48t500516-52n54155r
17 (59) 5@571581-60n61162t | 57n58159-60n61162t | 5715805 90-60n6 2163t
18 (59) 5&556n57n-60n61162n | 57n581591-60n61162n | 561580595-601n62163n
19 (64 5611621-65166n67r | 61n62n63n-651661671 | 621630640-6506 7168t
20 (67 631641651-69n70n71n | 63n64n651-68169n70n | 6516606 75-685721730

DISCUSSION

Our results indicate that for these molecules tgation of the trypanocidal activity danypanosomabrucei brucei
is related to the variation of the numerical valoés set of seven local atomic reactivity inditetonging to the
common skeleton. This result is very good considgtihe approximations made to build the model. Bé&a values

(Table 2) show that the importance of the variaideg> 04> 55> F2(HOMO)*> s~ Fio(LUMO+1)* >F;(HOMO-

1)* (Table 2). These results are in agreement thighresults of thetest (Table 2). The process is orbital-controlled
as expected in very specific ligand-site(s) intBoms). A variable-by-variable analysis indicatémt a good

trypanocidal activity is associated with high nuioalr valuesforl{HOMO)*, S5+ ©4, Mo, Fio(LUMO+1)* and

F1(HOMO-1)*. This is so because all these variablagehpositive numerical values and are accompanyed b
minus sign in Eq.2u, has negative values but it has a plus sign accoynpg it. Therefore a good trypanocidal
activity is associated with a very negative valae this index. First, we shall analyze the MO-inelegent local
atomic reactivity indices. Atom 9 is a nitrogen . 2). A high value fong indicates that the HOMO*-LUMO*
energy distance is large. Therefore atom 9 seemestst exchanging electrons with the surroundifigss, in turn,
allows suggesting that atom 9 is possibly situatede to a hydrophobic moiety (an alkyl chain feample).Atom

4 is a carbon atom of the phenyl moiety (Fig.«2)is the local atomic electrophilicity of atom 4. Tbendition of a
high value forw, indicates that this atom is interacting with aecelon-rich center. This is in perfect agreement fo
the requirement of a highly negative value for because if the associated HOMQCeigenvalue is shifted
downwards in the energy axis, then this atom isemmmone to receive electrons. Atom 5 is carbon avérthe
phenyl moiety (Fig. 2)ss is defined as the inverse of the (HOMO)LUMO)s* energy gap. Therefore, a high value

for S; suggests that atom 5 is interacting with an ebeectteficient center. This interaction can be ofitkmation or

n-n kinds. Now, we shall analyze the MO-dependent aaeactivity indices. Atom 1 is a carbon of theephl
moiety (Fig. 2). (HOMO-1) and (HOMO)* are MOs ofr nature (Table 4). Fig. 4 shows the case of motetul
The fact that (HOMO-L¥ appears in the equation indicates that (HOMGY also participating. Therefore a high
value for RF(HOMO-1)* suggests that the two highest occupiezldMOs are interacting with an electron-deficient
center, such as a cation or an aromatic moietiyn@teraction).Atom 2 is a carbon atom of the pheangiety (Fig.
2). (HOMO)* is an MO (Table 4), the example for molecule 2 is showefigure 5. A high value for fHOMO)*
indicates that atom 2 is interacting with an elettdeficient center such as part of an aromaticetyadr a cation.
Atom 10 is a carbon atom (Fig. 2). (LUM@is ac MO in almost all molecules and (LUMO+3) is a=n MO in

all them (Table 4). Fig. 6 shows the case of mdecd A high value for R(LUMO+1)* suggests that
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(LUMO+1),¢* is interacting with a site rich in electrons. Gatering that (LUMO)* also participates in the
process, it could be interacting with another s@ptaining occupied sigma MOs such as methylenepg.o

9

Figure 4: Left: Local (HOMO-1)* of atom 1 in molecule 1 (corresponding to the molecule’s (HOMO-3)). Rjht: Local (HOMO)* of atom
1 in molecule 1 (corresponding to the molecule’s (IMO-2))

9

Figure 5: Local (HOMO)* of atom 2 in molecule 2 coresponding to the molecule’s HOMO

2

Figure 6: Left: Local (LUMO)* of atom 10 in molecule 3 (corresponding molecule’s (LUMO)). Right: LocalLUMO+1)* of atom 10 in
molecule 3 (corresponding molecule’s (LUMO+1))
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This analysis allows us to propose the following Ziharmacophore for the trypanocidal activity of
thiosemicarbazone derivatives drypanosome brucei-brucei

( \
ELECTRON
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ELECTRONS
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Figure 7: Proposed 2D pharmacophore for the trypancidal activity of thiosemicarbazone derivatives otrypanosome brucei-brucei
CONCLUSION

We have obtained statistically significant resuliiating the variation of a definite set of locabmic reactivity
indices to the variation of trypanocide activity ®nypanosoma brucei brucdor a series of thiosemicarbazone
derivatives. The whole process seems to be orbitafrolled[49]. The results should be useful topmse new
molecules which higher trypanocide activity.
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