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(Abstract )

Background and Aim: Due to the complexity of drug discovery processes and the high cost of biological testing,
computational methods in medicinal chemistry have gained attention as effective tools for streamlining drug design.
One such approach is Quantitative Structure-Activity Relationship (QSAR) analysis, which uses mathematical and
statistical models to predict the biological activity of chemical compounds based on their structural features. By
extracting molecular descriptors and establishing mathematical relationships between chemical structure and biological
activity, QSAR enables the prediction of biological behavior without the need for synthesis and experimental
evaluation. This strategy not only reduces time and cost but also plays a significant role in optimizing drug structures
and enhancing their efficacy.

In the present study, QSAR analysis was performed on a series of monoketo acid derivatives previously reported to
exhibit inhibitory activity against HIV. The resulting model, with strong predictive capability, may be used for the
rational design of new compounds with potential anti-HIV activity and serves as a valuable tool in the development of
HIV inhibitors.

Methods: This study was conducted using computational techniques. First, the chemical structures of the selected
compounds were drawn and their energy levels optimized. Molecular descriptors were calculated using Dragon and
PaDEL software. Constant, near-constant, and highly correlated descriptors were removed to improve model quality.
The dataset was randomly divided into training and test sets. Important descriptors were selected using the stepwise
method, and a multiple linear regression (MLR) model was constructed. For model validation, both internal and
external validation techniques were applied. The coefficient of determination (R2) for the training and test sets, as well
as the Leave-One-Out cross- validation coefficient (Q2_LOO), were calculated. Acceptable models were defined as
those with R? and Q2 values greater than 0.6.

Results: The coefficient of determination (R2) for the training and test sets was 0.834 and 0.808, respectively. The
cross-validation coefficient (Q2_LOOQ) was 0.681, indicating good internal predictive power. The descriptors selected
in the final model included R7e, RDF155e, AATS6s, and maxaaCH, belonging to the GETAWAY, RDF, AC, and
Electrotopological classes, respectively.

Conclusion: The developed QSAR model appears statistically significant and suitable for predicting the inhibitory
activity of novel monoketo acid derivatives against HIV-1. This model can be considered a valuable computational
tool for the rational design of new anti-HIV agents.

Keywords: Monoketoacid; QSAR; Descriptors; Stepwise; Multiple Linear Regression; HIV

Please cite this article as: Zarei N, Zebardast T, Hajimahdi Z, Zarghi A. Quantitative Structure- Activity Relationship
Study of a Series of Monoketoacid Derivatives as Anti-HIV Agents. Pejouhesh dar Pezeshki. 2025;49(2):57-69.

" First Corresponding Author: Zahra Hajimahdi; Email: z.hajimahdi@sbmu.ac.ir
Department of Pharmaceutical Chemistry, School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

“Second Corresponding Author: Tannaz Zebardast; Email: t.zebardast@iautmu.ac.ir
Department of Medicinal Chemistry, TeMS.C., Islamic Azad University, Tehran, Iran.

& Pejouhesh dar Pezeshki (i.e., Research in Medicine)
2025; Vol. 49; No. 2; 57-69

ownloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

oy



mailto:z.hajimahdi@sbmu.ac.ir
mailto:t.zebardast@iautmu.ac.ir
https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

fﬂ»&‘/&é"z(j;\f'\“)bxh/@xﬁ;u} &f;dlj)-j%&w}d%rﬁsz'ﬁzd://.aj//")éﬁ;-gyzc-“‘;
0979 b Cedlad bl siS gigo sLacas 5 jl (B9 ,5 HLS L (o (oS alaly axlllae
o] HIV-1

"853 ot T st (2 1525 T s 5 S o215 oy
Oyl ey e oDl SlT oKzl )l o3 (Kb pole axly g )ls (coid 09,5 -
Ol el (el ol 1 olZils el o5 (S pole axly o s ld sond 05,5 -
OlRl OIS (i e (S pode oliils (3lug)lo 0aSiils (g9 ld (cord 09,5 Y
VECE VNG by g6 VECE/ V) - el b

- <)

(<

oo 3 Slewle sla g, 5l eolitwl (s laiolej] YU slaanie 5 was Glagyls aiS anTd lo Sams 4 axg b :dad g aslw
Collad 5 ltle o (oS aluly addlhas do by, cnl 5l (S el 48518 Az gl 090 55l (b e (g3LuclisS )0 ke )lnl Olsiear sl
w28 1) Ll )bl sla Sy (olol » aloeds Sl (o Sdlad (i OBl e el 5 (2L 5 oo 5l 6 5o b a5 <ol (QSAR)
et 58y e (Sl allsh 5 it Sl S, dolas S sbnl 5 Ji¥se slo Sk gl b sy cal o 3jlee
Siloting 55 &L w0gie aie 5 ooy ;3 msradye cam WS S, al 05 Siter 0 090l 5 e @ W oe | e glaceSy
S e i ot 85 55 L T il 5 Lo o sl

Jae ad plosl lazsls HIV. ug g ale (FaiSloe codlad I3 4 aslgiSgisn slocaS 5 5l slaegorme (555 » QSAR Julos o> anlllas o
i )3 e ) ey 5 355 ool HIV gy lan ooy b sty (slocnS 5 it oy 55 1y on somnli o g Skl b ool
D5l 48,5 S 4 HIV ws slagls

o S o o1 51 o A At ] 55,0 e 5 oy A5 3,30 sl 5 S Ll w35 gn pladl il S50 & llls ol 1515 (b,
90 4y Bolai g, 4 Wools al> o ol o aiul Bds Ll oo 9 <ol L..,J.n.. ol sl )T o gi e il duloee Jay 9 55150 Sl58le 5 51 ealal
alfaiz ad e ) g, b g Sbl siluae ;0 me oS cinogs (SIEPWISE) ol 4 pl8 g, 5l eslitnl b o s (9051 5 (b 590] (g
o anlne Q%00 5 09a1 5 U39l 03,5 sl R lime 5 s soliciul (2 l5 5 (31 gomimsLiel 39, 99 e Jote (militel ) s plowl (5La e
sl 85l i LT lade wb oS

Q7 Loo e spblize (mim lel g, ) Gmizmed sl Cews & A A L 2l (905l 09,5 sl g IAYY b ply (sl 09,5 sl R e tlaidly
GETAWAY aiws 5l iy & maxaaCH AATS6s (RDF155e (R7e Jolo Jowo cpl 50 odwl Cavots slo Fcaiogi el caws a4 </FAY ol p
.. Electrotopological 4 AC RDF

Loz glocaS 5 0 HIV-L as) (SouS e codlad ot @lp g jlobine (gylel ,h5 51 atihanws QSAR Jow 45wy o I 4 15 oS dorudid
L 2 oolaiwl HIV as am Julse ihaie olb (gl auad)l 6,050l olacas Wlgh o Joo ol sl oolazwl ]l apnlgS gige

HIV saiSiaze s e, 10 4 015 45 hnogs sl L5l o o8 ol el 55 15 s

1S slowl g Wy 4 o ol

Zarei N, Zebardast T, Hajimahdi Z, Zarghi A. Quantitative Structure- Activity Relationship Study of a Series of
Monoketoacid Derivatives as Anti-HIV Agents. Pejouhesh dar Pezeshki. 2025;49(2):57-69.

z.hajimahdi@sbmu.ac.ir : Kuig S Camy (w387 t s > 1,85 1li o Jgiomme oo 35 cydsl”
t.zebardast@iautmu.ac.ir : Kug Sl Comy (w387 1awd 5 b (LS 0 Jghumnd it g5 (0 gd”

Oyl el ool SIT oKzl ()l a3 (S pole axly ¢ g ,ls (o 09,5

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

W

s
# slove s’ 10/ \\"\“J(«z\’utfzﬁu”

[a—

% & 4
Foosr ——
° ®

OA



mailto:z.hajimahdi@sbmu.ac.ir
mailto:t.zebardast@iautmu.ac.ir
https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

oLl g 8515 0y i

drwgl g lS Dygpo alius (pl aS S oo ol o9l
(A) a2 o w38l ) syas slagls

4 oad aBbl GlacaS 5 5l saul $55390 5 60 SlaceS S
56 45 atia HIV Gag g 51,550 351 o5 0nS lee lgie
@ leaS 5 cnl Wilesls lias 39 5wy ng b Jles )o 558
Jls MO™ (slagyss o8 jslome Juige,S slaog,S cinsls s
S 1y 3Rl mpl g ke 1) LRl sl Jd el
P35 & ooans e B! 5Ll mupl o5 bl 5l ans
S5y wdy b ol e wiS oo U 1) lsee Jobe
Sl &5 ook geite slacuS 5 ojgpal 09dioe mgny
oSS plyie 4 dies el £560 L gige Coond
Q) wloas Byxe g a3l HIV g s

5 oslitul eg)ls axwgs 9 (Alib (sly ad i slagts) 5l (S
QSAR Jas ool (QSAR) codlss - lisly oS b,
Gl S b sy cudled aigls a5 w0 plis celis
sleosiiS oy 5l (b Glaie @ b sSge 5| degame o
WS o ed ol Sl 5! oq.ok;wg«g BN
O osr s O 09 sl 4 Cund QSAR sl b,
slodse QSAR (g, ;0 aiies Smipe g SauieeS
b bls; e lp )bl oo 5l eolinl b (5 yime
L ogdoe olml agyls coled 5 LSl o hspeé b
clled oS miie «ly QSAR laas I eolinl
5y wiile Lol sloan e 5l Glgi e nax sla LSl
55 GpSolz gyl iS5 b anld o s L)
AY AN

SIS Sl om o siledae ol Gude 5l Sua
Co9ns S5y Sy p deel 95 5se SlacaS Sl G o
Uiy 5l esliil b a5 cul Wil gloSiiss 5 HIV
gl>yeallur s e, Gl
@ WlgS o 3uizS ol s 0gd o plsl (Stepwise- MLR)
S lond oS5 sl 4o coldS Jolse lulis
AEHIV gy ol (SoiSlee colld a5 wis

s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

doddo

0S5 o S)ler Sy (ST el ali pyann b ]
obw! (HIV) Sl sl (ais wgpmg 1,0 a5 il
oolpls g W wgng il 095 @ a5 wyng ! (V) Ssdise
o 9 09Bes o )y blie Gayb o)l 3l g 995,
s T Copmogddd Gl sl 5 solad slaplail 4y 5555 5
Oloyd pae Ojgo 0 WS (o0 el gy 4 ) N (Sl
lacisie & Mol axiee |, 0,8 T sla sl olaws _als
0 HIV a5 e osie b Lo sloplb s 5 b
Jolss a8 ol atily 09> Sy a5 > 5l s ol
DNA | pleol DNA &5 cwg9 RNA Lo (Jsho 45 0459
Coled 50 wans (! el oz oy ng g g by
Cighe (2l al> e 45 09d o0 sl 4 Ml g (Sel Al
YY) cwl HIV

oasio YL L0 VAAY Lo jo b e Glp ghlew o)
(N wd bosd Ghz ool SO ey 4 g 0l )15
ol Jo e dWHO) Sl ctlage plojle slag)l5s
wied M HIV 0 e pol i 53 580 (geles Fr 090
as lag s 5l eslizul elul 5 Baes HIV ol (0)
rany S a5 dlize Jolhe ;0 oS Cel (cwgngs )
kol A cpaiz 0 gl Ve 5l iy eiSE S e alBlas
ol agls cpl wladl,  aswy HIV O gl lp
(g8 3L S il SlaoaiiS e (g (slronsS e
2 s L) GleoasS e 5 55 sleeasS e
wms oo )l 3 Ban | gy iS5 5l ain dl>pe S plaS
9nssy o W Sl by ol b e (VO F)
e e ojlaibul Sbeys 0,505, SO lse 4 (HAART)
ams ) b b GlogesS e el el oolil
Ll sl HIV a5 slagss, 5 gl o ool slacd iy
Jds @ HIV g g 018 3525 6 0ae SO0 & 5l Lo

Cnglie g U5 o G Sy 4 05 (S5 sl S

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

W

s
# fﬂ”&\’&wzU/W'f‘J(«zTa/szﬁo/J)

[a—

% &y
S ——

Oa


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

W

s
_ slavets” zu/( \f'fdbm/tjzﬂu})

[a—

oLl g 8515 0y i

Ay GBS e Gl 4 i gl (ghlwg,ls casiasls
Vodeas OY AY) was byl s yiae HIVE Lugpg
B2 o lid 1) aslllas 8,90 slacaS 5 olend sl sl
2 P24 e wops Syge & HIV gy od) e colas
03,51V Jgaz 50 o) (e )8 p 3 5 Vgeg St Ve cilale
ooy olaisl sl (Bl (S P24 5 sl sl oy
Lo 55 (s o5 Hlee saias i o wd) e a5 o
Olere 4 (LOGIR) [l wo o oy )W 0,8 .l Jolo S

s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

b el lesal, wlgie s jstiws ol 0,5 e

AL HIV ade 5 350 5 as slaglo

SLETIY

osls acgomo

S oS L G o) 5°
abyl, adlas IR.SBMU.PHARMACY.REC.1400.177

50 sloeaS 5 69, » (QSAR) culled - ksl o5

ol o oEislesT o oS ol s alol ol

Wodld asgoo oaS 5 HLSlw ) Jguar

s w0 i B W09 S0 Voo il 55 5o w0y

VIVO g

VIAA \d
VIVY of
VIS VA
VIV A

(6]
(@] N\H)K©\
O X CHs s
o}

@)
P
/ ZT
=
(@]
]
)

% & 4
Fosgsr —
° ®


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

[

oLl g 8515 0y i

e w233 o )50

VYA

VIV

VIAA

V/AY

AIAIA

V/AQ

V/EY

VoY

s
# Alove” zu/( “"\‘me/tj(ﬂu})

Y09 ySoe Vor CBlE 53 5loo o8

o)

Yo

24

YA

Yy

Yy

s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

N__N
P
yo S
X
N__N
=

\Y

e

Yooa s
Eoars ——
° ®

4


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

OblSen 9 (25 0y s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

sleo oy s I Y09y Voo il 50 5leo w0y

V0N Y NH y§2

VIFA ¥ HN” Vo

Y- a3 \s
S4A\NH

. _NH
\ A HN WY

\/FY Yy VAR

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]
o ‘é_(
)
\

s
# Alove” zu/( “"\‘me/tj(ﬂu})

Yooa s
Eoars ——
° ®

[

7Y


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

OblSen 9 (25 0y s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

sleo oy s I Y09y Voo il 50 5leo w0y

N.__O
I
N~ 0]
VY- VF L \a
(0]
o o
=" N | H’N
N
o o
M
Y- 8- "'J\/ﬂ)l\ﬂ P
]
S
F
o o
LB
VYA Vo =N T H Y
T, HN Q
(]
o o
UM
Yirg vy NJ]/u\H vy
[a]
5
o] o] "
M
“/A0 3 7N Yf
=y '-\N o]
o o
< N
— e -
b 132 Y ! N Yo
< T, O
9 M
o
N
< o o ‘
= H
8 N W
g <IYA & | H ‘lr \td
3 g
i o o
: e -
g v 5 ”Jj)LH T YV
g = g
S N
3
B
o
=

. : ¥,
# Alove” zu/( “"\‘Jbﬁutj(ﬁu}) d’/ﬁ&f}j I —
¢ D

[

sy


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

W

&
S — 54OV (N LN o

[a—

oLl g 8515 0y i

Sl w00 i )BT Y909 ,Sr0 Voo Clale 55 5l wuo 0

s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

CLre T C

2 test molecules

(oS5 #) a3l 5 (S5 YY) (hjsel 05,8 g0 4y ol
Slr 0303l 0955 5 Jaw 3l sl (590l 09,5 W s
A oolawl Juwe ESURSURLINL: u>_.,lg')')\

Silwdoo 9 Foo Glo S oy oLl

clas @ skl QSAR s Lol odSie S
Al o ke S hrogs QB (nlple Cwls Saiog
Ba> Giyb Sl 63959 slapsie Sl Slaegeren; (S 5
St 3l Ses SledbI STas gl sl Gas b anls ol
G el 0 B dedee bl Shiog (soguce
258 (e QSAR ol Je sl b jeiis 5l asgazms
plas e aS o s 099 o Shog Sl gl 0,65l paix
pBapls g, aiie 05> ol ol g Ll sl
o> 4 g, obl I S5 (Stepwise)
Backward ) _aée 4 4, B3> 4 (Forward Selection)
Solel sla Fiogs 5043 &0 a5 sl (Elimination
Sga piie 1 3938 b e g 09500 E9y0 (6 i g
don by oo e & 5, B 48 3950 il Joe bl
Gy ouyn Bio b w5 ool g£g,0 byusis
L Geiod Gal )0 (V) 0gdion (omyp Joe Sgne fhons

degazme oy (SW) o 4 o5 by, 5 ool

LS hmogi dawlo 9 byl Lu (5 lwdiontr 3 o)
OF) JBley LSy ¥ Jesdee JLsle danl o
Olde Loy b (gjlwding i 0% s, HyperChem 8.0
12058l s 0 ploxl (MMH) (J5Sdg0 S (5955
w5 AML G osans s, 5l eslital b (55,008
b o lwaigy wiowl caws 4 (Polak- Ribiere) o, -SYg
G5l GbolT Slaye Sl Jdm a5 8l asl s

Sy ooy 6, J56LS oo ooy (RMS gradient)
Dragony 4 PaDEL sle)ldle s a0 Jol> slo,lizle
Gly st drsle b Fiog B was Jiie (V0 OF)
Ve 0o S VFAY (55150 Jl8le 5 )0 baJsdse 5 S y0
s S VEFE Joy 5ol 0 5 Gilie ail
Egozme 13«5 |38l a0 5l Jol> slaools pleol 51
ALl basSse ples gln Seey VAT
w5305 asSye JS sl Gy pslin 85 ol Siios
Wl Bl bSioy Cayed (Gl e Fass)
oSy bassse woys e gl oS ale Fhrosh ies
(Siad gy b G il Bl (S L) sy
a® g yS &S (5 S oyl 50 Ol Sl b pite
a5 (g3,90 « (Lwly p2 lo Facogs) ails -/ 51 i
A Bl calb analy e LS (S
nxm (D) ool il & o sxile 8l sl Saoys
M=0-Y 5 o JsSgo slasd N=YR 51 o a8 winds (6,5l mex

WolS & ygo 4y oosls ewl oilosdly sl Fiinog Slass

4

% &y
Fosgsr —
? K


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

W

s
_ fiL“OV&WzQ/(\f'fJbzYuszf?u})

[a—

oLl g 8515 0y i

sl aBS e el Sl dbl, il
L Jowe waslewsas slaJas ole 5l g o 1,>! SW-MLR
Sl iy Schos oz Joli 5 silal cbS Y,
O dolee) wls Gl Jow sl

oobel peasobil gl Saoy I Jol>  Jas dolee
ol 5 O yg04 SW-MLR

) aoleo

LoglR =1.0807(0.758) +5.360(x0.627) *R7e-
0.48(x0.114) *AATS65+0.068(+0.017) *RDF155¢-
0.939(+0.32) * MaxaaCH

Sloads sols lis ¥ Jeaz 50 Joe opl )bl sle il b
soy9el degerma 51y HJAF L Ly SW-MLR Jaw R o
L ooadolnl Jaw el Cawsds 905l dcgamme glp /AY
bl (7 L] o9 ] ool
5 S wlasl g bl Leave- One- Out (LOO)
0,Lg0 Joe 5 oo B> dcgexae jl ools akads G [LOO iy,
L akais ol olp o o Caodlad (s 090 0 dline
IS5 58 ey wnlp ol ogdise dulio (adly i
Ded Bd> dcgerme I LG ooy ahdi ;o U oogd o0
iloads ool (LIS Y Jaax jo ablate o liel sla ol )l
2l e s MLR Jue by saisobul sla Sioys

s @, ¥ Jgu

s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

B> s Sy Ghey @ s Bl oud ailre o Siog
3 esleJae plxl gl o plxl g5l Jow (MLR) 680
Wlfar b se,S, (VA) o oolinul SPSS1T sils
hey ol o el b s S, s S S,
JEne ppiie wiz b 93 5 gy dluly joiie SO G abal,
S WS (o0 BB gy cnl RS Dile 4358 0 0310 b
31> 092 (st abuly (Jaies slo ate 5 dlusly st G
b Jao (oo s s

T s (i liel Glais, Sl o b)) sl
Gobel sl el Julo Jolis 5l i Lel o sslial
ooz 3yl gl (R?) oS, cope wiible
ools Sy pualS LS by, b abline il
Awly e gile  Bolay 5 (Leave-One-Out)
05,5 3l B e, liel jo aues (Y-randomization)
Gaz gools Syt 0 Jde B vy lp cws
(V) ol solazwl

Laisl

deg0z0 g 6;;3)’9.01 dcgorne 4y odld dcgere a1
L obsye sloSciuog Sl sly p8a ol (3, (y90)]
'AL‘>U‘ “;.u)j.a] dCgona ;O Og>go 6Lbd.v5.o.» u.uLw‘ » ‘u.JL'S
Slp el @ o8 Ol b alfais o e )5, Julos 0l

Joo bl byl mls -Y Jgas

2
Q LOO

—~ 2
owlyly Commd e jlae glas 095 R

<IA-A ARAY 23

= SEE 9031
YY/6Q ATA! <IAYY Juwe

ool Cawddy b 5 imogs Limogs ~Error! No text of specified style in document. Jguo

GETAWAY odd 15 (39 A gilg xSUNL g 0,00 ,13 Y (539095 alols ;o R-GETAWAY slo 5 arngs aiws | R7e
RDF ol 00l s 5 49509 mSUN L STV O/D alsld (o b mie &b RDF155e
AC el 00 Is 59 V > y0 £ alols o (Autocorrelation Moreau-Broto) AST Siaogs AATS6s

Electrotopological

o3 Eg 51 JSS59) 50559 Sl sl S o gl maxaaCH

70

% & 4
Fosgsr —
° ®


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 |

Ol 5 8515 0y i

Ged )l Gledbl Sl Juw o coxiie o Saog s
SV HIVE Gosng sl 50 Jo¥9e sla Sy A5 o)l
i oS GETAWAY atus 5l R7€ Saog 00 o0
sl @i She wools olas 6 ke cdled ) cose
RDF155e Siiog oS Wl goulS i oyl Jlad oSl
(Radial Distribution Function) _eles x5 aiws 5l 50
Gamdw Lle (o el SauSTy ogou caumoylii g oo
b oVlgsSpd sl iy )3 (Shy nl ol Josse
9 AATSES sloScaiog « blia ,o0 ol cosnl o3l
5P AATSES Wyl g)lee cudled 2 31 maxaaCH
@58 Ske g 039 )lo05s (Sronsgs slo S oy atws
S o o el JiSlge oy b 3 e S
30 CH Jlé laaign slaws aicins sasmsles maxaaCH
DMl b (S59,060 sladign sbml ;o JoSge (2l hals
R Siosi 8 s Sl 05h il b oSl L i3
QA oo Hlid Zaogds VS o caball)] loges 09l 0 pl>
clld 1) 8t i sl GlaShy plas oS

SRR
adlle ol o aidbaswgs SW-MLR Jow (50,,5 ke 5l
SleeS 5 ihie (b e S Rl pleear Wl
3 Lsas Jae opl 0ad eolazwl HIV ws el L was
gyl [tsle (iluange o ash doceS 5 adsl o S ,2
Gloaslllas jo 598 oo dlpiing yle 05,8 50 i 51 i
o pomile anle pasd i gileoe slabg, 51 wan]
(omzmed b Gl soin cd boogd eolatll
Lo 0 olidn sbeeSy sy el
5 8l Joe isu il ol 5o sam o8 Wil e alKiales]

(VY V) aS s |y o (log)lo drwgd puo

.

s b aelgiSgige slacaS 55l (295 LiSle (o (o5 dlal; adlllas

Y-randomization yge;l I eoliiwl L ioxens  Jow
S5y ol @il ez osesl oal 55w (i lzsl
ol 4 ol las saslcwsas loJoe ;o ol polis
Cowl 009 Bolal  Siwon 5l L3U (ol Jow oglhas

(% Jgo=)

dwly piio (55lw Solai gl -F Jgux
(Y-randomization)

0.833885 0.681276 k!
0.044697 -0.67258 )
0.098455 -0.61906 Y
0.10219 -0.75751 Y
0.108635 -0.75302 ¥
0.03237 -0.56846 0
0.276491 -0.45883 g
0.253346 -0.1133 \4
0.424402 0.115753 A
0.343342 -0.22036 q
0.27091 -0.42914 )

03901 09,5 (ygam )5 5 < b

EUite (i 5] 3000y 5

& : )

d)béhu 6L£b‘;'}.g.3 O )LSL'..:A JaLJ)l as ol ULM: G
ade Ll SauS e b 5 awlgSege glacuS s
09).? 6‘;: R2 6\!b )‘J&A w‘ M‘b .}?54’ HIV U¥929
WL.A S8 )i’l.u (’/A’A) 09"’)1 09; 9 (’/A\”f) w)yci
ok 0 ol UlE 5 dzse sloesls oy Jo
2lp Q2 LOO Juie puizmed ol Wiz slocaS 5 coled
sy biel o Jaw o8 BB jLeel oo lis </FAY L
ooliiul Coonl gao50 ol aiiwl o1 i3l i pos g abolite
CeiS Dbyl o 1) (B g A3 (i lael sla )
Jolse olulis QSAR slaaslas ;o o ls Slaal 5l S
aalllas (pl (o CanlacaS 5 ) cdld p J5e 5,5l

s Y,
m— 54OV A N LN Pl Forsrs n—

24


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 |

Ol 5 8515 0y i

1.200
1.000
.800
.600
400
.200

.000
-.200 R7e

Standardized
coefficients

-.400
-.600

s b aelgiSgige slacaS 55l (295 LiSle (o (o5 dlal; adlllas

RDF155e 'm.H'

b oy cams ol 0 laibow! cul s -) S

9o ol ol Iy o J 51 ol 50 (3585 &)08) gmygl hyj 5 i a5
el @3

90 slo 7,8 I R-GETAWAY sle Saiogs aiws 5l R7€
55 b 5 s I3V ils alob s o o
cuz ol 5l b ,Stiog pl wloads awbre wiloads loysg
Yooso g st wha> (gom dw [Lole @ a5 siwd o
JSL Bl b g Sjpe S g i eSse anslie sl
codle Glls Firog ol wisye L 4 @l o3l i
Gl LOGIR S i cal Sl L 5 ol Jota 5 e
~~b.L.>.‘_¢°

RDF155e

&b olg oo .l RDF slo S aiogs aiws 5l ooy oyl
ol SeoBb et @ l) ot A Jolds oS 5 Soelad @598
Bl 5 pp oS i Foglal b 555 oz S0
] ¥ ddoleo & g0

:F doleo

(sl gy aeilKe iSll) sell Cools 4 W F dolee (o
s5SBaf gl o) G gled i (g ool sy ikl
A s bl plral> 5 o5 o a5 Lo 556 @ B ulie

51 0, Lol laes! slass oy
Sl e o 0dd o0y a%swilSis Sl | a5 RDF155€

Gnaib gun 4w gl Sarey 9> 5 el 0w

.

R7e
55> 9 <wl GETAWAY sk Sasy 51 RT7e

b Schiog (pl ogboo anaib gam aw sl Sy
(Fge O35 5 e (Sidns sl Sy oSl
L \ o5 o
Wgdos druloe (JsSUge 256 G ple g s JoSTge
Sy JsSge glagdl olid Slatie 5l Slol a5 e ile ol
oo ¥V odblwe L as .xﬂsa Cawddy  adtive (A, g0
D9 s
Y adoleo
-1
H=M-(M"-M)" M

oyl 4 T (! Slaise uwile 4 Mo Y dole o
)0 0,Lal JsSIse 13l e Sl H g Toslag] 5
Sl Soyn a5 35l 6l Ty H e (i) (5 5b8 ol
i olyie ar ol JoSlge S (IS SIS obmy] o 031 S5 5]
hii 1o @3l 3550 4 S0 Slapdl & Cod 5,55 sl
(g sl Scios (nl Grv eSS e 555
O Ol lhuwg Lo a5 090 o oal H-GETAWAY
S Ngdise drmslne JsSlge 3585 pilo Lasgi oel Cuso
ele Sl 5l oS 5 R-GETAWAY (¢, a5 Jb>
Do oo iy a3 ¥ alalas b a8 ol alols - 5T
¥ dolzo

-5

T'i]' 7

! Molecular Influence Matrix
2 Transpose Matrix
% Leverage

s Y,
m— 54OV A N LN Pl Forsrs n—
° k)

7Y


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 |

Ol 5 8515 0y i

¥ dolzo
(ATSo, ATS1,ATS,, ... , ATSp),

Siog mSile osmolis doles ,o ool ol AATSES
el £ T4l Sl s (Moreau-Broto  Kivowes) AST
maxaaCH

@l Seysll bese 5l 0555959 551 slo S irogs
2 el 5y ol G Ge sl ol 4 azgi b g anlie 052
s J5Sdge

30 Soy S a5 Cwle Saog ol des> ;I maxaaCH
A Sl oamonlis Max akl, cpl o cwl gum
5 oS g cdmnlis CH g ancesleg,l samsyylis
Ol oy 098 oo 00y Aolas jo a5 jeblen Lol 5g 000
oSe aaly Gliae 4 pl a5 sl ke Aol o Saoy
Ll C b b Fbogs o

G35 2 g 30 QSAR giluJae plxl s ggeze o
ool 6,5 51 Jae o5 amo o LS sl 55 gige (laceS 5

g oalatu!

N lasde

b g oy (it Sl (S pole olSasls ;3 adlllan ol
cos IR.SBMUPHARMACY .REC.1400.177 M1 o5

w00

@‘J).\és s.‘.‘.

e =)l s @B abipbl 5l 25 Jolo asdlhs ()l
Aa>ly 5l o)l gt Al o ol )l bl I Ao b e

gy (s ol5T olKiils S pole
&L )b

ilos S5 158 1y 8l ol B ann g

% Intrinsic Estate

s b aelgiSgige slacaS 55l (295 LiSle (o (o5 dlal; adlllas

Finr aLeslle Sl ax o (§9b abal; 4 axg b gl
4 bgrpe Cote Cdle b oo RlB) Schiog Jlade s
ool e ol SLas Bl oo jd Sbosi (nl cu b
el Gl ol o 955 xS oSl oS
D9 50

AATS6S

OS] (Kot (G2 90 s S aogs I AATSES
a5 aen s 5 Pem A by (San sl Sivoy
ol oS oo Jlesl (JsSUse loges 59, 1) (S &6
Js¥se Sy e  Jo¥se Pl iy S
b Soielomss abols foos b o] 5 g 0580 s S0l
G A gl Stele 4 0S5, cul 1 SQSI O alold
A 0018 daags

5 sk 4 ACH (Sicon b 4l » JsSse slo S by
g go i O Aolae B9 4

0 doleo

b
AC, =/f(x)-f(x+!)-a‘x

el X alold onimo oyl | s X 5l b, f(X) aolrs ol
o) )90 9 55,0 (Sered WD AU &S jsbles
59 45 ol (sloy (Smnen (AST'( Sujslyyy sl
iy y25 7 oadolee Ojso 4 AST 0sdgo cly o5 JoSUge logel
D9 s

% dJoleo

4 A KKronecker delta «; 5jj « o3l _plsz 4 W oF dolre jo

Syl o)Ll So3elergs alols 4 d 5 a3l doe
(et slap 5| (laegazma (W) (o5l Cools o sl
) Sgdior upmi jloges )0 S9rge laalols ples sl o5
@y Vool Ojge a4 a5 el oo AST  SCaogs

D9 s

! Moreau- Broto
2 Autocorrelation of a Topological Structure

: Y/
— 54OV AP (N LN o Forlrsy n—

A


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-05-14 ]

W

e ——

[a—

oLl g 8515 0y i

References

1. Sepkowit KA, AIDS-the first 20 years. N. Engl. J.
Med. 2001;23(344):1761-72.

2. Parboosing R, Maguire G, Govender P.
Nanotechnology and the treatment of HIV infection.
Viruses. 2012;4(4):488-520.

3. Blattner w, Gallo RC, Temin HM. HIV causes
AIDS. Science. 1998;241(4865):515-6.

4. Gallo RC, Sarin PS, Gelmann EP, Robert-Guroff M,
Richardson E, Kalyanaraman VS, et al. Isolation of
human T-cell leukemia virus in acquired immune
deficiency syndrome (AIDS). Science.
1983;220(4599):865-7.

5. unaids. Global HIV & AIDS statistics [Available
from: https://www. unaids.org/ en/resources /fact-
sheet.

6. Liao C, Wang Q. Authentic HIV-1 integrase
inhibitors for the treatment of HIV-1/AIDS. Privileged

scaffolds in drug discovery. Elsevier, London, 2023,
pp 377-390.

7. Zhan P, Pannecouque C, De Clercq E, Liu X. Anti-
HIV drug discovery and development: current
innovations and future trends: miniperspective. J.
Med. Chem. 2016;59(7):2849-2878.

8. Piantadosi A, Chohan B, Panteleeff D, Baeten JM,
Mandaliya K, Ndinya-Achola JO, et al. HIV-1
evolution in gag and env is highly correlated but
exhibits different relationships with viral load and the
immune response. AIDS. 2009;23(5):579-87.

9. Barik P, Gupta S, Singh G, Bharti SK, Asati V.
Structural aspects of HIV-1 integrase inhibitors: SAR
studies and synthetic strategies. Mol. Divers. 2024.
https://doi.org/10.1007/s11030-024-11068-4

10. Gupta K, Kumar A, Patel R, et al. Predictive
QSAR Models Followed by Toxicity, Molecular
Docking, and Molecular Dynamics Simulation in
Search of Azole Derivatives as AChE Inhibitors for
the Treatment of Alzheimer's Disease.J. Chemometr.
2025; 39 (8): €70049.

11. Agarwal M, Rajkhowa S, Zaki MEA, Sinha S.
Targeting PARP14: An in silico framework for
identifying novel Competitive inhibitors via 3D-
QSAR pharmacophore modeling and molecular

dynamics, Comput. Biol. Med. 2025; 196 :110769.

12. Hajimahdi Z, Zarghi A, Zabihollahi R,
Aghasadeghi MR. Synthesis, biological evaluation,
and molecular modeling studies of new 1,3,4-

s
slovet” zu/ W'f‘J(«zT:/pzﬁoﬂ)

s b delgiSgige slacaS 55l (895 LSle (o (o5 alal; adlllas

oxadiazole- and 1,3,4-thiadiazole-substituted 4-oxo-
4H-pyrido[1,2-a] pyrimidines as anti-HIV-1 agents.
Med. Chem. Res. 2013;22: 246775

13. Hajimahdi Z, Zabihollahi R, Aghasadeghi MR,
Zarghi A. Design, synthesis and docking studies of
new 4-hydroxyquinoline-3-carbohydrazide derivatives
as anti-HIV-1 agents. Drug Res. 2013;63: 192-7.

14. HyperChem(TM) Professional 8.0, Hypercube,
Inc., 1115 NW 4th Street, Gainesville, Florida 32601,
USA.

15. Mauri A, Consonni V, Pavan M, Todeschini R.
DRAGON software: an easy approach to molecular
descriptor calculations. MATCH Commun. Math.
Comput. Chem. 2006; 56: 237-48.

16. Yap CW. PaDEL-descriptor: An open source
software to calculate molecular descriptors and
fingerprints. J. Comput. Chem. 2011;32(7):1466-74.

17. Nathans LL, Oswald FL, Nimon K. Interpreting
multiple linear regression: A guidebook of variable
importance. Practical Assessment, Research &
Evaluation. 2012;17: 1-19.

18. Cormick KM, Salcedo J, Poh A. SPSS Statistics
for Dummies. 3rd edition. John Wily&Sons Inc. 2015.
p. 10.

19. Gramatica P. Principles of QSAR models
validation: Internal and external. QSAR Comb. Sci.
2007;26: 694-701.

20. Todeschini R and Consonni V, Handbook of
Molecular Descriptors. Vol. 11, John Wiley & Sons.
2008.

21. Mauri A, Consonni V, Todeschini R. Molecular
Descriptors, in Handbook of Computational Chemistry
(ed. T. Puzyn), Springer. 2016

£

Forss ———
° ®


https://pejouhesh.sbmu.ac.ir/article-1-3457-fa.html
http://www.tcpdf.org

