[ Downloaded from jhbmi.ir on 2026-06-10 ]

S G 5 s Kl 5] Al
Ky Kl gl Ao S o

199 0P8 o ol o jlad i 50

oosio 9 (s A 1 03Uk b ¢3S (g 33 00T slg0 Sl Jgio 59 39 g I oS S et
3 JC

#T o dougd (5380 (5 ye0 Lo gl ! (95T b9

WANANY lie iy e VAAY/Y o SAb yoe

O lagsslo 51 syl loyd 3 o o)l ool ol il Gl ju dlox 1 lagslons 51 (5)lkum Sbul Jole LS (g, 1dosSe

aSed B9y 6358 & addlae ol 5l B Sl JBlis 1) boay s Wl oo oaiiS)lee (plulid sl luebl LB (Slwlee
Aol (o35 polaie 4 (Fjo slad wostee (b (ygm)Sy Jde g JUb it g JUb 09) 93 )0 ClaS 5 i Cue (as
sl bl (S35l

Gk 3l ol sl el daJue (Bily Gt 5l s pSsle sslite 4 daodls Sl laySinog glpl Sl u hagk o2l 3 1o,
O Car g mas b Jao 5l Jlb i g Jlb (oM ) lnodly aidil g ppizmed Sy Opgo SiBF pkpsSl
b o3l (Fjo sld warine (b (g )Ty Jio I o sSdefn) (Siodsm S ol

Je ool il s ZASIV & TIVEIXD I uas aSid Jde Como ((JoSdo (sl )Sinogs dx ialS 1 am ol o)lis gl 1ge UG
Ly ZVYIY g (Siwwod oy 9 LA 3o (polaid] JAVIY Cuwlus JASIN Como &L ply ooy &Y slas)S slas
Wi o3 |y (Seighom polie ZADIA bawgio (Siron (in b 35 S5 slad o (ad (9w Jao and 0 &)
$ooriS oo Wil oo (Job BB ol U S glad morine (o (9w )S) Jho 5 (o 4Sed bl o (5 5 4ol
S g |y de (ul 3)Skas S5 dn 1l w2 sl g WS St ) LS B

S bt pasise ¢ygm)S ) (oras 4 (ganaib LS 155y, 10l Al

doms S o pacin 5 oae S Sl eslinad L GLST 55 5 0t hlen S sShe (S5 ST ead 5 et (oemB (e 500 Wl dbsy )T iE e
POV Al Sas S s D Sl il

Ol cOlghool cOlghast (S p e olBails (ST psle p 55 (slacs sl odSails 284 801 05,8 S0 S g il ol IS

Ol Olgiosl lgionl (S5 o e oKl o S5 pole 025 slacs) sl 0aSiails S Sl 03,5 ookl (K S g panais (61 S5 Y

Ol cOlghol cOlghast (S p e ol8lails (ST sk n 55 (slacs 5l 0dSails SGlay sl oy 05,5 Slstinl (2 S5y pmmind (51 575 ¥
ol s Gt Ok 5™

Olghol (S pke o3l ey ol 5a 0Ll Olgheol 13T

o Email: f_ghasemi@amt.mui.ac Y SYVAYEAZD 1 el o ladse


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

ol )2 g o2,

S g (W oS ) (SUolam T (oS

My otle alo 5l lo (65:0k (sla s, I edlitul
K{¥] SVM(Support Vector Machine) Lz
KNN(K Nearest Neighbors) 4Lawa o 55
[F-AFuzzy KNN ;L6 alaen op 5oy Kda]
(Neural Network)[\-]RF {a]Naive Bayesian
s[\v] PLS(Partial Least Square){\]NN
don 2 w3l gladady &S cuwl ole [A] Guos el
il )3 5 Cunl 00l 3l (gilug)ls ple alar I bnoje>
sl Sarogs olol 3 (Seiglgn Sl polie (a5 9 CluS 5
5Sgo slo Ko [\W] ol 515 55 IS & JsSse
oS 39 e 4iiS OlyS 5 b le I g ySciue CleMbl 48 4
Lol 5 lordsSisd cla Shy Olsice bl dex
ST aS letes JSie Lol £, ol 1, SIS GlLI Las
dulie )3 (JoSdge (o Kinogi 2L olusd A3 wanlss dxlge
JSie el 3939 4 el a5 il o iS5 oS Slawi b
SoS & ey Al slahg) o 3980 Jho (B3l i
IY] ool e )

s Sed by S fSa adlae ol chaa
Learning Vector Quantization  Neural)
09,5 95 GluSy (canaib jelaie 4 LVQ(Network
oS o) Jubt 5 (S oSy osS)lee) Jub
A Slise w5 sgita & PLS Jio 5 (S oSy
had bly pl 3 sl bl 5 )Shes sy 5 (Seislon
Ui90] 9 Cund 030> diwd g3 4 odly da Juo Sbj)l s
ol JSie 8y pelaite 4 x0d s K-FOID 2, 4,
wld gl b Kios YL das cde 4 Jio 35l
Maw Sy pyeN dm Lials hey I eolatwl L
38das g 03 ol Sipog £ 4 oo sl Sy
ol i S osel s & @l b (g Jio g9 2
2 ol Fhe Jlaw Jao aomi ) wh)esl ol &5 cl
Jao by ganadl b JsSIge o) LVQ e L ol
5 03] (a5 o] (Soslen 3 PLS (g3
gl clale laie) ((SISY) sy JgSge 0y adllae cul 5>
(San So culld e lp o5 (V5o cane ) S L
(sl 55 cadsl fme i 4y o] codled talS g b a3l
NR adlas 3)90 SUS B9 (A ke IS g
5 Saghaie ows wyy Jsse 5y A+ dlas .aib)S
Half maximal ) L SuuS ke glise b HF] oS
olge 4 asuie [Cso (Inhibitory Concentration

dodlo
S cusl S Glompl 5l e 095 Sy LS g
S o dygand (POs) Sland 05,5 (139581 b 1y ooty
e 51 cnl 586 Cov o slacuSign Sl 2oy (v 5l i
OS9n Colld Algie Cland (slaog)S L9 s alyjshud
el il dbml Gage 9 a8 IMSI s |,
oley > Sl el S 5eSgp Yoo 2,5 o dler
olnle fcwl Gkl bhgslan 5 Lol I pan
WS Jos 9> plgis 4 lgi e UaS (09 p (slooriS e
Iy

Sl gy 4 g LolSiolejl 1o e clag)ly caus
a8 Cawl 00y L Glddss abb o pilo) g Alie p jlaw
@ olge Sy oy bl el US89,
O oldbl oyl awlie L & cdl cad  SleMbl
r SR w4 Oy elst o S5 e b Shy
e 9 (BUEY) gSles) Joge Jldlo (e dai
Ban 2 M6 slasSe by olulid 35 9 o] clled
M oS oI b alie gbosSse 5y k3, pulel 5 ol
Ll adigel QIS 5 (Sl Wilad S 8 )90
[V] 0lise s1)93 5 (63L) slom Cuenl 5l 29l

L g by cslobsy 51 oolitul b g)s (g yigmels ol
5 >k 5 s (Blep) e Ban gl ()]
S (LS L olerd Lite b was clag)ls (¢ Sbye
53 odel Cowd 4y (slmodly Lol CBg g Abja pSeds ialS
9 pladie (5L jelate o (6 5gmels slasby,
Seislen S )8 i 4 )6 &5 8,8 0 )8 erlil
i (Sofodgn b )15 5l s JoSUge (sanates b
O3S L giindi Cgr (i 05 5l Jue a2 n
Ll gyl sladigel Wle o sy B b bl Hbyes
Pl edS ilome gy ol A8 ity 9 Swiie )
3 Fa o a9yt g Yy 48 OS5 (Sofsdsm
= s ALE Gl diws 93 d el (055 slagb,
Quantitative Structure Activity ). S ol
Hslw el 4o 6, SL,e 9 QSAR (Relationship
dg-bieo om0l 13 QSAR (sla g, 53 L9 g0 manns
wd SO gyl b )Sawg ob bl cos Jie
Js8dg0 02t s 2958 )l ool cllad 30 5 S8
)31y 331 P molaitl  cp it il o a8 L oS
Y] 5905 o0 o]

¥ Journal of Health and Biomedical Informatics 2020; 7(1): 30-39


https://fa.wikipedia.org/wiki/%DA%A9%DB%8C%D9%86%D8%A7%D8%B2
https://fa.wikipedia.org/wiki/%DA%A9%DB%8C%D9%86%D8%A7%D8%B2
https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

Jg‘ b)w crg.?.é.h 0,93 dyaa )LQ;}

S 3 S § 9 Sl Soilo 59851 alomo

YAAF o ) gMe ol S5 090S ¢ QSPR 04,5
Voo 3l Gt glysl oblgs Jl58le 5 ol il sl )b
a3 Vo 4 aS 30 1) (dmdus 5 (dmgd (Sin Sy oy
Qo) e A 2 Cales V] Sediee e Lol

ol J3e (£39)9 o yile ot s yilo opl 45 Sol s

X{_L we x{_u
Input Matrix = | @ ™ i
m

1" Emm

) Sess laasgorme sl cpl 3 A3 By e
2 gl S USG5 0 5 938 e sl b S
lagyl b Jao o oladegoomo 2,5 00 )13 (ialojl 2)90 Ja
S oolpe A g odd S e bl plie 5Sles
2 S5 wiayoSl @ly )3 gd o0 030 )5 4 bt dsgeone
5 F S b Sipoy o ol Jgl el gzl Jol 5
S ol pgd g )l ple (Bl (sl (i Cuoyd 15 55
Cosl (Koo Ripog degacme 93 L) Sinog 93 oS 5
o L2l b cuie @iyl 098 ol (5 8% Shnoy
5 @S ol (elod s dagnyite cales ) g d93

DA] 845 o0 ol
Jloy gl lanl iy slo Sy bl j) LS cul e
ol 9 gy o 5l gl o (sledld e3gamme glés b 39
odlitl 5 (V) dhblae jl an ppl & ol Cax laghy

Xnormiji = (Xji — Mini)/(Maxi — Mini)

9 (oS 9y 038 )lae) JLsd (oIS 93 )3 39250
s 4 (LS 59y 038 o ) JLb s
ol 2 aS el gavaib b, So LVQ cwllVQ
oy el oIS (S odimd kel g s 5 PSS
s g g 0ad adgl (23l a8 5l S )2 (5
Calodyd g oo diny )ALy (6500 (sl o]
s slaebl g iy 4 aagi by (639, LVQ oS
2 o s WS 1 SGw

2595

oM Clpd al] 039 Sy W) w9y s X
oy sl o S T (g 20ly el] sl

2 bl o) (el b aB)S Gl Jae (6399
e 9 ey (Sdngd Oyge 4 ChemDraw e
HyperChem jljéls 5l oslisl b o] (oam aw JS
A Jd e plosl |y olad gjlwans & Professional
350 DIragoN 1l « Sy gl jlaie 4y oo 3
bug )b et g1 Jljdley V0] <8)5 1,8 eolil

Sawi N g A floa m JeSge 53y dlasd M byl )
S| Raog YAY adllas opl &S bl o b )Sioy
ol gl sl o Kiuog IS slaws .S glysuinl jale
ol Gl e 3)Sles Do &S Cawl 35l
2 iy B caslio sy ilS clo g, 31 odlitl b slas
Ster ) o Koy oI5 (Stuser sl
b o b il (Stanan b 5 Sisoss b (5305
plo b Sligen 5l g (g Jaiwe dged Bl ) 3y
Sivog o cul sllo oSy dlos 3| b Sisos
e 45 (6 Sog 93 (e jadl L b ol (S
OS85 00,5 oo Bl (5 Shnog ) S b (VL
Caa adlas cpl jd V] o) Gua oW L Stugen
s b9y 3 5l e 310 5l S sl g ol als
ol BAD 035 sy sy Nipogs g eolisul S
Cilyy S5 bl 5 ol JoIS5 2,5 o5 K55
Ol bwg VY Jlo 53 )b (35 g A5 (00 Jos (e 9

(V) doleo

(pll) gt 31 (pl]) 028 Jlop Siuogs XNOMMi oty 1o
e 031> oy 3SLe MaXi fpll) oygi | (pl]) Sross Xii
el (pll) i 0313 osine MiN g (o1l
Sl U L JsSgn (sl dlo po 15 cdalllan ol 1o
Sy a8 el pla e 1Cs0 e cslio g )is
S IS5 550 oo 2155 dCo0<TUM L (oo JoU5
emos <0 IC>=THM L ol oo () 50,
A Sl obl nl g (Jd s8] wadlsos J10y65 0 Ul !
as o FY g Licua p b Jld WS 4 o3l FY cadql ool
S Jae e S als -1 cena b Jlbye (oS
Lol jo) sanaib jolato 4 dllie cpl )3 ondad S

Journal of Health and Biomedical Informatics 2020; 7(1): 30-39 Yy


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

ol )2 g o2,

S g (W oS ) (SUolam T (oS

Matlab Jl5éleys > oy, (olod & imgly ol o
cross validation iy, 4 ool A+ waslords (gjlwodly
K Jlsie a8 505 pundi jj90] g cuns (slaodls 4 K-fold
Nod G )b o s Ol 0 daodls dlaw & a5 b b o
@ iigel o3 lgie 4 ladgs Bl g cuns o3l lgie 4
MCC 4 SE,SP ACC (slayol)l g ond ool Jio
@ g ooled lajiahl (1Sle Coles 3 g dbre
A3 B 2l polie Glyis
o Shy gl 5 lodls Aibpibe I m
WS oS p S piyeNl Bk 5 A (b Sieoy
ol Jbs 4 9 S5 02 gl ddye iz Sl
o oyl 4 @M Gophe g ik gl (S
Fod S ml dag Sheog P L bbe & i)
Caoly dalgs
L0 (aail LVQ uac ab (g 4 laodly (puw
Jlosl ggar bosls el Jb S 0sd (phb Jae bl
@ a5 leodly sl e 5 dm (R 5 SB) s
OalS b b b ] cidg, 4Bl aa GRalS S5 g,
o Dl & P o slp 00,8 GBlad Jue 2Sles p an
ass ol 3 2l 1y 3, 8kes e oI b Jae & lay Y
A gy p S e 53 Cone (e g 03y o Ve B
JSS ol o & WS plen s )5 ) USS 5 bt oS
5 loj «luwlne diyja jlai jlo)S 3l oy yige S odalie

.)9{ L),u.u} W8

0.84
@)

0.82 | ’

Accuracy
\

T
A

reell 962909 310 o (ool Aol [ X-W|| ¢ o504
(>0
(0) 3653k £ 9 (ijg sl adgl Slsl )
IX-WI| jlaso o8 o8 Qbesl gm0 a1, ] jlde .Y
e J8ls
Lojs Sleyjse ¥
Wi(new)=Wij(old)+a[X-Wj(old)]  (if
Cj=T)
Wij(new)=Wj(old)-a[X-Wj(old)]  (if
Ci#T)
Sk gy plals Y
5l piyesl cnl odmw 5 aads by a5 Sloj U L0
Maw Wlg o dails byd) g H)SS (V) asye
Sl 5 s jlde (18 1S by (pme S
(V] 2l aseia
Sl Pl 3B (eSS men ik (nl
L S olad poste (3 () I odlitl b S
PLS(Partial Least Squares Regression)
59 Jo o glajally o5l (sl ISygba 285 @0
2 e 35095 9 ol)lgsS 2 (e 3,50, e 512,09,
ol laysio PLS 3 )y 5959 PLS L uil)lg
sllae alie I (s oS 5 &S 05 wals 59l laigSa,
& Ngd oo dmloe (glgSa bagyjy gy ol ) il 295
(Jhe sloyiio (g5) jl analy Glajiie ngin Sl
S Sy Pl gy il il 1) pully o yide
2 S e8 sladcgome g diged b gyl (5,55

@w

0.88 ¢ Best Point-
0.86 1
N

Number of hidden nodes

S o wY (o 8 dlard O g Cond & LVQ Jito Como Wil i 1Y IS

¥y Journal of Health and Biomedical Informatics 2020; 7(1): 30-39


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

Js' b)w c,g}'.é.é 092 Ayal )Léfj

S5 S j 9 oDl S lo il oo

TP (True Positive) I ;5 a5 513,85 awlxe (Y-0
False )i Lo TN (True Negative) ccasys cote
FN(False Negative) 4 cu b coze FP (Positive

sl yalb (Classifier) plawds s, Sles awyp ca>
(Sensitivity) cowles ACC (AccuraCy) couws
gwie Shuwad s 9 SP (Specificity) 55,5 SE
<Yale) MCC (Mathew correlation coefficient)

TP

- Y) aolseo

SE= 15 + FN )
SP = N (\“) adlao
TN+ FJP"ﬁ.r +TP
ACC = - (F) asles
TP+TN+FPLEN,

MCC = - - (&) Wslao

JTP+FN)(TN + FP)(TP + FP)(TN + FN)

il olyen & Jho 3 Sles 3o 2 (oliun b Sz
(Y Jga2)

93 50 Jo @l i o )eSl 0Sles wyp jolaie 4

LUl 390 o) 3 a9 am ialS i e cdls
rw”ijl d)’l.wobl.:.& O odmlie a5 435()1@ cus)f )|)§

da  pdlS slod! 5l o 5 o3y ¢lw LVO 0uiiS gaodid Jao 45 g0 S TR § 599 (ol (Cono 30 tY Jous
3 iRl elodl jlany g J3 Sly Sl Juao 40 gite (Sumod Lo pd 9 (S g Sy > Jyse

05 0353 031> g5 (%) oo (%) Comwlos () & 39 (%) gpio (Shanaod gy
oy ialS i YE/¥D YV/EY YY/ A FA/D
S5 i yoS B9y 4 dn ialS ] day NI AY/¥ INVig Yy

03] (peST S yddy &S Cude ol 03] (eSS 3)ylge dliw
Gliseo sy j3 Jao 1S5 Sl3l & g (FPR) wloass

TPR

ReCeIVEr ) jlages ¢ Jao 5385 b))l can o )b
L oue &5 Ju ROC(Operating Characteristic
&S Cude oA 03] (1S Dylge Mixi sy (63908 D40l
couyr (80l J1g0s 9 (TPR) Wloddod) cpess  wydd

ROC Curve

FPR

LVQ plwwds ROC  goco Y JSUS

Journal of Health and Biomedical Informatics 2020; 7(1): 30-39 A


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

ol )2 g o2,

S g (W oS ) (SUolam T (oS

ol 4y S @ s gloodls wyp co> RMSETEST
JAe ) f5e g iy sladilie shia uone bl 5t 4
ML ho o dipl Sl iy acgeme S slp PLS
RMSE ,5li0 g 001y yuss cdegosmo oy cons glaodls sluws

Gl odalie BB Y ISS )0 dbgsye pult 45 A dpwlre

3 Jsdse 1oy 32 Sedgn Bl i o35 e (GLL
5 PLS Jao byl cas i odliwwl PLS (g)l] Jse

pasize (3:50ke (se (P ddlee) RMSE (oxisliel g,
RMSETRAIN 5 oslisw] S o astiio |y mope sl

5 sl glaeh (2wl wpn e

1 PR (;) 4j3laA
RMSE = I—E'“{J“ Vi)
.,J T
ﬁ
A RMSE train
1L © RMSE test
@) Best Point
m A © (@) ©@ © 0 O
a4 AA R
0 AAANAAAAAAARN
1 1 1 9
0 5 10 15
Number of PCs

PLS e (50 dluss Ol i Commnd 43 (505907 § Connd (52313 (5153 RMSE @il ot Y- IS5

plie ( (Stmed i PLS Jso sads o)
o 1Cs0 (bl Jludo o Jao Lawgs 01 03] (3a55 (295
(V) ableo 325k 51 jially ool &5 €85 515 adlllas 5)90 5

W3 )5 duwls

awilg PLS Jao cgly 13 s o3,9] ¥ Jodo ;> calise
1Cs0 ljae /A5 390 Sinon b bwgio job 4 Canl
Ny W’-’ 1) «_:L.S)_,

corr(y. 3 ) =

5 JHe (eSS (2955 Treoslhe (2955 i @hlas () 3
Wb odaline ¥ S 50 aS @S led Ll ooy sl N
jp Bl 2ep eeE Cap allie Gl e
e 4 (bl cwl can (Jue cdy g Slawlbe

cuv{j‘,_- j‘,:] (V) dJolro

Ty Ty

9> e« owibylagS COV o Siumen COIT ] o o
sladgd 3 oad (hb Jae IS5 L e sl Aol

Yo Journal of Health and Biomedical Informatics 2020; 7(1): 30-39


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

Jg‘ b)w crg.?.é.h 0,93 dyaa )LQ;}

S 3 S § 9 Sl Soilo 59851 alomo

Al swgd ;3 PLS Juo lawgi 00wl duwt yin 525l g Cgllao pdlio e (Swmod (540 3 Jgia

e 155 5 )lowd ) \ Y ¥ o be
o 50 N <AV I\ AN /A - JAOA

Cpm adaly doy o o el s 4 S 4 an g L (T

Al g0

dLa:ICSO o> 04 0d) M u_'>5)> )..{.)l.;u L;“\"S‘)J
JS5) sl 048 ans 5 G g Ghjgel (sladiges sl Ay

y = 2.05*x — 8.4 (A) dslee

(e3S y i plie S iy 4 Y g X ol 2 oS

y=2.05%*x-84

8 L
v
5}
=
g 7t
=
3
2 6
= L
§: O test set
A A train set
5 L
L L L L »
4 5 6 7 8

Observed activity

(g0l g Cumd (0315 (515 PLS Juo bawgi ool Cowd as pdlile g B JgUg0 32y Cadlzd 4l 5me Crgllro pdlie dunlio :F JSUS
Wl o Cond (SLRAIgod Jaw (SO 115 g o jool (sLAIgod ikl Lok

nolSesloj] )5 Mot (slagls (iS4 byl Lol £ils,55L
W oabboo pole) 5 aujppn slas JLS (o) 4 g
s sl S8y ell )‘f)»b sesse oy plolid
2 IS E sy 3590 M 4Tl ailie (sl JoSUge
ol L bdge iS5 shb casie als

S 5 4o 9 S
el G255 o2 & ol (lon o b e oS G5 lan
ORdld b oplpls tcal o el laas 2 1 (S b
Caol 00z 263 anb ol Gl G 4 plas oSy
adg) b a1y o o)lied &S 3,0, 4 ) s olyie

Journal of Health and Biomedical Informatics 2020; 7(1): 30-39 \rd


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

ol )2 g o2,

S g (W oS ) (SUolam T (oS

RMSE 540l £ 5l i ol )0 )l cas glaodls
o3> RMSE Ll el o LialS olismen yojgal (claosls
L PLS Juo s wgllas 48 3y 0 il 4 gy Cans
& polis g Collae polie o ZAOA  Siuson (Jl5se &3l
eSS > JoB BB s bl atuslys (Jde I odel cand
D9d @ly dde LS (pgn oS )le (Soiglen S
Saghaie adlbs § Limgh ol cslaosls casl ;85 4 p3¥
Joedlind b o) s oS ab gl V] )Kes
A o35 2 oo L Jsge Gl I gt sa S
4 g o390 PLS (g, 5l odlizal b oSy (So5glye
ol deyee S A cplplo Sl sy /A0 Ktuwen
Oees a3l o Sl eolaiwl GluS 5 des
ot lerisSazd slaSisoy ) e S S
4 PLS (uudil Jao o5 (ol 4 4095 b (ioen 055 (oo
dyg0 35 (6,500 WYl > cadllae cpl > el 02y
sl 008 10b o 3Slae 05 sllas g B 15 g
5 adlls ol > ot ol casl poly oplpl J¥--YY]
Jse g ol 0392 I S35 o5l g5 3 o ygSio alllas
ol 423138 1) @0 ) bt 3,Shae PLS (gaiaibs
x5l slabyy 0 dn Gl dliue Cwnl 4 g L
S 5> s sla gy odn] Cliniog ) ol p3Y (ymile
25 )13 JeloSgd 25 3)90 S wiysNl g,

‘:;‘b)-\é 9 ’&MJ&"
D)Lmﬁ b Cgao “_g)wo 5 C)‘L’ )‘ z JC S dalllao L)’l
pole olKuiily imghs g bjgel Coglee coles b g YAVIVF

b el ledol (S5

&8lo 4o,
Sl Z8le (o)l Bk g

References

1. Lu Z, Hunter T. Metabolic kinases moonlighting as
protein kinases. Trends Biochem Sci 2018;43(4):301-
10. doi: 10.1016/j.tibs.2018.01.006.

2. Ghasemi F, Mehridehnavi A, Fassihi A, Pérez-
Sanchez H. Deep neural network in QSAR studies
using deep belief network. Applied Soft Computing.
2018;62:251-8. doi.org/10.1016/j.as0c.2017.09.040

3. Mostashari-Rad T, Arian R, Sadri H, Mehridehnavi
A, Mokhtari M, Ghasemi F, et al. Study of CXCR4
chemokine receptor inhibitors using QSPR and

09ligy My 4 a2 b 50> Bb jladhie ol
5 290 5 5 ol 0k b b 5 (o gl > ol
b bagye gloosiys slp o)b (b sl p350 2 o)
oj ol p lopy cuenl I by glashe L3,
Sy BokiyS (il (n ke 5 (S & sl J1oy65
Iomte 09 So S oeSsp il LS
Sland 09,5 (99381 b 1) oyl 4 Cusl SLS (slogy il
SouBsn i wey (o Jl Gl S e dlyysinsd (POs)
SloogS Ligd o alygind il cpl b cos o
el g a8 NS o |y By cullad Alyi e lins
O Yoo 3)5 (b aloa i gl I ()l vl
sslon 9 Lol I (pam ol 3 (Sl el jUS
@ 2l oo Sl eion slaoiSlee culnly foel o
S Jos gl Glgis
sobte 0 LVQ Las aSs gabasb oo cimgdy ol
23S ofen clediS e Gl ud BBl
plie (055 Ca PLS (as (190)S ) Joo 5 broaiiS e
S8l 158 Jsse 52y 2 (IC50) (Siselge S
NS JoSge slo Sy ab 435 )5 @ LS (g
Pk sl G ade gll o8l lEle
SrSole g 2l (ials jslaie 4 S oo L] la e 5See
oy B3 gyl Liee cnl > dadie (Bl e
a9 b LVQ Jao a5l onel Cows 4y golis b a8
Je 0Skes 53 B9y gl o ol 51 (S S
Sy Jse coro cuwl atuily 9 A8 o0 Wl ol il
LVQ Jso & col maly Slop ZASIY & YV/I¥D
Sl plp iy Y glooS a3 1y 9 5 Slas oy
9 RS g polais] AV Cuwlus JASIY covo
2,5 sl Wil ZVYIY guie  Sinmed o po

55 PLS fgmssS) Jio & il o § S Joobs gl
» Iy RMSE jlade 1p S VL ply slacagels sl

molecular docking methodologies. Journal  of
Theoretical and Computational Chemistry
2019;18(04):1950018. doi:
10.1142/S0219633619500184

4. Hughes ZE, Walsh TR. Structural Disruption of an
Adenosine-Binding DNA Aptamer on Graphene:
Implications for Aptasensor Design. ACS Sens.
2017;2(11):1602-11. doi: 10.1021/acssensors.7b00435.
5. Tahir M, Hayat M, Kabir M. Sequence based
predictor for discrimination of enhancer and their types

a4 Journal of Health and Biomedical Informatics 2020; 7(1): 30-39


https://fa.wikipedia.org/wiki/%DA%A9%DB%8C%D9%86%D8%A7%D8%B2
https://fa.wikipedia.org/wiki/%DA%A9%DB%8C%D9%86%D8%A7%D8%B2
https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

Q9 D)Loa.:} 4J9‘ 8,92 Ayay ut‘.«m)

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

by applying general form of Chou's trinucleotide
composition. Computer Methods and Programs in
Biomedicine 2017;146:69-75.
doi.org/10.1016/j.cmpb.2017.05.008

6. Tiwari AK, Srivastava R. An Efficient Approach for
Prediction of Nuclear Receptor and Their Subfamilies
Based on Fuzzy k-Nearest Neighbor with Maximum
Relevance Minimum Redundancy. Proceedings of the
National Academy of Sciences, India Section A:
Physical Sciences 2018;88(1):129-36. doi:
10.1007/s40010-016-0325-6

7. Derevyanko G, Grudinin S, Bengio Y, Lamoureux
G. Deep convolutional networks for quality assessment
of protein folds. Bioinformatics 2018;34(23):4046-53.
doi: 10.1093/bioinformatics/bty494

8. Geng H, Lu T, Lin X, Liu Y, Yan F. Prediction of
Protein-Protein Interaction Sites Based on Naive Bayes
Classifier.  Biochemistry  Research International
2015:1-7.

9. Ghasemi F, Mehridehnavi A, Fassihi A, Pérez-
Sanchez H. Deep neural network in QSAR studies
using deep belief network. Applied Soft Computing
2018;62:251-8. doi.org/10.1016/j.as0¢.2017.09.040

10. Song J, Li F, Takemoto K, Haffari G, Akutsu T,
Chou KC, Webb GI. PREvalL, an integrative approach
for inferring catalytic residues using sequence,
structural, and network features in a machine-learning
framework.  Journal of  Theoretical Biology.
2018;443:125-37. doi.org/10.1016/j.aso0c.2017.09.040
11. Wei L, Xing P, Tang J, Zou Q. PhosPred-RF: A
Novel Sequence-Based Predictor for Phosphorylation
Sites Using Sequential Information Only. IEEE Trans
Nanobioscience 2017;16(4):240-7. doi:
10.1109/TNB.2017.2661756.

12. Alladio E, Giacomelli L, Biosa G, Corcia DD,
Gerace E3, Salomone A, et al. Development and
validation of a Partial Least Squares-Discriminant
Analysis (PLS-DA) model based on the determination
of ethyl glucuronide (EtG) and fatty acid ethyl esters
(FAEES) in hair for the diagnosis of chronic alcohol
abuse. Forensic Sci Int 2018;282:221-30. doi:
10.1016/j.forsciint.2017.11.010.

13. Alghamedy F, Bopaiah J, Jones D, Zhang X, Weiss
HL, Ellingson SR. Incorporating Protein Dynamics
Through Ensemble Docking in Machine Learning
Models to Predict Drug Binding. AMIA Jt Summits

Transl Sci Proc 2018;2017:26 - 34.

14. Saghaie L, Shahlaei M, Madadkar-Sobhani A,
Fassihi A. Application of partial least squares and
radial basis function neural networks in multivariate
imaging  analysis-quantitative  structure  activity

relationship: study of cyclin dependent kinase 4
inhibitors. Journal of Molecular Graphics and
Modelling. 2010;29(4):518-28.
doi.org/10.1016/j.jmgm.2010.10.001

15. Ghasemi F, Fassihi A, Pérez-Sanchez H, Mehri
Dehnavi A. The role of different sampling methods in
improving biological activity prediction using deep
belief network. J Comput Chem 2017;38(4):195-203.
doi: 10.1002/jcc.24671.

16. Mauri A, Consonni V, Pavan M, Todeschini R.
Dragon software: An easy approach to molecular
descriptor calculations. MATCH Communications in
Mathematical and in  Computer  Chemistry
2006;56(2):237-48.

17. Fang J, Yang R, Gao L, Zhou D, Yang S, Liu AL,
et al. Predictions of BUChE inhibitors using support
vector machine and naive Bayesian classification
techniques in drug discovery. J Chem Inf Model
2013;53(11):3009-20. doi: 10.1021/ci400331p.

18. Maltarollo VG, Kronenberger T, Espinoza GZ,
Oliveira PR, Honorio KM. Advances with support
vector machines for novel drug discovery. Expert Opin
Drug Discov 2019;14(1):23-33. doi:
10.1080/17460441.2019.1549033.

19. Korkmaz S, Zararsiz G, Goksuluk D. MLViS: A
Web Tool for Machine Learning-Based Virtual
Screening in Early-Phase of Drug Discovery and
Development. PLoS One 2015;10(4):e0124600. doi:
10.1371/journal.pone.0124600.

20. Ahmadi M, Shahlaei M. Quantitative structure-
activity relationship study of P2X7 receptor inhibitors
using combination of principal component analysis and
artificial intelligence methods. Res Pharm Sci
2015;10(4):307-25.

21. Shahlaei M, Bahrami G, Abdolmaleki S,
Sadrjavadi K. Majnooni MB. Application of unfolded
principal component analysis—radial basis function
neural network for determination of celecoxib in
human serum by three-dimensional excitation—
emission matrix fluorescence spectroscopy.
Spectrochimica Acta Part A: Molecular and
Biomolecular ~ Spectroscopy  2015; 138.675-83.
doi.org/10.1016/j.saa.2014.12.007

22. Shahlaei M, Madadkar-Sobhani A, Fassihi A,
Saghaie L, Arkan E. QSAR study of some CCR5
antagonists as anti-HIV agents using radial basis
function neural network and general regression neural
network on the basis of principal components.
Medicinal Chemistry Research 2012;21(10):3246-62.
doi: 10.1007/s00044-011-9863-2

Journal of Health and Biomedical Informatics 2020; 7(1): 30-39 YA


https://jhbmi.ir/article-1-391-fa.html

[ Downloaded from jhbmi.ir on 2026-06-10 ]

Journal of Health and Biomedical Informatics
[ Original Article ] Medical Informatics Research Center

2020; 7(1): 30-39

Improving biological activity prediction of protein kinase inhibitors using
artificial neural network and partial least square methods

Arian Roya?!, Mehri Dehnavi Alireza?, Ghasemi Fahimeh®*

* Received: 22 Apr, 2019 * Accepted: 2 Nov, 2019

Introduction: Protein kinase causes many diseases, including cancer; therefore, inhibiting them
plays an important role in the treatment of many diseases. Traditional discovery inhibitors of this
enzyme is a time-consuming and costly process. Finding a reliable computer-aided drug discovery
tools which can detect the inhibitors will reduce the cost. In this study, it is attempted to separate
kinase inhibitors into two groups, active and inactive, using artificial neural network and finally
predict biological activities of the predicted active compounds by partial least square .

Method: In this study, after extracting the molecular descriptors in order to avoid overfitting
problem, dimensional reduction was applied using Genetic algorithm. Moreover, artificial neural
network was applied to distinguish active compounds from inactive ones and the biological activities
of the small molecules were predicted using partial least square linear regression.

Results: The results show that accuracy of the Neural networkmodel was improved from 74.45% to
86.7%, after reducing molecular descriptor dimensions. . The number of hidden nodes of this model
was six with 86.7% accuracy, 83.4% sensitivity, 89.6% specificity and 73.2% Mathew's correlation
coefficient. Moreover the partial least square linear regression model predicts the biological activity
valuesby 85.8% correlation.

Conclusion: The Neural network model and the partial least square linear regression model can
sufficiently predict Kinase inhibitors and Genetic algorithm will improve the models performance.
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