[ Downloaded from jhbmi.ir on 2026-01-29 ]

S G 5 s Kl 5] Al
Ky Kl gl Ao S o
IEGT PPN o o oot b 015

TS

Solowd 59 393 90 i ghao T Ui 2035 3 o 39 B 0 yLas 0 392 90 ALK S 5 Citd Wi
953 90 (5 sbwamms 33 510 31 woa! IT

*rél'ﬁ"' g;‘ “QL‘.JM? °}?.|é

/AN e gy e A7/ANA i S 0 e

2 2950 oo o 0 Sla 5 05 4 o Sl Al cul b (g5 0digpiy (ilon S yailill (5)las: 1o
oyl g Bl pud w5 4,5 )13 skl ain b agalse p> ailaali ojlac 1 dgnge calise iS5V Giss o)
858 2l 050 (Seeladge s

Solewr s> oilew 53 o Asgleel
3o o b g5l CHEBI Luslod 5l ailialis ojlac ol GluSp cpioman 0055 a5 RCSB sleMbl GU 1 joul3)l
45 5 kel sy ooy > oSl Sealis ot e y5 bume > 4511 b & liali ol (5o JySlgn 1 5
2 lae palie laodls il g s gl 28,5 )18 byl 3590 aibisSy Yoo v e 3 ol (Seoliadgeyi g )l Slaseto
dglis o b Olyess 003 Ll )3 5 0355 dvwlne dny g S8 BUB] (w § Cudlidl dgalge jlam 9 J8 (Sojd el
) Mgkal Ao [ Lo (> pois oUlgy ailials o)lae LS 5 den 45 by L ailaals oylas Calisee oS 5 Can dulis el
A i |y Wskeal Mo 0 )0 CdMoul g She plaw e Aty coS )5 Cdn i il
2 Cembie 35 cpl laaidl 295 ashel iy e gl Wlgioe LS (! by o 5 o el (U1 16 5 AH
)5 ©sldd alanls Sl 5 @S 2050 )3 o alad ysbo 42 B 0,5 8 o 3590 el G )3 e 9 2B Lo

des . IS 50 (5loans 3 b Sl el 3T (olew 53 Aﬁ}a@)l:nTJﬁ@qdol}:aﬂAj\ML&e)L&): A?yulmu;j\;uﬁi\;‘}c Sl b O 1gl> sle
IV (F Y49 Sy ) 5 oDl S 5]

Ol e ISl ot 15T oty dSal oty (S gy (6515 S 5 Soliios 35 o ST byl ot 87 (6 gmeitils )
Ol 333 S0y oSl ¢ AT psle 03 8 Slabind (S (65518 56 5575 Y

@\i&_uﬂr}lﬁ a;/.fus(.'::}*\,:a,\g.i;\: Gp Saj C,Loalf..‘:dl.s 3t e eu\&n.ls.;*
« Email: alijebal2011@gmail.com 4481071 1 wlod o ladse


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

SRe2 9 (WM

7ot 8 o 198U s o 5

LS 5l oslizul b abayly 5 la g 4isiS sla Lo
Sglesys 5 Jie B9y L ol5es 5 Radwan
) Cond 155L e a5 Cannabichoromene
e S b ohles 5 Zulfigar V] ws )l
£3)5 gzl 1, Cannabisol  whals ;I 31,55l
» alals a5 WS o olge 358 OLS > Pertwee  [A]
39 9 (Sopdl erd Sl ((20)5 655) Pl oo
as oy sl o) Ken 9 EUbANKS [a] 5 ids Clacl
Sl g el w3l (2B jobo 4y Blo (g)le JUub e3>
e Jole oS by aglel sty oo g A8 e ylae )
D] S xS sl sl Halil (olon (Blbu]
Uiy &S ol ) oSas K oSes s Ahmed
s @M 5 09y 2 E9r5 b el oy )3 Lol
oo 0,8 lo |y Wls i e 01,81 Cj L by
&S WlodyS ol sguan g b bow Gl
2 5 dshel Gl S5 eoilans] (ol A550 0
)‘1 L;A,,lf LSLMU%-; dotr 45 s L;Lza)l.? O b
V] s o yialS |y aws LOAD
oS e sloslse g5y i Jb Al S bl
3 okl S dp o 5l L g e 5 alials
Gaios plool jl Gan 1wl ois plul (gpeal Pl o low
5 Sl ls B)La_c LFLO‘ LAJ.;)J Y @Uy N c)..ola-
o il Glon 2 dese ASslsl SlaSHy g 55
g glably (ilwand Asg

%9
» g ably S5 L Jise iloand g9 5l addlae ol
lials §)las Gl sl JsSge g aishel sty 45 Iz
S glp 285 Spgo gl san dw Lo oy g
sl il Golo sz & ol s T Jlg adshel azy
s b gL b 5l wsws  (AD)
e 93,5 oy PDB g NCBI .GenomeEuro
Solaw s hlow 3 by wleel iy
PAD oy b 1y conrs aisol sl (FY=)) Jolis a8 ool
oll oh Sgdnzd ulpd plos Col I ond gl ysetl
b oowiomed 5 48,3 L > ), (homo sapiens)

EVRE
oS Canl (gas 585y Jlos (a0 (slew oyl (6lew
S So)lhe 5 abbls )05 4y g 039 CudS BB
IS datl M3 ol alawke a8 e coyss |,
Opzmen g 039 Jluile )3 38 (Sbjy ©Mdee o Sl
dpgm g amdce 8 8L Cov |y Mise 313 (S5 b
anol> g sl GLLb! (ohlew 42 1) (o3bj dble g (goladl
Sl) oeST e Sl IS Bk [V 2)5 salgs Jeeos
5 sl ilon b8 Ggbe ¥4 Soo5 (VO Lo
Jlo b 39300 by 9 At o o] b b po Y
@ el GBIy Curer A3y 4 g) Wy Cle 4 V0.
A ogke WY @ lew cnl & g Gl (S5

[V] b 2l

5 ok b b adshel S oyl
olidolon Blas (Shy 93 g S ooy
b wdobesl g ol e [¥] st jao 55 peulill (6 )low
5 Mg ol pae dond 0 jhe ol Lo oifign 9
o Slo Jelse oman a3le s 5l ol sles
L 30 (glew cpl Cépin g obul > A8 9 b))
[¥]

SapuslSe 0o ) 42y BB Glacdyin @ g L
gie e gl je el slew céyty b b
2 ke Jed slaloyy ] onis Bl (g)lew BALS
S ojgyel sl lsil Sailill gl @M ol ol
9 390 e plual ol cnl 3% slagle ly 5)902
s slagbyy Jlis 4 liie wban cpl 4 e sl
@ gl bl dex 5l & st low cnl leyd sl
[¥] 05 o)lil pg)ly bS5l eolacl

oS5 (COlIN) (o8 ol wlinls plans LS 5
Jybls plas alisee slasden s o (Tergoneling sl
[0] wib . (Canabidiol) Jsuobls 4 (Canabinol)
26 gl glolss oS it al] s olS )
2 g awdly Oledl @) flyaiwl 9 ggr5 ¢ sloil o > (gubo
cras OYMBT ol pl dlox 1 gyl 5l (ol Loy
Solonr )95yt (Sl (ylen optsSHb ()low)
VM ¢ 5 8538l plziiunl (Sgr psS 5 < po o yorl3]
priiw & borpe OYMS! 5 (Bl (o ((Bgye 5 (3
F] sl 039 dpio Sgilin

Yy Journal of Health and Biomedical Informatics 2017; 4(3): 222-231


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

P 0)lowd 0 o> 0,93 AVAF 5ol

S5 S j 9 oDl S lo il oo

Colg 50 g el ol SeSIl L g abgye 35 (JoSUse i
Cqx 0,5 op3d MOl Wgws L ol (oyble b
JsSge 5o sl Cawd 4 Calisee LS 5 Hlidle (gjlodige
s5i0d b g 00 5k Hyper Chem ljdle i L 6l yobo o,
L Sy caw 4w 3L geometry optimization
i3 Lo L el Caws 4 CONjugate gradient o oSl

3,5 0,33 PAD. S gany b 005 dlugy

Blas ol cluSy jeShe ol claoll I eslil
Loy oS JsSge V ol o 55 5 43,5 2l ailials
w2l Job alS 5 opl i obal w1y b o i
el BlSleg)s 9 (BSgleg)s S sl olws Jl 08
S JsSUse 0oy ol goxy b g S YU cuiS b
cols  »  (CHEBI)  sas sjlubu]  Slews
s hisee  slasdge  Dttp://www.ebi.ac.uk

ol 53935 g cia] CHEBI uaptlind j1 4 431l o,las poee 5530 ¥ (o2 looued Sledb] 1) Jgu

oS P ol st bonsd U L stbonsd Jgo 8 IV 039 dbgr e 5 M
A®- C22H2 904 357.46330 CHEBI: -1
tetrahydrocannabino 66963
late
CH
A®- C21H3002 314.46170 CHEBI: 0
tetrahydrocannabino 66964
|
A®- C22H3004 358.47120 CHEBI: 0
tetrahydrocannabino 67078
lic acid
Journal of Health and Biomedical Informatics 2017; 4(3): 222-231 yYY¥


http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:66963
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:66963
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:66963
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:67078
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:67078
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:67078
http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

SRe2 9 (WM

7ot 8 o 198U s o 5

cannabinerolic acid

C22H3204 360.48710 CHEBI: 0

67080

C26H4002 384.59460 CHEBI: 0
sesquicannabigerol i cie B 69479
e’ Y % %
Chs
11-hydroxy-A®- C21H3003 330.46110 CHEBI: 0
tetrahydrocannabino 77270

11-nor-9-carboxy-A°-
tetrahydrocannabino
|

C21H2804 344.44460 CHEBI: 0

77273

(QSAR) (s3,Sles g (55l slmodly w2 yo3 51 edlie!
axg5 350 (Suid CleMbl )3 ol sciwl doby > D390
LOgP o ldle aos ldls mow Jols adllas opl 5o
(J9Ng0 LSl o o) Tefractivity ( oy > cuMs)
[V8] L5390 (L6 e cundas) Polarizability

2 &hals ojlas JSlge yo )I8,86 ke s (sl
N ax g U (Sojd bl o llae yolie asglisl iz
5 )5 duwbre dx g 8 M| upw g cudlooly apslse
el Cowd & Sl 2oy 5 Jgeyd 5l edlazul b sl )

3kel Aty L ilialds §)las Ciliseo linl (g3loannd (sl
A Gt o gHlidle Olyss (58 leMbl zlysuwl
3 LS 2 g g 3L JIle sl o 0ad gl sl adslal
5 2Ll wgkel a4 B> jobo & 0)lae (sl JsSge
g ab a)S e > (s PH g sl ar 3 ¥ Loy g
Yoro Ot Ol laeSse gols uSL 55 (oilwdnsd
Sy )b B (silotend oLl 3 08 Pl asligSy
b cwss (58 oledbl glisuwl gl )3 68D
IS b skl aity (iluand I Jols oad 03D
LSy (o Sl (s 5 b esbae cslo e

Yo Journal of Health and Biomedical Informatics 2017; 4(3): 222-231


http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:67080
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:77270
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:77270
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:77270
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:77273
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:77273
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:77273
http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

P 0)lowd 0 o> 0,93 AVAF 5ol

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

A caslys cam il 93 59y S5 cnl amd il
A9-tetrahydrocannabinolic cux oSy 5,15
2oy YO o, e 4 |y wigliel (50 pxaw coslys aCid
g A ials Moy W) oa Soop 1) s opl ez g
Loy ) 3gde (oS e 4 ] 2y e pinen
A sl n el 93 59y S5 cpl my ials
rew cusls cannabinerolic acid S5 IS
) St ool o2 9 200 W ooy e 1) adslal 5o
Iy o> 50 CdMo iomen g a2 el lopd A 4 Siop
Ouzed Sy cpl ey (liEl as ¥ odgas ke 4
o3 al 8l (S slade 4 1) (JeSge LSl o ps cunilys
@ oo S (ol BT bl gy eSS ol
& 1y Wskel S50 maw cusly Sesquicannabigerol
Woa S5 1) din opl oo 9 Moy YO oyd ke
¥ o ly o 0 Cdlo usmen 9w ials o)
Copd Cunly pizmed oSy cpl s (Bl sy
Sy ol e Gials sy Y Kol Jese sl
-hydroxy-\y sus esle .cusliss ol 31 b g4,
Mgkl (350w cuilyy A9-tetrahydrocannabinol
W oo |y o cpl o2 g Mo pd YO oo )@ Hlado & |y
Y oogds 1y o 0 G uiomen g amd alS do )
Copd Candlyl pimed oSy ol ey Gl s
Sy onl ey Gl Gia jlde 4 ]y (JeSdge LSS
nor-9-—1\v 31 asbe .cutliSs ot A1 il o,
aew cusly carboxy-A9-tetrahydrocannabinol
|y sty ol o g o) Vo oy o 4y 1y Adslal S50
ly o 50 CadMo imen g a2 ials dopd A 4 Siop
90 G5y Sy oyl ey Lials aon Vo, e«
oS3l @l ¥ Jpie o)l b el gam bl
0313 S ls yeis (sliy gbiel Sty 93 dalge Sl an ) oo
Vo der 2,5 o odalin o5 joblen md o i ol
2o Sl ()b gme ok wiuily ddllla 3550 S 5
Loy el
VL dealye 5l am b aslol azy gez (uSa) ¥ Jgie
odaliie oS jehailen 2> o ol 1y dlals Lol jais
225 ) ySsle lp @Vl Ulg LS 5 den 295
Aisly aiglel (oladiin

de/ g5l and 5l dm g JuB el)l jlade VST XY+
Olyess Ao 3= (il aped J S8 yel)ly 3llae

S 855l cloasly ) ksl i 1 (A5 jaskde gy
oalisal 5 (ydgy 5l gl (reaw 398 Casls p caSokel
2 ooy SlBle Gy 4 a8 1 Al Ay 93 00,5
@) Bog ol Jldle yusi jlod g Mg 485 )8 oS 5
ks 5 wmald )3 S0aSy (oyme 50 45lisSy Beer Co
255 glyzl 53 gy Ay 4 Sy (sl @ead eS|
Mgkl w93 Jolis Lol bl len cuond ol 3 J S
Iy byl 3y90 P<e/ed pdaw jo o] (g)ls dme g Lol
Sy Jpame Ao ass L Hyper Chem
VAAY s b Ascalaph ljle s 4 1S .l MakoLab
[V#] 355gs usig Agile Molecule 8,5 Joame
=W

olas me slasVpe Vo (plend ClMbl YV Jgue
Iy cl o103)5 zlysewl CHEBI Lol a5 aluals
A2 o ylis

Slyeis Jl ol glsesl (S3d oyl ¥ oo ¥ o
And o Lt dezlge 1 am g B 1) adglal sy ()l L
CSFV 208 gl ol by ol o ssboles
ol 23l | el aity JpSlge Sl oy 3 s
b agzlge o adlllae 390 (Sojsd el & Sl a0
A9- Sy ] Casld B
Mshal 50 maw cuslys tetranydrocannabinolate
Voo S5 ) i cpl e 9 03 VY (o0 ) )lude 41,
Mo ]y oz 0 Sl rmen 9w alS Loy
S yiell 90 g9y oSy cpl aad Lials sy ) dgas
A9- s Sy S b cudles
@ 1y Mskal 350 law cuilys tetrahydrocannabinol
Loy A &SP ) o cnl e g M0yd WA (o) e

dop N Py o 0 Cs uen gy hals

Journal of Health and Biomedical Informatics 2017; 4(3): 222-231 \ALd


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

S 5 (WM 2ol 1 (5 slows 5 laals cilises oS )5 i
1wl ol paie ¥ b agalye 5 U8 skl asty (o5 sl 1Y Joao
Jo¥se o T o Ctledl eSSl Sy Cunlad

w2 2 N9
A9-tetrahydrocannabinolate oV~ 1IVYR a0 avy FAV
A9-tetrahydrocannabinol oVYs 1IVVD a¥ vy FAD
A9-tetrahydrocannabinolic acid V- 1IVVR a0 ayy FAV
cannabinerolic acid oy-¥ VA0S a0 e VAR
Sesquicannabigerol oYy \Y-0) a¥ ay. a0
11-hydroxy-A9-tetrahydrocannabinol oVYs VIVYE a0 14 FAD
11-nor-9-carboxy-A9-tetrahydrocannabinol INE VIVEY % Ay FAD

LS ool puis ¥ 1y dgalgn 31 ang U sigheol st (K39 (s ysel b ¥ Joan

Josse o T o Ctlodl LSSl o o Sy Coglad

= 2 IV
A9-tetrahydrocannabinolate YA V-0 af ary FAV
A9-tetrahydrocannabinol Ay Vevs. a0 A FAS
A9-tetrahydrocannabinolic acid YAYD V-ova af ary FAV
cannabinerolic acid FrY 1-ary a5 4 FAL
Sesquicannabigerol £.Y0 \-S¥Y aA are a0
11-hydroxy-A9-tetrahydrocannabinol YAD- \-¥0- 0 4 FAD
11-nor-9-carboxy-A9-tetrahydrocannabinol 140 V-VEY 0 Qv FAD

aladls ol pais ¥ 1 agalge 5l an W aiglel sl @ood wSay] :F Jga

JsNge oU

o5 S iy

A9-tetrahydrocannabinolate

A9-tetrahydrocannabinol
A9-tetrahydrocannabinolic acid
cannabinerolic acid

Sesquicannabigerol
11-hydroxy-A9-tetrahydrocannabinol
11-nor-9-carboxy-A9-tetrahydrocannabinol

control

\*

‘;*
v/o*
\/o*

\*

\u*

Y*

a0

Amd o olis P</o maw j3 1y Jyi8 b duolie )3 ()b ime 05l caoMe

OSee sl JgSdge I (posl o ) cuslio slagyls g oS
S ge 8 glaglen IS S e OBl
&S el )A)‘)J‘ Solow sl o5 oS Cj ly L;.Loi)lf
Ols 4oz 2yl 0 2529 4 1) (S50 NSt g Jie g3

Solow ol loyd Car emlio 9yl 4 JoUge (g5l

&5 4ol g o
Jo¥lge Sl (Lo (539 ghaio & latlesl (53l e
sl gmeelS S8 |y gl lanl ) Sy el
(ol Mol i 3 Ml (Jge (iloand (B)b
b Glp ejgpel bl dedgw 0 Gl Glyem
sl iolesl plgl g oBiiulosl 4 3959 5 LB s (lag,ls

Silwded Fonels 53 jlaisy90 slaJsSUge dusie g Cglite

Yy Journal of Health and Biomedical Informatics 2017; 4(3): 222-231


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

P 0)lowd 0 o> 0,93 AVAF 5ol

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

WS o 05550 |y i ol JlSle bl sl &y &S 00
5 3,15 3939 eyl oylow > 3,81 ST s Ll
ol dime ol ool Wl o3l alie aolel aiy Jg
631953 b o5 s pmalill liloss (sl gl (i oS 208
Of JIg5 &8 wa)ls ) gy it bl & 1 2l oljen
Syl oad cglaie lidle Sl kS g 00,55y
oozl LB lon 5l Loyl adlas 3 ISt e &b,
i g dg odd odlazwl RCSB uplud (5 a5 03,8
Lis 1) 595 bl bl b 000,55 sbml ol (6)bs ke
wilo 58lp 5 b lodsd Lawgs by aufsbiol ity dosilis il
b e b 4 RCSB oy a5 assl b o [ le a5
a5 2 yige o o Ayl Lo 4y Sglite puls leis g 09y cglate
N3l b Jy g e b bdslesl aip adlllae ol
9 3w 30 D)1 dg3g il D3l > a4 g)ld L am glaie
dulie S8, b Sl 53 g (g9 1 chlive LS5
dog 0055 pbxl Gloj 298 Cle 4 (Jy 35
Ly pll 1y (68 s gdm latoe a5 33 )5 0

JS5e o I8 Jlne gl o g s Oy
OSee 88y o Jla5 350 i o> g aw asliy
g » cadodl 5 cpdpcudd i 4 e Cul
02 5 s et 45 00 oanlie 35 (g lge <l 22,8
P e Sl 0,85 i (b byl ple
5 Refractivity LogP o bls) 55
Slgzy JsSJge 4 ols Ysase .cul Polarizability
5 Refractivity 38l & e was ials |y LOGP
ool S5 a0 ¥ all . wSep g 295 0 Polarizability
9 b I Bp g Cund e g IS 096 S
ol addlas )3 s e 5L ) el ol S b ey
©okd, o> sesquicannabigerol .S 35
Refractivity (LogP il L x 15,5 ssalis
s Hlas dyge odle GluSy plw 3y90 jo cél ials
ol Refractivity 5 cul osls )3 ,56 cos |, LogP
sl 4855 )5 5 5,90 iz

e Jb b 5 935 e plxil Jl (gl sl adlas
oo 1 5 Sl 55 whinls ol ge slaJySge LI5S 59,
23,55 )5 el hlan > saigeel SlBS cp
2ol I 2ls duslie alie adllas dg0 cle 4 .l
@p (b ohes 5 ASO ladlas )3 il e
ABPPIPST (5 il sl jbge 45 sy 45 ol

e Yl (85 15 3 b i Sl 3 plgioe o)
3,5 b Loy 1) Jaiyee so s aiulejl Laylys 5 e
3S1e 3 Logasee yolill glows > (was slaJsbo o5
b4 Jobol gy Cleos JSis cle 4y dals
395 skl GSM [IY] cul gagsbel S
Foo¥Y o Ygoms o 039 sadghal cloncy ;) St
S5 oy 3 s oyl 48T conl S @ p5Y L5yl disel sl
dbul wgkel Slogin oagn pb 4§55 oy
lml esl 5 (S8 SR Ohn ® pal WS e
O j oAb Sl pae 4 &S dxe (pl 4 )l reod
ol (sLad 3 g 0ud Juate ;355 4 Adgkiel Loy
Sy 5 (So W] A o by geo Jobo > 5 L g
Wilgny &S Cawl (ol JoSUg0 I oolaiul )4,{1)1] Solew Sloyd
S adg @hgo o b9 00,8 Ly Wil clanin stw jl gl
9 @Fggel lge pl g ogdle S (Sl o] zexw
Cwl law cpl Glop (g Glagsy) Sl 5 Sl o
[V¥]
sl Sl &S Dy awlio oo 8l aslllas oyl un
e 05 )led &S Ued g 4 ) skl ity
BB 4 Gy lp b Jsse glan sl s
ol e dlials blas 0 dgmge il (sl JeSUge
15 5 b andlyy M, dabad VY ol ) dekad oS, g5 anlllne
Ly «wd)s 15 alwls 5)lac sl Jsge glgl gl
Nl g cwl Gouals pl s SN U5 ooy sl
bulyd cul 0See a5 bl il pple) b

i > ) Jsb 3 gl o Sgdied Lulpd gl
Sfes oyp g Bl Giledre @l D a8)S
il 3uld & 39 e o ) p e o JoSge
cde 4y (Jy )50 ©ygo 4l g Yoo 5l Gl 3L
i pll S8l Sae oy JBlas b anelS ol 340
2 250 28l gyalill o 0 gasshal s ()
oS ol ol JSio Lol 93,13 3939 Jl5 e 35 wJlo 1,8
TC AP v A WA JUUF S FRES JON 1] B e I SV W
G g s reongd el (g)lsle Oluw opl g
olow s 331 51 csoyd 5> a5 33,5 e sl wSglia]
Sl by agglel sty b Ladye et (sloien youl3l]

Journal of Health and Biomedical Informatics 2017; 4(3): 222-231 YYA


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

SRe2 9 (WM

7ot 8 o 198U s o 5

skl Aty 590 50 Jllo i 2 ogMe V-V 5 ¥V
s aodB ok a4 widhy liel o ]y oy pd codlodl
@ bgye SlSy plo A0S glwg g | JsVse
Vo g oxb agedl sz JsSlge 55 5yl Sl
Mdoluel wiiy by ials ) .\...,91..:,1 M 2y 0
039 adgl dlllae G pols dulllas andl .cowl ol cawg]
b bl (sloriy geos Hlgo (paass job 4 Cumbioo g
A Al > 398 S 5 9 3 (b el
S 8 rp 3590
b oo wlals o aad o i 29350 (b daled Lin j»
asl bl 5 cuwl phe (gi0 (gHlowm daupe ) "j o,lac
bow o olSy ol G b 203 cus (Gy o9
Sy ool Jas pobs adllas picmen Dgd aduin i bl
roilil Slost S9) p Sl 1 29290 SLuS 5 s (g
ol diagg bulyds g b Lo cpl 5l edlatwl b les o g ol
Ohoy by plS ) d29e sl JsSse (oolod ddlllae )]
Al andl g2y SleS 5 Ll a2 )5 gy il dnd
il yiee ol 4 wilaals 5las > denge LSyl &S

2338 gy odig] Slalllas )3 Cunsl o preo ()

10538 g ST
oy WM o3l Wb Al ol s oyl
T oEE sl 05,5 K Ad)) Lelis)lS

s gy 09)5 oyl (aled Iy cpy g0 IS

References

1. Peric A, Annaert W. Early etiology of Alzheimer's
disease: tipping the balance toward autophagy or
endosomal dysfunction? Acta Neuropathol
2015;129(3):363-81.

2. Salomon-Ferrer R, G6tz AW, Poole D, Le Grand S,
Walker RC. Routine Microsecond  Molecular
Dynamics Simulations with AMBER on GPUs. 2.
Explicit Solvent Particle Mesh Ewald. J Chem Theory
Comput 2013;9(9):3878-88.

3. Thal DR, Walter J, Saido TC, Féandrich M.
Neuropathology and biochemistry of AP and its

sl b alals 5 34590 THCHCBD L onds loys
SRl b ke closge 5 (mjselSs)See oty ]
Gilwand 1 oolal b dlpg s [VO] siws ol jen
VO sl ol plosl 1y sy yoall (olos 83, el
V1ol by skl sl i onBign copee il Sy
ol oliios ol 25 2k 1) Jly 95 ) 9 <iliss g9
sl Jhe (ol i 5 aelise Sl )90 U 3
slge ygise s ol el Sloy slopl o al b
» ohea 5 Nukala [V8] asl wle Sy aus
OlaS 5 (S 33 518 qw)p 3)90 1) 3,09, 93 adllae S
S Jsge 5l (29,5 ooliul (6,503 g badgnlls 4 slae
Sl Sebogiilan slajlpl S5 L SesS
2l 3 098l ©jg0 4 Al o0 &S Cunl Sloyd slaJ9Sge
& e g S ojle BNFT L ()M 50855 cla)l ol
o (Kool 85 33,5 gy > gl Sy tals
ol o Ll dgup aoes )3 g Slbls)l dgup el

LWV] 05
Sge S5V & G g opSeomd plyie 4
e |y paw g poe Olypos Kl wlaals b)las dalllas
P xS 3 casls & ol ol 5l e
be 4y loas by asglal azy slaJsSdgag Sle
Slals sjlac )3 39290 JoSge Cin sl JsSUge pow
@l g Sl i Sl S (Sl by A5l
ol 29 A9-tetrahydrocannabinolic acid JsSse
G Sy 20 Loyl a3 3590 (5o JySUge don oS Canl Jls
S5 50 LOGP 5,50 55 bioly s 1) adgliol sty o>
D LS 1y Sl aeys o ke SESQUiCannabigerol
A=Y Slalages & bgje Sl & S Gl S5

aggregates in Alzheimer's disease. Acta Neuropathol
2015;129(2):167-82.

4. Dorostkar MM, Zou C, Blazquez-Llorca L, Herms J.
Analyzing dendritic spine pathology in Alzheimer's
disease: problems and opportunities. Acta Neuropathol
2015;130(1):1-19.

5. Andre CM, Hausman JF, Guerriero G. Cannabis
sativa: the plant of the thousand and one molecules.
Front Plant Sci 2016;7:19.

6. Kogan NM, Mechoulam R. Cannabinoids in health
and disease. Dialogues Clin Neurosci 2007;9(4):413-
30.

ALY Journal of Health and Biomedical Informatics 2017; 4(3): 222-231


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

P 0)lowd 0 o 0,93 AVAF sl

S 3 Comnd § 9 CeoVlaw Silo y9di] dloxs

7. Radwan MM, Elsohly MA, Slade D, Ahmed SA,
Khan IA, Ross SA. Biologically active cannabinoids
from high-potency Cannabis sativa. J Nat Prod
2009;72(5):906-11.

8. Zulfigar F, Ross SA, Slade D, Ahmed SA, Radwan
MM, Ali Z, et al. Cannabisol, a novel A9-THC dimer
possessing a unique methylene bridge, isolated from
Cannabis sativa. Tetrahedron Lett 2012;53(28):3560-
3562.

9. Pertwee RG. Handbook of Cannabis (Handbooks in
Psychopharmacology). USA: Oxford University Press;
2014,

10. Eubanks LM, Rogers CJ, Beuscher AE, Koob GF,
Olson AJ, Dickerson TJ, et al. A molecular link
between the active component of marijuana and
Alzheimer's  disease  pathology. Mol  Pharm
2006;3(6):773-7.

11. Ahmed A, van der Marck MA, van den Elsen G
Olde Rikkert M. Cannabinoids in late-onset
Alzheimer's  disease.  Clin  Pharmacol  Ther
2015;97(6):597-606.

12. Shankar GM, Walsh DM. Alzheimer’s disease:
synaptic dysfunction and AB. Mol Neurodegener 2009;
4: 48,

13. O'Brien RJ, Wong PC. Amyloid precursor protein
processing and Alzheimer's disease. Annu Rev
Neurosci 2011;34:185-204.

14. Nisbet RM, Polanco JC, Ittner LM, Goétz J. Tau
aggregation and its interplay with amyloid-p. Acta
Neuropathol 2015;129(2):207-20.

15. Aso E, Sanchez-Pla A, Vegas-Lozano E,
Maldonado R, Ferrer |. Cannabis-based medicine
reduces multiple pathological processes in ABPP/PS1
mice. J Alzheimers Dis 2015;43(3):977-91.

16. Jafarinezhad SA. Computer simulations of 3D
structure changes of amyloid precursor protein in
Alzheimer's disease by various functional nano-motors
[dissertation]. Ashkezar: Ashkezar Azad University;
2016.

17. Nukala UA, Sahithi P. Insilico Binding Studies on
Tau protein and PP2A as Alternative Targets in the
Treatment of Alzheimer’s Disease. Int J Life Sci
Scienti Res 2017;3(4):1238-43.

Journal of Health and Biomedical Informatics 2017; 4(3): 222-231 Yy«


http://jhbmi.ir/article-1-253-en.html

[ Downloaded from jhbmi.ir on 2026-01-29 ]

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

2017; 4(3): 222-231

A Study on the Effect of Seven Different Compounds of Cannabis Extract on the
Accumulation of Amyloid Peptide in Alzheimer's Disease through Molecular
Simulations

Jalalian Faezeh?, Jebali Ali%*

* Received: 10 Nov, 2017 * Accepted: 19 Dec, 2017

Introduction: Alzheimer's disease is a progressive cerebrovascular disease with irreversible
damage, which gradually degrades the mental abilities of the patient. In this study, amyloid peptide
was exposed to seven different compounds in the canaboid extract and then, the structure and
thermodynamic parameters were evaluated.
Methods: In this study, the three-dimensional structure of beta-amyloid peptide in patients with
Alzheimer's disease was prepared from the rcsb database. The main components of canaboid extract
were obtained from CHEBI database too. Then, amyloid peptide was subjected to each of the
canaboid extract molecules in the molecular dynamics simulation software, and its structural and
thermodynamic characteristics were evaluated over 3000 picoseconds.
Results: Comparison of seven different compounds of cannabis extract showed that all cannabis
extract compounds were able to change the structure of amyloid peptide. Each compound was able to
change the effective surface and volume, and the level of lipophilicty of amyloid peptides.
Conclusion: The ability of these compounds to change the volume and surface is effective in
preventing amyloid peptide accumulation. The findings of this study should be investigated in a
laboratory scale and then on the human body to detect the efficacy of canaboid extract components
exactly.
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