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.lbst'r,ct
Daclgond: l.alotder oil is widely btown to postess a relata etect to rclie,r !,tress. snriet!, ond depression.

l,inalll ocerole, linalool, geranyl acetate, ond f-run'ophtllete ii€r? the ,noiot constituents of latmder oil that
potentially oct oa NMDAR ly-methyl4-asponote receptors), ond efietging torgers it lhe teat er ofdeprcrsion.

OWdy: This studv airas to predict the hhdbt* of loreadq coarptttds to NMD-{ rcceptors usiag at in silio
nodel. Ncthods: The ligands ofthe docking studv wetelour major chemicol coarqtunds of lawnder oil, i.e., liaalyl
acemte, linalool, geranvl ocetate, and f-carwpfulleae. SYE was defrned os o native ligonl while menafiin4 on

NMI)AR ontagonist, wa-s used os a referenc<, ligond. The NMD,IR structure *as mken lrom Prcrein Da,o Bank
(lD 1HEQ), x'hile the lovnder compoundtws skctchul in CheaiD. .4uudock 1.2 wa:r used to perfona the d*kiag
onalysis. Rcstl,a fie rcsuk sho*ed that beta-tot -vophyllane had the most potmt intetoctiott \ith NMD.4R (i?r,
bindilg energt wat -E.02 kcollnol otd inhibiton c.,nstont rl;os 1.32 pM1. Concbsios: The docking resuhs sugllest

that beu-catophyllenc <'ould be an NMDAR ontagonirt arrd be de'^eloptd as a neamt 4t for depression.

Kgnootdt: depn'ssion. luvender oil, molecular duking, NMD.lR

How ao cic tbit rrdcle:
Usrasari. B. R W.. Budiatin. A. S.. Ardianto, C., & Khotib, J. (2022). Molcc1]lar Docking of Activc Compouod of
ktwadtlo ongustiJotia Mill Eirentid Oil against N-methyl-Baspartate (NMDA) R€ccptor. Jurnal Farmani Dat
llnr Kefannacioa lndoe-tio, 9(l ), 7t81. hnp://doi.org/10.2(X73 jfiki.r9i 12022.75-81
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F{TRODUCTIOII
Essentirl uil 6om black s6ed ( rgel/a scriw),

Jrpm:sc ndt (lc.ans grnrriaeur), lavcrder (Lovodvld
qlrgttstifolia]', bloe gun (Eucalptus glofuhts),

peTp€rmint (Medths pipgntu\ rosrmary (Xararn rI.r

oSic iaal bl, scmhc jasminc (Jcsa:a un sotabocl, bloL*

WW lPipet ni4larn) slo,d scveral othcr plants havc

bear rqorted o hevc naroprotec*ivc effccts (Ar{rz el
aL, 7Al1)- l-avandcr (l,awdula angustfolin\ is the

most *idsly used essrntial oi[ fm aromatherapy (Wclls

el ar., 2018). I-avcnder oil is tnown fs ils d.licaE
aroma and is commorly used in thc pcrfumc, llavoring,

ard eosmetic indugries. Levcndrr has r lotrg htiory of
mcdicinal use aad is r+ctcd to havc antidcpressanh,

anti-aaxiolytiq sedative. analgcsicg aad calming cffcos
(Wells el al., 18; Kang et a,L, 2019; Lizarraga-

Valdcrama" 2021). Aromatho-apy is considercd

therapcutically effectivc beaugc of the inhalcd volatilc

corfipoutds' psydElogical effcc6 which a't bclieyed to

act &rough thc limbic sy*cm, particutarty the rnygdala
and hippcccnpus (Iung el al, 2021). While dlc exact

c€llular mochardsm ofactioil is unknol,n, it is prcdicted

that lavandcr (based cm rtl}dies on L. aagtstifolia'1may

hayc an cffurt sittrilar io Miazqincs ad may

cnhancs tre eff€ct.q g3nms-amioobutyric acid

{Lizsraga-Vddenan& 2021). In thsir t blietion,
LbOcz a al. {2O17) rqortfd thal the main constiuranB

of lavcmder c*s.{tial oil analyzed by ft'-MS wcre

linalyl &€€.$s t52. I yr). liralool {37,4%), g.rayl .cr8e
15.4%), and &caryoph_v{l€fl c.

Sress ie or of drc md co{qrnon p{yrlologicd
distxd*s and is gcordly thc bcginniag of othgr
psychiatric disordffs, such as soxiety, ia5omda, and

dcpressicxr (LitW a a/., 2017)- Cunsady, dnrgs for
deprcssiun cx€tt lh€il cffu-tt by incrcasiog thc lwels of
hiosesic rlniam' i-c-, nrxcpiaephrinc iNE), dopeoiac
(DA), and *rotonin {5HT) hy various mccbarisms, srch

as inhibiting the dcgradation or rtsplake of
nanrotrarlrrni6em- Howwer, &6€ drugs havc scrirrs
Eide eff€lts, inclttding scxual dysfltnction weight tair,
sleq, dirurtxrluE, e&- l€8di$ ta ao €ff€crivc rad traa-
totqated arridcpressant. Or th€ othsr han4 the NMDA
rElpto! f.nily E-m€dr),t-D-rrpsrtaE) has rcceivcd

psrticuhr att ndu! ia peychiaaic disordcrs, especially

major deprcs.sivc disord€r {Pochwat e, dr-, 2019).

Thereforc, dircct targ*ing of lhc NMDA recrtror may

yictd 8ltrrnstive sed€gics for trtating dtpre*siur.

D<xtieg is tl* pmceas of i*eractin bctsm llrlo
molecules in thrce-dimensional space. Molccular

docking is s t'eluable tool in sruceral molecular

biology and is a ptieutial ficld for new drug di:covcry.

P-ISSN: 2,106-9388
EISSN:25tS8303
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This mcttod is wid€ly uscd to prcdict thc bindiq modc

oa ttc ligaad to the protcirl Applicarions

of dockitrg tcclmi$rts inchdc thr pdictim of nar
drug bindiug modes and the scrcening of a;tire
cornpounds. This study airn$ to prcdict thc birding ot
laveo&r compnrnds to ah€ recepttrs using an in silico
modcl,

UATEA.IAI-S AND METIIOI'S
Protdn prrprrettm

Thc crystal structure of the NMDA with ID SHBQ

was downlo# in PDB file format from t}le

RCSB pmtiin data b3nk and itryfiid into AuioDock

4.Z.Polar bydtogcas and Kollrnas charges arc rhcn

addcd ao itlc proteir. Considcriag that &e n3ter
moleculc is ool involvcd in thc ligand-rcccptor bonding

process" thc water rnolcculc is rcmovcd. Ttis stcp of
removing nrater molecule may also significandy

improve comlxrtetions aod prevcnt distgtions tbal

miglrt OCcur,

Ligrrd prtpanttm
Th! molcculfi $ructuros of four mqjor corpounds

&om laverds oil re givcn in Figre l. The structures

of tinahd maate. linalml. gcrrafl !r*dc. rrd F
caryqrhyllane were &an n using Chem3D. Ncxt, cncrgr
minimization of each ligand ws csrried out using the

MM4 foree feld, and then the ligards wcre ritorsd in

mol2 fonnat Finally, thc ligrnds tr irnportld into thc

AdoDock *ortspaca Tfr noryols hydrcgcns tr6r
mcrgcd fr cach ligfir{ and thc gascigcr charges rf,ere

€onFJIad"

lbr

.i-.t.
\-. LIl 7,\. -. .\ ., -lF / ,1,;^

{{t {.1 lt}

Pktrr f . TtG tuolssrlsr sucarrE of (s) heta-

caryophyllcnc. (b) gcraryl a€etrte, (c) limlool, (d)

li alyl acctafr, (c) 5-YE snd (0 m€rrEntire

Docktug
Molecular dosking !r,as performcd usirg Autodod

4.2. Bcforc thc rbd<ing strdy s pcrfcrmd thc

dochng paramctcrs ald algorithm wcre validatat by rc-

docking the narivc liga"d lo the tsrgcr rccepior.

According to the native ligan4 a grid box of 14.595 A x
-1a.301 A x -25.154 along x. y, and z was &lined as a

binding sitc. The docking pffameters were leff as

Y
-1-



&fault. exc€et tlre docking run vrs sct to 30 for each

cqrq)und. Fknlly, thc Lamarckiaa Gcnetic Algorithm

generxcd a moletdr doBking study. Root ftG8t

st&rd{rd deviarim (RMSD) lowcr than 2 A suggested

ftst lhe mcrhod could consistently !rcdict the nanral
cerformrtioo of the ligand-rcceptor. Favorablc

cosformation \yas selccted bfficd on the lowcst sncrry
bisdiag rrld isLibilory coos.I$ (].i).
Strddcrl .srlyrb

The quanritativc relationship betweeo thc ctcrnical
sEucfirre ill lavcndcr oil and its biological activity !\?6

det rmined by conclatior analysis in tic SPSS

prqrarn- Analysis of the stmchnr-activity rclatioosbip

war urrird out using thc LFER HgDsch rrodel. ln this

$dy, lipopbilic parsmctEs involved wcre partitim

cocffcienl 0ogP), clcctronic paramctcr, i-c., lignd-
reccptfi bond cnerp (bindhg cnergy), and sreric

parsmdcr. i.c., molar rcftaction (MR), Lincar and

Junol Fannati Dan llnu Kc{anusiat ladonesia YoL 9 No. I Apnl 2D2 77

oonlincar rrgression analysis was Frformed benYeeo

lipophilic" stcric, aod elestroric paramcteri witi
mtideprxsrrt arxivity. Tte equation with &e bcst

relotioorhip significarioe was selectEd basd on the

values oft, F, ad SD.

RESI'LTS AND DISCUSSION

Thc docking gotoool *qs velideted tlrolr*b a rc-

docking cxpcrimcnt using thc nalive ligand- A root

means sguarc dcviatim (RMSD) value of less than 2 A
was obscrved, iuggcstiog that the ligmd-rcceptor

conformation has a high docking accuracy. Another

rncthod to vatidate the dElirg pa!-&mete$ ad
algori&m is docking d€coy ligands to the reccrols
binding site {Httang €, al-, 2W6\. Dccoys are

compouods thal share similar physical propcrties with
thc referance ligand but may not bird to rhe argeL

Trblc t. Rcsulrs of molccrrlar docking of lawndula angastifolit Mill compound with NMDA I /2 (sHEQ) reccplors

No Ligand
Bindiog
Energy

@tlqql)

Lstimated Binding
Coffiant (Ki)

(L!lL
Hydrogcn

bond
Intcracting Amino Acid

Numbcr of Binding
Sitc Sirnilar ro
Naaive I-igand

1

B{i!-
caryophyl lcne

-E.02

Geranyl
acetats

-6.49

3 Linalool -5,91

,t Linalyl
acctatc

-$.i?

5YE (narive
liged)

-t 0.43

6 M€xtrs ine

I .32

t7.60

46.83 THR A: 24?

21.31

22.?5 THR A: 242

TtlR A: 133.
TIIR A: 242.
SLU A: tl2

TI{R A: 241, GLU A: 132. PHE
A: ll0, VAL A: l3l, CLY B:
250, PRO B: 14l, PRO A: 129,

TYR B: | 44, ILE B: I 2E

PHE A: l3O, VAL A: l3l,CLU
A: 132, FRO A: I29, T}'R B:
144, T?IR A: 241, TllR A:242,
PRO B: l4l, GLY A:243, HI$
B: 273, LEU B: 270, LYS B:
t40
ILE B: 259, CLU A: ll2, ryR
B: t,14, LYS B: l4l, LEU B:
270, THR A: 241, LYS B: 140,

HIS B: 273, THR A: 212, ?*O
A: 129, CLY A: 243, ILE A:
I16, PRO B: l4l
CLU A: l3l, Pt{E A: ll0, VAL
A: l3l, PRO A 129, GLY A:
243, LYS B: 140, THR A: 242,
LYS A: 143, PHE B: 142, THR
A:241, HIS B: 275, THR B;
t44,
PHE B: l4?, LYS B: 143, Tl{R
A: 24I. fiR A: 242, HI$ B:
271, LYS B; 140, ILL A: I16,
LEU B: 270, GLY A: 243, PRO
B: l4l, PHE A: Il0, VAL A:
t3l, VAL A: 266, TYR B: 144,

PROA:129,GLUA; I3LGLY
B: 250
THR A: l3l, THR A: 242, THR
A: 241, GLU A: 132, PRO A:
129, HIS B;271, T\R B: 144,

i)

t2

rl

AII

9

5

g

P-ISSN: 2469188
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(rl lh)

Flgrrc 2. Intcractiotr betwcen (a) bctr-cayophyllcnc and (b) gcranyl rc€taas with N-methyl D"aspafiate (NMDA I

retc'plors

e

(b)

.l

I Itb,r.a* Larb. r.a.tr..

E

Ffure 3. lntrastion bcrrr'€$ {a) lioal{rol and (bl linalyl ac€t8te with N-rErhyl D-asparta& (NMDA) re!€paors

Thc molecutar docking of thc Lavaadula

angustifolia Mill compound c(tmlxrnenls agaiost thc

NMDAI/2 t5H8Q) receptor obtained usirg Autodock

are presented in Tqhle I, while the 2D interactioos are

visualized in Figure 2 and 3. The docking results showsd

thrt rll liglnds lirrm lavedcr oil wcre docked on the

samc binding site as thc native ligand. Similar

intcractions with binding sitc residue indicatc that &e
compound nright exhibit irhibitory activity toward thc

receplor. Based on the docking data, we fould that betr-

calvophytlene has the low6t eacrgy requicd to hir ro

thc taryetcd receptor comparcd to other compound.i. Thc

binding energr is -8.02 kcaUmol. and Ki is 1.32 pM.

Furlhermore. the low binding energr valw
indicated rhe stabilily of the ligand-rccepbr interaction.

P-ISSN: 2406-9188
EISSN:2580-8303

Intercstingty, bca-caryophyllenc has no hydrog€n bood

witt the target receptor. The int€racti(m formed is

mainly hydnrJrhobic via Pro B: l.1l,ProA: I29,TyrB:
1.14, :urd lle 8: 128 rcsidues. Mcanwhile, 5YE (native

ligand) had binding encrgy of-10.43 kcal/mol aod made

tne hydrogen hn( one pi+i stac*e4 ard tive
hydrophobic inreractions (Figure 4a). Mema hc, an

NMDAR antagonisl. had binding cner6/ of -8.72

kcal/mol and firrmed three hydrogen boods, one carbon-

hydrogen txnd, and frur hydrophobic interaction^s

(Figure 4b). Tbeteforc, hy courJxring rhc hirding energy

of the thre complexes, it is suggesrd rhat thc

contriburiun of hydropbobic intcractior to biding
afhnity is conrparabls to electrostatic interaction.
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9.e
.:

Flgurc { Intcraction b€tu/eer (.} 5YE (oaaive ligsd) rd O) matBnrine (rcfcrmcc ligand) with N-mctbyl D"aspartate

(NMDA) reccptors

Trblc 2. The value ofclcctronic properties (@. lipophilic propcrtics (t , stcric propenics 1RM1, and log activit-v ofeach

lavendcr compound

Li o t RM

Beta-caryophyl lcnc
Gaanyl acetalc
Linalool
Linalyl acetate

t8.662
l0_563
6.503
10.170

61.152
60.314
50.206
59.357

-0.12
-t.245
-t.6'l
-r.13

-8.02
-6-49
-5.9t
-6.3?

4.32
3.25
2.55

-1. I 8q

Linalool is rhe only compound that forms a

hydrogen bond with the targcled reccptor, but this

compound hrs thc highssr ctrergy ro bind to tlte recepto{

(-5.91 kcal/'mol) and the highest ,K (,16.83 pM).

Mcanwhile, the ester of linalool, lioalyl acetate, has a

slightly high6 binding affinity, evi&rccd by the liec
binding ener$r of i.37 kcallmol and Xi of 2l-33 pM.

Thc in-vitro sNd-v supporls this result reponing rhe

monoterpc es (linalool 8nd linalyl acctatc) can inhibit
NMDA rcceptor, in which liralyl acctatc has thc grcatcr

inhibition agains the receptor (0.54 mM and2.3 mM for
linalyl acerare and linalool, respectively) lL]6ryz et dl.,

1017). lndeed, the prqsencc of the acetate grfirp is

predict€d to increas€ the compoundh acts on the NMDA
rcceptor. This may explain the highcr alfioity ofg,fitlnyl
acetEte gcralyl acetate's sffnity toward th€ receptor

(binding cncrgy -6.49 kcali mol and Al | 7.60). compared

to linatool. To summarize the findings, the lavcndcr

compound with the hest alfiniry against NMDA
receptors is bcra-caryophyllenc, followed by geranyl

acetatc, liriy[ Ecetst€, eud lilabol.
The value of elecronic, tigphilic, and stErie

propcrties of each lavender urmpound is given in Table

2. Strtisfical alralysis wai conduc-tcd to cxamine lhc

corrclation bdrvecn dre compound structue and its

activity. lt was lbund rhat the electronic pr0peny

(binding cner6r) is tlrc parametcr that is mo$ related to

P-1SSNr 24069388
EJSSN:258G8l0l

compound activity. as indicated by rhc valucs ofr, r I, F.

and S. The closer to I thc value ofr, the higher the value

of r : and F, md the $nall€r the whre of S. the greater

the significance of the relationship between physical

chemistry patameters and compound activity. The linear

regression equado{ of electronic parameten with

antidepre,ssant activity is Log A = 0.992 6 + 2.229 lt =
0.992; 1:: 0.984; F : 124.65t: s = 0,2; sig 0.fi)E)q

whil€ the lhcar €4uation of lipophilic parrrmetErs is Lop

A = 0.41E z- 10.45r- (r = 0 :ll 8: r : = 0. I 75; F = 0.414;

S = 16.067; Sig = 0.51i2). and thc equation of steric

paramctcrs is lrg A = 0.4I I RM- 1.065(r=0.41I;Ir=
0.169: F = 0..106; S = 1.671; Sig = 0.5E9). These rcsulu

indicatc rha! thc binding energy valu€ is thc mosl

significant psranlctcr in in{lucncing the antidepresliant

activity of com;xrunds in lavender.

A recerrt systematic review and meta-analysis trf
randomizcd cont .,llcd studies reortcd that larcnder oil
signilicandy reduced dcprcssive scores compared to thc

conrol group (f irG,zeei et al.,ZUZI). As lavender oil is
mainly uscd in thc inhalation method it can cr()ss the

blood+rain barier, has a faskr or6et, and limitcd sidc

cffects. lnhaled csscntial oil is thougbt to havc hetter

biosvailabiliry .han oral drugs. ascribed to i$ high lipid

solubiliry and nrinimal to zero hepatic metabolisms
(Ayaz et dl..2Ol5). Thc molc+ular prhway of lavcnder

oil irr exening its antideprcssant aod amianxiet-v effe(jt is



r€port€d ttrough the inhihitiou of NMDA roceptor,

5I{T1.1 rcc@lor, serolonia transporter, voltage-gated

calcium ctrnmcl, srd neuuoxic agml as hy&ogetr
peroxide (Lapez et al., 2017; Firoozeei el al., 2O2l\.

Linalool is the mo$ studied lavender oil componfld fo.
its arrxiolytie effect. Umlool was reportcd to havc a

relaxant effec! iacreasd social interactior ad rcdrced

sggressiyc bebevior ie &e eaimd modcl (Aye: €t 4r.,

2017). Prwiously, it s/as reponrd that beta-

caryophylline could improve rat depressive-likc

behavior and suppress &e altcred hippocaryal

cxpressi$ of BNDF, COX-2, and CB2 reccptors

(Ilwang er ol., 2020).

Targeting thc classic honoaminrgic reccptor, &c
currcnt otidcprcssants oa the market, such as selcctivc

scrolonin rerrytake inhibitor (SSRI) or serotonin-

norryinephrinc rctptakc irhibitsr (SNRI), have bcome
u!frvorablc to the lack of efficary aad proraiasot side

effccts" This limitation l€ds to finding an alternative

antidcpr€ssant *irh b.tcr cfficacy and tolcrlbility. In

recfit years, the gluEmste reccpot has bcen emcrging

as a kery target of antidcp(essant& owing to the npid and

mbu$ antideEossant €ffect of ketamine, an NMDA
nef,cptor fir4onist lMachaevi€rr "r al-, 2*l'lr.
Glutamate is the mein excitato4r neffotrdnsrnitter in the

brain and is involved in neurotoxicity by activating the

NMDA rec?tor- Thus, targeting the NMDA rccrptor

may cxcrt a norr@rotective cffcct that improvcs

d€prc$ive symsens Ill t$s stldy, we find tlut the
primary compound of lavendcr oil has an alfinity to bird
to the NMDA recqrtor and ad af an inhibitor. Bcta-

crryophl.llene has tlc best binding affinity, making it a
pronising conpund for firther dsvel@ment as an

NMDA r€ceFor sntrgoqist and a nc* candidate of
artidepressanr

Bela-r,aryophytlene is I compo[cnt of ,.
oagstifolia wilh a molecular weight of 2/J4.a57 Elmol
and a logP of4.73. Gq'dnyl accare l5s high absorption

in the gastiointestinal tract, whsE it is predictcd 6at
94-85% wiil be absorted though the iatcstiae- This

compound also has good permeability to the blood-brain

bryrier, wirh a prcdiaive value of 0.733 logBB. tn
addition, geranyl acet&te is not s substnte fu P-gp, a

transporter tiat acts as a biological barriq that raovcs
lorins snd r€rrobiotics frotn cells iPircs a aL, 2Ol5).

Despite its wide application, molccular

docking also has a limilation, inchrding dre wrong

binding sitc to thc tryget, &c choicc of docking poec, the

un@rtainty of whether a compound is a lrue atrBgonisr

or r8otri6r, aad the aor{iaearily of tbe ktiag aad

molecadar dynamic simulation r€sults (Chen, 2014). Tbe

PISSN: 240&9388
EJSSN:258G8301

Jumal Fqflaati Dan nnu Eefataasiaa lndoa<sia Vol. 9 No. LlPtil 2022 80

molccular dynarnic rimulation is varraqted to firther
investigale drc stability of ligand binding poscs tr:

protein (Liq er ar., ml7}.

CONCLUSION
L silico mol€culsr dockhg, the analysis rcvealcd

that b€ta-caryophyllEne has the lowcst bindirg encrry
(-8.02 kcrurDol) io NMDA roccptor, sgge*ing its

potential as an inhibhor ofthe NMDA rcceptor is frrore
use as an antidcpressant agent- Analysis of the strucMe-

activity relationship indicates dnt the ligand-receptor

bond energ5r xras rhe ptram€ter thal most inlluenced the

compound's activity. Funher preclinical research of the

cornpound in lavender oil ne€ds to be carried out to
vslidatc drc in eilico rrsults.
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