MHCTUTYT
MO OPFAHMMHA XMMWA
C UEHTDBP N0 PUTOXMMUA

OTYET IO ITPOEKT 3A HAYYHO U KAPUEPHO PA3BUTHE

HAIIMOHAJIHA ITPOT'PAMA ,MJIAJIU YYEHU U TIOCTAOKTOPAHTU“ 11 ETAII

Tema: “B3aumopaeiicTBUsi HA HOHHHM TEYHOCTH HA OCHOBaTa Ha (hapMaleBTHYHO-
AKTHBHU CbeIMHEHHUA U aJT0yMHUH*

/M. Kaparena/

YyacTHHK:

/mar. 6uosnor ITponeruna Kapnanesa/

Hay4en pbproBoauTe: \/(/{71/‘5

[nou. n-p Mas ['ynuesa/



Kpaen oruer , [Iponeruna Kpacumuposa Kapnanesa, Harmonanna nporpama ,,Mnaau yaenu u noctaokropantu Ha MOH, BTopu eran

Codus, dpespyapu, 2021 r.

Bveeoenue (éxnwusea anomauusa Ha npeocmaseHus Npoekm, yeiu, padomua npozpamad,
npedsudenu oeunocmu - 00 2 cmp.)

Cp31aBaHeTo Ha HOBH JICKAPCTBEHH (DOPMYIHPOBKU € OOEKT Ha 3aCHJIEH MHTEPEC OT
cTpaHa Ha (apMareBTUYHATa MHIYCTpHs. Upe3 TIX ce Lenu MOBHIIaBaHE HAa CTAOMIIHOCTTA,
BOJIOPA3TBOPUMOCTTA U CHOTBETHO OMOHATMYHOCTTA Ha (papMaleBTUYHO-aKTHBHATA ChCTAaBKa
W/WIK Ja ce TOBJIHAC Ha MPOIBIDKATEIIHOCTTA HA JICHCTBUE U Ja C€ HaMald TOKCHYHOCTTa Ha
JIEKapCTBOTO. 3HAYMTENIHA YaCT OT CHHTETHYHHUTE W TPUPOJIHH ChEAMHCHHS, KOMTO IOKa3BaT
MHOT'O BUCOKa OMOJIOTUYHA aKTHBHOCT B MH BHTPO HM3CJCIBAHMUS, HE yCISABAT J1a JOCTHTHAT 10
KJIMHUYHATA MPAKTUKA 3apaji HUCKa Pa3TBOPUMOCT IpH (HU3UOIOTHYHH ycinoBus. OcBeH TOBa
(bapManeBTHYHO-aKTUBHH ChEIMHECHUS UMAIM KPUCTAIHA CTPYKTypa MOTaT Jia ChIIECTBYBAT B
HSKOJIKO  MOMUMOpGHH  (QOpPMH, KOUTO MPHUTEXKABAT  PANMUYHH  (PUIUKOXUMHUYHHU
XapaKTEPUCTHKH U pa3In4Ha TePaNeBTUYHA aKTUBHOCT. TOBa CHIIO € MPEJU3BUKATEICTBO MPe/
¢dapmaneBTyHaTta uHAYyCTpus. [IpeBpbianeTo Ha (apManeBTUYHO-aKTHBHU CHEAWHEHUS B
itoran Teanoctu (MT) e 06eKT Ha 3aCHIICH HHTEpEC OT CTpaHa Ha HAYYHATa OOIIHOCT M MOKa3Ba
3HAYUTEJICH NOTEHIINAN 33 Ch3/I1aBaHe Ha HOBU JICKAPCTBEHU (POPMH.

OGeKT Ha M3CIe[BAaHE HA HACTOAIIMSA NPOEKT ca cepud MT, chabpKamy KaTHOHH
AITKUJIOBH €CTEPU HA aMHHOKHCEIWHHN ¥ aHHOHHW — HECTEPOUIHU MPOTUBOBB3MAIUTEIHN W/UITN
OonkoycnokosiBaiu cpencta kato keronpoden (KETO), ubynpoden (IBU), nanpoxcer(NAP)
u cammipiioBa kucennHa(SA). Ien Ha mpoekTa € Ja ce yCTaHOBH, KaK HOBUTE JIGKAPCTBCHU
dopmu oz popmara Ha MT cu B3amMozeiicTBaT u ce cBBp3BaT ¢ an6yMuH. KakTo M KakbB €
eekra Ha Te3W CHEAMHEHHS BBPXY CTAa0MIHOCTTAa Ha anOyMHHA. AJIOYMHHBT € OCHOBEH
TPAHCIIOPTEH MPOTEHH TPHU YOBeKa M Oo3aitHuuTe. M3ydaBaHETO Ha B3aMMOJCHCTBHSATA MY C
uenesure MT me nage npensapuTenna MHOOPMALMS 3a YCBOABAHETO, MeTaboNM3Ma H
TOKCHYHOCTTa MM, KaKTO W 3a TMOTEHIMala UM 3a OBJeNIo JIEKapCTBEHO NpUIIOKeHHe. B
U3CIIEIBAHETO € M3MOJI3BaH FOBEXKIUIT cepyMeH anoymuH (BSA), KoiTo € BHCOKO XOMOJIOKEH
(mo 76%) Ha YoBemIKUs CepyMeH aJOyMHUH W YeCTO C€ HM3IOJI3Ba Karo MOJENT B MH BHTPO

n3CJICaABaHUs.
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[Ipe3 mppBUA eTam Ha HACTOSIIUS MPOEKT Osixa miciensaHu cepun UT, chabpikamiu
aHMOH KEeTOMPO(]eH.

(DOKYC’BT Ha HU3CJIICABAaHUATA HA BTOPHUA €TaIl Ca CCpUH I/IT, ChbABbpIKAIOX HAIIPOKCCH H

noympodeH.

3a BTOpHS €Tan Ha IPOeKTa 0s1Xa OCTAaBeHU CIICHHUTE 3a1a4H:

a) lla ce ompenensaT KOHCTaHTHTE Ha CBBbp3BaHE, OpOSAT Ha CBBP3BAILMTE MeECTa H
TepMOIMHAMUYHUTE apametpu Ha BSA u uenesure WT.

6) Jla ce npocnenu edexra Ha uenesute MT BbpXy BTOpPHYHATA M TPETHUHATA
cTpykTypa Ha BSA.

B) Jla ce mpocieau epexra Ha nenesute M T BbpXy TepMocTabunHocTTa Ha BSA.,

r) AKTyann3upaHe Ha JIMTEpaTypHATa CIpaBKa 3a CHHTe3a M eekTBHOCTTA Ha MT Ha
OCHOBaTa Ha HECTEPOUIHH MPOTUBOBB3MATUTEIHU U OOJIKOYCIIOKOSBAIIY ChETUHEHUS.

n) Pasnpocrpanenue Ha pesynrature. OdpopmsaHe Ha myOnMKauy. Yd4acTHe B HAyYHU
MEpOTPUSITHS.

e) OdopmsiHe Ha MEKIUHHUA U HA KPaWHUS OTYET.

N3nosn3Banu ca clieTHUTE TOAXOAU:

3a onpenensHe Ha MapaMeTpUTe Ha CBbp3BaHE U TEpMOJAMHAMUKAaTa Ha
B3anMoeiicTeusaTa Ha BSA ¢ T e usnomnssana HW30TEPMUYHA TUTPUMETPUYIHA KAIOPUMETPHS.

3a mpocnensBane Ha eekta Ha MT BbpXy BTOPHYHATA M TPETHUHATA CTPYKTYypa Ha
BSA ca n3non3Banu uHppadepBeHa CIEKTPOCKOIUSA U (PIIyopeclieHTHA CIIEKTPOCKOIHS.

3a ycraHopsBaHe Ha edekra Ha MT BBPXy TepMOAMHAMHMYHATA CTaGMIHOCT Ha BSA e

M3M0I3BaHa AudepeHalia CKaHupala KalopuMeTpusl.

*e-mail: proletina.kardaleva@orgchm.bas.bg
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Pesynmamu u oocvicoane (0o 10 cmp.)

[Ipe3 nHacTtosmust eranm Ha mpoekra Osixa uscaeaBanu 6 WT, cbabpkamy aHWOH

ubynpopen u 5 MT, chabpxkamm aHHOH HanpokceH. CTPYKTYpHTE Ha W3CICABAHHTE

ChEeIUHEHHNS Ca MOKa3aHu Ha cxema 1.

Rz
O/
R1
(@)

NH;* R3COO
R; R, Rs _ O3HaueHue
/L -CH,CH; )\/@ [L-ValOEt][IBU](1)
A( -CH,CH;, */QA [L-LeuOEL][IBU](2)
A -CH,CH,CH; )v@ [L-ValOPr][IBU](3)
/\/ -CH,CH,CH; @* [L-LeuOPr][IBU](4)
/k -CH(CH;), */Q/K [L-ValOiPr][IBU](5)
j”\ﬁ -CH,CH,CH,CH; )\/Q)\ [L-ValOBu][IBU](6)
CHs HiC
ﬁ/ Tl CHCH, [L-LeuOE{][NAP](7)
CHj3 2 CH,
)\% -CH,CHs [L-ValOEt][NAP](8)
j\ -CH (CHy), [L-ValOiPr][NAP](9)
o
)\% -CH,CH,CHs [L-ValOPr][NAP](10)
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Chs

CHs
)\ -CH,CH,CH,CH; |, [L-ValOBU][NAP](11)

CHs

Cxema 1M3cnenBanu HOHHU TEYHOCTH

W3oTepmuuHaTa TUTPUMETPUYHA KAJIOPUMETPUS € HAACKACH U MHPOPMATUBEH METOJ
3a U3CJICBAHE HA B3aUMOJICHCTBUATA MEXKy MAKPOMOJIEKYJIH U JIUranau. Toil mo3BossiBa aa ce
ONpeAe CTEXMOMETpHUATAa Ha CBBP3BAaHE, KOHCTAHTHM HA acolMalMs W JAUCOLUALMs, H
TepMOJIMHAMUYHHUTE TapameTpu. Ha ¢ur. 1 3a mmocTpanus € mokazaHa KaJOpUMETpHUYHATa

TUTpaIMOHHA KpuBa 3a chp3BaHe Ha L-ValOiPr][NAP] B monekynara na BSA.
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®durypa 1. U3otepma Ha cBbp3BaHe, Moiy4yeHa npu TuTpyBaHe Ha BSA (32,5 uM) u

[L-ValOiPr][NAP] (0,45 mM) (ropen maHesn) u 06pabOTBAHETO ¥ MO MOJIET — €HH THIT

HE3aBHCHMH TOAIEHTPOBE (JTosieH nmanen). T= 25°C.

[Momo6HM M30TEpMaTHU TUTPUMETPUYHHA KPUBHU Ca MOJTYUYEHHU 32 BCUUKH KOMILUIEKCHU Ha
BSA ¢ UT u nonyuenute pesynraru ca o6o0mienu B Tabnuna 1 3a UT ¢ aHnoH HanmpoKceH u B

tabmuna 2 3a MIT ¢ annon uGynpodes.

Tabamua 1. Bpoit cebpsBamm wmecta (N), KoHcTanTata Ha cBbp3Bane (Ka) m
TEepMOAMHAMUYHUTE napameTpu 3a B3aumojeiicteusta Ha NAP/NAP-UT ¢ BSA, pH 7,4; 25°C.
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Kommeke Ka AH AS AG
n -1
(UM7) (kcal/mol) | (kcal/mol) (kcal/mol)

BSA-NAP 1 112 13,16 11,9 9,61
BSA-[L-LeuOEt][NAP] 11 123 12,54 9,63 9,68
BSA-[L-ValOE{][NAP] 11 15,6 13,63 132 9,69
BSA-[L-ValOiPr][NAP] 2.2 35 5,98 9.9 8.83
BSA-[L-ValOPr][NAP] 08 123 16,45 222 0,84
BSA-[L-ValOBU][NAP] 08 122 16,6 233 9,38

Ta6auma 2. bBpoii cBwp3Bamu  Mecrta (N), KoHcrantata Ha cBbp3BaHe (K,) w
TepMOAMHAMHYHUTE NapameTpu 3a B3aumopeiicteusra va |IBU/IBU-UT ¢ BSA

Kommiekc Ka AH AS AG
: (uM™) (kcal/mol) (kcal/mol) (kcal/mol)
BSA-1BU 1,0 0,36 -9,32 -1,65 -7,65
BSA-[L-ValOEt][IBU] 0,9 0,2 -9,23 -1,99 -7,24
BSA-[L-LeuOEt][IBU] 0,9 0,2 -9.,8 -2,56 -7,22
BSA-[L-ValOPr][IBU] 13 0,2 -11,95 -4.71 -7,24
BSA-[L-LeuOPr][IBU] 0,9 0,17 -17,04 -9,89 -7,15
BSA-[L-ValOiPr][IBU] 1,0 0,34 -9,26 -1,71 -7,55
BSA-[L-ValOBut][IBU] | 0,9 0,12 -11,5 -4,38 -7,61

KakTo ce BIK/a OT pe3yJITaTHTe, HApOKCeHsT i Herosute T ce cebp3Bat ¢ BSA ¢ 110
J(Ba TOPAbKA MO-CHIICH apUHHUTET crpsmo uOympodena u Heroute MT. dopmupaHeTo Ha
Bcnuky Kommekc Ha BSA ¢ WIT e crionranen npouec (AG<0) 1 BEpOSTHO € ChIIPOBOJCHO C
KOH(GOPMAIMOHHU MPOMEHH B aJlOyYMHHA MPHU CBbp3BaHe Ha Juranaute. C uskimodyenue Ha [L-
ValOiPr][NAP], mpu Bcuuku octamand WT W M3XOZHHTE CHEIUHCHHS, HAMPOKCEH H
ubympodeH CBBpP3BAHETO c€ ONarompusaTcTBa OT CHTANNuATa. 1e3d KOMIUJIEKCH ca
ctabunm3upanu upe3 Ban nep BaancoBu B3auMomeWcTBHUS U BOJOPOJHU BPB3KU MEXKAY
JWraHga W Makpomoliekynara. 3a oOpasyBaneto Ha komiuiekca BSA-[L-ValOiPr][NAP]
CBIIECTBEH MPHHOC WUMAT W EHTPONUATA, W CHTAIMHATA. B TO3W ciiydail Bcska MOJIEKyJia
anbyMHH TpeHacs jBe MojeKyau iurani. Ilpm WT Ha Hampokcena u uGympogena c [L-
ValOBu] u [L-ValOPr] npou3BogHUTE Ce CBBP3BAT ChC CTEXHOMETPHS MO-Maika oT 1:1, Koeto
CIIOpE]T HAaC C€ TBJKU Ha CBBbpP3BaHE HA ChEIMHEHUSATA B CBBP3BAIl MOALECHTHP (,,/HK00 ) 61130
JI0 TIOBLPXHOCTTA Ha MPOTEHHA, KOETO MO3BOJIIBA MOJICKYJIaTa Ha HaMpoKCceHa/uoynpodeHa maa
ce CBBp3BAT Upe3 ecTepHaTa CH rpyma ¢ eJHa MOJeKyJa amOyMuH, a ¢ apoMaTHUs (pparMeHT ja
ydacTBaT B XuJpo(oOHH B3aMMOACHCTBHS C JIpyra Molekyna anOymuH. Te3um xumoresu ca

AOKa3aHW 4YpE€3 MOJICKYJIHA JUHaAMHKaA, pE3yJITaTH KOMCHTHUPAHU HO-HOJIpO6HO B U3JdA3J1aTa OT

*e-mail: proletina.kardaleva@orgchm.bas.bg
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ncyar Hy6JII/IKaI_[I/I$I IpEe3 HACTOAIIUSA €TAIl HA IMIPOCKTA.

Ob6pa3zyBanero Ha KomIuiekc Ha anOymun ¢ UT ¢ annon ubynpoden Geme mpocieneHo

u

CHEKTPODIyOPUMETPUYHO.
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(bayopecueHIMATa, IbDKAIIA CE IJ1aBHO HAa TPUNTO(PHUIOBUTE M THUPO3UHOBHUTE OCTATHLU Ce

noracsiBa (®wur. 2)
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®urypa 2. EMUCHOHHM CHEKTpU Ha
1404 kommiekcure Ha BSA ¢ IBU (a), [L-
‘ ValOEt][IBU] (6), [L-LeuOEt][IBU] (),
& . \ [L-ValOPr][IBU] (1), [L-LeuOPr][IBU]
(m), [L-ValOiPr][1BU] (e), [L-
ValOBu][IBU] (k). Koumenrtpanusita Ha

Fucrescanca Infensity
a
1

o —— BSA e 2uM, a Ha jurangure ot 0,5 pM

300 350 a0 450 50 10 0,1 mM.
Wavalengthinm)
()

B eMHCHOHHHTE CIIEKTHPU Ha anbymuHa B IpHchcTBue Ha WT ¢ aHnon nGympoden ce
HaOJI0OaBa XHMIICOXPOMHO OTMECTBaHE HAa MAaKCMMyMa, KOETO € HMHIUKAIMs 3a TOBa, 4e
OOKpPBKEHHETO B OJIM30CT 10 (hiyopodopuTe cTaBa Mo-MoysipHO. EQEeKThT € KOHIIEHTpallnOHHO
3aBUCHM M € HHIMKALM 32 KOH()OpMallMOHHA IPOMSIHA.

HanpokceHbT M HEroBUTE NMPOM3BOIAHU CE XapaKTepU3UpAT C EMHCHOHEH MaKCUMYyM
MIPUTIOKPUBAIL C€ C TO3M HAa aIOyMuHA M (DIYOpPECIEHIUATA HE MOXE Ja C€ M3IO0J3Ba KaTo
WHAMKAOUS 3a O0pa3yBaHEe Ha TEXHHTE KOMIUIEKCH W/WIM Ja C€ MPOCIEOIT MPOMEHH B
TpeTHYHATa CTPYKTypa Ha IPOTEHHA.

3a na ycraHoBMM Ha edekra Ha WT Cc aHMOHM HAmpOKCEH M HOYMpOdeH BBPXY
BTOpUYHATA CTPYKTypa Ha alOyMWH H3IOJI3BaxMe HH(]padyepBeHa crekTpockonus. Hue
POCIIEMXME POMEHHTE B MHTEH3HBHOCTTA H rpoda Ha Amux I mBuara (1700— 1600 cm™)
Ha an6yMHH B TpuchcTBHe Ha WT. Tasu MBMIA € MHOTO UyBCTBHTENHA KbM HPOMEHH B
reOMeTPHATa U OOKPBKEHUETO Ha aMUAHUTE TPYIH OT MOJUIENTHAHATA BEPUTa.

Ha ¢urypa 3 3a wmmocTpamusi € TOKa3aH OPUTHHAIHUAT CHEKThp (A), BTOpara
npou3BojHa (B) 1 1ekoHBOMIOMPAHUST (,,pa3iiokeH ) criekThp Ha HaTHBeH BSA BBB docharen
oydep (B). Ilo ananmornyeH HauuH ca 00pabOTEHN BCUYKHU CIEKTPU Ha KOMIUIEKCH Ha alnOyMuH
u WT, ceabpxamm annony uGynpoden u HanpokceH. ONpeeleHy ca IUIOMKUTE ¥ ChOTBETHO
Jena Ha CTPYKTYpHHUTE €JIEMEHTH 3a BCsAKa OT IOJNyYeHHTE WBHIM, M3rpaxigamu Awmwun |
WBUIATa U CIIOpE] TO3UIUATa HA MAaKCHMyMHUTE UM Ca OTHECEHH KBbM OINpejelieHa BTOPUYHA

CTPYKTYpa CIOpel IpHeTaTa JIUTeparypa.
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®durypa 3. Opurnnanaes MY crexktsp (A), Bropa npoussoaHa (b) u paznoxen Y cnexkrsp (B)
na BSA B o6nacrra 1700-1400 cm™

O06o0uieHnTe pe3ynTaTi ca Noka3aHu B Tabmuma 3 u tabnuna 4 3a cepuute UT, cpabpxkaimu
AQHMOHH HAIIPOKCEH U UOYNpodeH.

Taoauua 3. Komnonentu Ha Amun | wBumara 3a komriuiekcure Ha BSA ¢ VT ¢ anmon
HarpokceH(1:1).

Kommexe - CITHpajn B-cTpykTypH apoMaTHH oCTaThIU /
arperupanm CTPYKTYpH /
aHTHTIApAJICITHH B-THCTOBE

[ozumus o (%) ITo3u- o (%) [Mozunus (cm'l) o (%)
(cm™) st
(cm™)
Hartusen BSA 1636 48,1
1656 26,5 1673 70 1615 18,4
BSA-NAP 1625 17,0
1640 25,0 1610 11,8
1655 279 1669 114 1696 2,3
1681 4,5
BSA-[L-ValOEt][NAP] 1628 18,3
234 1612 12,0
1657 28,3 1644 ' )
1675 17,3 1700 0,6
BSA-[L-ValOPr][NAP] 1625 24,1
1655 254 1640 21,6 1283 lgg
1673 14,6 '
BSA-[L-ValOiPr][NAP] 1633 30,6 1615 13,8
1654 al4 1678 0,9 1684 13,7
BSA-[L-LeuOEt][NAP] 1620 14,1
1654 336 | 1636 26,0 ooy o1
1674 15,2 !
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Ta6auna 4. Komnonenty Ha Amua | uBmiara 3a komiuiekcure Ha BSA ¢ UT ¢ anmon
nbynpoden (1:1).

O~ CIIUpAJIA B-cTpykTypn HETOApEICHU apoOMaTHHU OCTaThLH /
CTPYKTYpH arperupanm
CTPYKTYpH /
aHTHIApaleTHu -
JIUCTOBE
Tlo3u- | OtHo- [To3u- OTtHO- [To3u- OTtHO- Tlo3umus | OtHO-
oS HAa | CUTCIIHA ouss Ha CHUTCIIHA ous Ha | CUTCJIHA Ha CHUTCHA
MBHIA | IJIOIL MBHIA- | IJIOIT MBHIIATA | IJIOIL MBHUIIATA | IIOIL
-Ta (%) Ta (%) em™) | (%) (cm™) (%)
(cm™) (cm™)
Harusen BSA 1636 48,1
1656 26,5 1673 70 - - 1615 18,4
BSA-IBU 1626 9,6
1657 30,2 1643 41,8 - - 1616 53
1675 13,2
BSA-[L- 1636 22,4
ValOEH][IBU] 16571 3161 1g74 206 | 1649 19.3 ) }
BSA-[L- 1628 14,5
LeuOEt][IBU] 1657 35,0 1643 29,2 - - 1614 10,1
1673 11,3
BSA-[L- 1640 75,7
ValOPr][IBU] 1655 18,6 1670 5,7 i i i i
BSA-[L- 1627 12,6
LeuOPTr][IBU] 1657 31,1 1638 14,8 1649 18,1 1616 8,1
1672 15,2
BSA-[L- 1636 36,6
ValOiPr][IBU] 1655 373 1675 11,8 i i 1612 14,3
BSA-[L- 1632 25,7
ValOBu][IBU] 1658 285 | 1647 23,3 - - 1619 9,9
1674 12,7

OuakBaHO, CBBP3BAHETO HAa JIMTAHAUTE B HIKOW OT CBBP3BAIIUTE IOJALCHTPOBE Ha
anbyMHHa MHIyIIMMpa HeroBaTa KOH(OpPMAaIMOHHA NpoMsHAa. 3a cepuata WT ¢ aHHOH
HAIPOKCEH, yCTaHOBMXMe, ue B mpuchbcTBue Ha [L-ValOiPr]-npousBogHoro Mosekyrnara Ha
anOyMHHa € MO-MOoJpe/icHa, HapacTBa Jieja Ha O-CIHPAJUTE 32 CMETKA Ha P-CTPYKTypUTe, HO
ChIIO Taka M Ha arperatute. Ilpm ocramamute WT or Ta3sm cepus ce HaG0naBa
MPECTPYKTYpHpaHEe Ha MoJIeKyJaTa Ha ajlOyMHHA, HO C€ 3ama3Ba CBBbP3BAIIHS KalaluTeT.
Cepusita VIT ¢ annon uGynpodeH Mpean3BUKBAT 0-3HAYAMHU TIPOMEHH B KOH(OPMAIHMATA HA
anoymuHa. Pe3ynTarhbT € B chriiacue ¢ HaOJIOJaBaHUTE MO-HUCKH KOHCTAHTH Ha CBBP3BaHE C
Ta3u cepus cheauHeHus. IHTepecHo ¢ aa ce oToenexu, ye B nmpuchcerBue Ha [L-ValOPr][IBU]
aIOYMUHBT € TIOYTH HAITBJIHO JIeHaTypupaH. Bukna ce, de B- ctpykrypure ca Hag 80%, HO He
ce HaOmojaBa oOpa3yBaHeTo Ha arperatu. B mpuckctBuero Ha [L-ValOEt][IBU] u [L-

LeuOPr][IBU] napactBa aena Ha HEMOAPEICHUTE CTPYKTYPH, KOETO € Bh3MOKHO 00ECHEHHE 3a
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MO-HUCKaTa e()EKTUBHOCT HAa CBBP3BAHE.
Nzcnensaxme edexta Ha UT ¢ aHMOH HampoKceH BbPXY TEPMOAMHAMUYHATA CTAOUITHOCT
Ha anOymud. Ha d¢urypa 4 e mnokazan mnpoduia Ha  JeHaTYpUpaHUTE KPUBUTE MpH

nudepeHIraiHa CKaHupalla KaTopuMeTpus.

— ity BSA
BSA NAP
00 4 BSA |L-LeuOE1NAP)
BSA |L-VaIOEHNAR)
— BSA [LVaOIPANAP)
00 —— BSA |L-VAIOPTENAP|

BSA [L-VAIOBUNAP]
10
04 4///

Temperatura, C°

0 "l

mol' K’

xceas heal capacity
L

E

durypa 4. KpuBa Ha nudepeHnuanta ckaHupama kajopuMmerpus Ha BSA B mpuchcTBue Ha

UT, ceabpxaiiy aHuoH HanpokceH. CroTHomeHueTo: nporeud: UT e 1:1.

Kakto ce BHOKIA OT TCPMOI'paMUTC, aJ'I6YMI/IH’LT c HO-TepMOCTa6I/IJIeH B IIPUCHCTBUC HA
HUT ¢ anuon HAITPOKCCH. Pe3yHTaTI/ITe ca B CbIjlacuc C Ha6J'IIOI[aBaHI/ITe KOH(I)OpMaI_II/IOHHI/I

IIPOMCHH. EKCHCpI/IMeHTaJ'IHOTO JACKOHBOJIOHWPAHE IIO3BOJJIsIBA Jia C€  pasjinydar TpH

TEPMOJMHAMHYHU TIPEX0/Ja, KOUTO BEPOSATHO C€ IBJDKAT HA CPABHHUTEIHO HE3aBHCHMO
TeMIepaTypHO-pa3rbBaHe Ha TPUTE ICHO 000COOEHU CTPYKTYpHH JIoMeHa (Tabnuia 5).

Tabauma 5. TepMoaWHAMUYHU  TApaMeTpH, TIOJXYYEHH  Ype3  EKCIIEPHUMEHTAITHO
JICKOHBOJIIOMPAHEe Ha TepMOTpaMUTe MpH Au(epeHInaTHa CKaHHpalla KaJIOpUMETpHUs 3a

HatuBHUSI BSA n Herosute komiuiekcu ¢ UT Ha HAITPpOKCCHA, IMMOJTYYCHU B CbOTHOIICHUC 1:1.

AH /kJ AH /kJ AH /kJ /kJ
T /°C 1 T /°C 2, T /°C 3, total |
ml m2 m3

mol mol mol mol
Hatusen BSA 57 128 60,6 253,9 63,1 119 492,2
BSA-NAP 62,5 269,2 67,3 470,2 71,8 93,1 849,8
BSA-[L-LeuOEt][NAP] 64,5 263,7 68 324,7 71,2 135,6 759
BSA-[L-ValOEt][NAP] 61,8 341,8 66,6 365,3 70,9 118,8 846
BSA-[L-ValOiPr][NAP] 63,2 334,7 67,4 307,9 69,9 187,9 836
BSA-[L-ValOPr][NAP] 63,9 425,5 67,6 248,5 70 199,2 882,8
BSA-[L-ValOBU][NAP] 63,2 342,7 67,2 366,6 70,1 170,6 860
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KeM MomeHTa ce mpoBexgar AuQepeHIHanrHa CKaHWpalla KaJIOpUMETPHs
EKCIIEpUMEHTH 3a YCTAaHOBSBAaHE HA TEMIIepaTypHaTa CTAOMIHOCT Ha AIOYMUH B PUCHCTBUE HA

WUT ¢ aHnon uGynpodeH 1 mpeacTon pe3ylaTaTuTe 1a 6baaT 0600IIeHH.

H3ze00u/Ob061ienue

Karo 1o mcnensanute UT ¢ annonn nOynpodeH ¥ HAMPOKCEH M KATHOHH aJIKHJIOBH
ecTepr Ha aMUHOKHCEIMHU CE XapaKTepu3upar C IMapaMeTpud Ha CBBbpP3BaHE KbM alOyMUH
ONMU3KKM IO Te3W Ha M3XOIHUTE HOYnmpodeH W HampokceH. Pasnmkure B KOHpOpManusaTa Ha
anbyMHHa B IPHCHCTBHE Ha m3cieapanute MT BEpOSTHO ce IbKAT HA CBBP3BAHETO MM KbM
Pa3IMYHK MOACBBP3BalH neHTpoBe. Haii-o61mo u3cnexannte T He cTHMYIHpAT arperarusra
Ha nporTenHa. T ¢ aHHOHM HANPOKCEH IOBMIIABAT TEPMOIMHAMUYHATA CTAOMIHOCT Ha
an6ymuna. OuaxBame UT Ha ocHOBaTa Ha HOYIpodeH 1a UMaT Mox06eH eeKT.

Pesynratute MOke 1a ca OCHOBa 3a MpejuiaraHe Ha MoaAu(UKaluu B KaTHOHA U
nonyuaBane Ha HoBUM WT, KOMTO 1a ca ¢ NOAOOPEHM NapaMeTpH Ha CBbP3BAaHE, CHOTBETHO

(hakMakoKMHEeTHKa U (papMaKOAMHAMUKA.

Ilyonukayuu u yuacmusa Ha HayuHu gpopymu
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ARTICLE INFO ABSTRACT
Am'Cl_e history: Naproxen (NAP) is one of the most widely prescribed non-steroidal anti-inflammatory drugs. Novel formulations
Received 3 August 2020 of NAP aiming at better water-solubility, dosage, and the onset of action or new routes of application in order to
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Available online 14 September 2020

minimize or prevent side effects of NAP are in the current interest of the pharmaceutical industry. Here, we report
the synthesis, chemical, spectral and physicochemical characterization of a series of salts containing cations
amino acid alkyl esters (AAE) and NAP anion, which potentially can be used as novel drug formulation. The [L-
AAE][NAP] were obtained in three steps: preparation of the AAE hydrochlorides, neutralization of the hydrochlo-

Keywords: . . . N L

Tonic liquids rides to the corresponding AAE, and formation of the target organic salts. All NAP derivatives, tested at a concen-
Albumin tration as high as 100 uM, exhibited no toxicity against murine macrophage cell line (RAW 264.7). The binding
Binding affinity parameters and stoichiometry of [AAE][NAP]s to bovine serum albumin (BSA) are in the range of that estimated

Naproxen derivatives
Isothermal titration calorimetry
Molecular docking

for the parent NAP. Only L-valine isopropyl ester naproxenate characterizes with about one order of magnitude
lower binding affinity for BSA, which suggests a faster diffusion rate in the circulatory system than the parent
NAP and other derivatives, and therefore faster reach to the target system. Using molecular modeling seven bind-
ing pockets of BSA were probed for their suitability to binds the cation and the anion and results are discussed in

correlation with the obtained thermodynamic parameters for the binding of NAP derivatives to BSA.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Tonic liquids (ILs) are organic salts, typically composed of bulky or-
ganic cations and organic or inorganic anions [1]. Their physicochemical
properties are tunable and can be easily modulated by an appropriate
selection or modification of the cation and the anion. In recent years,
ILs have demonstrated significant potential in pharmaceutical research
and development [1]. Some ILs are applied as catalysts, solvents or co-
solvents in the synthesis of active pharmaceutical ingredients (API) or
their precursors, which in some cases offers the advantages of increased
reaction rate, enhanced enantioselectivity, higher purity and/or yields of
the target products, or may facilitate the isolation of the target product
[2-4]. ILs can be used in the processes of separation and purification of
APIs as well as the removal of APIs from wastewater [5]. It is noteworthy
to be mentioned that many ILs exhibit biological activities such as anti-

* Corresponding author.
E-mail address: maiag@orgchm.bas.bg (M. Guncheva).

https://doi.org/10.1016/j.molliq.2020.114283
0167-7322/© 2020 Elsevier B.V. All rights reserved.

bacterial, anti-fungal, anti-cancer, etc. and have the potential for bio-
medical applications [6].

ILs and organic salts have also been successfully applied in the prepa-
ration of novel drug delivery systems e.g. Sidat et al. developed new IL-oil
microemulsions for transdermal delivery of acyclovir [7]. On the other
hand, the conversion of hydrophobic drugs into ILs or organic salts
using suitable counter ions may solve problems with their low solubility
in aqueous media and therefore to enhance their bioavailability and
possibly lowering the dosage and toxicity of the drug. For example, the
water solubility of methotrexate was improved up to 5000 times by its
conversion to choline-, trimethylammonium-, tributylphosphonium- or
amino acid ester based-IL, while indomethacin-based ILs containing
tetramethylguanidine, 2-dimethylaminoethanol, 1,8-diazabicyclo[5.4.0]
undec-7-ene or 1,4-diazabicyclo[2.2.2]octane cation proved to be up to
700,000 times more water-soluble than the parent drug molecule
[8,9]. Interestingly, enhanced blood-barrier permeation was reported
for ILs containing donepezil (a drug for the treatment of Alzheimer's
disease) cation and docusate, ibuprofenate, or free fatty acid anions
[10,11].
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Using relevant ions may result in novel formulation with a new
route of administration. For example, Sahbaz et al. improved the oral
drug exposure of itraconazole, cinnarizine, and halofantrine by their
conversion into lipophilic ionic liquids, which facilitated subsequently
their incorporation in the drug into lipid-based formulations and inte-
gration into lipid absorption pathways [12]. On the other hand, Park
and Prausnitz proposed a fast method for delivery of lidocaine to skin
based on a formulation containing lidocaine cation and ibuprofen
anion, the novel formulation characterizes with increased sorption of
the lidocaine into the skin and the local anesthesia occurs five times
faster than a commercial topical formulation of lidocaine and prilocaine
prepared as a eutectic mixture [13]. Tested in vitro, ILs based on 1,4-
diazabicyclo[2.2.2]octanium, N,N-dialkylmorpholinium, and 1,3-dial-
kylimidazolium cations showed good potential as enhancers for trans-
dermal permeation of diltiazem, a calcium channel blocker, and the
formulations were less toxicity than traditional cationic surfactants [ 14].

The dual-functional API-ILs, which allow in one formulation to be
combined two or more active compounds for simultaneous release are
very attractive for the pharmaceutical industry. During the last decade,
many dual-functional ILs, in which the ions exhibit either two indepen-
dent pharmacological activities or have a synergetic mode of action
were synthesized and in vitro tested [15-17].

Non-steroidal anti-inflammatory drugs (NSAIDs) are one of the
most widely prescribed classes of medications, highly effective for the
treatment of chronic and acute pain and inflammation [18]. Among
other serious side effects, the prolonged use of NSAIDs may increase
the risk of gastrointestinal incidents such as gastroduodenal ulcers, gas-
trointestinal bleeding, and perforation, dyspepsia, etc. [18]. One of the
approaches to minimize or prevent such injuries is to decrease the tox-
icity of the NSAIDs via their distribution in alternative formulations such
as enteric-coated or soluble preparations, which reduce the gastric res-
idence and mucosal contact time [19]. Other approaches are the applica-
tion of NSAIDs as buffered preparations or non-acidic pro-drugs, as well
as other routes of administration of the drugs e.g. rectal, parental, topi-
cal, etc. [19]. In the recent years, ILs based on ketoprofen, naproxen,
and ibuprofen, the most widely prescribed propionic acid-derived
NSAIDs, have been in the focus of scientists in an attempt to optimize
their solubility, dosage, duration, and the onset of action, parameters
that may influence the gastrointestinal side effects. It is noteworthy to
be mentioned that some promising results have been obtained. For ex-
ample, ILs containing cholinium cation and naproxenate, ketoprofenate
or ibuprofenate anion characterize with enhanced water solubility in
comparison to the parent molecule or its sodium salt [20,21]. An en-
hanced water solubility without a negative effect on cytotoxicity on fi-
broblasts was reported for numerous ibuprofenate-based ILs
containing 1,3-substituted imidazolium or substituted quaternary am-
monium cations [21]. Interestingly, N-ethyl-N-(2-hydroxypropyl)-N,
N-dimethylammonium ibuprofenate showed a relatively good selectiv-
ity and produced a strong antiproliferative effect on human ovarium
carcinoma cells (A2780) with the estimated activity ratio above 13 for
A2780 versus normal human dermal fibroblasts [21]. Recently,
ibuprofen-based ILs with transdermal permeability and potential for a
topical application have been synthesized and in vitro tested. For exam-
ple, Moshikur et al. reported that in comparison to sodium ibuprofenate,
N-methyl-pyrrolidonium ibuprofenate characterizes with an enhanced
skin penetration and enriched drug circulation in the target tissue and
lower cytotoxicity on murine fibroblasts (NIH3T3 and L929) and
human liver cancer cells (HepG2) [22]. Expectedly, the substitution of
the sodium cation of sodium ibuprofenate with r-valine ethyl esters,
1-butyl-3-methyl-imidazolium, procainium, ranitidinium, lidocainium,
tetraalkylphosphonium or tetraalkylammonium led to increased skin
permeability of the drug and can be used in the development of new
topical medications [10,23]. Moreover, Wu et al. showed that 1-(2-
hydroxyethyl)-3-methyl-imidazolium ibuprofenate and 1-butyl-3-
methyl-imidazolium ibuprofenate are less toxic to keratinocytes
(HaCat cells) than ibuprofen and its sodium salt [10]. Zhang et al.
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proposed a microemulsion containing lidocaine ibuprofenate as an oil
phase as a promising vehicle for skin delivery of artemisinin, a poor
soluble antimalarial drug [24]. Parra-Ruiz et al. synthesized wound
dressing based on double-polymerizable salts containing cation
quaternary ammonium with an antibacterial activity and anion NSAIDs
(meclofenamic acid, ketoprofen or ibuprofen) with an anti-
inflammatory activity, which could be applied for prolonged use -
10 days [25]. There are some other communications on the synthesis,
physicochemical characterization, in vitro, and in vivo testing of ILs
based on NSAIDs, however, their interactions with plasma proteins in-
cluding serum albumin are scarcely studied [26,27].

Serum albumin is the most abundant plasma protein in vertebrates,
which is responsible for the maintaining of the oncolytic pressure and
the transport of hormones, fatty acids, drugs, metabolites, etc. in mam-
malians [28,29]. Bovine serum albumin (BSA) shows about 80% homol-
ogy and high structural identity with human serum albumin, and due to
the availability of extensive structural information, it is used in binding
studies [29]. Moreover, BSA is used as a stabilizer and/or drug carrier for
some drug formulations [30]. Human and bovine serum albumins are
composed of three homologous domains (I-III), each subdivided into
two subdomains (A and B) [28]. So-called Sudlow's site I (subdomain
Il A), site II (subdomain II A), and site Il (subdomain I B) typically
bind drugs, but there are also nine binding sites for free fatty acids, 4-
hydroxine binding site (subdomain III B), metal binding site, heme-
binding site, a site centered around Cys 34, N-terminal binding site,
and some other [31,32]. The binding of drugs to serum albumin affects
their pharmacokinetics and pharmacodynamics and is correlates with
their dosage, efficiency, toxicity, and/or side effects [29]. In addition,
serum albumin increases the apparent solubility of hydrophobic drugs
and therefore modulates its delivery to cells in vivo and in vitro.

Here, we report the synthesis and characterization of a series of salts
containing cations amino acid esters (AAE) and naproxenate anion,
which potentially can be used as novel drug formulation. L-type neutral
amino acids are attractive for the development of prodrugs or novel salt
formulations of poorly soluble and adsorbed therapeutic agents, which
is due to their lower toxicity and ability to cross the cell membrane includ-
ing the blood-brain barrier via the corresponding transmembrane recep-
tors [33]. The aim of the study is to investigate the effect of the conversion
of the naproxen into AAE salts on their binding interactions with BSA
using an experimental and theoretical approach. The toxicity of the com-
pounds was tested toward the murine macrophage cell line (RAW 264.7).

2. Materials and methods
2.1. Materials

Naproxen was isolated from commercially available medicine
Naproxen 500 Hasco® (dose of the active substance: 500 mg) (HASCO-
LEK S.A. Wroctaw, Poland). The extraction and purity determination
were performed in accordance with the procedure described in Pharma-
copeia. The compound was identified by NMR and elemental analysis.

All other reagents and solvents were commercially available materials
and were used without further purification. L-Valine and L-Leucine
(299.0%) were provided by Carl Roth (Karlsruhe, Germany).
Trimethylsilyl chloride (TMSCI) (299%) was purchased from Sigma-
Aldrich (Steinheim am Albuch, Germany). Ammonium hydroxide solu-
tion 25% (NHs-H,0) was of analytical grade obtained from StanLab (Lu-
blin, Poland). Ethanol (EtOH), propan-2-ol (i-PrOH), propan-1-ol
(PrOH), butan-1-ol (BuOH), dimethyl sulfoxide, chloroform, ethyl acetate,
diethyl ether, toluene and n-hexane of high purity were purchased from
Chempur (Gliwice, Poland). Deuterated chloroform (CDCl3) (99.8%)
(40.03% TMSCI) was provided by Eurisotop (Cheshire, England).

Murine monocyte macrophage cells (RAW 264.7) were obtained
from American Type Culture Collection (ATCC, Manassas).

Bovine serum albumin (heat shock fraction, protease-free, free fatty
acids free, essentially globulin free), Dulbecco's Modified Eagle's
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Medium (DMEM) high glucose medium containing L-glutamine,
antibiotic-antimycotic solution (100x) containing 10,000 units penicil-
lin, 10 mg streptomycin and 25 pg amphotericin B per mL, dimethyl
sulfoxide (DMSO) were purchased from Sigma-Aldrich. AlamarBlue™
cell viability reagent was purchased from ThermoFisher Scientific.

2.2. Synthesis of the L-amino acid ester naproxenates [L.-AAOR][NAP]

The compounds were obtained using the modified, previously de-
scribed method, in three steps (Scheme 1) [27]. In the first step, a sus-
pension of amino acid in alkyl alcohol (ROH) was added to two molar
equivalents of TMSCI. The reaction mixture was stirred vigorously over-
night at room temperature. Then, the excess of TMSCI and the alcohol,
and the formed by-products were removed by evaporation at 60 °C
under vacuum. The product was purified from the residue of unreacted
TMSCI and secondary TMSOH or TMSR formed, by washing with diethyl
ether. The obtained product was then dissolved in chloroform and fil-
tered under reduced pressure to withdraw the unreacted amino acid.
The filtrate was distilled off under reduced pressure (60 °C, 10 mbar).
The obtained hydrochloride was dried in a vacuum dryer at 60 °C and
the pressure of 5 mbar, for 24 h. As a result, the amino acid alkyl ester
hydrochlorides (L.-AAOR-HCI) were obtained with good yield. In the
second step, amino acid alkyl ester hydrochlorides were neutralized
by the addition of one to three molar equivalents of 25% aqueous solu-
tion of ammonium hydroxide, and then the products were extracted
with diethyl ether. The organic layer was separated and dried over an-
hydrous Na,S0O,4, then evaporated to obtain the corresponding amino
acid alkyl esters [L.-AAOR]. In the third step, the equimolar amount of
the corresponding .-AAOR and naproxen were dissolved in chloroform.
The solution was stirred thoroughly at room temperature for 20 min.
Then, the solvent was evaporated under vacuum at 35 °C. The obtained
naproxen derivatives were dried in a vacuum oven at 60 °C for 24 h. The
synthesized [L-AAOR][NAP] in the form of white solids were identified
using spectroscopic methods, i.e. 'H, >*C NMR, and FTIR spectroscopy.
All NMR and FTIR spectra, TG and DSC curves for [L-AAOR][NAP] are
available in the Supplementary.

2.3. Characterization of the L-amino acid ester naproxenates

The "H NMR and '3C NMR spectra were recorded in CDCl; on a
Bruker DPX-400 Avance III HD (Billerica, MA, USA) spectrometer oper-
ating at 400.13 MHz (*H) and 100.62 MHz (3C). The chemical shifts
were referred to tetramethylsilane (TMS) as the internal standard.

The attenuated total reflectance Fourier transform infrared spectra
(ATR-FTIR) were recorded on the FTIR spectrometer model Thermo
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Fisher Scientific ‘Nicolet 380" (Waltham, MA, USA) equipped with a di-
amond ATR in transmission mode from 4000 to 400 cm™ ' at a resolu-
tion of 4 cm™".

The UV-Vis absorption spectra were recorded in the wavelength
range of 190-400 nm with an accuracy of +1 nm using Spectroquant®
Pharo 300 Spectrophotometer (Merck, Darmstadt, Germany) at 25 °Cin
a 10 mm quartz cell. The compounds were dissolved in absolute ethanol
in a concentration range of 1074-107> M.

The elemental analysis was carried out on Thermo Scientific™
FLASH 2000 CHNS/O Elemental Analyzer (Waltham, MA, USA). The
samples of 2-3 mg (CHNS analysis mode) and 1-2 mg (O analysis
mode) were weighted with an accuracy of +0.000001 g.

Thermogravimetric analysis was performed using
thermomicrobalance TG 209 F1 Libra® from NETZSCH (Selb,
Germany). Sample between 5 and 10 mg was placed in Al,03 crucible.
Measurements were carried out in an air atmosphere. The flow rate of
air was 25 cm® min~!, nitrogen flow 10 cm® min~'. Nitrogen was
used as a protective gas.

The specific rotation [o]3° was registered using AUTOPOL IV Polar-
imeter from Rudolph Research Analytical (Hackettstown, NJ, USA).
The measurements were collected at 20 °C for solutions with a concen-
tration of 0.01 g cm—>. Ethanol was used as the solvent.

The melting point was measured using MPA100 Melting Point Appa-
ratus with an automated melting point system from SRS - Stanford Re-
search Systems. Measurements were carried out within the
temperature range of 25 °C to 400 °C. The heating rate was
2 °C min~!, measurement accuracy was 0.3 °C.

The solubility of naproxen and its derivatives was evaluated in polar
and nonpolar solvents by modified Vogel's method at the temperature
of 25 °C[34]. By this method, the compound was classified as soluble, par-
tially soluble, and insoluble. Dimethyl sulfoxide, ethanol, chloroform,
ethyl acetate, diethyl ether, toluene, an d n-hexane were used as solvents.

2.3.1. t-leucine ethyl ester naproxenate [L-LeuOEt][NAP]

R
OH o~
! ) TMSCI )\/R1 NH; H,0
o . + ROH —— o _ —_
NH, NHCI™
2
2 R
R P
- » O
0 gosn: 1 0
)\/R‘] > (@] R
o E ~o o
NH, NH3

for R ': <CH(CH 5), and R”: -CH,CH3, -CH(CH 3),, -CH,CH,CHs, - CH,CH,CH,CH

for R ": <CH,CH(CH ), and R%: -CH,CH

Scheme 1. The general synthetic path for [L-AAOR][NAP].
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UV-Vis (EtOH): Nmax = 228.0 nm; Ty, = 129.1-132.4 °C; [’ =
+29.052 (c = 0.519 g/100 cm® EtOH).

TH NMR (400 MHz, CDCl5) 6 in ppm: 7.57-7.54 (s + d, 3H, H6, H8,
H11); 7.33 (d, J1011 = 8.5 Hz, 1H, H10); 7.03-6.98 (s + d, 2H, H5,
H13); 6.21 (s, 3H, H20); 4.07-3.99 (m, 2H, H22); 3.81 (s, 3H, H14);
3.71-3.66 (dd, 1H, H2); 3.44-3.41 (dd, 1H, H19); 1.64-1.54 (m, 1H,
H18); 1.47-1.40 (m, 4H, H3, H17); 1.37-1.29 (m, 1H, H18); 1.13
(t, Ja3.22 = 7.1 Hz, 3H, H23); 0.76 (t, Ji5(16).17 = 7.8 Hz, 6H, H15, H16).

13C NMR (100 MHz, CDCl3) & in ppm: 179.11 (C1); 174.79 (C21);
157.45 (C9); 136.64 (C4); 133.56 (C7); 129.28 (C11); 128.96 (C12);
126.94 (C6); 126.53 (C13); 125.92 (C5); 118.74 (C10); 105.55 (C8);
61.23 (C22); 55.28 (C14); 52.03 (C19); 46.15 (C2); 42.85 (C18); 24.60
(C17); 22.69 (C16); 21.82 (C15); 18.61 (C3); 14.12 (C23).

Elemental analysis: Calc. (%) for C;,H3:NOs (389.485 g/mol) C
(67.84), H (8.02), N (3.60), O (20.54). Found C (67.86), H (7.99), N
(3.61), 0 (20.55).

2.3.2. 1-valine ethyl ester naproxenate [L-ValOEt][NAP]

15
I
21
20, 17
18
22/\0 :
s+
NH4

UV-Vis (EtOH): Nmax = 228.0 nm; Ty, = 131.8-133.6 °C; [a]’ =
+ 29.630 (c = 0.502 g/100 cm?® EtOH).

TH NMR (400 MHz, CDCl5) 6 in ppm: 7.64 (s + d, 3H, H6, H8, H11);
7.40 (d, J10.11 = 6.9 Hz, 1H, H10); 7.13-7.04 (s + d, 2H, H5, H13); 6.18
(s,3H, H19); 4.13-4.01 (m, 2H, H21); 3.89 (s, 3H, H14); 3.83-3.73 (dd,
1H, H); 3.36 (d, J15.17 = 4.6 Hz, 1H, H18); 2.13-1.91 (m, 1H, H17); 1.52
(d,Js2 = 7.1 Hz, 3H, H3); 1.21 (t, Jo221 = 7.2 Hz, 3H, H22); 0.98-0.75
(m, 6H, H15, H16).

13C NMR (100 MHz, CDCl3) & in ppm: 179.20 (C1); 173.63 (C20);
157.48 (C9); 136.42 (C4); 133.59 (C7); 129.27 (C13); 128.95 (C12);
126.97 (C6); 126.49 (C13); 125.95 (C5); 118.77 (C10); 105.56 (C8);
61.07 (C21); 58.95 (C18); 55.27 (C14); 46.01 (C2); 31.41 (C17); 18.69
(C16); 18.53 (C15); 17.28 (C14); 14.18 (C22).

Elemental analysis: Calc. (%) for C;;Hp9NOs (375.464 g/mol) C
(67.18), H (7.79), N (3.73), O (21.31). Found C (67.10), H (7.78), N
(3.74), 0 (20.94).

2.3.3. 1-valine propyl ester naproxenate [L-ValOPr|[NAP]

UV-Vis (EtOH): Nmax = 229.0 nm; Ty, = 116.2-118.2 °C; [@]’ =
+ 31.034 (c = 0.522 g/100 cm? EtOH).

TH NMR (400 MHz, CDCl5) 6 in ppm: 7.72-7.62 (s + d, 3H, H6, H8,
H11); 7.45 (d, J1011 = 8.5 Hz, H10); 7.14-7.06 (s + d, 2H, H13, H5);
5.33 (s, 3H, H19); 4.12-3.97 (m, 2H, H21); 3.90 (s, 3H, H14);
3.85-3.75 (m, 1H, H2); 3.38 (d, J15.17 = 4.6 Hz, 1H, H18); 2.11-1.98
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(m, 1H, H17); 1.69-1.58 (m, 2H, H22); 1.54 (d, ], = 7.2 Hz, 3H, H3);
1.16-0.63 (m, 9H, H15, H16, H23).

13¢ NMR (100 MHz, CDCls) 6 in ppm: 179.09 (C1); 174.26 (C20);
157.53 (C9); 136.16 (C4); 133.64 (C7); 129.28 (C11); 128.95 (C12);
127.02 (C6); 126.43 (C13); 125.98 (C5). 118.82 (C10); 105.56 (C8);
66.65 (C21); 59.13 (C18); 55.28 (C14); 45.83 (C2); 31.60 (C17); 21.93
(C22); 18.85 (C16); 18.46 (C15); 17.24 (C3); 10.38 (C23).

Elemental analysis: Calc. (%) for C;,H31NOs (389.491 g/mol) C
(67.84), H (8.02), N (3.60), O (20.54). Found C (67.85), H (8.05), N
(3.58), 0 (20.17).

2.34. 1-valine isopropyl ester naproxenate [L-ValOiPr]|[NAP]

UV-Vis (EtOH): Nmax = 228.0 nm; Ty, = 132.4-134.5 °C; [a]®
+30.740 (c = 0.527 g/100 cm® EtOH).

1H NMR (400 MHz, CDCl5) & in ppm: 7.69-7.62 (s + d, 3H, H6, HS,
H11); 7.41 (d, J11.10 = 8.5 Hz, 1H, H10); 7.14-7.06 (s + d, 2H, H13,
H5); 5.31 (s, 3H, H19); 5.09-4.95 (m, 1H, H17); 3.90 (s, 3H, H14);
3.84-3.74 (m, 1H, H2); 3.34 (d, J1g17 = 4.6 Hz, 1H, H18); 2.10-1.97 (m,
1H, H17); 1.54 (d, Js» = 7.2 Hz, 3H, H2); 1.22 (d, ];715 = 6.3 Hz, GH,
H15, H16); 0.92 (d, J2321 = 6.9 Hz, 3H, H22); 0.86 (d, J2221 = 6.9 Hz,
3H, H23).

13C NMR (100 MHz, CDCl5) 6 in ppm: 179.10 (C1); 173.35 (C20);
157.46 (C9); 136.38 (C4); 133.59 (C7); 129.27 (C11); 128.94 (C12);
126.98 (C6); 126.48 (C13); 125.94 (C5); 118.77 (C10); 105.53 (C8);
68.71 (C21); 59.00 (C18); 55.27 (C14); 45.97 (C2); 31.45 (C17); 21.76
(C22/23); 18.73 (C16); 18.53 (C15); 17.20 (C3).

Elemental analysis: Calc. (%) for C;;H31NOs (389.491 g/mol) C
(67.84), H (8.02), N (3.60), O (20.54). Found C (67.46), H (8.05), N
(3.59), 0 (20.16).

2.3.5. 1-valine butyl ester naproxenate [L-ValOBu][NAP]

UV-Vis (EtOH): Amax = 229.0 nm; Ty, = 101.1-103.9 °C; [a]2° =
+ 29.750 (c = 0.521 g/100 cm’® EtOH).

TH NMR (400 MHz, CDCls) & in ppm: 7.74-7.61 (s 4 d, 3H, H6, HS,
H11); 7.41 (d, J11,10 = 8.4 Hz, 1H, H11); 7.16-7.07 (s + d, 2H, H5,
H13); 4.52 (s, 3H, H19); 4.18-4.03 (m, 2H, H21); 3.90 (s, 3H, H14);
3.87-3.77 (dd, 1H, H2); 3.36 (d, J1s,17 = 4.7 Hz, 1H, H18); 2.11-1.99
(m, 1H,17); 1.66-1.53 (d + m, 5H, H3, H22); 1.45-1.30 (m, 2H, H23);
0.98-0.85 (m, 9H, H15, H16, H23).

13C NMR (100 MHz, CDCl3) 6 in ppm: 179.04 (C1); 174.53 (C20);
157.57 (€9); 135.90 (C4); 133.68 (C7); 129.29 (C11); 128.95 (C12);
127.08 (C6); 126.37 (C13); 126.01 (C5); 118.88 (C10); 105.58 (C8);
64.87 (C21); 59.26 (C18); 55.29 (C14); 45.65 (C2); 31.70 (C17); 30.61
(C22): 19.03 (C16); 18.41 (C15); 17.21 (C3); 13.65 (C24).

Elemental analysis: Calc. (%) for C;3H33NOs (403.517 g/mol) C
(68.46), H (8.24), N (3.47), O (19.825). Found C (68.67), H (8.27), N
(3.48), 0 (19.34).
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2.3.6. Naproxen [NAP]

UV-Vis (EtOH): Nmax = 229.0 nm; Ty, = 153.2-155.6 °C; [@]2’ =
+50.988 (c = 0.514 g/100 cm? EtOH).

TH NMR (400 MHz, CDCl5) 6 in ppm: 7.61-7.58 (s + d, 3H, H6, HS,
H11); 7.31 (d, J1011 = 8.5 Hz, 1H, H10); 7.05-7.00 (s + d, 2H, H5,
H13); 3.80-3.74 (m, 4H, H2, H14); 1.49 (d, ], 5 = 7.2 Hz, 3H, H3).

13C NMR (100 MHz, CDCl3) & in ppm: 181.00 (C1); 157.73 (C9);
134.92 (C4); 133.85 (C7); 129.36 (C11); 128.93 (C12); 127.28 (C6);
126.25 (C13); 126.20 (C5); 119.09 (C10); 105.62 (C8); 55.33 (C14);
4535 (C2); 18.17 (C3).

Elemental analysis: Calc. (%) for C;4H403 (230.263 g/mol)
(73.03),H (6.13), 0 (20.85). Found C (73.85), H (6.17), N (0), O (20.44).

2.4. Cell culture

Murine macrophages RAW 264.7 were cultured in DMEM high glu-
cose medium containing L-Glutamine, antibiotic mixture (with
10,000 units penicillin, 10 mg streptomycin, and 25 pg amphotericin B
per mL) and 10% fetal bovine serum. The cells were cultivated at a humi-
fied atmosphere, 37 °C, and 5% CO».

For the experimental procedures, cells were seeded in a sterile 96-
well plate at 8 x 10* cells per well and incubated for 48 h at 37 °C and
5% CO, for obtaining 70% confluency. Then, the cells were incubated
for an additional 24 h with NAP or [AAOR][NAP] at concentrations 1,
10, and 100 pM. Control experiments with non-treated cells, treated
with 1% DMSO (the solvent used to prepare the stock solution of the
samples) and 100 g NaF and 1% DMSO were performed.

2.5. Cell viability assay

The cell viability of RAW 264.7 cells in the presence of naproxen and
its aminoacid salts was assessed in a colorimetric assay using an Alamar
Blue reagent. The reagent was diluted with DMEM media (1:10), an al-
iquot of 10 pL of the solution was added to each well and incubated for
3 h at 37 °C underflow of 5% CO,.

The measurements were carried out at an excitation wavelength of
544 nm and an emission wavelength of 590 nm with a 96-well plate
reader FLUOstar Galaxy (Tecan BMG Labtechnologies). The survival of
the cells, treated with different concentrations of the tested compounds,
was presented in percentages from the control (non-treated cells).

The values are presented as mean =+ standard deviation of three in-
dependent experiments. The values were considered to be significantly
different if the p value was <0.05.

2.6. Isothermal titration calorimetry (ITC)

ITC experiments were carried out with a MicroCal ITC200 (MicroCal,
Inc., Northampton, MA) with an operating cell volume of 300 pL. Stock
solutions (10 nM) of NAP and [AAOR][NAP] were prepared in pure
DMSO and were diluted in 20 mM phosphate saline buffer (PBS)
(pH 7.4) to obtain the final working solution concentrations containing
1% DMSO. The protein solution (32 pM in 20 mM PBS (pH 7.4) contain-
ing 1% DMSO) was placed in the calorimeter cell and titrated by NAP and
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[AAOR][NAP] in 16 successive injections of 2 pL at 120 s interval, the first
injection was of 1 L and was not considered in the analysis of the iso-
therm. All experiments were performed at a fixed temperature of
298.15 K. All experiments were performed at a fixed temperature of
298.15 K with a constant stirring speed of 250 rpm. The heat of dilution
of each ligand, NAP or [AAOR][NAP], titrated into buffer was used to cor-
rect the experimental data.

From the fit of the binding curves the binding constant Ka (Kd = 1/Ka)
and the enthalpy AH" of the binding reaction were directly obtained. The
Gibbs free energy of binding (AG®) and the entropy (AS°®) are determined
from the basic thermodynamic expression AG® = —RTInKa = AH — TAS”,
where R and T are the gas constant and the absolute temperature,
respectively. The reported data are mean + S.D. values from three
independent experiments.

2.7. Molecular modeling

In order to study the most probable binding sites of BSA with NAP
and [AAOR][NAP] ligands, we made a hydrated and relaxed in physio-
logical conditions BSA. In this study, the crystal structure of BSA [4f5s
PDB code| was used and it was taken from RCSB Protein Data Bank
[35]. The structure was checked for improperties, the found ones were
corrected by Coot 0.9 [36] and protons were added in order to achieve
the right protonated state of the structure at pH 7. The structure was re-
laxed by 100 ns molecular dynamics (MD) simulation. The MD simula-
tions were done using the GROMACS software package. And the MD
protocol consisted of force field parameterization with GROMACS pro-
gram pdb2gmx, structure in vacuum energy minimization, solvent ad-
dition - GROMACS solvate program, Na™ and CI~ ions at 0.15 M
concentration - GROMACS genion program, energy minimization, MD
run position restrained of heavy solute atoms (PR run) and production
MD run/s in NPT ensemble [37-46]. The temperature was kept constant
at 37 °C by applying Berendsen and V-rescale thermostats during PR
and production run, respectively. Berendsen barostat was used in equil-
ibration MD runs and Parrinello-Rahman barostat - for production MD
runs. Long-range electrostatic interactions were treated by applying the
Particle Mesh Ewald algorithm [47] with a 1.2 nm cut-off radius for
short-range interactions. Switch function was used for van der Waals in-
teractions calculations with 1.2 nm cut-off radius and 1 nm switching
distance. We used the Leap-frog integration algorithm with 2 fs time
step as the covalent bonds connecting hydrogen atoms with the solute
heavy atoms were kept with fixed length by the LINCS algorithm [48]
and RATTLE algorithm [49]- used to keep the solvent molecules rigid.
The last 50 ns from the production run were used for further analysis.
Frames from a selected part of the trajectory were used for cluster anal-
ysis using RMSD (Root Mean Square Deviation of atomic position) be-
tween structures of BSA in a distance measurement in clustering. Two
most populated clusters were selected and the frames most closely sit-
uated to the middle of these clusters in terms of RMSD were used for
further docking study.

Ligands were protonated according to their protonation state at
pH 7.4 and the conformation library for the docking study was gener-
ated using LowModeMD methodology with MMFF94 force field and en-
ergy window for collection of conformations 7 kcal/mol from the lowest
energy conformation.

Docking was performed by the Molecular Operating Environment
(MOE) software package.

To assess the most feasible binding pockets for NAP and the tested
NAP-derivatives in BSA we collected possible pockets for our study by
superposition of existing XDR structures of bovine serum albumin in
complex with ligands. Then, for the future docking after aligning the al-
bumin structures we selected the regions in which ligands are posi-
tioned. In Table 1 are given the selected according to this procedure
seven most probable binding pockets (column 1). The numbering of
the chain is according to the mature albumins [50,51]. In column 2 are
shown the closest residues of albumin structure to the binding pocket
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Table 1
Probable binding sites, amino acids comprising them, and name of the binding site according to the literature.
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Probin | Amino acids surrounding binding pocket
g
binding

site

Pocket in

literature

1 149TYR, 151PRO, 152GLU, 155TYR, 156TYR, 194ARG, 195GLN,
198ARG, 210LEU, 213TRP, 214SER, 217ARG, 218LEU, 219SER,
221LYS, 222PHE, 229GLU, 230VAL, 231THR, 232LYS, 233LEU,
234VAL, 235THR, 236ASP, 237LEU, 238THR, 239LYSS, 240VAL,
241HIS, 244CYS, 252CYS, 253ALA, 254ASP, 255ASP, 256ARG,
257ALA, 258ASP, 259LEU, 260ALA, 261LYS, 262TYR, 263ILE,
264CYS, 270ILE, 274LEU, 277CYS, 282LEU, 283LEU, 284GLU,
285LYS, 286SER, 287HIS, 288CYS, 289ILE, 290ALA, 291GLU,
292VAL, 342VAL

2 '112LEU, 113PRO, 114LYS, 115LEU, 116LYS, 117PRO, 118ASP,
119PRO, 121 THR, 122LEU, 133PHE, 136LYS, 137TYR, 138LEU,
139TYR, 140GLU, 1411LE, 142ALA, 143ARG, 144ARG, 145HIS,
153LEU, 156TYR, 160TYR, 163VAL, 164PHE, 177LEU, 178LEU,
179PRO, 180LYS, 181ILE, 182GLU, 183THR, 184MET, 185ARG,
186GLU, 187LYS, 188VAL, 189LEU

3 . 197LEU, 201SER, 204LYS, 205PHE, 206GLY, 207GLU, 208ARG,
209ALA, 210LEU, 211LYS, 212ALA, 213TRP, 214SER, 215VAL,
216ALA, 217ARG, 219SER, 227PHE, 230VAL, 231THR, 234VAL,
235THR, 238THR, 318TYR, 321ALA, 322LYS, 323ASP, 324ALA,
325PHE, 326LEU, 327GLY, 328SER, 329PHE, 330LEU, 331TYR,
332GLU, 334SER, 342VAL, 343SER, 344VAL, 345LEU, 346LEU,
347ARG, 348LEU, 349ALA, 350LYS, 351GLU, 352TYR, 353GLU,
354ALA, 355THR, 356LEU, 357GLU, 474LYS, 475CYS, 477THR,
478GLU, 479SER, 480LEU, 481VAL, 482ASN, 483ARG, 484ARG,

|485PRO, 486CYS

Fatty acid 7 site
[50, 51]

Fatty acid 1
[31]

Fatty acid 6
[31]

4 190THR, 191SER, 192SER, 193ALA, 194ARG, 195GLN, 196ARG,
197LEU, 198ARG, 201SER, 205PHE, 209ALA, 210LEU, 212ALA,
213TRP, 214SER, 216ALA, 217ARG, 220GLN, 241HIS, 340TYR,
341ALA, 342VAL, 343SER, 344VAL, 345LEU, 346LEU, 347ARG,
350LYS, 445MET, 446PRO, 447CYS, 448THR, 449GLU, 450ASP,
451TYR, 452LEU, 453SER, 454LEU, 455ILE, 456LEU, 457ASN,
458ARG, 479SER, 480LEU, 481 VAL, 482ASN, 483ARG, 484ARG,
485PRO

Sudlow drug
site I [31, 51]

5 383PRO, 386LEU, 387ILE, 389GLN, 390ASN, 391CYS, 393GLN,
394PHE, 402PHE, 403GLN, 405ALA, 406LEU, 407ILE, 409ARG,
410TYR, 413LYS, 414VAL, 425VAL, 426SER, 427ARG, 428SER,
429LEU, 430GLY, 431LYS, 432VAL, 433GLY, 434THR, 435ARG,
436CYS, 448THR, 449GLU, 451TYR, 452LEU, 453SER, 455ILE,
456LEU, 484ARG, 485PRO, 486CYS, 487PHE, 488SER, 489ALA,
490LEU

Sudlow drug
site IT [31, 51]
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6 (Ca) |32GLN, 106LYS, 107ASP, 108ASP, 109SER, 110PRO, 111ASP, 112LEU,
144ARG, 146PRO, 147TYR, 196ARG, 421THR, 458ARG, 459LEU,
460CYS, 461 VAL, 462LEU, 463HIS, 464GLU, 465LYS, 466THR
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258ASP, 259LEU

cavity; in bold and green are residues creating the binding pockets ac-
cording to crystallographic work of Bujacz 2012, while in column 3 is
given the name of pocket according to the literature [31,50,51].

Some pockets such as fatty acid 5 were discarded as they are too hy-
drophobic in the structure of BSA to interact strongly with our charged
ligands [32]. The sites that are responsible for binding cations are added
in the study considering that most of our ligands are small positively
charged molecules.

All conformations of all ligands were docked in all seven selected
pockets using Triangle Matcher algorithm for initial placement of struc-
tures which returns up to 10E4 poses of a ligand inside a pocket. These
poses were scored by London dG [MOE] (Molecular Operating Environ-
ment (MOE). Chemical Computing Group, Montreal, Quebec, Canada]
function which estimates the free energy of binding of the ligand from
agiven pose and consists of terms that estimates average gain/loss of ro-
tational and translational entropy and loss of flexibility of the ligand,
measures geometric imperfections of hydrogen bonds and desolvation
energy of the atom.

The best 50 poses for every ligand for every pocket were further op-
timized with Induced Fit methodology using MMFF94 force field and
optimization cut-off of 6A from the ligand. The GBVI/WSA dG [MOE]
was used as a rescoring function and the best 50 poses were collected
for further analysis. The interaction energies of ligands in different
pockets based on the GBVI/WSA dG scoring function were sorted and
5 best pockets for every ligand according to ligand-pocket interactions
were selected.

Table 2

Yields of the synthesized L-amino acid alkyl ester naproxenates ([L.-AAOR][NAP]).
No. Compound Substrate  Product

1-AAOR [g] [1-AAOR][NAP] [g] Yield [%] State

1 [i-LeuOEt][NAP] 0.52 1.20 93.7 White solid
2 [L-ValOEt][NAP]  0.75 1.81 93.5 White solid
3 [1-ValOiPr][NAP] 0.83 2.00 985 White solid
4 [1-ValOPr|[NAP] 0.70 1.66 97.0 White solid
5 [L-ValOBu][NAP] 0.64 1.37 92.0 White solid

Table 3

The melting points and thermal stability of naproxen and its amino acid ester derivatives.
Compound Tm (°C) Tonset (°C) [alX MR
NAP 153.2-155.6 2499 +50.99 +117.41
[L-LeuOEt][NAP] 129.1-1324 120.1 +29.05 +113.11
[L-ValOEt][NAP] 131.8-133.6 1212 +29.63 +111.25
[L-ValOiPr][NAP] 132.4-1345 1121 +30.74 +120.87
[L-ValOPr][NAP] 116.2-118.2 77.7 +31.03 +11,973
[L-ValOBu][NAP] 101.1-103.9 109.4 +29.75 +120.05

Tn—melting point; Tonse;—the onset of the thermal degradation; [«]} specific rotation;
[M]X - molar specific rotation.

7(Ca |6GLU, 9HIS, 10ARG, 13ASP, 14LEU, 67HIS, 99ASN, 103LEU, 202ILE,
out) 207GLU, 238THR, 239LYS, 240VAL, 241HIS, 242LYS, 243GLU,
244CYS, 245CYS, 246HIS, 247GLY, 248ASP, 249LEU, 250LEU,
251GLU, 252CYS, 253ALA, 254ASP, 255ASP, 256ARG, 257ALA,

The cluster analysis was done on a set of interactions between li-
gands and atoms in every one of the specified pockets. The first 10 clus-
ters ordered by their lowest energy participants were selected and their
lowest energy participants were further optimized using MMFF94. Res-
idues that have atoms closer than 9A to the ligand were considered free
during an energy minimization, while other residues were tethered.

3. Results and discussion
3.1. Synthesis, identification, and characterization of the [L-AAOR][NAP]

The amino acid ester naproxenate were obtained as white powders
in high yields (92.0-98.5%) (Table 2). The structure and purity of the
compounds were confirmed by 'H NMR, 1*C NMR, FTIR, and elemental
analysis. In the "H NMR spectra is observed a singlet with a chemical
shift in the range between 4.52 ppm for [L-ValOBu][NAP] to 6.21 ppm
for [L-LeuOEt][NAP], which corresponds to the protonated amino
group of amino acid ester (Supplementary, Fig. S1). The integration of
these signals corresponds to three protons. In the '>C NMR spectra,
the lower chemical shift (about 2 ppm) of the carbonyl carbon signal
for naproxen derivatives in comparison to that for the parent acid
form is another confirmation of the ionic structure of the obtained com-
pounds. For the naproxen, this signal is localized at 181.00 ppm, while
for [L-AAOR|[NAP] - at about 179 ppm [23,52-54]. Additionally, the
ionic structure of the novel compounds is found from the presence of
strong bands at ca. 1570 and 1390 cm ™! in FTIR spectra, assigned to
the symmetric (Vsym ) (COO™) and asymmetric (v,s) (COO™) stretching
vibrations of carboxylate anion, respectively [55-57]. The FTIR spectra
of naproxen and its derivatives are presented for comparison in the

TG %

50 100 150 200 250 300 350 400 450
Temperature /°C

Fig. 1. The thermal gravimetric curves of naproxen and its amino acid ester derivatives, red
[L-LeuOEt][NAP]; dark blue [L-ValOEt][NAP]; light blue [L-ValOiPr][NAP]; rose [L-ValOPr]
[NAP]; black [L-ValOBu][NAP] and green NAP.
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Table 4
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The solubility of naproxen and its amino acid ester derivatives in water and organic solvents at 25 °C.

Compound Water (63.1)  Ethanol (51.9) DMSO (45.1)  Chloroform (39.1)  Ethyl acetate (38.1)  Diethyl ether (34.5)  Toluene (33.9) n-hexane (31.0)
NAP - + + +/= +/= +/— - -
[L-LeuOEt][NAP]  — +/—= + +/= — — — _
[L-ValOEt][NAP] — + + +/— +/— _ _ _
[L-ValOiPr][NAP] — +/— + + — +/— — _
[L-ValOPr][NAP] — + + + +/— — +/— _
[L-ValOBu][NAP] — + + + + +/— +/— _

Solvents were ranked with decreasing value of empirical solvent polarity parameters, ET(30) [58] (Reichardt C, Welton T, Solvents and Solvent Effects in Organic Chemistry, Fourth Edition,
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2011) (“+": soluble >100 mg cm™>; “+/—": partially soluble 33-100 mg cm—; “-": practically insoluble <33 mg cm™>) at the temper-

ature of 25 °C by modified Vogel's method.

Supplementary (Fig. S3). The elemental analysis confirmed the content
of individual elements (C, H, N, O) in the synthesized [L.-AAOR][NAP].

The [L-AAOR][NAP] are white solids at room temperature and their
melting points are given in Table 3. The melting point within the series
of L-valine alkyl ester naproxenates decreases with increasing the alkyl
chain length in the ester group of amino acid (Table 3). The elongation
of the alkyl chain by a CH, group each time causes a decrease in the
melting point of about 15 °C. However, the secondary alkyl group (i-
Pr) results in a higher melting point than the primary n-propyl one.
The same trend was observed earlier for the amino acid ester
ketoprofenates [27]. The thermal gravimetric analysis shows two steps
of thermal weight loss for naproxen derivatives, while for the parent
acid naproxen it is only one. The onset temperature (Topsec) for the ther-
mal weight loss of the compounds were determined and presented in
Table 3. Topset for the [L-AAOR][NAP] was within the range of 77.7 to
121.2 °C, whereas the value for NAP was 249.9 °C. Thus, the synthesized
naproxen-based salts showed lower thermal stability than the parent
acid NAP. No direct relationship of thermal stability was found with
the increasing length of alkyl chain in ester group of amino acid cation.
[L-ValOEt][NAP] and [L-ValOiPr][NAP] had the highest thermal stability,
while [L-ValOPr|[NAP] was the compound with the lowest thermal sta-
bility (Fig. 1). The structure of the amino acid side-chain had an only
small effect on the stability of the naproxen derivatives - slightly higher
stability was established for the L-valine ethyl ester cation than that for
L-leucine ethyl ester. All obtained naproxen-based amino acid ester salts
are chiral (two chiral centers) with specific rotation listed in Table 2
[58]. The specific rotation was similar for all obtained compounds and
it was found to be between +29.05 for [L-LeuOEt][NAP] and +31.03
for [L-ValOPr]|[NAP].

The solubility in water and conventional organic solvents are inves-
tigated by Vogel's methodology and are summarized in Table 4. The sol-
vents are ranked with decreasing value of empirical polarity parameter
(Et(30)). Based on solubility, the compounds are grouped into three

Cell viability, %6 from control
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Fig. 2. The effect of amino acid ester naproxenate salts on the percentage of cell viability in
RAW 264. 7 macrophages. Control cells were treated with media alone. Values are the
mean + standard error of the mean of three independent experiments. **P < 0.01,
*P < 0.05.

categories: the compound is recognized as soluble when more than
100 mg of it is dissolved in 1 cm?; the compound is partly soluble if
33-100 mg of it is dissolved in 1 cm?; the compound is insoluble
when less than 33 mg of a compound is soluble in 1 cm®. All naproxen
derivatives were practically insoluble in non-polar solvents such as n-
hexane. Generally, the obtained compounds were soluble or partly sol-
uble in ethanol, dimethyl sulfoxide, and chloroform. Most of them were
insoluble or partly soluble in ethyl acetate, diethyl ether, and toluene.

3.2. Cytotoxicity of the amino acid ester salts of naproxen on murine
macrophages

We assessed the effect of [L~-AAOR][NAP] on the viability of RAW
264.7 macrophages after 24-h incubation with different concentrations
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Fig. 3. Calorimetric titration of BSA with NAP (A). Binding isotherm for titration of BSA
(32.5 uM) with NAP (0.5 mM) (B). The line is the best-fit curve obtained by using a
single type of independent sites model. T = 298.15 K. 20 mM PBS buffer (pH 7.4) with
1% DMSO.
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Fig. 4. Calorimetric titration of BSA with [L-ValOEt][NAP] (A). Binding isotherm for
titration of BSA (27 uM) of with [L-ValOEt][NAP] (0.6 mM) (B). The line is the best-fit
curve obtained by using a single type of independent sites model. T = 298.15 K. 20 mM
PBS buffer (pH 7.4) with 1% DMSO.

of the compounds (1, 10, and 100 uM). As controls were used untreated
cells, cells treated with 1% DMSO (the solvent in which the compounds
are prepared) and 100 pg NaF and 1% DMSO. As seen in Fig. 2 at the
tested concentrations, the compounds were safe for macrophages.
Moreover, the compounds even were able to stimulate cell proliferation
and to minimize the toxic effect of the solvent.

3.3. Thermodynamics of the binding interactions of NAP and its derivatives
to BSA

The interactions of BSA with NAP and its amino acid ester salts are
investigated by means of ITC. The obtained calorimetric titration curves
(A) and the corresponding binding isotherms (B) are given in Figs. 3-8.
Each peak in the binding isotherms (panel A) represents a single injec-
tion of the ligand into the BSA solution. The parameters and energetics
of the binging of NAP and [L-AAOR][NAP] to BSA are summarized in
Table 5.

The negative heat deflections, which are observed in the raw data of
the isothermal titrations (Figs. 3A-8A), are indications that the binding
of NAP and its derivatives with BSA is an exothermic process. The for-
mation of the complexes of BSA with NAP and its amino acid ester
salts is a spontaneous process (AG < O) and probably conformational
change in BSA occurs upon binding of the ligands. Except for [L-
ValOiPr][NAP], the binding of NAP and the other tested amino acid es-
ters of NAP is primarily driven by enthalpic contributions, whereas
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Fig. 5. Calorimetric titration of BSA with [L-ValOPr][NAP] (A). Binding isotherm for
titration of BSA (32 uM) of with [L-ValOPr][NAP] (0.5 mM) (B). The line is the best-fit
curve obtained by using a single type of independent sites model. T = 298.15 K. 20 mM
PBS buffer (pH 7.4) with 1% DMSO.

TAS contributes unfavorably. These protein-ligand complexes most
probably are stabilized by van der Waals interactions and hydrogen
bonds. On the other hand, the binding of [L-ValOiPr][NAP] to BSA is
both enthalpy and entropy favoured. Besides, the latter complex is
formed predominantly due to electrostatic interactions. The estimated
dissociation constant for NAP is in the nanomolar range and the result
is comparable with those reported in the literature for BSA-NAP com-
plex under similar conditions [59,60]. As a whole, the conversion of
acid NAP to amino acid ester salts did not result in a significant change
in the binding affinity (Table 4). The stoichiometry of the binding pro-
cess indicates the presence of a single binding site for NAP, [L-ValOEt]
[NAP], and [1-LeuOEt][NAP] within BSA at our experimental conditions.
A decrease in the binding stoichiometry was observed for L-ValOPr and
L-ValOBu derivatives, which possibly can be explained with the binding
of NAP moiety in a pocket near the protein surface, which is then
interacting via its ester group with one BSA molecule and via the aro-
matic ring with an another BSA molecule. Interestingly, two molecules
of [L-ValOiPr][NAP] bind on a single set of identical binding sites of
one BSA molecule. On one hand, this can be ascribed to a slight expan-
sion of the BSA binding site i.e. ligand-induced conformational change
in the protein, which offers a larger hydrophobic area for binding and al-
lows accommodation of two drug molecules. For all compounds, the
binding constant is in a range of 3.5 x 10° to 1.5 x 10” M~ !, which sug-
gests relatively strong binding in BSA (Table 5). It is noteworthy to be
mentioned that K, of L-ValOPr derivative is 5 fold higher than that of
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Fig. 6. Calorimetric titration of BSA with [L-ValOiPr][NAP] (A). Binding isotherm for
titration of BSA (32.5 uM) of with [L-ValOiPr|[NAP] (0.45 mM) (B). The line is the best-
fit curve obtained by using a single type of independent sites model. T = 298.15 K.
20 mM PBS buffer (pH 7.4) with 1% DMSO.

the isopropyl derivative. From a pharmacokinetic point of view, the
lower binding affinity of the [L-ValOiPr][NAP] for albumin suggests a
faster diffusion rate in the circulatory system than the parent NAP and
other derivatives, and therefore faster reach to the target system.

3.4. Molecular docking studies

The selected most probable seven binding sites of BSA for NAP and
its amino acid ester salts are illustrated in Fig. 9.

Typically, the binding of a ligand to one of the pockets can influence
binding energies of other ligands to other pockets due to ligand-induced
conformational changes in the BSA [61].

3.4.1. Binding of the naproxen moiety

The comparison of energies from the used scoring function - poten-
tial energies of interaction between ligands and binding pockets, ac-
cording to MMFF94 force field, reveals that binding sites used of Ca
cations (6 and 7 of our study) are not good enough in the binding of nei-
ther naproxen nor of the positively charged ligands.

The negatively charged naproxen best binds in 4, 5, 2, and 1 pockets
than other ligands. Its interaction energy in site 4, that is reported as first
drug binding site [31], is 5% better than in the other above-mentioned
sites, according to MMFF94 potential energy interactions, whereby
there is no significant difference between (S)- and (R)-form of naproxen
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Fig. 7. Calorimetric titration of BSA with [L-ValOBu][NAP] (A). Binding isotherm for
titration of BSA (32 uM) of with [L-ValOBu][NAP] (0.5 mM) (B). The line is the best-fit
curve obtained by using a single type of independent sites model. T = 298.15 K. 20 mM
PBS buffer (pH 7.4) with 1% DMSO.

(Fig. 10). The situation is the same with site 5, which is reported as the
second binding site for drugs, [31], where according to our results
naproxen binds with slightly lower affinity than in site 4 and (R)-
naproxen is preferred toward (S)-isomer (Fig. 11).

The next preferred binding site for (S)-naproxen is site 2, where its
binding energy lays between the values of sites 4 and 5. In this binding
site the (S)-form of naproxen is preferred, while the (R)-form has lower
energy of interaction and different favoured positions due to steric hin-
drance with amino acids forming the binding pocket and its interaction
energy is lower than interaction energy of (R)-naproxen with site 5. Our
model shows that in site 2 the carboxyl group of (R)-NAP is involved in
electrostatic interactions with Arg144 Lys116 and in m-cation interactions
between the naphthyl moiety and Lys116. While in the case of (S)-NAP,
Arg185 and Lys116 stabilize the complex via electrostatic and polar-1 in-
teractions with carboxylic group and naphthalene ring, respectively. Our
results are consistent with the known characteristics of pocket 2. It pos-
sesses a positively charged entrance thus providing a good binding envi-
ronment for negatively charged ligands as naproxen. Moreover, it also has
the ability to accommodate its shape to smaller ligands [31].

Naproxen also complex to binding site 1 but with lower affinity than
sites 4, 5, and 2 and there is no significant difference between binding of
(R)- and (S)-isomers of naproxen.

The naproxen isomers do not have a high affinity to binding pocket
number 3, which is the preferred one for our positively charged ligands,
due to the proximity of negatively charged amino acids.
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Fig. 8. Calorimetric titration of BSA with [L-LeuOEt][NAP] (A). Binding isotherm for
titration of BSA (32 pM) of with [L-LeuOEt][NAP] (0.23 mM) (B). The line is the best-fit
curve obtained by using a single type of independent sites model. T = 298.15 K. 20 mM
PBS buffer (pH 7.4) with 1% DMSO.

In general, the negatively charged NAP prefers binding in positions
in which its negatively charged carboxyl group interacts with positively
charged residues inside the binding pockets of albumin.

3.4.2. Binding of the amino acid esters

The positively charged ligands, due to their structural similarity have
similar preferences about binding pockets of BSA. For all amino acid es-
ters, the preferred binding site of BSA is site 3.

The best interactions in that binding pocket are the same for all of
our cationic ligands. The positively charged amino group participates
in hydrogen bonds and ionic interactions with Asp323 and Glu353,
and the carboxyl oxygen atom participates in hydrogen bonding with
Arg208, while the other part of the binding pocket is mainly lipophilic.

Table 5
Thermodynamic binding parameters for the interaction of NAP and its aminoacid ester
salts with BSA in 20 mM phosphate buffer saline (pH 7.4) containing 1% DMSO at 298.15 K.

Compound N KapuM KgqnM AH kcal/mol AS cal/mol K AG kcal/mol
NAP 1.0 112 90.7 —13.16 —11.9 —9.61
[L-LeuOEt][NAP] 1.1 122 81.7 —12.54 —9.63 —9.68
[L-ValOEt][NAP] 1.1 123 813 —13.63 —13.2 —9.69
[L-ValOiPr] 22 35 2810 —598 9.9 —8.83
[NAP]
[L-ValOPr][NAP] 0.8 15.6 640 —16.45 —222 —9.84
[L-ValOBu][NAP] 0.8 123 80.7 —16.6 —233 —9.38
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The peculiar geometry of the pocket enables positioning of lipophilic
alkyl groups of ligands in a way that they contact with similarly lipo-
philic parts at both ends of the BSA pocket, while at the same time the
outer part of the ligand is exposed to the water solvent. The difference
in binding energy among ligands and this binding site of the albumin
molecule is due mainly to the different sizes of aliphatic parts and
their lipophilic interactions with lipophilic residues of the albumin mol-
ecule. As the site is open in both sides to the solvent, the aliphatic parts
of ligands have no steric hindrances with some residues from the
pocket.

The interaction energies between positively charged ligands and
binding site 4 are 25 to 70% less energetically favorable but their best
positions in binding site 5 have two to four orders of magnitude lower
binding energies due to the lack of negatively charged groups inside
the pocket and many positively charged ones.

Because site 3 is in close proximity of site 4 and they share BSA res-
idues, it is possible that binding of naproxen in site 4 will deform site 3
in such a way that our cation ligand will not prefer binding to site 3. To
check this we perform a new docking study in which we dock cation li-
gands in binding site 3, while naproxen molecule is bound in binding
pocket 4, whose geometry is from the last optimization of induced fit
docking procedure, but we do not observe significant changes in bind-
ing of the ligands in site 3.

Some other problems with the selection of the exact best place for
binding cationic ligands in site 3 are that Asp323, Arg208, and Glu353
belong to different a-helices that move one to another. Additional opti-
mization showed that site 3 participates more with lowering of the tem-
perature, but at 37 °C despite having high interaction energy in optimal
positions of the alpha spirals our cations will not be settled on that site
for longer than 100 ns because of thermal movement of the molecule so
site 3 will probably not be the most important participant in overall BSA
capability to form complexes with our positively charged ligands
(Fig. 12).

As the binding energy of NAP within site 4 is more than two times
better compared to our cationic ligands, more likely this site is occupied
by NAP than that the cationic ligands.

The cation ligands can bind in the next preferred site, namely site 1,
where NAP molecule also binds better than them but because they are
salts with an equal amount of the cation and the anion this site should
be free for interaction.

This site also consists of optimally positioned two acidic residues
(Glu152 and Glu291), and one basic residue (Arg198) to bind our cat-
ionic ligands as shown for L-ValOEt on Fig. 13.

It is noteworthy to be mentioned that site 1 residues involved in the
interactions are positioned in a relatively narrow hollow and due to ste-
ric hindrance with Arg198, His241 and Tyr 149 this site is unfavorable
for branched aliphatic cations.

Site 1 is also far most stable during the molecular dynamics simula-
tion with RMSD of alpha carbon atoms during the 50 ns trajectory 0.68A
that suggests for good stability of the formed complexes.

4. Conclusions

Five novel naproxen-based amino acid ester salts not toxic to im-
mune cells were synthesized and thoroughly characterized. Molecular
docking experiment showed that four binding sites of bovine serum al-
bumin are appropriate to accommodate both the cation and anion and
ensure relative strong binding interaction with the closely located and
appropriately oriented amino acid moieties comprising the binding
pockets. Only L-valine isopropyl ester naproxenate, due to steric hin-
drance, characterizes with about one order of magnitude lower binding
affinity for albumin, which suggests a faster diffusion rate in the circula-
tory system than the parent NAP and other derivatives, and therefore
faster reach to the target system. This makes the compound promising
for the development of a formulation with a faster onset of action.
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Fig. 12. The interaction map of one of the ligands in the best interaction position in the site 3.
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Supplementary data to this article can be found online at https://doi.
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YYACTHHIIHTE
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SYNTHESIS AND APPLICATIONS
14:15 — 14:30 Hukonaii JIymos - W3CJIEJIBAHE HA [IPEBPBILAHETO HA
NOXL[® HUTPOBEH3MMUIA30JIOBU ITPON3-BOJJHN
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BJIMAHUE HA BAMECTUTEJIUTE B
BEH3MMUWIA30JIOBUA TUKBJI
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BEH3MMUWIA30JINIT X1JIPASOHU
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NOXL® INTO IONIC LIQUID FORMULATION ON ITS
BINDING PROPERTIES TO BOVINE SERUM
ALBUMIN
15:00 - 15:15 Cunsus boxunosa - T | OXAPAKTEPU3MPAHE HA 3BE3/JOBU/IHI
[MOJIM(N-U3OITPOITUITAKPUIIAMUIN) C
IMOTEHIIMAJTHO BUOMEJUITMHCKO
ITPUJIOXEHUE
15:15 - 15:30 Kamenus Kocrosa - [TPOYUBAHE HA BJIMAAHUETO HA
XTMY MAKPOAKTHBATOPA BT;PXVY
OU3NKOXMMHWYHUTE CBOUCTBA HA
BUOPA3I'PAJIMUMU CBITOJIMECTEP-AMU /N
15:30 — 16:00 NIOYMBKa
16:00 — 16:15 Tonop Braxos - UOTT | PEO/PVP —~BA3UPAHM TBELP /1 [IOJINMEPHU
EJIEKTPOJIUTU C TPA®EHOB OKUC
16:15 - 16:30 KaTepHHa _Hagap()Ba - TBHHKU ®UJIMU OT CBITOJIMMEPU HA TIBA

NOMT

JOTHUPAHU CHC CUJIMKATHHA
HAHOYACTULU 3A TTPMJIOKEHUE B
OIITUYHU CEH30PU 3A BJIATA




16:30 — 16:45 Anna ATaHacoBa - CPEBBPHU HAHOUACTUL — CUHTE3 U
NOMT XAPAKTEPU3NPAHE 3A ITPUJIOXEHUE B
IIOBBbPXHOCTHO CTUMVYJIMPAHA
PAMAHOBA CIIEKTPOCKOIIMA
16:45 - 17:00 PanocinaB AHrenos - BJIMSIHUE HA BUJIA HA PASTBOPUTEJIS
NUOMT BBPXY ITPOLIECA HA
EJIEKTPOOBJIAKHABAHE HA OTITA/ITBYEH
IMOJIMCTUPEH
23.06.2020
10:00-12:30 Jlexnuun
10:00 — 10:45 npod. 1-p 3apa Kenesa | PREPARATION OF CRITICAL RAW
_ Yepkesora - UK MATERIALS (CRM) - FREE CATALYSTS
10:45 — 11:30 no1L. 1-p Teopru Apsiees | PEHTTEHO®A30B AHAJIM3 — OCHOBHI
-UDdX I[TOHATHUA
11:30 — 11:45 IMOYMBKA
11:45 — 12:30 npod. a-p Jlapunka MAKPOMOJIEKYJIEH IU3AMH HA
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CBITIOJIMMEPHU MPEXU 3A CIIELHUOWYHU
BUOMEJUITMHCKU ITPUJIOXEHM A
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13:30 - 16:45 IIpencraBsinusi Ha
YYACTHHIHTE
13:30 — 13:45 Karepuna 3axapuesa - PHOTOCATALYTIC MATERIALS FOR
UK DEGRADATION OF DYES UNDER UV-LIGHT
13:45 — 14:00 PanocTina MBaHoBa - HAHOCTPYKTYPUPAHU METAJIOOKCHUIHU
NOXL[® MATEPUAJIM HA OCHOBATA HA IIEPUEB
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NOXLID OKCUJIH1 HAHOKOMIIO3UTU KATO
KATAJIM3ATOPU 3A TTIOJIYHABAHE HA
BOJIOPOJI
14:15 — 14:30 Kouncomnato Pocmuuu EFFECT OF THE DIFFERENT SYNTHESIS
(ConsolatoRosmini) _ METHODOLOGIES OF FE-CE OXIDE
NOXI® CATALYSTS FORMETHANOL
DECOMPOSITION
14:30 — 14:45 Tnopust Ucca - IOXI® | EFFECT OF PREPARATION PROCEDURE ON
THE FORMATION OF MESOPOROUS
MANGANESIA-CERIA BINARY MATERIALS:
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STUDY
14:45 — 15:00 Mutko JIOWIHHOB - [TIOBBPXHOCTHU CBOMCTBA HA BOJIHU
DX PA3TBOPU HA CAIIOHMHU U TEXHU
CMECHU C IPYT1 BUOCBPD®AKTAHTU
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ASSEMBLIES WITH NON — NOBLE
CATALYST FOR AEMEC
15:45 - 16:00 Hesenwn bopucos - MULTILAYERED NICKEL BASED

NEEC

ELECTRODES APPLICABLE FOR ADVANCED




ALKALINE WATER ELECTROLYSER IN A
DUAL CELL MODE
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EFFECT OF CONVERSION OF NAPROXEN INTO IONIC LIQUID
FORMULATION ON ITS BINDING PROPERTIES TO BOVINE SERUM
ALBUMIN

Proletina Kardaleva, Maya Guncheva

Institute of Organic Chemistry with Centre of Phytochemistry, BAS ,
Acad. G. Bonchev Ne 9 Str., Sofia-1113, Bulgaria
e-mail: pkardaleva@orgchm.bas.bg

Conversion of the hydrophobic solid drugs into ionic liquid (IL) formulation may offer some
advantages such as enhanced water solubility, a new route of application, enhanced cell or
receptor selectivity, etc. It can help to overcome the problem with polymorphism of the
crystal compounds and therefore to ensure higher therapeutic safety and effectiveness of the
drug.

In the focus of this study is the interaction of bovine serum albumin (BSA) with a
series of ILs containing an anion naproxenate (NPX) and cations, short-chain alcohol amino
acid esters, namely L-valine ethyl ester [ValOEt] (1), L-valine propyl ester [L-ValOPr] (2), L-
isopropyl ester [L-ValQOiPr] (3), L-valine butyl ester [L-ValOBut] (4) and L-leucine ethyl
ester [L-LeuOEt] (5). It is noteworthy to be mentioned that the interactions with the drugs
with serum albumins influence their pharmacokinetics and pharmacodynamics as well as their
bioavailability, toxicity, and therapeutic effect.

The thermodynamic parameters for the interactions of NPX and NPX-based ILs with
BSA are determined by isothermal titration calorimetry (ITC) at 25°C. The determined
dissociation constants (Kd) are between 64 and 281 nM. The negative values of free energy
(AGo) and enthalpy (AHo) is indicative that the binding of all tested compounds to BSA is
spontaneous and exothermic. Except for [ValOiPr][NPX], NPX-BSA and IL-BSA
characterize with AHo < 0 and entropy (ASo) < 0, which is an indication that the van der Waals
interactions and H-bonding are predominant for these compounds. Interestingly, the binding
of [ValOiPr][NXP] is mainly driven by electrostatic interactions. For the latter, we found that
the stoichiometric binding number (n) is 2, while n is 1 for the NPX, 1 and 5, and 0.8 for the
compounds 2 and 4.

Using FTIR spectroscopy we monitored the induced conformation changes in BSA
due to the binding of NXP and the series of ILs. Rearrangements in BSA are observed in the
presence of the compounds, but as a whole, the structure of BSA is preserved. In the presence
of ValOPr-NPX and LeuOEt-NPX the structure of BSA seems more open and the side chains
are exposed to the surface. In the presence of the ValOiPr-NPX, we observed an increase in a-
helical content, probably the structure of BSA becomes more compact.

Acknowledgements: This work was supported by the Bulgarian Ministry of Education and
Science under the National Research Programme “Young scientists and postdoctoral
students” approved by DCM # 577/ 17.08.2018.

Keywords: naproxen-based ionic liquids; bovine serum albumin; ligand-protein interactions;
ITC; FTIR
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lonic liquids (ILs) are salts containing asymmetric organic cations and organic or nonorganic
anion. ILs based on active pharmaceutical ingredients are interesting for the pharmaceutical
industry because based on their specific structure they have the potential to overcome some
problems of solid-state drugs. Naproxen (NPX) is a non-steroidal drug with anti-inflammatory,
antipyretic, and analgesic activities with low solubility and bioavailability. Conversion of the
drug in ionic liquid formulation improves its physicochemical characteristics and possibly
bioavailability. Serum albumin is the main transport protein of the drug in mammals. The focus
of this study is a series of ILs containing cations esters of amino acids and NPX anion and
their complex with bovine serum albumin (BSA).

We applied attenuated total reflectance Fourier deconvoluted infrared spectroscopy (ATR-
FTIR) to observe the effect of the NPX-ILs on the BSA secondary structure. For all tested
compounds, in the Amide | region (1600-1700 cm -1) we observed the typical bands for a-
helices, B-sheets, unordered structures and in some cases aggregates. In the presence of
NPX the secondary structure of BSA is slightly unfolded, but as a whole, the structure is similar
to that of the native protein in solution. In the BSA-ILs complexes we observed decreasing of
a-helical structures and increasing of B-structures and in some cases, side chains of BSA
backbone are exposed to the surface and i.e. the BSA molecule becomes more open. The
observed conformational changes are in agreement with the changes in the thermal stability
of BSA-IL complexes monitored by differential scanning calorimetry (DSC). Three transitions
slightly shifted (by 2-3°C) toward the higher temperatures were observed in the DSC curves of
the BSA-IL complexes. Annealing of the DSC curves shows that for each complex the three
transitions are characterized by different enthalpy, which suggests that depending on their
structures, probably ILs are bound in a different pocket in BSA.

Acknowledgments: This work was partially supported by the Bulgarian Ministry of Education and
Science under the National Research Program “Young scientist and postdoctoral Students” approved
by DSM # 577/ 17.08.2018.

Research equipment of distributed research infrastructure INFRAMAT (part of Bulgarian National
roadmap for research infrastructures) supported by Bulgarian Ministry of Education and Science under
contract D01-284/17.12.2019 was used in this investigation.
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nporpamata M He ce npeaBMKAa Aa MNOJy4aBam, BKAUUTENHO M NO npoueaypu: ,U3rpaxgaHe wm
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