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Tom tat

Dipeptidyl peptidase-4 (DPP-4) déng vai tro then chot trong diéu tri ddi thio dwong
tuyp 2 voi tw cdch la mot enzyme dich quan trong. Nghién ciu ndy danh gia mot cach co
hé thong twong tdc phan tir giita 13 hop chat thom chinh tir vo qué (Cinnamomum cassia)
voi enzyme DPP-4 thong qua phwang phap a’ocklng phan tir va phan tich dac tinh dwoc
dong hoc. Két qua cho thay cdac hop chdt nghién citu thé hién di lyc lién két dang ké voi
DPP-4, véi ning lwong dao dong tir -4.995 dén -7.4kcal/mol. Trong dé, benzyl benzoate
(-7.4kcal/mol), 1-phenyl-1 ,Z-propanedione (-6.086kcal/mol) va I1-naphthalenol (-
6.352kcal/mol) cho thdy tiém ning trc ché DPP-4 tot nhat. Phan tich chi tiét cho thay cac
twong tac ky nudc (3-8 twong tac/phirc hop) va lién két hydrogen (3-5 lién két & mét so
phitc hop) dong vai tro chinh trong viéc on dinh cdc phirc hop. Danh gia theo quy tdic
Lipinski cho thdy cac hop chat déu dap ung tw 4-5 tiéu chi veé dg giong thuoc, chitng to
tiém nang phat trién thanh thuéc. Nhitng két qua ndy cung cap bang chirng khoa hoc dau
tién vé co ché phan tir tiém nang ciia vo qué trong diéu tri ddi thdo dwong tuyp 2 thong
qua con dwong irc ché DPP-4.

T khoa: cinnamomum cassia, dipeptidyl peptidase-4, ddi thao dwong tuyp 2,
phuwong phap docking phan tir, quy tac Lipinski

Abstract

IN SILICO INVESTIGATION OF INTERACTIONS BETWEEN AROMATIC

COMPOUNDS FROM CINNAMON BARK (CINNAMOMUM CASSIA)

EXTRACT WITH DIPEPTIDYL PEPTIDASE-4 (DPP-4) ENZYME IN TYPE 2

DIABETES TREATMENT

Dipeptidyl peptidase-4 (DPP-4) plays a pivotal role in type 2 diabetes treatment as
a crucial target enzyme. This study systematically evaluated molecular interactions
between thirteen principal aromatic compounds from cinnamon bark (Cinnamomum
cassia) and DPP-4 enzyme through molecular docking and pharmacokinetic analysis.
Results demonstrated significant binding affinities with DPP-4, with energies ranging from
-4.995 to -7.4 kcal/mol. Notably, benzyl benzoate (-7.4 kcal/mol), 1-phenyl-1,2-
propanedione (-6.086 kcal/mol), and 1-naphthalenol (-6.352 kcal/mol) exhibited the most
promising DPP-4 inhibitory potential. Detailed analysis revealed that hydrophobic
interactions (3-8 interactions/complex) and hydrogen bonds (3-5 bonds in some complexes)
played primary roles in stabilizing the complexes. Lipinski's rule assessment indicated that
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the compounds met 4-5 drug-likeness criteria, demonstrating their drug development
potential. These findings provide the first scientific evidence for the potential molecular
mechanism of cinnamon bark in treating type 2 diabetes through DPP-4 inhibition.

1. Giéi thiéu

bai thao duong typ 2 (T2DM) dugc xem la mt trong nhirng r6i loan chuyen hoa
phd bién nhét trén pham vi toan cau, voi khoang 537 tri€u nguoi truong thanh mac bénh
vao nam 2021, va cac du bao chi ra rang con sb nay s¢ tang lén dén 783 tridu ngudi vao
nam 2045 (Sun va cs., 2022). Tai Viét Nam, ty 16 mac T2DM & ngudi trudng thanh (20
tudi-79 tudi) da ting tir 3.2% nam 2011 1én 6.1% nam 2021 va du bao dén 7.1% vao nim
2045. Céc con s tuyét ddi nam 2011 ¢6 1.7 triéu ngudi, nam 2021 c6 4 triéu ngudi, nim
2030 dy bao ¢6 2030 ¢ 5 tricu nguoi, va nam 2045 du bdo co 6 tri¢u ngudi. Chi phi diéu
tri tang tur 1.670 triéu UDS nam 2011, dén 2.087 triéu UDS nam 2030 va 2.353 triéu UDS
nam 2045 (International Diabetes Federation, 2023). Bénh 1y chuyén héa man tinh nay
dugc dic trung boi tinh trang khang insulin va su rdi loan chirc ning cia té bao B tuyén
tuy, dan dén hau qua tang glucose mau man tinh cing nhiéu bién ching nghiém trong
khac (DeFronzo va cs., 2015).

Dipeptidyl peptidase-4 (DPP-4), mét serine protease c6 su biéu hién rong rai trong
nhiéu mé cia co thé, dic biét 1a trén bé mit té bao ndi mé mach mau, dong vai trd quan
trong trong qua trinh diéu hoa glucose méau va chuyén hoa (Rohrborn va cs., 2015). Trong
diéu kién sinh 1y binh thudng, DPP-4 tham gia vao nhiéu qua trinh quan trong nhu diéu
hoa mién dich, truyén tin hiéu té bao va chuyén héa peptide hoat dong sinh hoc (Deacon,
2019). Co ché hoat dong chinh ciia enzyme nay la thong qua viéc phan hity cac hormone
incretin, dac biét 1a glucagon-like peptide-1 (GLP-1) va glucose-dependent insulinotropic
polypeptide (GIP) (Omar & Ahrén, 2014). Sau khi an, cac té bao L & rudt non tiétra GLP-
1 va GIP, kich thich té bao B tuyén tuy bai tiét insulin va Grc ché sy bai tiét glucagon tir té
bao a. Tuy nhién, DPP-4 thuc hién qué trinh bét hoat nhanh chong GLP-1 va GIP thong
qua co ché cat dit hai amino acid tir du N cua chudi peptide, khién cac hormone niy mat
hoat tinh sinh hoc trong vong 2-3 phut (Drucker, 2018). O bénh nhan di thao duong typ
2, hoat dong ctua DPP-4 thudng ting cao bat thudng, dan dén su suy giam nhanh chéng
ctia GLP-1 va GIP, 1am giam dap tng insulin sau an va ting bai tiét glucagon khong phu
hop (Réhrborn va cs., 2015).

Chién luge e ché DPP-4 trong diéu tri T2DM duoc phat trién dua trén co s sinh
1y bénh nay. Cac thudc trc ché DPP-4 tong hop nhu sitagliptin, vildagliptin va saxagliptin
hoat dong bang cach gin canh tranh vao vi tri hoat dong clia enzyme, ngan chin sy phan
huy GLP-1 va GIP. Biéu nay gitp kéo dai thoi gian ban huy va ting ndng do cac hormone
incretin trong mau, tur do cai thién dap tmg insulin phy thuge glucose va kiém soét duong
huyet t6t hon (Davies va cs., 2018). Dang chu y, cac thudc trc ché DPP-4 thé hién nhiéu
uu diém trong diéu tri nhu ty 1¢ tac dung phu thap, nguy co ha dudng huyet khong dang
ké va khong gay tang can (Omar & Ahrén, 2014). Tuy nhién, chi phi diéu tri cao clia cac
thudc trc ché DPP-4 tong hop van la mot rao can dang ké ddi v6i nhiéu bénh nhan, dic
biét tai cac nudc dang phat trién nhu Viét Nam.

Trong bdi canh d6, xu hudng nghién ctru cac chét wrc ché DPP-4 ¢6 ngudn gdc tir
duoc li€u thién nhién dang dugc dac biét quan tam, chu yéu do nhirng vu diém vé tinh an
toan va hiéu qua chi phi (Ranasinghe va cs., 2013). V6 qué (Cinnamomum cassia), mot
dugc liéu truyén théng, d thé hién tiém niang dang cht ¥ trong diéu tri déi thao duong
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thong qua nhidu nghién ciru 1am sang va tién 1am sang (Allen va cs., 2013; Chen va cs.,
2012; Medagama, 2015). Phén tich tong hop tir 24 thtr nghiém 1dm sang ngau nhién c6
d6i chimg cho thiy bd sung qué 1am giam dang ké duong huyét luc déi, chi s6 HOMA-
IR va HbA lc & bénh nhén déi thio dudng type 2 so voi nhom chimg. Két qua ndy tng hd
viée str dung qué nhu mot liéu phap bo tro trong didu tri dai thio duong type 2, mic du
khong thay thay d6i dang ké vé ndng do insulin huyét thanh (Moridpour va cs., 2023).

Cac phan tich hoa hoc da xdc dinh dugc nhiéu hop chat c6 hoat tinh sinh hoc trong
v6 qué, bao gdbm cinnamaldehyde, acid cinamic, eugenol va cac polyphenol khac (Shan
va cs., 2007; Zhu va cs., 2019). Trong mot tong quan toan dién, Liu va cs., (2020) da chi
ra rang v6 qué khong chi chira cac hop chét phenolic va terpenoid c6 hoat tinh chong dai
thao duong, ma con thé hién nhiéu tac dung duoc ly khac nhu khang viém, chéng OXy
hoéa va diéu hoa mién dich. Danh gi tir ba phan tich tong hop va mot tong quan hé théng
vé tinh an toan cta qué, trong d6 50% nghién ctru c¢6 chat lugng thap va 50% c6 chat
luong trung binh. Khong ghi nhan tac dung phu hay doc tinh dang ké nao gitra nhom st
dung qué va nhom placebo, bat ké lidu luong va thoi gian st dung (Gu va cs., 2021).
Nazareno va cs. (2022) cho biét chiét xuét qué (Cinnamomum sp.) thé hién tac dung
chbng dai thao duong dang ké thong qua nhiéu co ché khac nhau trong cac nghién ctru
trén dong vat gam nham, 13 giai phap tiém nang thay thé thudc tong hop v6n ¢6 nhiéu tac
dung phu nhu ha dudng huyét nghiém trong, khé chiu ¢ bung va nhiém toan lactic.

Trong linh vuc nghién ctru phan tir, cac cong nghé in silico dang dugc ap dung rong
rai dé sang loc va t6i wu hoa cac hop chét tiém ning (Wang va cs., 2015). Zixi zhao va cs.
(2024) d nghién ctru xac dinh va dénh gia hoat tinh wc ché DPP-4 cta chin alkaloid tir
Coptis chinensis thong qua phwong phap tich hop gdm docking phan tir, xét nghiém trc
ché enzyme, SPR va mo phong dong luc hoc phan tir. Két qua cho thay céc alkaloid nay
trc ché tryc tiép DPP-4 v6i IC50 3,44-53,73uM va KD 8,11-29,97uM, chu yéu thong qua
tuong tac tinh dién va lyc van der Waals vdi cac géc amino acid dac hiéu nhu Argl25,
His126, Phe357, Arg358 va Tyr547. Zare va cs. (2024) da nghién ctru str dung cac phuong
phap in silico (sang loc 4o dua trén céu trac, docking phan tr, mé phong dong luc hoc
phan tir, tinh toan MM/PBSA, phan tich DFT va hd so ADMET) dé xac dinh hop chat
ZINC000003015356 1a chat rc ché DPP4 c6 tinh chon lgc cao va tiém nang. Két qua cho
thay hop chat nay co nang luong lién két tot hon so véi phdi tir N7F, doc tinh thap va dap
mg quy tic Lipinski, mé ra trién vong phét trién thudc tc ché DPP4 méi véi tinh chon
loc cao va it tadc dung phu hon.

Mic du cac nghién ctru vé tac dung ha dudng huyét cta vo qué da duoc thuc hién
rong rdi nhung co ché phan tir ctia tdc dong nay, dac bi¢t 1a kha nang trc ché DPP-4, van
chua dugc giai ma day du. Trén co s& d6, nghién ctru nay duoc thiét ké voi ba muc tiéu
chinh: (1) Banh gia mot cach co hé thong kha ning twong tac ciia 13 hop chit thom chinh
tur vo qué voi enzyme DPP-4 thong qua phuong phap molecular docking, (2) Phan tich
toan dién cac dac tinh dugc dong hoc cua cac hop, chat dya trén quy tic Lipinski, (3) Xac
dinh cac hop chat tiém ning c6 kha ning phat trién thanh thudc Gc ché DPP-4 tir nguon
gdc thién nhién. Ket qua cua nghién ciru nay s€ khong chi gop phan lam sang t6 co ché
tac dung cua vo qué trong dleu tri dai thao duong ma con cung cap nén tang khoa hoc
virng chéc cho viéc phat trién cac thudc méi tir ngudn duoc liéu nay.
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2. P6i twong va phwong phap
2.1. Chudn bj d6i twong

Thu thé DPP-4 nguyén ban duoc tai vé tir co s dit liéu RCSB-PDB (Burley va cs.,
2021), véi ID 1a 20NC (Kim va cs., 2005). Chiing t6i str dung chudi A cua tép PDB véi
731 acid amin. C4u trac DPP-4 dugc chia 1am hai mién 1a mién B-propeller, vé phia N-
terminal, va mién a/B-hydrolase, vé phia C-terminal (Rasmussen va cs., 2003). Mién p-
propeller dugc xac dinh tir acid amin thur 55 dén 497, tao nén dang 8 phién, mdi phién tao
thanh tir 4 soi B song song nguoc chiéu nhau. Mién o/B-hydrolase bao gdm cac acid amin
tir 506 (Rasmussen va cs., 2003) hoac 508 (Chen, 2006) dén 766 va mot doan nhé tir acid
amin thir 39 d&én 51. Mién nay sap xép dudi dang 8 soi B tao thang 1 phién B nim giita 6
xodn o. Hai mién B-propeller va a/B-hydrolase dugc két noi véi nhau boi mot doan lién
két nho gdm cac acid amin thir 498 dén 507. Poan lién két nay rét linh hoat lién quan t&i
cac hoat dong sinh hoc ctia enzyme DPP-4 (Hiramatsu va cs., 2003). Tai vi tri tiép xuc
gilta hai mién o/p hydrolase va B-propeller cia DPP-4 hinh thanh nén mot tai hoat dong
16n dugc chia 1am hai tiéu ving tuong tac chinh bao gdm tiéu ving S1 va S2. Giira 2 tiéu
viing ndy 13 bd ba xtc tac enzyme, bao gdm Ser630, Asp708 hodc Asn710, va His740
(Zhang va cs., 2022).

Ttr bao cao cia Jia Liu va cac nha khoa hoc nam 2020 (Liu va cs., 2020), chung t6i
sir dung mot ho cac hop chat chira vong thom cé trong tinh dau cia vo ciy queé dé tién
hanh khao sat twong tac 1én thu thé DPP-4. Cau trtic 13 hop chat thom tir vo qué duoc thu
thap tr ngan hang dir liéu cac hop chat hoa hoc PubChem thong qua tén ctia timg ‘hop
chat (Hinh 2). Ngoai ra, chung t6i cling thu thap 6 chat dbi chimg, 1a nhimg hop chat da
dugc sir dung rong rai trong qua trinh diéu tri bénh tiéu dudng type 2, bao gdm: sitagliptin
(Aschner va cs., 2006), saxagliptin (Augeri va cs., 2005), linagliptin (Eckhardt va cs.,
2007), alogliptin (Kim va cs., 2005), vildagliptin (Aschner va cs., 2006) va teneligliptin
(Kishimoto, 2013).

Hinh 1. (4) Céu triic bic 2 ciia DPP-4 (PDB ID: 20NC), (B) Vi tri viing hoat déng ciia
DPP-4, bao gom ving bé ba xiic tic enzyme (mau cam): Ser630, Asp708/Asn710 va
His740; tiéu ving S1 (mau xanh luc): Tyr631, Val656, Trp659, Tyr662, Tyr666 va Val711;
va tiéu ving S2 (mau do): Argl25, Glu205, Glu206, Ser209, Phe357 va Arg358.
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Hinh 2. Cdu triic phén tir 3D ciia 13 hop chdt thom tir vé qué va 6 hop chat ho gliptin
la cac chat doi chung da dwoc sw dung rong rai dé diéu tri bénh tiéu duong type 2.

2.2. Phwong phap nghién ciru
2.2.1. Danh gia drug-likeness (Lipinski's rule of five)

Tinh chat drug-likeness ctia 13 hop chat thom dang khao sat dugc dénh gia thong
qua bd 5 tiéu chi cua quy tic cua Lipinski (2004). Cac gia tri dung dé danh gia dugc thu
thap tir trang chu cua Co s¢ siéu may tinh cho Tin sinh hoc va Sinh hoc tinh toan, thudc
Vién Cong nghé An Do Delhi (Singla va cs., 2013). Quy tic cua Lipinski bao gdm 5 tiéu
chi sau: (1) khéi lwong phan ttr nho hon 500 Dalton, (2) d thich lipid cao, voi gid tri Log
P nhé hon 5, (3) khong qua 5 nguyén tir cho lién két hydro (thuong 13 cac nhém OH va
NH), (4) khong quéa 10 nguyén tir nhan lién két hydro (thuong la cac nguyén tar O va N),
(5) d6 khuc xa mol ¢ trong khoang 40- 13Ocm3/m01 Luu ¥ rang quy tic cua Lipinski ban
dau (Rule of Five) khong bao gbm ti€u chi vé d6 khuc xa mol (molar refractivity). Do
khuc xa mol 13 mot thong sé bo sung quan trong trong vi¢c danh gia cac dac tinh duogc
dong hoc cua phan tir va co mébi lién hé chat ché véi kha nang hap thu thuc. Pai lugng
nay di duoc Ghose va cac nha khoa hoc khac bd sung vao cac quy tic mé rong (Ghose
va cs., 1999).
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2.2.2. M6 phong docking phan tir

Chuing t6i thiét 1ap thong sb dién tich cho cac nguyén tir trong cau trac cta phdi tir
thong qua goi 1énh ANTECHAMBER (Wang va cs., 2006) va phuong phap tinh dién tich
AMI1-BCC (Jakalian va cs., 2000). Bang phan mém AutoDockTools (Sanner, 1999), thu
thé va cac phdi tir duoc chuyen sang dinh dang PDBQT. Pay la dinh dang lam dau vao
cho mé phong docking biang cach sir dung géi 1énh AutoDock Vina (Trott & Olson, 2010;
Eberhardt va cs., 2021). Cac lya chon trong mé phong docking phén tir bang AutoDock
Vina trong nghién ctru ndy bao gém: kich thudc ctia hdp mé phong 1a 58:54:64 A; trong
tam cua hop mo phong 1a -44.431:-17.006:18.952. Kich thudc va trong tam cua hop mo
phong nay duoc lya chon sao cho ¢6 thé bao tron vung hoat dong S1, S2 va bo ba xtc tac
trén thu thé 20NC. Ngoai ra, cac tham sb khac cling dugc lya chon nhu sau: spacing =
0.375; exhaustiveness = 400.

2.2.3. Xdc dinh cdc twong tac giiva thu thé va phoi tir

Sau budc mo phong docking, chung to1 sir dung goi 1énh PLIP (Protein-Ligand
Interaction Profiler) (Salentin va cs., 2021) dé phan tich cac twong tic khong hoéa trj co
trong cdu hinh phtrc hop DPP-4 va cac phdi tir. Vi mdi mot twong tac/lién két, PLIP do
tim cac nguyén tir hodc nhom nguyén tir trong cac goc acid amin cla protein va trong
phdi tir ¢ kha nang tuong tac v6i nhau. Sau d6, thong qua viée str dung cac quy tac hinh
hoc nhur la khoang cach va goc gitra cac nguyén tir hodc nhom nguyén tur nay dé xac dinh
loai twong tac/lién két gitra cac dbi tugng. Mot sb tuong tac/lién két co thé phan tich dugc
thong qua PLIP bao gém: tuong tac ky nudc, lién két hydro, twong tac pi xép chong, cau
mudi, lién két halogen.

3. Két qua va thio luin
3.1. Ddnh gid tinh chit drug-likeness théng qua quy tic ciia Lipinski

Bang 1 thé hién gia tri cua nam dai luong twong g voi ndm chi ti€u danh gia trong
bo quy tic cia Lipinski, bao gom kh01 lwong phan tir, s6 nguyén tir cho lién két hydro, s6
nguyén tir nhan lién két hydro, chi s6 ua lipid Log P va d6 khiic xa mol cho 13 hop chat
thom duoc khao sat. Dau tién, ching ta c6 thé thay rang tit ca cac hop chét khao sat déu
dap (mg tiéu chi dau tién cua Lipinski rat tot. Khoi lugng phan tir cua timg hop chat dao
dong tir 106g/mol (benzaldehyde) dén 212g/mol (benzyl benzoate), déu nho hon nhiéu so
voingudng 500g/mol. Diéu nay cho thiy cac hop chat nay co kha nang tham thau qua mang
té bao t6t. V& sd nguyén tur cho va nhan lién két hydro, s6 liéu trong Bang 1 cho thiy 6
nguyén tir cho lién két hydro ti da 13 1 va s6 nguyén tir nhan lién két hydro tdi da 1a 2, déu
thép hon nhiéu so véi gi61 han cia Lipinski (lﬁn luot 1a 5 va 10). Viéc tao lién két hydro véi
cac thy thé khong chi thé hién su 6n dinh twong tac cua phél ttr v6i thy thé d6 ma con lién
quan téi mot s6 van dé vé viéc hip thy va dao thai cac phdi tir ndy. Nhin chung, cac hop
chat dang duoc khao sat c6 kha nang tao lién két hydro vira phai, thuén loi cho viéc hap thy
thude. Vé do wa lipid, tat ca cac hop chéat déu c6 Log P nhé hon 5, dao dong tir 1.204700
(4-hydroxybenzaldehyde) dén 3.043599 (benzyl benzoate). Diéu nay chi ra rang cac hop
chit c6 sy can bang tSt giira tinh tan trong nudc va lipid, thuén lo1 cho viée hap thu qua
mang sinh hoc. Cudi cung la d6 khuic xa mol, cac hop chat c6 do khiic xa mol qua thap (nho
hon 4Ocm3/m01) ¢6 thé khong c6 du twong tac véi protein dich; ngugc lai, cac hop chat c6
d6 khuc xa mol qua cao (l6n hon 130cm?/mol) c6 thé gap khé khin trong viée van chuyen
qua mang té bao (Ghose va cs., 1999). Tir Bang 1, chiing ta thiy duoc mét s6 hop chat thoa
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min tiéu chi ndy bao gém 3-phenylpropanal (40.826996cm’/mol), benzyl benzoate
(62.003487cm?/mol), 1-phenyl-1,2-propanedione (41.453495¢cm?/mol), 1-naphthalenol
(45.612793cm’/mol), 1-methylethylbenzene (40.530994cm’*/mol) va trans-anethole
(47.701992cm?/mol). Céc hop chét con lai déu c¢6 do khac xa mol 16n hon 30cm?/mol, van
¢6 thé xem xét chung c6 kha ning twong tac sinh hoc.

Nhu vay, khi khao sat dac diém hoa-ly ciia cac hop chit thom nay, tat ca cac hop
chét deu nam trong ngudng cua tur 4 dén 5 tiéu chi trong quy tac cta Lipinski. Dleu nay
goiy rang cac hop chat dugc khao sat déu co tlem ning nghién ciru va phat trién thanh
thudc. Tuy nhién, ching ta can khao sat sdu hon vé mat hoa-1y, hoa-sinh, duoc tinh... dé
c6 thé khang dinh cic hop chét nay co thé sir dung lam dugc pham hay khong.

Bing 1. Bing tong hop gid tri cua 5 dac diém vé cu triic, bao gom khoz lwong phan tit, 56
nguyén tir cho lién két hydro, 6 nguyén tir nhén lién két “hydro, chi 56 wa lipid Log P va do
khiic xa mol ciia 13 hop chat thom dwoc khdo sdt, ding dé danh gid theo quy tdc cia Lipinski.

Khoi A | S6nguyén
: luong 5o NBUYER | nhan Do khue
STT Tén hop chat N tur cho lién A 1k Log P ;

phan tir két hydro lién ket xa mol

(g/mol) hydro
1 | 4-hydroxybenzaldehyde 122 1 2 1.204700 | 33.494297
2 | Benzaldehyde 106 0 1 1.499100 | 31.829496
3 | Acetophenone 120 0 1 1.889200 | 36.446495
4 | Anisole 108 0 1 1.695200 | 32.993996
5 3-phenylpropanal 134 0 1 1.818100 | 40.826996
6 | Benzyl benzoate 212 0 2 3.043599 | 62.003487
7 | 2-methylbenzaldehyde 120 0 1 1.807520 | 36.566498
8 | 3-methylbenzaldehyde 120 0 1 1.807520 | 36.566498
9 | Phenylethyl alcohol 122 1 1 1.221400 | 37.231796
10 | 1-phenyl-1,2-propanedione 148 0 2 1.458300 | 41.453495
11 | 1-naphthalenol 144 1 1 2.545399 | 45.612793
12 | 1-methylethylbenzene 120 0 0 2.809999 | 40.530994
13 | trans-anethole 148 0 1 2.728300 | 47.701992

3.2. Nang luwong twong tac thong qua mo phong docking phdn tir

Gia tri nang luong docking phan tir cia 13 hop chét thom twong tic véi thy thé
DPP-4 duoc trinh bay & Bang 2. Ning lugng docking phan anh d6 bén cua tuong tac giita
phan tir nghién ctru vdi protein dich. Trong bang nay, cac gia tri am cang lon thé hién
tuong tac cang bén viing. Ta thay rang cac thude doi ching (sitagliptin dén teneligliptin)
¢ nang luong docking tur -7.294 dén -9.515kcal/mol, thap hon dang ké so véi cac hop
chat thir nghiém (-4.995 dén -7.400kcal/mol). Trong d6, hop chit benzyl benzoate c6 ning
luong docking thap nhat trong sb cac hop chét thir nghiém 1a -7.400kcal/mol. Ké dén 1a
cac hop chat 1-phenyl-1,2-propanedione va 1-naphthalenol lan lugt c¢6 ning luong
docking 13 -6.086kcal/mol va -6.352kcal/mol. Va hop chat duoc xép hang thip nhit véi
ning luong docking ghi nhan dugc 1a -4.995kcal/mol 1a 4-hydroxybenzaldehyde. Diéu
nay cho thay cac thudc dbi ching c6 ai luc gan két véi protein dich t6t hon, dic biét 1a
sitagliptin v6i nang lugng -9.515kcal/mol. Tuy nhién, khi nang lugng docking cua cac
hop chat thir nghiém cao hon (it &m hon) so vo1 hop chét dbi chimng, dleu nay khong nht
thiét khang dinh rang cac hop chat thir nghiém hoan toan khong c6 tiém ning. Cu thé,
trong nghién ciru docking phan tir, cac hop chit c6 nang lugng docking duéi -5.0kcal/mol
thuong dugc coi 1a ¢6 kha ning twong tac c6 ¥ nghia véi protein dich. Hau hét cac hop
chat thir nghiém trong bang déu dat ngudng nay. Bén canh do, cac hop chét d6i ching
(nhém gliptin) d4 trai qua qué trinh t6i wu hoa lau dai trong qué trinh phat trién thudc.
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Diéu nay giai thich tai sao chung c6 nang lugng tuong tac tot hon. Cac hop chét thir
nghiém c6 thé duoc cai thién théng qua qua trinh t6i uu hoa twong tw. Ngoai ra, két qua
docking phu thudc vao nhiéu yéu t6 nhu thuit toan sir dung, tham sé thiét 1ap va chit
luong ciia mod hinh protein. Do d6, céc gia tri nang luong nén dugc xem xét nhu mot chi
s6 tuong dbi chtr khong phai tuyét doi.

Nhu vay, mic du ning luong docking ctiia 13 hop chat thom & trén khong tot bang
cac hop chét dbi ching, nhung ching van thé hién duoc tuong tic voi thu thé DPP-4 ¢ mirc
nang luong docking kha tot. Didu ndy cho thiy cac hop chét thir nghiém van c6 tiém ning
lam tmg cir vién chat e ché cho thy thé DPP-4 nay. Pic biét, cac hop chat nhu benzyl
benzoate, 1-phenyl-1,2-propanedione va 1-naphthalenol c6 nang luong tuong tac voi thu
thé tuong ddi cao, duogc danh gi4 1a Gmg cir vién tiém ning nhat trong nghién ctru nay.

Bing 2. Bang tong hop két qua docking phdn tu; bao gom nang heong docking, $6 cdc
twong tdc ky nwée, lién két hydro, twong tdc pi, cau mudi va lién két halogen
ciia 13 hop chat thom dwoc khdo sat véi thu thé DPP-4 (PDB ID: 20NC).

Nang luon Tuon, Lién A A 1A
STT Tén hop chit docking | thoky | ket Ttgc";? ca t;?ggk:;
(kcal/mol) nudc hydro

1 4-hydroxybenzaldehyde -4.995 3 3 0 0 0
2 | Benzaldehyde -5.238 5 0 0 0 0
3 | Acetophenone -5.648 7 0 0 0 0
4 | Anisole -5.132 4 3 1 0 0
5 3-phenylpropanal -5.205 8 0 0 0 0
6 | Benzyl benzoate -7.400 8 0 1 0 0
7 | 2-methylbenzaldehyde -5.703 5 0 0 0 0
8 | 3-methylbenzaldehyde -5.406 6 0 1 0 0
9 | Phenylethyl alcohol -5.236 5 3 0 0 0
10 | 1-phenyl-1,2-propanedione -6.086 6 0 0 0 0
11 | 1-naphthalenol -6.352 6 5 0 0 0
12 | 1-methylethylbenzene -5.672 7 0 1 0 0
13 | trans-anethole -5.545 5 0 1 0 0
14 | Sitagliptin -9.515 2 4 0 0 1
15 | Saxagliptin -7.294 4 4 0 0 0
16 | Linagliptin -8.784 10 7 1 0 0
17 | Alogliptin -7.403 4 5 2 0 0
18 | Vildagliptin -7.999 4 7 0 0 0
19 | Teneligliptin -8.324 3 3 0 1 0

3.3. Cdc twong tdic trong phiec hep thu gidra DPP-4 va cac hep chdt dirgc khdo sat

Bang 2 ciing cung cap cho chung ta s liéu vé s cac twong tac hinh thanh trong

phirc hop giita DPP-4 va 13 hop chat thom dang khao sat; dong thoi thong tin tuong tur
cling dugc liét ké danh cho céc hop chét doi chimg tir s6 thir tu thir 14 dén 19. S6 luong
tuong tac ky nudc cia cac thudc d6i chung kha da dang (tir 2 dén10 tuong tac), trong do
linagliptin c6 s6 tuong tac cao nhat (10 tuong tac). Cac hop chat thir nghiém c6 sb trong
tac ky nudc tir 3 dén 8 tuwong tac, cho thiy kha ning tao twong tac ky nudc tuong dbi tot.
Tuong tac ky nudc dong vai trd quan trong trong viéc 6n dinh phuc hop protein-ligand.
Vé lién két hydro, c6 sy khac biét rd rét giita hai nhém. Cac thube d6i chimg thuong co
nhiéu lién két hydro hon (tir 3 dén 7 lién két), trong khi chi c6 mot sé cac hop chat thir
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nghiém, nhu la 4-hydroxybenzaldehyde, anisole, phenylethyl alcohol va 1-naphthalenol,
¢6 tao lién két hydro (tir 3 dén 5 lién két) v6i thu thé DPP-4; cac hop chét con lai khong
thé hién lién két hydro véi thu thé. O phan trude, chung ta ciing di thiy rang s nguyén
ttr cho va nhan lién két hydro ciia nhom hop chit thir nghiém nay kha it, & vao khoang 1
dén 2 nguyén tir. Didu nay giai thich mot phdn tai sao cac thude dbi chimg c6 ning luong
docking tbt hon, vi lién két hydro déng vai tro quan trong trong tinh dic hiéu cta tuong
tac. P6i voi cac hop chét chira vong thom, tuong tic pi 1a mot twong tac dic trung, vi
vong benzen c6 trong cau tric rat d& tao tuwong tac véi cac residue ciing c6 vong benzen
tuong tu nhu 1a Phe hoac Tyr hodc Trp. Tuy nhién, Bang 2 cling cho ching ta thy rang
tuong tac pi trong truong hop nay cting khong phai la yéu tb quyet dinh chinh trong viéc
gan két voi protein dich, vi ching xudt hién kha it v6i 5/13 chat 1an lugt thé hién 1 tuong
tac pi v6i thu thé. Linagliptin va alogliptin 14 hai hop chat di duy nhat c6 thé hién, lan
luot 1 va 2 twong tac pi v6i DPP-4. Ngoai ra, hai loai twong tac/lién két khong phd bién
trong khao sat nay la ciu mudi va lién két halogen, chi xuét hién 1 lan lan lugt & phirc
hop gitta DPP-4 v&i teneligliptin va véi sitagliptin. Cac hop chét thir nghiém khong c6
cac loai tuong tac/lién két nay.

Phén tich céc tuong tac cling cho chiing ta thay dugc vi tri lién két cua cac hop chit,
va cac hop chat tham gia twong tac voi cac residue nao la chu yéu. Mot cach tong qua chiing
ta co thé thay rang, da sd cac hop chat, bao gdm ca cac hop chat thir nghiém va cac hop
chat d6i chung, déu ua chudng tao twong tac ky nudc véi ticu ving tuong tac S1 (hinh 3).
Cu thé, céc residue hién dién thudng xuyén trong cac tuong tac/lién két véi phdi tir bao
gom Tyr631, Val656, Tyr662, Tyr666, Val7ll va Trp659. Trong khi d6, 4-
hydroxybenzaldehyde cé tuwong tac thién vé phia tiéu ving S2 va vi tri ctia bd ba xtic tac
enzyme, bao gdm Arg125, Asn710 va His740. Ngoai ra, cac residue Phe357 va Tyr547 ciing
thudng xuét hién trong twong tac véi cac chat doi chimg. D6i vai lién két hydro, cac residue
bd ba xtic tdc enzyme la Ser630, Asn710 va His740 tham gia rét tich cuc, bén canh céc
residue nhu Argl125 va Tyr662. Mot s residue ¢ tiéu ving S2 nhu Glu205 va Ser209, tiéu
vung S1 nhu Tyr631 va céc residue khac nhu Asp545, Val546, Lys554 va Trp629 dong gop
khé nhiéu vao lién két hydro giira DPP-4 véi cac chat ddi chimg.

Hinh 3. Hinh bén trdi minh hoa cho twong tic cia 3 hop chat:

(4) 4-hydroxybenzaldehyde, (B) benzyl benzoate va (C) sitagliptin. Hinh bén phai thé
hién vi tri cdc phoi tir tai ving hoat déng ciia DPP-4. Phoi tir mau dé la chat doi chitng
alogliptin. Cdc phoi tir mau xanh dwong la cdc hop chat thom thir nghiém. Riéng phoi
tir mau cam la 4-hydroxybenzaldehyde, ciing thuéc nhom cdc hoat chdt thir nghiém
nhung co vi tri lién két khac biét so véi cdc hop chdt con lai.
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4. Két luan

Nghién clru nay da thanh cong trong viéc lam sang to co ché phan tir tiém ning ciia
cac hop chét thom tir vo qué trong dleu tri dai thao duong typ 2 thong qua con dudng urc
ché DPP-4. Cac ket qua chinh bao gom (1) Phuong phap docking phén tir da xac dinh dugce
ba hop chat c6 tiém ning (rc ché DPP-4 manh nhat 13 benzyl benzoate, 1-phenyl-1,2-
propanedione va 1-naphthalenol, véi ning luong lién két twong Gmg 14 -7.4, -6.086 va -
6.352kcal/mol. (2) Phan tich twong tac cho thiy cac phirc hop duoc 6n dinh chu yéu boi
tuong tac ky nude (3-8 tuong tac) va lién két hydrogen (3-5 lién két), voi vi tri lién két chu
yéu tai tiéu viung S1 cta enzyme. (3) Panh gia theo quy tic Lipinski cho thy tat ca cac hop
chat nghién ctru déu dap tng tir 4-5 tidu chi vé do gidng thudc, khang dinh tiém ning phat
trién thanh thudc diéu tri. Nhitng phat hién nay co y nghia img dung quan trong trong vi¢c
cung cap co s6 khoa hoc cho viée sir dung vo qué trong diéu tri dai thdo dudng typ 2, dinh
huéng phat trién cac thude (e ché DPP-4 moéi tir ngudn duoc liéu thién nhién, dong thoi
cling dé xuét cac cau triic dan dudng cho viée t6i wu hoa va thiét ké thude trong tuwong lai.
Tuy nhién, can c6 thém cac nghién ctru in vitro va in vivo dé khang dinh hoat tinh tc ché
DPP-4 cuia cac hop chit nay ciing nhur dénh gia do an toan va hiéu qua diéu tri trén thyc té.
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