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MG PAU

Nam da la mot bénh rat phé bién, dic biét 1a & cac khu vuc 6 lugng anh sang mat troi véi cuong do cao nhu &
nuéc ta. Nam da thuong anh huong nhiéu dén phai nit, do su tang sic tb ¢ nhitng ving dic biét cua lan da nhu ving
mit s& 1am giam muc do thim my. Hién nay, nhu cau lam dep va chiam soc sic dep cang ngdy cang ting va viée diéu
tri ndm da Ia mot trong nhitng uu tién 1am dep hang dau caa nhidu ngudi. Mic du, da c6 kha nhiéu phuong phap diéu
tri méi, c6 rat nhiéu my pham va thudc diéu tri ndm da trén thi truong nhung van chua dap tng duoc hét cho nhu cau
lam dep hién nay, thém vao d6 nhimg phuong phap nay van con kha nhiéu tac dung phu khéng mong mudn. Vi vay,
Van rat can nhiing nghién ciru dé tim ra nhitng loai thudc khac gitp hd tro cho viéc diéu tri va it gy ra céac tac dung
phu khéng mong muén.

Dé hudng dén diéu tri bénh nam da thi mot s6 nghién ctiu ¢ nudce ta tap trung vao viéc tim kiém céc cay thude
va hoat chét wc ché enzyme tyrosinase gitip ngin ngira sy tao thanh sic té melanin. Tuy nhién céc nghién ctu lién
quan dén cac loai dugc liéu c6 kha ning e ché enzyme tyrosinase van con rat it.

Trong luan 4n nay, nhom chiing t6i da tién hanh qua trinh sang loc so bd mot sé mau cay thude theo dinh hudng
vé hoat tinh wc ché enzyme tyrosinase. Trong sé mau cay thudc da khao sat, mau than cay Sung c6 dudi (Semecarpus
caudata) va vo than cay Xuan thén nhiéu hoa (Swintonia floribunda) lan dau tién dwoc phat hién c6 hoat tinh tc ché
enzyme tyrosinase va trén thé gidi ciing chua c6 cong bd ndo vé thanh phan héa hoc va hoat tinh sinh hoc cua hai
loai cay nay. Do do, viéc thuc hién dé tai nghién ctru thanh phan héa hoc va hoat tinh e ché enzyme tyrosinase cua
cdy Sung c6 dudi (Semecarpus caudata) va Xuan thén nhiéu hoa (Swintonia floribunda) 12 rat can thiét.

Luan an s& cung cap thong tin vé thanh phan héa hoc va hoat tinh e ché enzyme tyrosinase cua cac hop chat phan
lap duoc tir hai loai cay chua dugc nghién ctu trén thé gisi. Ngoai ra, ching t6i ciing ap dung phuong phap docking
phan tir nham danh gia cac twong tac gitra hop chat va viing hoat tinh cia enzyme, gitp cung cap thong tin rd rang
hon vé méi twong quan giita cau tric va hoat tinh.

Céc két qua cua luan an s& gop phan nang cao gia tri ctia duoc lidu Viét Nam, l1am tién d& phat trién thém céc
loai san pham méi hd tro diéu tri bénh ndm da nham bao vé stc khoé va dap tng nhu cau 1am dep cia ngudi dan.

PONG GOP MOI CUA LUAN AN

Luén an da thuc hién sang loc 25 mau cao MeOH cua 16 mau cay theo hoat tinh wc ché enzyme tyrosinase, thu
duoc 18/25 mau cao MeOH ¢6 hoat tinh véi gid tri ICso < 100 £g mL™. Trong d6, mau cao MeOH cua than cay Sung
c¢6 dudi (Semecarpus caudata) va vo than cay Xuan thdn nhiéu hoa (Swintonia floribunda) thé hién hoat tinh wc ché
(gi tri ICso lan luot 12 23.26 va 11.61 1g mL™) va ca hai loai cdy nay déu chwa dugc nghién ciru vé hda thuc vat ¢
trong nudc va trén thé gioi.

Tir mau cao CHClI; cta than cay Sung co dudi (Semecarpus caudata), 20 hop chét (1-20) da dwoc phan lap. Mat
khac, tir mau cao EtOAc cua vo than cay Xuan thdn nhiéu hoa (Swintonia floribunda) da phan 1ap duoc 22 hop chat
(9-11, 16, 17, 21-37). Ngoai trir hop chét 22, tit ca céc hop chat déu chua timg dwoc phan 1ap trong chi Semecarpus
va Swintonia. CAu trdc cua cac hop chit phan 1ap duoc thudc nhidu nhom khung khac nhau, trong d6 c6 14 hop chat
phenol (1-5, 21-29), nim hop chét diarylalkanoid (6-8, 30, 31), 10 hop chét flavonoid (9—15, 32-34), bén hop chat
lignan (16-18, 35), hai hop chat steroid (19, 20), va hai hop chét triterpenoid (36, 37). Trong d6, hai hop chat
diarylalkanoid 7 va 8, hop chat bischromanone 15, va hop chit dimer alkylresorcinol 28 1a bn hop chat mai lan dau
tién duoc cong bd trén thé gioi. Thém vao do, hop chat ganoderic acid F (37) c6 khung triterpenoid dic trung chi
duoc phan lap tir chi nAm Ganoderma va day 1a lan dau tién duoc cong b c6 trong mot loai thuc vét bac cao. Ngoai
ra, hop chét isoeverninic acid (25) lan dau tién duoc phan 1ap trong tu nhién va dugc cong bé dir liéu phd NMR.

Trong luan an ciing da tién hanh thir hoat tinh trc ché enzyme tyrosinase cua céc hop chat phan lap dugc tir hai
mau cdy Sung c6 dudi (Semecarpus caudata) va Xuan thén nhiéu hoa (Swintonia floribunda). Két qua cho thay c6
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12/37 hop chat (2, 4, 6-8, 11-14, 28, 30 va 34) thé hién hoat tinh véi gia tri ICso < 100 uM, trong d6 hop chit
morachalcone A (6) thé hién hoat tinh manh nhat véi gié tri 1Cso 12 0.013 £M. Thém vao d6, 3/4 hop chat méi (7, 8,
28) déu thé hién hoat tinh, trong d6 hop chat diarylpentanoid 7 (ICso 0.033 M) va diarylheptanoid 8 (ICso 0.11 M)
lan luot thé hién hoat tinh e ché enzyme tyrosinase manh hon 1300 1an va 400 lan khi so sanh twong &ng voi chat
dbi chung duong 1a kojic acid (ICso = 44.6 uM). Trong khi d6, hop chat dimer alkylresorcinol 28 (ICso = 48.2 M)
thé hién hoat tinh twong duong véi kojic acid.

Mbi twong quan giita hoat tinh va cdu tric cua céc hop chit thuoc khung phenol, diarylalkanoid, va flavonoid
ciing duoc dé nghi dua vao cac két qua thir hoat tinh in vitro. Mat khéc, tién hanh docking phan tir in silico mot s6
hop chat khung phenol, diarylalkanoid, va flavonoid trén md hinh enzyme oxytyrosinase, nham 1am rd hon nhing
anh huong cua cau truc khung va nhém thé dén hoat tinh Gc ché enzyme tyrosinase.

Luan &n nay la nghién ciru dau tién trén thé gigi vé thanh phan hda hoc va hoat tinh wc ché enzyme tyrosinase
ctia cay Sung c6 dudi (Semecarpus caudata) va Xuan thén nhiéu hoa (Swintonia floribunda).

BO CUC CUA LUAN AN

Luan &n gdm 209 trang, véi phan ndi dung chinh 189 trang dugc phan ra thanh cac phan nhu sau: M& dau (2
trang), Chuwong 1: Tong quan (21 trang), Chuong 2: Thyc nghiém (12 trang), Chuong 3: Két qua va Bién luan (85
trang), Két luan va Kién nghi (3 trang), Tai liéu tham khao (15 trang, voi 125 tai liéu tham khao), Danh muc céng
trinh céng bd (1 trang), Phu luc (50 trang véi 99 phu luc phd). Toan b luan &n cé 89 hinh anh va 44 bang.

NQI DUNG LUAN AN
CHUONG 1. TONG QUAN

Melanin va su hinh thanh melanin, enzyme tyrosinase va vai tro caa enzyme tyrosinase, méi lién hé giira enzyme
tyrosinase va bénh nam da, co ché irc ché va phan loai cac hop chét e ché enzyme tyrosinase.

Giai thiéu docking phén tu, ung dung va phén loai docking, cac giai doan ctua qué trinh docking phén tir.

Tim hiéu vé cay Sung c6 dudi (Semecarpus caudata) va Xuan thdn nhiéu hoa (Swintonia floribunda).

Dbinh hudng nghién ctru cua luan an.

CHUONG 2. THUC NGHIEM

2.1 Péi twong nghién ciru

16 mau cay (Bang 2.1) duoc thu hai tai ring Ma Pa, khu Bao ton Thién nhién-Vian hoa Pdng Nai, tinh Ddng
Nai, Viét Nam vao thang 4 nam 2014. Cac mau cay dugc dinh danh bai PGS.TS. Tran Hop, Vién Sinh hoc Nhiét doi
Tp. H6 Chi Minh. Cac tiéu ban mau cay dugc luu trit & Phong thi nghiém ctia chuyén nganh Héa dugc, Khoa Hoa
hoc, truong DH Khoa hoc Ty nhién, PHQG Tp. H6 Chi Minh.

2.2 Hoa chat va thiét bi

Trinh bay ngin gon vé cac hoa chat, thiét bj va noi tién hanh thtr nghiém trong luan an.

2.3 Phwong phap nghién ctru

2.3.1 Phwong phap sang loc cac miu cay c6 hoat tinh e ché enzyme tyrosinase

2.3.1.1 Piéu ché cao MeOH ciia cAc mdu cay

Céc mau cay sau khi thu vé s& duoc phan loai, cat nho, va phoi khd. M&i mau cay (~100-200 g) s& duoc trich
néng voi MeOH (300 mL) trong 3 gio va lap lai 3 1an. Cac dich trich MeOH s& duoc ¢6 quay dudi &p suit kém, thu
duoc cac mau cao MeOH. Tir 16 mau cay qua phan loai cac bo phan va ly trich di thu dugc 25 mau cao MeOH.

2.3.1.2 Phwong phdp thir hogt tinh frc ché enzyme tyrosinase ciia cac mau the

Dém phosphate (pH = 6.8) cling voi mau thir s& duoc lic déu véi nhau. Sau do, 50 4L enzyme tyrosinase duoc
cho vao hdn hop trén. Sau 30 phat i ¢ 30°C, thi thém vao 500 zL dung dich nén L-DOPA, lic déu, va tiép tuc G thém



7 phat. Sau khi 1, thi dem dung dich do mat d6 quang & budc séng 475 nm. Gié tri phan tram wc ché (I %) dugc tinh
toan thdng qua biéu thic sau:

Acontrol - Asample

1% = X 100 %

Acontrol
Trong do:
Acontrol: 9id tri mat do quang cua dung dich khi khéng c6 mau thur.
Asample: 0id tri mat do quang cta dung dich khi c6 mau thir.
Giatri 1Cso (ug mL™ hay M) la ndng do cia mot mau thir nghiém ma tai d6 mau cé thé ic ché 50 % hoat tinh
ctia enzyme tyrosinase. Gié tri nay s& duoc tinh dya vao phuong trinh dudng thang y = ax + b (y 1 phan trim tc ché
| % va x 1a ndng d6 mau) véi hai gia tri a va b suy ra tir d6 thi.

Bang 2.1 Tén khoa hoc, tén dia phuong, va bo phan khao séat cia cac mau cay

A N Bo phan

STT Tén khoa hoc Tén dia phwong kHﬁFc)) sat

1 Kibatalia laurifolia (Ridl.) Woodson (Apocynaceae)  Than linh 1a qué Than va la

2 Artocarpus rigida (Moraceae) Mit nai Thén

3 Semecarpus caudata Pierre (Anacardiaceae) Sung ¢ dudi Thén

4 Swintonia floribunda Griff. (Anacardiaceae) Xuan thén nhiéu hoa Vo than

5 Buchanania lucida Blume (Anacardiaceae) Chéay sang Thén

6 Mangifera reba Pierre (Anacardiaceae) Quéo Thén

7 Mangifera camptosperma Pierre (Anacardiaceae) Xoai bui Thén va vo than

8 Dipterocarpus dyeri Pierre (Dipterocarpaceae) DAu song nang Thén

9 Dipterocarpus turbinatus Gaertn. (Dipterocarpaceae) Dau con rai d6 Thén va vo than

10 Dipterocarpus alatus Roxb. (Dipterocarpaceae) DAu con réi tring Thén

11 Dipterocarpus costatus Gaertn. (Dipterocarpaceae) DAau cét Thén va vo than

12 Hopea odorata Pierre (Dipterocarpaceae) Sao den Thén va vo than

13 Hopea recopei Pierre (Dipterocarpaceae) Cho chai Thén va vo than

14 Anisoptera costata Korth. (Dipterocarpaceae) Vén vén Thén va vo than

15 Shorea thorelii Pierre (Dipterocarpaceae) Chai thorel Thén va vo than

16 Vatica odorata (Griff.) Symington (Dipterocarpaceae) Lau tau tring Théan va la

2.3.2 Phwong phap diéu ché cac cao phan doan va phan 1ap cac hep chat tinh khiét

2.3.2.1 Khdo sét thanh phan hoa hoc ciia thin cdy Swng cé dudi (Semecarpus caudata)

Tir 7 kg mau kho caa than cdy Sung c6 dudi (Semecarpus caudata) tién hanh xay nho va dun hoan luu véi
MeOH. Toan b dich trich dwoc dem c6 quay ap suat kém, thu duoc cao thé MeOH (700 g). Tién hanh phan tan cao
MeOH vao nudc va thuc hién chiét long-long lan luot véi cac dung méi n-hexane, CHCls, va EtOAc thu duoc cac
cao phan doan twong ung, tuy nhién cao EtOAc c6 khéi lwong rat it nén da gom chung véi cao CHCls. Khéi luong
cac cao phan doan lan luot 1a cao n-hexane (37.0 g), cao CHCI3 (500.0 g), va cao nuéc (135.0 g). Tién hanh sic ky
cot cao CHCl3 vé6i hé dung mai giai ly 1a n-hexane—EtOAc va CHCl3-MeOH c6 d6 phan cuc ting dan, thu duoc 12
phan doan (SCD1-12). Cac phan doan SCD1-9 s& lan luot duoc tién hanh sic ky cot va sic ky didu ché trén silica
gel pha thuan hozc pha dao véi cac hé dung méi giai ly khac nhau, thu dwgc 20 hop chét tinh khiét (1-20).

2.3.2.2 Khdo sét thanh phan hoa hec ciia vé than cay Xuan thon nhiéu hoa (Swintonia floribunda)

Tién hanh trich néng 5 kg mau khé cua vo than cay Xuan thon nhiéu hoa (Swintonia floribunda) véi MeOH.
Toan bo dich trich duoc ¢6 quay ap suat kém, thu dugc cao thd MeOH (500 g). Phan tan cao MeOH vao nudc va tién
hanh chiét long-long lan luot véi cac dung mdi n-hexane, CHCls, va EtOAc thu dwoc cac cao phan doan, tuy nhién
cao CHCI3 c6 khdi lugng rét it nén di gom chung véi cao EtOAc. Khéi lugng cac cao phan doan lan luot 1a cao n-
hexane (7.1 g), cao EtOAc (122.0 g), va cao nudc (330.0 g). Tién hanh sic ky cot cao EtOAC vai hé dung mdi giai
ly CHCl:-MeOH c6 d6 phan cyc ting dan, thu dugc 11 phan doan (XTNH1-11). Cac phan doan XTNH1-7 s& lan
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luot dugc tién hanh sic ky cot va sic ky diéu ché trén silica gel pha thuan hozc pha dao véi cac hé dung mai giai ly
khac nhau, thu dugc 22 hop chét tinh khiét (9-11, 16, 17, 21-37).

2.3.3 Phwong phap xac dinh céu tric cia cac hep chat tinh khiét

CAu tric hda hoc cua cac hop chiat tinh khiét dugc xac dinh dwa vao cac phuong phap phd hong ngoai IR, phd
cong huong tir hat nhan NMR (*H, *C, HSQC, HMBC, NOESY), khéi phd phan giai cao HR-MS, mé hinh héa phan
tir két hop hoa tinh toan, va thuc hién phan @ng thily giai véi xdc tac acid két hop so sanh ning lyc trién quang [a]p.

2.3.4 Phuwong phap docking phan tir trén mé hinh enzyme tyrosinase

Toan bo qua trinh dugc thuc hién trén phan mém Molecular Operating Environment 2016 (MOE 2016.0802).
Céu tric cua céc ligand s& duoc nhap liéu vao phan mém thdng qua cong cu Builder. Céc cau tric s& duoc t6i uu hoa
ning luong dén RMS gradient 0.0001 trong truong luc Amber12:EHT, va khdng st dung md hinh solvat héa. M6
hinh enzyme oxytyrosinase (PDB ID: 1WX2) s& dwoc tai vé tr Ngan hang dir liéu protein Hoa Ky
(https://www.rcsh.org). Trong phan mém MOE, sir dung cong cu Sequence Editor dé x6a 3 chudi 1WX2.B cua phan
tir protein ORF378, chi giir lai cac chudi 1WX2.A cua phan tir enzyme oxytyrosinase. Chudi 1WX2.A s& duoc hiéu
chinh théng qua cong cu QuickPrep bao gém céac budc hiéu chinh cac ndi héa hoc, chuan héa dién tich va trang thai

ion hoa cua cac nguyén tir, thém cac nguyén tir hydrogen con thiéu, va loai bo cac phan tir nuée. Mit khac, ving hoat
tinh cua enzyme dugc xac dinh bang cong cu Site Finder va duoc xac dinh 1a ving ¢6 chi sé6 PLB (Propensity for
Ligand Binding) 16n nhét, trong d6 tam xtc tac 1a hai ion Cu®* va nhdm peroxide [0-O]%*. Qua trinh docking str dung
phuong phap sip dit (Placement method) 1 Triangle Matcher, phwong phap hiéu chinh (Refinement method) Ia
Induced Fit, va phuong phép tinh diém (Scoring method) 1a London dG va GBVI/WSA dG. Két qua thu dugc 1a nim
m6 hinh phirc hop enzyme-ligand c6 diém danh gia (chi s6 S) tot nhat. S6 lugng twong tac, ning lugng twong tac
(kcal mol™), va khoang cach tuong tac (A) s& dugc phan tich bang cong cu Ligand Interactions.
CHUONG 3. KET QUA VA BIEN LUAN

3.1 Nghién ciru sang loc hoat tinh wc ché enzyme tyrosinase

3.1.1 Sang loc hoat tinh tic ché enzyme tyrosinase cia cac mau cao MeOH

25 mau cao MeOH tir 16 mau cdy duoc tién hanh sang loc hoat tinh wc ché enzyme tyrosinase. Cac mau cao
duoc tién hanh thir & bon néng do khac nhau trong khoang 1-100 g mL™. Trong thi nghiém nay, kojic acid duogc st
dung 1am chét di chimg dwong (ICso = 6.34 g mL™).

Két qua sang loc cho thiy c6 18/25 mau cao MeOH thé hién phan tram wc ché enzyme trén 50 % tai nong do
cao chiét 1a 100 xg mL™* (Bang 3.1). Trong khi do, tai nong do cao chiét 12 50 xg mL™ ¢6 15/25 mau thé hién hoat
tinh vai | > 50 %. Ngoai ra, 9/25 mau thir thé hién hoat tinh wc ché enzyme (1 > 50 %) & nong d6 25 g mL™. Trong
sb 25 mau cao chi c6 mau cao MeOH cua than cay Mit nai (Artocarpus rigida) thé hién hoat tinh manh véi | = 78.43
% & nong do 10 xg mL?, do d6 mau cao nay dugc tién hanh thi lai ¢ cac ndong do nho hon. Két qua thu duoc tai
nong d6 2.5 19 mL™ miu cao van thé hién hoat tinh wc ché manh véi | > 50 %.

M3u cao MeOH cua vo than cay Xuan thén nhidu hoa (Swintonia floribunda) véi I1Cso = 11.61 g mL™. Mt
khéc, chi Swintonia gan nhu chua dwgc nghién ciu trén thé gisi va cay Xuan thdn nhiéu hoa (Swintonia floribunda)
ciing chua duoc nghién ciru vé hoa thuc vat. Vi vay, mau cao MeOH ciia vo than cay Xuan thon nhiéu hoa (Swintonia
floribunda) dwoc chon dé tiép tuc khao sat vé thanh phan héa hoc.

Ngoai ra, cac mau cao MeOH cua cdy Xoai bui (Mangifera camptosperma), Chay sang (Buchanania lucida),
DAu con rdi tring (Dipterocarpus alatus), Dau con rai do (Dipterocarpus turbinatus), va Sung c6 dudi (Semecarpus
caudata) ciing thé hién hoat tinh trc ché enzyme tyrosinase véi gié tri ICso trong khoang 14.13-23.26 xg mL ™. Trong
do, chi Mangifera va chi Dipterocarpus di dugc nghién ciru kha nhiéu vé thanh phan héa hoc va hoat tinh sinh hoc,
do d6 cac mau cay thudc hai chi ndy s& khong duoc chon dé tiép tuc khao sat. Theo céc tai liéu tham khao thi ca hai
loai Chay sang (Buchanania lucida) va Sung c6 dudi (Semecarpus caudata) déu chwa dugc nghién ciu vé hoa thuc
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vat va hoat tinh sinh hoc. Tuy nhién khi khao sat dé thu hai lwong mau Ién, nhan thy rang cay Chay sang (Buchanania
lucida) phan b rai rac va co s6 lugng it, do d6 rat kho dé co duge lugng mau du lon nham khao sét thanh phan hoa
hoc. Chinh vi 1y do d6, chiing t6i di chon cdy Sung c6 dudi (Semecarpus caudata), mau cdy c6 thé thu hai véi s6
lwong Ion, dé tiép tuc khao sat vé thanh phan héa hoc.

Bang 3.1 Két qua thir hoat tinh tc ché enzyme tyrosinase (ICso, 19 mL™) caa cac mau cao MeOH

STT Tén khoa hoc Phan trim tc ché (1 %) ICso
100 mgmL? 50 pgmL? 25ugmL? 10 ggmL?
1 Kibatalia laurifolia® 13.37+£0.49 2.31+0.09 > 100
2 Kibatalia laurifolia® 444+1.0 2516+054 22.88+0.67 1503+0.95 >100
3 Semecarpus caudata® >100 74.52£0.86 54.8+2.0 13.7+x29 23.26
4 Swintonia floribunda? > 100 67.2+23 59.38+0.65 496+14 1161
5 Buchanania lucida® >100 99.68+0.40 67.83+0.76 41.7+1.0 1454
6 Mangifera reba’ 82.42 + 0.52 70.3x1.2 359+12 234+16 41.66
7 Mangifera camptosperma* 79.3+£1.7 72.3+1.8 63.3+1.4 22.7+15 20.10
8 Mangifera camptosperma®  70.19+0.37 70.50 + 0.78 59.0+ 2.7 46.0+15 1413
9  Dipterocarpus dyeri* 327+16  212+16 > 100
10  Dipterocarpus turbinatus?! 744+18 64.01+£0.69 35.99%0.79 29.7+ 17 44.25
11  Dipterocarpus turbinatus®  77.78 +0.94 71.98 +0.38 585+1.2 33.33+0.70 22.00
12 Dipterocarpus alatus® >100 63.83+0.79 56.91+0.95 41.22+090 21.40
13 Dipterocarpus costatus® 72.0+20 52.7+1.0 47.58+0.54 365+18 40.39
14  Dipterocarpus costatus? 80.17 £0.50 69.2+1.1 496+13 30.03+£0.73 2532
15  Hopea recopei' > 100 65.9+12 4130x0.84 30.7x15 34.07
16  Hopea recopei? 57.0+13 485+12 35.84+0.21 27.0+1.6 5250
17 Hopea odorata’ 68.3+1.3 53.72+0.67 40.77+0.45 20.39+0.57 4295
18  Hopea odorata? 81.42+0.60 62.83+0.53 50.2+13 3481+095 24.386
19  Anisoptera costata® 40.50 £ 0.58 353+11 27.27+048 15.15+0.64 >100
20  Anisoptera costata? 4325+0.77 34.71£0.84 21.8+1.1 1460+£0.69 >100
21  Shorea thorelii* 67.58+0.82 49.15+0.43 358+1.7 239+19 5881
22 Shorea thorelii® 56.52 £ 0.69 46.1+1.2 36.0+1.2 2754+032 7351
23 Vatica odorata® 489+1.6 37+20 0.31+20 > 100
24 Vatica odorata® 406+15 2246+0.75 9.85+0.52 09+26 >100
10pmgmL?  S5pxmL? 25xgmL?t  1pugmL?

25  Artocarpus rigida® 7843+0.62 72.88+0.44 66.0+1.0 405+2.4 1.06

Kojic acid 6.34

1 Than, ? Vo than, ° L4
3.1.2 Két qua thir hoat tinh ¢ ché enzyme tyrosinase ciia cAc mau cao phan doan

Tir mau cao MeOH cua than cay Sung c6 dudi (Semecarpus caudata) didu ché dugc cac cao phan doan n-hexane,
CHCls, va H,0. Cac mau cao phan doan nay dwoc thir hoat tinh e ché enzyme tyrosinase, chi thu dwgc mau cao
CHCls ¢c6 hoat tinh &c ché yéu véi gié tri 1Cso = 99.47 g mL™,

Mt khéc, tir mau cao MeOH v¢ than cly Xuan thdn nhiéu hoa (Swintonia floribunda) diéu ché dwoc céc cao
phan doan n-hexane, EtOAc, va H,0, trong d6 chi ¢ mau cao EtOAc thé hién hoat tinh wc ché trung binh véi gia tri
ICso = 35.81 g mL™.

Tir két qua thir hoat tinh Gc ché enzyme tyrosinase, mau cao CHCIs cua thin ciy Sung c6 dudi (Semecarpus
caudata) va mau cao EtOAc cua vo than cdy Xuan thon nhiéu hoa (Swintonia floribunda) dugc chon dé khao sat
thanh phan hoa hoc.

3.2 Khao sat cdu tric cia cac hep chat phan lap dwec tir cao CHCIl; cia than cay Swung c6 dudi

(Semecarpus caudata)

3.2.1 Khao sat cau truc cha cac hep chat khung phenol

Tir cao CHCl3 cua than cay Sung c6 dudi (Semecarpus caudata), ching t6i da phan 1ap dugc 5 hop chét cé
khung phenol (1-5) (Hinh 3.1). Cau tric héa hoc cua cac hop chat duge xac dinh théng qua phd NMR, két hop so
sanh vai cac dir liéu tir tai liéu tham khao.



1 2 H OH
3 H OCH,
4 OH CHj
5 OCH; OH

Hinh 3.1 Cau trdc cua cac hop chat 1-5
3.2.2 Khao sét ciu tric cua cac hgp chat khung diarylalkanoid
Tir cao CHCl3 cua than cay Sung c6 dudi (Semecarpus caudata), ching t6i da phan lap duoc 3 hop chét cé
khung diarylalkanoid (6-8) (Hinh 3.2). C4u trtic hda hoc cua cac hop chit duoc xac dinh thdng qua phdo NMR, két
hop so sanh vai cac dir liéu tur tai liéu tham khao.

Hinh 3.2 Cau trdc cua cac hop chat 6-8

3.2.2.1 Cdu truc hep chdt 7

Phé IR cua hop chit 7 cho thay c6 sy xuat hién caa nhoém hydroxy (3455 cm™) va nhém carbonyl (1620 cm™).
Phé *H NMR (500 MHz, acetone-ds) ciia hop chit 7 cho céc tin hiéu cong huéng cua mot vong benzene A thé & vi
tri 1, 2, 4 [84 7.94 (d, J = 8.9 Hz, H-6"), 6.45 (dd, J = 8.9 V& 2.4 Hz, H-5"), 6.35 (d, J = 2.4 Hz, H-3")], mot vong
benzene B thé & vi tri 1, 2, 4 [5n 7.43 (d, J = 8.5 Hz, H-6), 6.47 (d, J = 2.4 Hz, H-3), 6.42 (dd, J = 8.5 va 2.4 Hz, H-
5)], va hai cip proton trans-olefin [d 7.27 (brd, J = 14.5 Hz, H-¢), 7.68 (ddd, J = 14.5, 11.3 va 0.8 Hz, H-p), 7.17
(ddd, J = 15.6, 11.3 va 0.8 Hz, H-»), 7.35 (brd, J = 15.6 Hz, H-0)] (Bang 3.2). Ngoai ra, trén phd *H NMR ciing thé
hién tin hiéu caa nhom hydroxy kiém ndi tai 8 13.68 (S).

Ph6 3C NMR cho thiy c¢6 céc tin hiéu cong huong cua 17 carbon, trong dé c6 mot carbon carbonyl (8¢ 192.8,
C=0), 12 carbon thom (5¢c 103.7-167.6), va bén carbon olefin [8¢ 122.1 (C-a), 147.3 (C-A), 125.0 (C-7), 139.5 (C-

)] (Bang 3.2). Tir c4c dit lidu trén két luan hop chét 7 thuoc khung (2E,4E)-1,5-diarylpenta-2,4-dien-1-one.
HO o <3 ~-a¥ 4 OH

Hinh 3.3 Cac twong quan HMBC va NOESY cua hop chit 7
Phé HMBC cua hop chét 7 cho cac trong quan 2'-OH/C-1/, 2'-OH/C-3', H-3'/C-1’, H-3'/C-4', H-5'/C-1’, H-6'/C-
2', H-6'/C-4', H-3/C-1, H-3/C-2, H-3/C-4, H-5/C-1, H-6/C-2, va H-6/C-4 giup xac nhan vi tri cua cac nhom hydroxy
lan luot tai C-2', -4’ va C-2, -4 ctia vong benzene A va B (Hinh 3.3). Ngoai ra, cc twong quan HMBC giita H-6'/C=0,
H-a/C=0, H-5/C=0, H-a/C-y, H-£IC-6, H-/C-a, H-/C-f3, H-4/C-1, H-8/C-f3, va H-5/C-6 x&c nhan su hién dién cua
nhom carbonyl a,/,7,6-bat bdo hoa va nhdm nay s& gan voi vong benzene A va B lan luot tai C-1' va C-1. Phé



NOESY cho cac twong quan H-5'/H-6', H-6'/H- ¢, H-//H- 68, H-)/H-6, H-6/H-5 (Hinh 3.3) gilip x4c nhan ciu hinh lap
thé cua hop chat 7 14 trans,trans-1,5-bis(2,4-dihydroxyphenyl)penta-2,4-dien-1-one.

Ph6 HRESIMS thé hién miii ion phan tir gia [M + Na]* tai m/z 321.0752, sai léch 1.3 mDa so véi gia tri gié tri
tinh toan Iy thuyét 321.0739 tng vai cong thirc phan tir C17H140sNa. Theo co sé dir liéu SciFinder (Pai hoc quéc gia
Chungnam, thang 10/2018), hop chit 7 1a hop chit mai lan dau tién dugc cdng bd trén thé gidi va duoc dat tén 1a
semedienone.

Bing 3.2 Dit liéu phd *H va *C NMR (acetone-ds) ciia hop chét 7

., 7
Vit =50 C on (3, HY)

T 1145, C

7% 167.6, C

3 1038, CH  6.35,d (2.4)

& 165.5, C

5 1087, CH  6.45,dd (8.9, 2.4)

6 1329 CH  7.94.d (8.9)

C=0 192.8, C

108.9, CH  6.42,dd (8.5, 2.4)
130.2, CH  7.43,d (8.5)
2'-OH 13.68, s

3.2.2.2 Cdu tric hep chdt 8

Phé IR cua hop chat 8 cho thay c6 sy xuat hién caa nhom hydroxy (3305 cm™) va nhém carbonyl (1650 cm™).
Ph6 *H NMR (500 MHz, acetone-ds) ciia hop chét 8 va semedienone (7) déu thé hién tin hiéu caa vong benzene A
va B thé ¢ vitri 1, 2, 4. Tuy nhién, phd *H NMR cua hop chit 8 xuét hién tin hiéu cua ba cap proton trans-olefin [51
7.26 (d, J =14.5Hz, H-), 7.61 (dd, J = 14.5va 11.5 Hz, H-f), 6.62 (dd, J = 13.7 va 11.5 Hz, H-y), 7.00 (2H, m, H-
Sva H-¢), 7.13 (d, J = 14.6 Hz, H-9)] (Bang 3.3). Ngoai ra, trén phd *H NMR ciing thé hién tin hiéu cua nhém
hydroxy kiém néi 8y 13.64 (s).

Ph6 3C NMR cho thiy c¢6 céc tin hiéu cong huong cua 19 carbon, trong dé c6 mot carbon carbonyl (8¢ 192.6,
C=0), 12 carbon thom (5¢ 103.7-167.4), va sau carbon olefin [5c 122.8 (C-a), 145.8 (C-f3), 129.4 (C-7), 145.8 (C-
5), 126.1 (C-¢), 134.3 (C-2)] (Bang 3.3). Tir cac dir liéu trén két luan hop chat 8 thuoc khung (2E,4E,6E)-1,7-
diarylhepta-2,4,6-trien-1-one.

P 1221, CH  7.27,brd (14.5)

Y 147.3, CH  7.68,ddd (14.5,11.3, 0.8)
¥ 1250, CH  7.17,ddd (15.6, 11.3, 0.8)
5 1395, CH  7.35, brd (15.6)

1 116.5, C

2 158.5, C

3 103.7, CH  6.47,d (2.4)

4 161.0, C

5

6
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4 "X NOESY

Hinh 3.4 Céc twong quan HMBC va NOESY cua hop chét 8
Phé HMBC cua hop chét 8 cho cac twong quan 2'-OH/C-1', 2’-OH/C-3', H-3'/C-4’, H-5'/C-1', H-6'/C-2', H-
6'/C-4', H-3/C-1, H-3/C-2, H-3/C-4, H-5/C-1, H-6/C-2, va H-6/C-4 gilp xac nhan vi tri cia cac nhém hydroxy 14n
lugt tai C-2', -4’ va C-2, -4 cua vong benzene A va B (Hinh 3.4). Ngoai ra, cac tuong quan HMBC gitra H-6'/C=0,
H-a/C=0, H-f/C=0, H-aiC-y, H-)C-, H-JC-¢, H-£/C-¢, H-&/C-1, H-{IC-5, va H-¢IC-& xac nhan su hién dién caa
nhom carbonyl a,f3,7,6,&,¢-bat bdo hoa va nhém nay s& gan vai vong benzene A va B lan luot tai C-1' va C-1. Phé



NOESY cho céc twong quan H-5/H-6', H-6'H-, H-alH-, H-AIH-6, H-)H-¢, H-&lH-6, H-6/H-5 (Hinh 3.4) gilp
xac nhan cau hinh lap thé cua hop chat 8 Ia trans, trans,trans-1,7-bis(2,4-dihydroxyphenyl)hepta-2,4,6-trien-1-one.
Ph6 HRESIMS thé hién miii ion phén tir gia [M + Na]* tai m/z 347.0902, sai léch 0.7 mDa so Véi gia tri gia
tri tinh toan Iy thuyét 347.0895 &ng véi cdng thirc phan tir C1oH1s0sNa. Theo co so dir liéu SciFinder (Pai hoc qubc
gia Chungnam, thang 10/2018), hop chat 8 1a hop chat méi lan dau tién dwoc cong bd trén thé gidi va duoc dat tén

la semetrienone.
Bing 3.3 Dit liéu phd *H va *C NMR (acetone-ds) ciia hop chét 8

. 8
Vith =5 C on (3 H2)
U 1149, C
o 1674, C
3 1038, CH  6.35,d (2.4)
4 1659, C
5 1088, CH  6.45,dd (8.9, 2.4)
6 1326, CH  7.92,d (8.9)
C=0 1926, C
a 1228, CH  7.26,d (14.5)
B 1458, CH  7.61,dd (14.5, 11.5)
y 129.4, CH  6.62,dd (13.7, 11.5)
P 1458, CH  7.00,m
p 1261, CH  7.00,m
’ 1343, CH  7.13,d (14.6)
1 116.6, C
2 157.8, C
3 1037, CH  6.45,d (2.4)
4 161.0, C
5 1088, CH  6.39, dd (8.5, 2.4)
6 1293, CH  7.39,d (8.5)

2'-OH 13.64, s
3.2.3 Khao sat cau truc caa cac hep chat khung flavonoid

Tir cao CHCI; cua than cdy Sung c6 dudi (Semecarpus caudata) ching t6i da phan 1ap dugc 7 hop chat c6 khung

flavonoid (9-15) (Hinh 3.5), trong d6 hop chat 15 I hgp chit mai lan dau tién duoc cong bd trén thé gisi. Cau tric
héa hoc cua cac hop chat duoc xac dinh théng qua phd NMR, gia tri ning luc trién quang, két hop so sanh véi cac

dix liéu tu tai liéu tham khao.

@":OH 4 OH
8 T }
HO O g3 Ho._A_©O 2‘3\@[

3 J R3
6 3 R2 6 |3 2
1 R
R (0] R1 0]
R’ RZ R? R RZ R®
9 OH H H 12 H on H 14
10 OH H  OH 13 OH OH OH

Hinh 3.5 CAu trdc cua cac hop chat 9-15
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3.2.3.1 Cdu tric hep chdt 15

Phd IR ctia hop chit 15 cho thay c6 su xuat hién ciia nhém hydroxyl (3395 cm™®) va nhém carbonyl (1730, 1725,
va 1640 cm™). Phé *H NMR (500 MHz, DMSO-ds) thé hién tin hiéu cua hai vong benzene mang 4 nhom thé & vi tri
1,2,3,5 51 5.86 (d, J = 2.1 Hz, H-6/), 5.80 (d, J = 2.1 Hz, H-8)), 5.87 (d, J = 2.1 Hz, H-6y), va 5.83 (d, J = 2.1 Hz,
H-8,1)], hai proton oxymethine [64 4.90 (ddd, J = 13.3, 4.3, 2.8 Hz, H-2)) va 4.66 (ddd, J = 12.9, 7.4, 2.9 Hz, H-2,))],
hai proton methine [5x 3.37 (ddd, J = 9.7, 4.3, 4.0 Hz, H-3")) va 3.43 (ddd, J = 10.6, 7.4, 4.1 Hz, H-3"))], b4n nhém
methylene [81 2.94 (dd, J = 17.1, 13.3 Hz, H-31a), 2.55 (dd, J = 17.1, 2.8 Hz, H-31q), 2.88 (dd, J = 17.1, 12.9 Hz,
H-31a), 2.52 (dd, J = 17.1, 2.9 Hz, H-311.eq), 2.76 (dd, J = 17.1, 9.7 Hz, H-2"), 2.66 (dd, J = 17.1, 4.0 Hz, H-2"), 2.74
(dd, J = 17.1, 10.6 Hz, H-2"), va 2.62 (dd, J = 17.1, 4.1 Hz, H-2,)], hai nhém methoxy (8 3.60 va 3.59), hai nhém
acetyl (84 2.28 va 2.25), va hai nhom hydroxy kiém néi (8n 2 x 12.04, brs) (Bang 3.4). Khi xem xét hai phan manh |
va Il trong cau trdc hop chét 15, hang sé ghép cap 2Jn.2m-3 (13.3 va 2.8 Hz cuia manh 1; 12.9 va 2.9 Hz caa manh 11),
3Jy2m-3 (4.3 Hz ciamanh | va 7.4 Hz ciia manh 11), va *Jy.am-3 (9.7 va 4.0 Hz caa manh I; 10.6 va 4.1 Hz ctia manh
I1) thé hién mach nhénh -C(3)Hz-C(2)H-C(3)H-C(2')H-

Ph6 C NMR thé hién céc tin hiéu cong husng caa 6 nhém carbonyl (3¢ 207.9, 206.8, 195.8, 195.3, 172.1, va
171.8), 12 carbon thom (8¢ 166.6; 166.5; 2 x 163.4; 162.2; 162.1; 2 x 101.6; 96.1, C-6y; 96.0, C-6,; va 2 x 94.8, C-
81van), hai carbon oxymethine (8¢ 77.0, C-2,; va 76.0, C-2,), hai carbon methine (8¢ 2 x 51.0, C-3"1van1), bdn carbon
methylene (6¢c 38.6 va 38.3, C-3van; 31.1 va 29.9, C-2'1va ), hai carbon methoxy (8¢ 51.7 va 51.6), va hai carbon
methyl (6¢c 31.3 va 29.4) (Bang 3.4).

Dya vao dir liéu *H va **C NMR, dé nghi cau tric caa hop chat 15 bao gém hai phan manh 4-chromanone mang
nhém thé & vi tri C-2 véi cau hinh lap thé khac nhau. Céc trong quan HMBC cho thiy hai phan manh 4-chromanone
déu c6 ciu trac phing la 2,3-dihydrosawarachromone (Hinh 3.6a).

II I

Hinh 3.6 a) Cac twong quan HMBC cua hop chit 15; b) Mé phong ciu trang bén nhét caa hop chat 15 bai phan mém
MOE 2016.0802

Tuwong quan HMBC giita CH3-5'/C4'=0, CH3-5'/C-3', H-3'/C4'=0, va H-3'/CHs-5' suy ra nhom acetyl gén tai
vi tri C-3'. Dya vao tuong quan HMBC cta cac proton H-2', H-3', va OMe-1' lan lugt véi carbon carbonyl C-1’,
khang dinh vi tri cia nhém methoxycarbonyl tai C-2'. Mt khac, twong quan HMBC giita H-2'/C4'=0, H-2'/C-2, H-
3'/C-2, va H-3/C-3' két luan nhom 1-acetyl-2-methoxycarbonylethyl gan tai vi tri C-2 caa khung 4-chromanone (Hinh
3.6a). Trong phd *C NMR, sy xuét hién caa 6 carbon vong thom gan véi oxygen [8¢c 166.6 (C-8a;), 166.5 (C-8ay),
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2 x 163.4 (C-7,van), 162.2 (C-5)), va 162.1 (C-5y1)] va hai nhém hydroxy kiém ndi (8 2 x 12.04) gép phan khang
dinh lién két (1-7,0,11-7) giita hai phan manh 4-chromanone.

Cau hinh tuyét d6i cua carbon C-2 dugc dé nghi la cdu hinh S, dya vao cac tai liéu tham khao vé khung flavanone
trong tw nhién. Hon nita, C4c gia tri hang s6 ghép Cap ¥y m_a VA i m_s 180 Tuot 12 4.3 VA 7.4 Hz, tir @6 dé nghi
cau hinh tuyét dbi cua carbon C-3' trong hai phan manh 4-chromanone 12 khac nhau. Cau trang bén nhét caa hop chét
15 véi 1-(2S,3'S*),11-(2S,3'R*) (Hinh 3.6b) dwoc md phong va téi wu hoa téi RMS gradient 0.0001 bang g6i phan
mém Molecular Operating Environment 2016.0802 sir dung truong luc MMFF94x. Tir két qua md phong suy ra goc
nhi dién giita H-2S/H-3'S* va H-2S/H-3'R* lan luot 1a 52.44° va 145.95°. Dwa vao cong thuc tinh cua Klaus G. R.
Pachler dé nghi vao ndm 1972, cac gia tri hang s6 ghép cap *Ju.os/m3s. V& *Ju2s/m3r. 120 lugt duoc suy ra la 4.20 va
7.97 Hz. Dya vao sy sai biét nho gitra gia tri tinh toan va thuc nghiém cua 3Ju.zm.3 (4 = —0.10 va +0.57 Hz), cau hinh
tuyét dbi cua carbon C-3' dugc két luan 1a 1-(3'S*),11-(3'R*). Mit khéc, hop chét 15 khong thé hién ning luc trién
quang. Tir d6, cau tric cua hop chat 15, semecarpanone, duoc dé nghi 1a (S,S)-2,3-dihydrosawarachromone-(1-7-O-
11-7)-(S,R)-2,3-dihydrosawarachromone. Hop chit 15 cd thé dugc hinh thanh tir hop chét bisflavanone théng qua su
oxy héa m¢é vong B cua khung flavonoid.

Bing 3.4 Dix liéu pho *H va *C NMR (DMSO-ds) caa hop chat 15

Vi trf 15

Lol 3¢, loai C o (3, H2)

2 760, CH _ 4.90, ddd (13.3, 4.3, 2.8)
3l-ax 38.6, CH, 2.94,dd(17.1,13.3)
3-eq 2.55,dd (17.1, 2.8)

4, 1958, C
43, 101.6, C

5 162.2, C

6 96.0, CH 5.86,d (2.1)

T 1634, C

8 948, CH 580,d(2.1)
8a 166.6, C

1) 1721, C
2 209, CH, 2.76,dd (17.1,9.7)

2.66, dd (17.1, 4.0)

3 51.0, CH 3.37,ddd (9.7, 4.3, 4.0)
4', 2079, C
5 31.3, CH; 2.28,s

1'-OMeg, 517, CH: 3.60,s
5-OH, 12.04, s

20 770, CH  4.66, ddd (12.9, 7.4, 2.9)
3il-ax 38.3, CH, 2.88,dd(17.1, 12.9)
3ll-eq 252, dd (171, 29)
4y 195.3, C
4a|| 101.6, C
5n 162.1, C
6 96.1, CH 5.87,d (2.1)

T 1634, C
81 948, CH 583,d(21)
8ay 166.5, C
1 1718, C
2 311, CH, 2.74,dd (17.1, 10.6)

2.62,dd (17.1, 4.1)

3 510, CH  3.43,ddd (10.6, 7.4, 4.1)
4"y 206.8, C
5 294, CHs; 2.25,s

1'-OMey; 51.6, CH; 3.59,s
5-OHy, 12.04, s

10



Phé HRFABMS va HRESIMS thé hién tin hiéu [M + H]* twong ting tai m/z 599.1810 va 599.1778, sai I&ch so
V6i gia tri ly thuyét 1an luot 1a 4.5 va 1.3 mDa (gia tri tinh toan Iy thuyét cho CsoHaiO13 12 599.1765). Theo co so dit
liéu SciFinder (Pai hoc Quéc gia Chungnam, thang 09/2017), hop chat 15 1a hop chat méi lan dau tién dugc cong bd
trén thé giai.

3.2.4 Khao sat cau truc cia cac hep chat khung lignan

Tir cao CHCI3 cua than ciy Sung c6 dudi (Semecarpus caudata) chiing toi da phéan 1ap duoc 3 hop chét cd khung
lignan (16-18) (Hinh 3.7). Cu trlc hda hoc ciia cac hop chat dugc xac dinh théng qua phd NMR, gid tri niang lyc
trién quang, két hop so sanh véi céc dir liéu tir tai liéu tham khao.

H,CO
3\, OH
5 R1

R’ R?

16 H BH

17 OCH; pH

OCH, 18  OCH; aH

Hinh 3.7 C4u trdc cua cac hop chat 16-18

3.2.5 Khao sat cau truc caa cac hep chat khung steroid
Tir cao CHCI; cua than cay Sung c6 dudi (Semecarpus caudata) chiing t6i da phéan 1ap dugc 2 hop chat c6 khung
steroid (19 va 20) (Hinh 3.8). Cau tric hda hoc cua cac hop chat dugc xac dinh thong qua phd NMR két hop so sanh

vé6i cac di liéu tur tai liéu tham khao.

Hinh 3.8 CAu trdc cua cac hop chat 19 va 20
3.3 Khio sat ciu trdc cia cac hgp chat phan lap dwec tir cao EtOAC ciia vé than cay Xuan thdn nhiéu hoa

(Swintonia floribunda)
3.3.1 Khao sat cau truc cta cac hep chat khung phenol

COR?
! CH,
. 1 ) R2
R OH
OH HO™s 3OR!
R! R? R? R?
21 H OH 24 OH COOCH; 27
22 OH OCHj, 25 OCH; COOH

23 OH OH 26 OH H

28 OH

Hinh 3.9 Céu trdc cua cac hop chat 21-29
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Tir cao EtOAC ciia vo than cdy Xuan thon nhiéu hoa (Swintonia floribunda) chiing toi da phan lap dugc chin
hop chat ¢ khung phenol (21-29) (Hinh 3.9), trong d6 hop chét 28 1a hop chat méi lan dau tién dwoc cong bé trén
thé gidi va hop chét 25 1an dau tién dugc phan 1ap trong tu nhién va cong bé dit liéu phd NMR. CAu trdc hda hoc cua
cac hop chét duoc xac dinh thong qua phd NMR, gié tri nang luc trién quang, két hop so sanh vai céc dir ligu tir tai
liéu tham khao.

3.3.1.1 Cdu tric hep chdt 28

Phé IR cua hop chit 28 cho thay su hién dién caa nhom hydroxy (3355 cm™) va carbonyl (1702 cm'®). Phé *H
NMR (500 MHz, CDCls) thé hién cac tin hiéu cuia mot vong benzene thé & vi tri 1, 3, 5 [84 6.21 (2H, d, J = 2.1 Hz,
H-2' va H-6'), 6.18 (brs, H-4')], mot vong benzene thé & vi tri 1, 2, 3,5 [ 6.29 (d, J = 2.6 Hz, H-3), 6.24 (d, J = 2.6
Hz, H-5)], mot proton oxymethine [64 5.26 (m, H-14")], hai nhém methyl [64 0.94 (t, J = 7.3 Hz, H-17"), 0.88 (t, J =
6.9 Hz, H-19)], hai nhém methylene ké can vong benzene [5 2.86 (dt, J = 12.9 va 7.9 Hz, H-7a) 2.81 (dt, J = 12.9
va 7.9 Hz, H-7b), 2.44 (2H, t, J = 7.7 Hz, H-7")], mot nhom hydroxy kiém ndi (5x 12.13, brs, 2-OH), va mét sé nhom
methylene mach hé [ 1.53 (m, H-8 va H-8"), 1.22-1.45 (H-9-H-16, H-10", va H-11"), 1.26 (m, H-17), 1.29 (m, H-
18), 1.35 (m, H-9'), 1.36 (m, H-12'), 1.65 (m, H-13' va H-15"), 1.41 (m, H-16')] (Bang 3.5).

Phé *C va HSQC NMR thé hién cac tin hiéu cong huang tng véi su hién dién cua mot nhém carbonyl (8c
171.7, -COO-), 12 carbon thom [5¢ 165.4 (C-2), 160.4 (C-4), 156.8 x 2 (C-3' va C-5), 149.1 (C-6), 146.1 (C-1),
111.0 (C-5), 108.2 x 2 (C-2' va C-6"), 105.5 (C-1), 101.6 (C-3), 100.4 (C-4")], mot carbon oxymethine (8¢ 76.0, C-
14"), hai carbon methyl [8c 14.3 (C-19), 14.1 (C-17")], va 21 carbon methylene mach ha [6¢ 37.1 (C-7), 35.9 (C-7"),
19.0-36.8 (C-8-C-18, C-8'-C-13', C-15', va C-16")] (Bang 3.5). Dua vao cac dit liéu *H and *C NMR, hop chat 28
dugc dé nghi 1a mot dimer cua alkylresorcinol.

Hinh 3.10 Céc twong quan HMBC cua hop chat 28

Céc twong quan HMBC cuia H-7 lan lugt véi C-1, C-5, C-6, C-8; cua H-5 lan luot v6i C-4, C-6; ciia H-3 lan luot
v6i C-2, C-4; cua 2-OH lan lugt véi C-2, C-3 gilp x&c nhan sy hién dién cua day alkyl tai C-6 caa nhém 2,4-
dihydroxybenzoyl. Vi tri cua day alkyl thir hai dugc xac dinh tai C-1' cia nhom 3,5-dihydroxyphenyl, dua vao cac
twong quan HMBC caa H-7' lan lugt véi C-1', C-2/, C-6', C-8'; ciia H-2'(-6") lan lugt véi C-1', C-3(-5"), C-7'; ctia H-
4' v6i C-3'(-5"). Ngoai ra, cac twong quan HMBC lan luot cua H-14, 2-OH, H-3, H-5 vai carbon carbonyl (8¢ 171.7,
1-COO0-) gilp xé&c nhan hai phan manh alkylresorcinol gan két vsi nhau théng qua ndi ester gitra C-1 va C-14' (Hinh
3.10).

P % 17 Cy7Hpr05"
‘® m/z 263.1968
> 3,5-Dihydroxyphenylundeca-8-yl

19

CooH3204"
m/z 336.2334

C37Hs5906" , _
m/z 599.4325 OH 2,4-Dihydroxy-6-tridecanylbenzoyloxy

Hinh 3.11 Su phan manh MS cuaa hop chat 28
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Phé HRESIMS thé hién miii ion phan tir gia [M + H]* tai m/z 599.4325, sai léch 1.3 mDa so vdi gié tri gié tri
tinh toan ly thuyét 599.4312 wng véi cong thirc phan tir Ca7HseOs. Ngoai ra, phd MS con cho cac mili ion dic trung
tai m/z 263.1968 [M — CaoHz104]" (gid tri tinh toan ly thuyét cua Ci7H202 13 263.2011) va 336.2334 [M — C17H2/0;
+ H]" (gia tri tinh toan ly thuyét cua CaoH3204 12 336.2301) ung véi su dut ndi C14'-0O (Hinh 3.11). Céc dir lieu MS
da xac nhan sy hién dién cta hai phadn manh 3,5-dihydroxyphenylundeca-8-yl va 2,4-dihydroxy-6-
tridecanylbenzoyloxy trong cau triic caa hop chat 28. Tur céc dir lisu NMR va MS, cau tric phang caa hop chat 28
dugc dé nghi tuong tu nhu hop chat 15-dehydroxyintegracin B véi 14'R.

Bang 3.5 Dix liéu phd *H va *C NMR (CDCls) cua hop chat 28

) 28

Viui dc,10aiC__ ou(J, Ha)

1 1055, C

2 1654, C

3 1016, CH 6.29,d (2.6)
4 1604, C

5 1110, CH 6.24,d (2.6)
6 1491, C

7 37.1, CH, 2.86,dt(12.9,7.9)

2.81, dt (12.9, 7.9)

8 32.4, CH, 153,m
9-16 20.0-29.9, CH, 122-145
17 32.1, CH, 1.26,m

18 22.8, CH, 1.29,m

19 14.3, CHs 0.88,1(6.9)
% 1461, C

2.6 1082, CH 6.21,d (2.1)
3,5 156.8, C

4 1004, CH  6.18, brs
7 35.9, CH, 2.44,1(7.7)
g 30.9, CH, 153,m

o 30.2, CH, 1.35,m
10,11 29.0-29.9, CH, 1.22-1.45
12/ 255, CH, 1.36,m
13/ 344, CH, 1.65,m
14/ 760, CH 526, m
15" 36.8, CH, 165 m
16 190, CH, 141,m
17" 141, CHs 0.94,t(7.3)
c=0 1717, C

2-OH 12.13, brs

Thuyc hién phan tng thay giai hop chat 28 vai xuc tac acid thu dugc hai san pham 28a (2.0 mg) va 28b (2.5 mg).
Phé HRESIMS cua hai san pham thiy giai 28a va 28b cho hai mii ion phan tir gia [M + H]* twong Gng tai m/z
281.2092 va 351.2547. Dua vao dit licu MS, san pham 28a va 28b duoc xac dinh lin luot Ia 5-(8-
hydroxyundecyl)benzene-1,3-diol va methyl 2,4-dihydroxy-6-tridecylbenzoate.

Tién hanh thyc hién phuong phap Mosher® trén hop chat 28a tir 6 suy ra cau hinh tuyét ddi tai C-14' trong cau
trdc caa hop chat 28. Tuy nhién vi khdi luong cua hop chat 28a thu duoc it va nhom 14’-OH gan trén carbon bac 2
nén phan ung véi (R)-(-)- va (S)-(+)-MTPA-CI trong dung mdi pyridine tai nhiét d6 phong trong 18 gio khdng thu
duoc san phim nhu mong mudn. Do d6, ciu hinh tuyét déi cua hop chét 28 chwa thé xac dinh bing phuwong phap
Mosher.

Ning lyc trién quang ctia hop chat 28a dugc ghi nhan cé gi tri [a]2s +13.3 (¢ 0.1, CHCIs), va gia tri nay tuong
dong véi gia tri [a]5s +8.7 (¢ 0.13, CHCIs) ciia hop chat (S)-5-(8-hydroxyundecyl)benzene-1,3-diol. Do d6, ciu hinh
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tuyét d6i tai C-14’ ctia hop chat 28 dugc dé nghi la cau hinh S, trong khi d6 hop chat 15-dehydroxyintegracin B c6
cau hinh tuyét dbi la 14'R.

Tir cac dir liéu trén, cAu tric cua hop chat 28 dugc dé nghi 14 ent-15-dehydroxyintegracin B va duoc dit tén 1a
integracin E. Theo co s dir liéu SciFinder (Pai hoc quc gia Chungnam, thang 05/2018), hop chat 28 1a hop chat
méi lan dau tién dugc cong bé trén thé gioi.

3.3.2 Khao sat cau truc cia cac hep chat khung diarylalkanoid

Tir cao EtOAcC cuia vo than cay Xuén thdn nhiéu hoa (Swintonia floribunda) ching toi da phén 1ap dwoc hai hop
chat ¢ khung diarylalkanoid (30, 31) (Hinh 3.12). Céu trdc hda hoc cuia cac hop chét duge xac dinh thdng qua phd
NMR, két hop so sanh véi cac dir liéu tir tai liéu tham khao.

HO 4 OH
1' « 1
RMR
OH O R?

R? R? R3
30 H H H
31 H H OH

Hinh 3.12 Cau tric cua cac hop chat 30 va 31
3.3.3 Khao sat cau truc caa cac hep chat khung lignan
Tir cao EtOAC caa vo than cay Xuan thon nhiéu hoa (Swintonia floribunda) chiing toi da phan 1ap duoc ba hop
chat ¢ khung lignan (16, 17, 35) (Hinh 3.13). Céu tric hoa hoc cua cac hop chat dugc xac dinh thong qua phdo NMR,
gié tri nang luc trién quang, két hop so sanh véi cac dit liéu tir tai liéu tham khao.

H,CO
3l 4 OH
5 R1
R’ R?
16 H BH
17 OCH; pH
OCHg 35 H a-H

Hinh 3.13 Cau trdc cua cac hop chat 16, 17, va 35
3.3.3 Khao sét ciu tric cia cac hop chit khung triterpenoid
Tir cao EtOAC cua ciy Xuan thon nhiéu hoa (Swintonia floribunda) chiing t6i di phan 1ap dwoc hai hop chat ¢6
khung triterpenoid (36 va 37) (Hinh 3.14), trong d6 hop chat 37 1 hop chat dic trung chi ¢6 trong chi nam Ganoderma
va lan dau tién duoc phan lap trong thuc vat bac cao. Cau tric hoa hoc cua cac hop chat duoc xac dinh théng qua
phd NMR, két hop so sanh véi céc dir lidu tir tai liéu tham khao.

Hinh 3.14 Cau tric cua cac hop chat 36 va 37
3.4 Khio sat hoat tinh wc ché enzyme tyrosinase ciia cac hop chat phan lap dwgc
3.4.1 Két qua thir hoat tinh in vitro ciia cac hep chat phan lap dwogc
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Bing 3.6 Két qua thir hoat tinh tic ché enzyme tyrosinase cua cac hop chét phan lap duoc

Khung CHh%F': Phan triam tc ché (1 %) (fl\ilo)
100 uM 50 uM 25 uM 10uM
1 <1 >100
10 uM 5 uM 2.5 uM 1 uM
2 80.73+£0.29 66.47+0.89 51.93+0.89 33.13+085 235
100 uM 50 uM 25 uM 10uM
3 4563+0.89 3948+0.63 32.86+0.89 26.48+0.63 >100
4 778+10 60.2+1.0 46.0+£1.8 325+10 270
5 <1 > 100
Phenol 21 2594 +0.40 168+13 3.65 +0.90 > 100
22 26.17+0.93 216+1.0 139+1.2 10.0+1.0 >100
23 <1 > 100
24 <1 >100
25 <1 >100
26 488+1.0 265+14 172+11 7316 >100
27 <1 > 100
28 90.0+£1.0 54.9 £ 0.66 98+14 48.2
29 <1 > 100
0.1 uM 0.05 uM 0.025 uM 0.01 uM
6 775105 755+1.2 67.0+0.7 315+0.8 0.013
7 829+15 57.50+0.63 46.3+£1.8 33.1+23 0.033
1uM 0.5 uM 0.25 uM 0.10 uM
Diarylalkanoid 8 >100 86.20+0.68 66.4+1.6 495+16 011
100 uM 50 uM 25 uM 10uM
30 53.85+0.97 438+12 35.04+0.74 20.11+083 754
31 4796+0.84 46.92+094 38.66+0.86 3584+0.82 >100
9 15.00 + 0.87 > 100
10 3.33+1.31 > 100
11  98.76 £ 0.64 80.3+1.9 52.7+1.8 325+13 209
12 61.36+056 35.03+0.99 2251+091 10.19+052 76.3
Elavonoid 13 771+13 62.4+1.6 587+15 3413+094 211
14 58.2+1.2 49.24 +0.66 299+13 11.32+082 614
15 243112 > 100
32 265+1.8 43+14 > 100
33 442 +1.6 129+1.1 > 100
34 57.6+1.6 48.6+£2.2 406+1.4 127+11 56.7
16 15.38+0.53 > 100
Lignan 17 <1 > 100
18 <1 > 100
35 14.23+0.86 2.32 + 0.55 > 100
Steroid 19 138+14 > 100
20 <1 > 100
Triterpenoid 36 <1 > 100
37 2.89 £ 0.90 > 100
Kojic acid 44.6

Két qua cho thay c6 12/37 hop chét (2, 4, 6-8, 11-14, 28, 30 va 34) thé hién hoat tinh véi gié tri 1Cso < 100 1M
(Bang 3.6). Cac hop chat thugc khung lignan (16-18 va 35), steroid (19 va 20), va triterpenoid (36 va 37) déu khong
thé hién hoat tinh (ICso > 100 M). Cac hop chit khung phenol hau nhu khong thé hién hoat tinh, chi cé 3/14 hop
chat thé hién hoat tinh trong d6 hop chat 2 thé hién hoat tinh manh vai gia tri ICso = 2.35 xM. Trong khi d6, cac hop
chat thugc khung diarylalkanoid, ngoai trir hop chat 31, déu thé hién hoat tinh Gc ché enzyme tyrosinase, trong d6 ba
hop chat 6-8 thé hién hoat tinh rat manh véi gia tri 1Cs lan luot 12 0.013, 0.033, va 0.11 M, va lan luot manh hon
3400, 1300, va 400 lan khi so sanh véi chét dbi chimg duong kojic acid (ICs = 44.6 M). Mat khéc, 5/10 hop chat
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thugc khung flavonoid thé hién hoat tinh, trong d6 c6 hai hop chit 11 va 13 thé hién hoat tinh manh hon hai 1an so
véi chit doi ching duong.

3.4.2 Nhan xét vé twong quan giira hoat tinh va ciu tric

Cac két qua vé hoat tinh va cau tric hoa hoc cua céc hop chét gitip xac dinh vai trd quan trong cua hé vong thom
gan cac nhom hydroxy va nhém carbonyl bat bio hoa déi véi viéc thé hién hoat tinh tc ché enzyme tyrosinase.

Ddi véi cac hop chat phenol, nhdm hydroxycarbonyl o, -bat bdo hoa cia khung cinnamic acid giup gia ting
hoat tinh ic ché (2 >> 3, 29). Néu c6 sy hién dién cua nhom thé methoxy tai C-3 cua vong benzene s& lam giam
manh hoat tinh (2 >> 5). Ngoai ra, nhém hydroxy tai C-3 cua khung cinnamic acid s& gitp ting hoat tinh wc ché (4,
ICs0 = 27.0 1M).

Cac hop chat diarylalkanoid 6-8 c6 nhom carbonyl bat bao hoa va hé vong benzene B mang hai nhém hydroxy
tai vi tri C-2’ va C-4’ do d6 thé hién hoat tinh trc ché enzyme tyrosinase rat manh. Véi muc dich 1am 6 vai tro cua
nhom prenyl, tién hanh thir hoat tinh e ché enzyme tyrosinase cua hop chét 2,4,2' 4'-tetrahydroxychalcone (38) (c6
ngudn gbc tdng hop) thu duoc gié tri 1Cso = 0.016 M. Tir d6, két luan sy hién dién cua nhém prenyl gan nhu khong
g6p phan gia ting hoat tinh ic ché enzyme tyrosinase. Ngoai ra, d6 dai ciia mach carbon lién hop cang ting (2C, 4C,
6C) thi hoat tinh wc ché lai cang giam (38 > 7 > 8).

Dbi vai cac hop chat thuce khung flavonoid thi sé Twong va vi tri ctia cac nhom hydroxy trén vong thom s& ¢6
anh huong it nhiéu dén hoat tinh cua hop chat. Tai nong d6 100 1M, phan trim tc ché (1 %) cua hop chat 9 gap gan
ba lan caia hop chat 10, tir d6 c6 thé két luan sé luong nhdm hydroxy caa vong B trong cau triic khung flavonoid c6
anh huong dén hoat tinh e ché. Mat khac, sy hién dién dong thoi ciia nhém hydroxy tai C-3 va C-5 s& lam gia ting
hoat tinh dang ké (11 >> 33 > 32, 13 > 34).

3.4.3 Két qua docking phan tir in silico trén md hinh enzyme oxytyrosinase

Enzyme tyrosinase c6 3 dang cau tric la mettyrosinase, oxytyrosinase, va deoxytyrosinase. Trong d6, chi c6
dang oxytyrosinase xuc tac cho ca hai qua trinh oxy hda monophenol thanh o-diphenol va oxy hoéa o-diphenol thanh
o-quinone. Qua trinh xuc tac xay ra duoc 1a nhd vao sy hién dién caa hai ion Cu?* va nhém peroxide nam trong ving
hoat tinh. Mat khac, enzyme tyrosinase chiét xuét tir nAm Agaricus bisporus (EC 1.14.18.1) duoc st dung trong thuc
nghiém ciing c6 kha ning xtc tac cho ca hai qué trinh oxy hoa gidng nhu dic tinh caa dang ciu tric oxytyrosinase.
Vi vay, ching t6i chon md hinh enzyme oxytyrosinase cho qua trinh docking phan tir nham dat duoc sy twong dong
giira két qua thu hoat tinh in vitro va in silico, gitp giai thich chinh xac co ché trc ché enzyme tyrosinase cua cac hop
chat.

Qua trinh docking phan tir trén md hinh enzyme oxytyrosinase (PDB 1D: 1WX2) s& duoc thyc hién bang phan
mém MOE 2016.0802. Trudng luc (Forcefield) sir dung cho toan bo qué trinh 1a Amber12:EHT. Tién hanh hiéu
chinh céu triic enzyme va xac dinh viing hoat tinh bang céc cong cu cua phan mém. Ving hoat tinh cia enzyme duoc
xac dinh gdm hai ion Cu?, nhém peroxide [0-0]?%, va 19 nhém amino acid. Sau khi qué trinh docking hoan tt, thu
dugce nam md hinh phirc hop enzyme-ligand thé hién mirc d6 tuong tac tt nhat dugc danh gia qua diém docking S.
Sau d6, tién hanh phan tich cc twong tac nham danh gia va so sanh kha ning tc ché enzyme tyrosinase cta cac hop
chat.

Trong ving hoat tinh cia enzyme, hai ion Cu?* va nhom peroxide déng vai trd xuc tic cho qua trinh oxy hoa
phenol/catechol thanh o-quinone. Do d6, cac hop chat thé hién nhiéu twong tac vai hai ion Cu?* hodc nhém peroxide
la cac hop chét c6 tiém ning lam bat hoat kha ning xtic tac phan &ng oxy hda ctia enzyme tyrosinase. Ngoai ra, cac
hop chét thé hién cac tuong tac véi cac nhém amino acid trong ving hoat tinh ciing s& khda tdm xuc tac cua enzyme.

Céu trlic cua chat dbi ching dwong kojic acid, cac hop chat khung phenol (2-5), diarylalkanoid (6-8, 38), va
khung flavonoid (9-11, 13, 32—-34) dugc md hinh hda va tdi vu nang lwong bang phan mém MOE dé sir dung cho
qué trinh docking. Sau khi tién hanh docking, trong cac mé hinh phirc hop enzyme-ligand thi phan tir ligand dwoc
biéu dién bing cac mau xanh 14 cdy, do, va xam tuong tng vai cac nguyén tir C, H, va O. Mit khac, twong tac cho
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hydrogen va z-hydrogen lan lugt duoc bidu didn bing cac duong dut nét mau do va mau xanh dwong dam. Ning
lugng tuong tac E (kcal mol™) giita cdc nhdm mang gid tri Am va tuong tac cang manh thi gia tri E cang am.

Két qua phan tich docking phan tir cua kojic acid cho thiy ¢ 2/5 mé hinh thé hién twong tac manh gitra nhém
5-OH vai nhém peroxide (Hinh 3.15), diéu nay giGp giai thich hoat tinh Gc ché enzyme tyrosinase cua kojic acid
(ICs0 = 44.6 uM).

! f’;’\,, 7

Hinh 3.16 Céc két qua docking cua hop chét 2 (A), 3 (B), 4 (C), va 5 (D)

Déi vai cac hop chat khung phenol, két qua phan tich docking phan tir cho thay vai 3/5 md hinh phirc hop
enzyme-hop chit 2 c6 twong tac giira nhom -COOH vai nhém peroxide (Hinh 3.16A). Trong khi d6 véi hop chét 3,
la dan xuét ester ciia hop chat 2, thi chi c6 1/5 md hinh phtc hop enzyme-ligand c6 tuong tac giita nhom 4-OH voi
nhom peroxide (Hinh 3.16B). Nhirng két qua trén chiing to nhém hydroxycarbonyl (-COOH) la nhém quyét dinh
hoat tinh ctia khung cinnamic acid, diéu nay giai thich cho hoat tinh tic ché enzyme tyrosinase manh cia hop chat p-
coumaric acid (2) (ICso = 2.35 ©M). Ngoai ra, su hién dién cua nhdm 3-OH trén vong benzene cling gilip gia tang
hoat tinh. Diéu nay dugc khiang dinh dya vao twong tac gitra nhém 3-OH véi nhom peroxide trong phirc hop enzyme-
hop chat 4 (Hinh 3.16C). Nguoc lai, néu c6 sy hién dién cia nhém 3-OCHj thi hoat tinh s& bi giam dang ké, do khdng
c6 tuong tac gitra ligand vai nhém peroxide cua tm xdc tac trong phic hop enzyme-hop chat 5 (Hinh 3.16D).
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Hinh 3.17 Céc két qua docking caa hop chat 38 (A) va 6 (B)
Ddi véi cac hop chat khung diarylalkanoid, két qua phan tich cho thay 2/5 mé hinh phuc hop enzyme-hop chat
38 ¢o twong tac manh giira nhom 4'-OH va nhom peroxide (E = —15.0 va —13.3 kcal mol™) (Hinh 3.17A). Biéu nay
giai thich cho hoat tinh wc ché manh cia hop chit 38 (ICso = 0.016 M). Mat khac, trong cac md hinh phuac hop
enzyme-hop chat 6 chi thé hién twong tac giita cac nhém hydroxy véi cac nhanh amino acid xung quanh tam xuc téc

(Hinh 3.17B), diéu nay cho thay su hién dién ciia nhém prenyl tai C-3' Iam can tro sy twong tac cua nhom 4'-OH voi
nhom peroxide. Tuy nhién, trong 3/5 mé hinh phtic hop thi nhém prenyl (duoc biéu didn bang mau hong tim) dong
vai tro che chan tdm xuc tac (Hinh 3.17B) va can tro khdng cho chat nén tiép xdc véi ving hoat tinh, diéu nay ¢ thé
giai thich cho hoat tinh trc ché rét}manh cua hop chat 6 (1Cso = 0.013 1M).

B

\ \ =% P 4 b 2)
Hinh 3.18 Céc két qua docking cua hop chét 7 (A) va 8 (B)
Déi vai hop chat 7, c6 4/5 md hinh phirc hop enzyme-ligand thé hién twong tac giira c4c nhom 2’-OH, 4'-OH,
va 4-OH véi nhom peroxide (E > —14.4 kcal mol™) (Hinh 3.18A). Trong khi dé, chi ¢6 3/5 mé hinh phirc hgp enzyme-
hop chat 8 thé hién tuong tac giita cac nhém 4'-OH va 4-OH véi nhém peroxide (E >—13.9 kcal mol ™) (Hinh 3.18B).
Ddng thoi ca hai hop 7 va 8 chat déu thé hién cac twong tac giita nhém 2-OH véi nhanh Ala202 va giira nhom 4-OH
vé6i nhanh Thr203. Tir céc két qua trén cho thay hai hop chét 7 va 8 déu thé hién hoat tinh manh va hoat tinh caa hop
chat 7 (ICso = 0.033 M) manh hon hop chit 8 (ICs = 0.11 £M). Mac du véi hop chat 38 chi c6 2/5 md hinh phtic
hop enzyme-ligand c6 twong tac giita nhom hydroxy va nhém peroxide (Hinh 3.68A) nhung hoat tinh cia hop chat
38 manh hon hai 1an so véi hop chét 7 va gan bay lan so véi hop chat 8. Biéu nay cd thé giai thich théng qua gia tri
nang luong tuong tac E gitra nhom hydroxy véi nhdém peroxide trong cac phirc hop enzyme-ligand, trong d6 gia tri
E cang am cang thé hién d6 manh cua twong tic. Trong cac mé hinh phirc hop gitra enzyme véi hop chét 38, 7, hoic
8 c6 cac tuong tic manh Vi gid tri Eonperoxide 1an luot 12 —15.5, —14.4, va —13.9 kcal mol™, ching to hoat tinh cua
hop chét 38 > 7 > 8. Két qua nay tuong ddng véi cac cong bd trude day vé vai trd cua nhom carbonyl S-phenyl-a, 3
bat bdo hoa (chi c6 trong hop chit 38) d6i véi hoat tinh trc ché enzyme tyrosinase.
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Hinh 3.19 Céc két qua docking caa hop chat 9 (A) va 10 (B)

Ddi véi cac hop chat khung flavanone, phén tich twong tac trong cac mé hinh phirc hop gitra enzyme va hop
chat 9 cho thay 3/5 mé hinh c6 twong tac cho hydrogen giita cdc nhdm hydroxy trén vong A véi nhém peroxide (Hinh
3.19A). Trong khi dé, cac phirc hop giita enzyme va hop chat 10 déu khong thé hién tuong tac gi déi véi nhém
peroxide, ma chi c6 xuit hién mot s twong tac cho hydrogen giita cac nhém hydroxy trén vong B véi cac nhanh
amino acid (Hinh 3.19B). Két qua phan tich cho thdy sy ting thém mot nhém hydroxy trén vong B cua hop chit 9
tao nén hop chat 10, s& lam gia ting kha ning twong tac cia hop chat véi cac nhém amino acid nam xung quanh tam
xuc tac, do d6 s& 1am cac nhém hydroxy trén vong A mat kha ning tiép can nhém peroxide dan dén giam hoat tinh
trc ché.

Hinh 3.20 Céc két qua docking caa hop chat 11 (A), 32 (B), va 33 (C)

Vai tro caa nhdm 3-OH va 5-OH trong khung flavonoid dwoc Iam rd dya vao viéc phan tich cac twong quan
trong céac phuc hop gitta enzyme va ligand (9—13, 32-34). Béi véi cac hop chat khung flavanone (9-11, 32, 33), két
qua cho thay c6 2/5 mé hinh phiic hop enzyme-hop chét 11 c6 ddng thoi tuong tac cua nhém 3-OH véi nhdm peroxide
va ciia nhém 5-OH vai nhanh Asn191 (Hinh 3.20A). Khi xem xét sy twong tac giita hgp chat 32 vai enzyme thi chi
¢6 1/5 mo hinh cho twong téc yéu giira nhém 3'-OH cua vong B véi nhom peroxide (E = —1.5 kcal mol™) (Hinh
3.20B). Mt khac, ddi vai cac phirc hop enzyme-hop chat 33 ciing chi c6 1/5 m6 hinh ¢ twong tac giita nhém 3-OH
va nhom peroxide (Hinh 3.20C). Két qua trén cho thdy hop chat 11 (ICsp = 20.9 M) cho nhiéu tuong tac véi tam
xuc tac hon hop chat 9, 10, 32 va 33 (ICso > 100 M), do d6 thé hién hoat tinh tc ché manh hon.
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Hinh 3.21 Céc két qua docking cua hop chat 12 (A), 13 (B), va 34 (C)

Déi véi cac hop chat khung flavone (12, 13, 34), két qua phan tich cho thay hop chét 12 chi thé hién cac tuong
tac yéu giita nhom 4'-OH vai nhanh Asp45 va lle42, va giita nhom 3-OH vai nhanh [le42 (Hinh 3.21A). Do d6, hop
chat 12 thé hién hoat tinh yéu véi 1Cso = 76.3 M. Trong khi d6, cac mé hinh phuc hop gitra enzyme-hop chat 13 thé
hién tuong tac manh giira nhém 5-OH vé&i nhdm peroxide (E = —14.4 kcal mol™) va nhanh Asp45, va giita nhom 3-
OH véi nhanh 1le42 (Hinh 3.21B). Mit khac, trong ca&c md hinh phic hop enzyme-hop chét 34 cho twong tac cua
nhom 7-OH va 3'-OH vé&i nhom peroxide (E = —13.6 va —10.9 kcal mol™) (Hinh 3.21C). Dya vao ning luong twong
tac E (kcal mol™) cho thiy, twong tac giita nhém 5-OH vé&i nhdm peroxide manh hon so véi twong tac giira nhom 7-
OH hoic 3'-OH véi nhom peroxide. Do d6, hop chat 13 (ICsp = 21.1 M) thé hién hoat tinh ¢c ché manh hon hop
chat 34 (ICso = 56.7 uM). Tir nhitng két qua trén cho thay cac nhém 3-OH va 5-OH trong khung flavonoid c6 vai tro
lam gia tang hoat tinh wrc ché.
CHUONG 4. KET LUAN VA KIEN NGHI

4.1 Két luan

Luén an da thuc hién sang loc 25 mau cao MeOH cua 16 mau cay theo hoat tinh wc ché enzyme tyrosinase, thu
duoc 18/25 mau cao MeOH c6 hoat tinh véi gid tri 1Cs < 100 g mL™. Trong d6, mau cao MeOH ciia than cay Sung
c¢6 dudi (Semecarpus caudata) va vo than cay Xuan thdn nhiéu hoa (Swintonia floribunda) thé hién hoat tinh wc ché
t6t (gia tri 1Cso lan luot 14 23.26 va 11.61 g mL™).

Tir mau cao CHCI; cta than cdy Sung c6 dudi, 20 hop chét da dugc phan lap (Hinh 4.1), bao gom:

v' Hop chit phenol: 2,6-dimethoxybenzoquinone (1), p-coumaric acid (2), methyl p-coumarate (3), 3,4-

dihydroxybenzalactone (4), va ferulic acid (5).

v Hop chét diarylalkanoid: morachalcone A (6), semedienone (7), va semetrienone (8). Hai hop chat 7 va 8 1a

hop chat mai.

v' Hop chat flavonoid: (-)-naringenin (9), (-)-eriodictyol (10), (+)-taxifolin (11), resokaempferol (12),

quercetin (13), (2)-aureusidin (14), va semecarpanone (15). Hop chat 15 1a hop chat mai.

v Hop chét ligan: (+)-pinoresinol (16), (+)-syringaresinol (17), va (+)-episyringaresinol (18).

v Hop chét steroid: sitostenone (19) va daucosterol (20).
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Hinh 4.1 CAu trdc caa cac hop chat phan lap duoc tir than cdy Sung c6 dudi (Semecarpus caudata)

Tir mau cao EtOAC ctia vo than cay Xuan thdn nhiéu hoa da phan lap dugc 22 hop chit (Hinh 4.2), bao gom:

v" Hop chit phenol: protocatechuic acid (21), methyl gallate (22), gallic acid (23), methyl orsellinate (24),

isoeverninic acid (25), orcinol (26), tetracentronside A (27), integracin E (28), va n-heptacosyl trans-ferulate

(29). Hop chat 28 12 hop chat mai. Ngoai ra, hop chat 25 lan dau tién dugc phan lap trong ty nhién va duoc cong

bé dir licu pho NMR.

v’ Hop chat diarylalkanoid: isoliquiritigenin (30) va butein (31).

v' Hop chét flavonoid: (-)-naringenin (9), (-)-eriodictyol (10), (+)-taxifolin (11), (-)-butin (32), (-)-fustin (33),

va 3',4',7-trihydroxyflavone (34).

v' Hop chét ligan: (+)-pinoresinol (16), (+)-syringaresinol (17), va (+)-epipinoresinol (35).

v Hop chat triterpenoid: friedelin (36) va ganoderic acid F (37). Hop chat 37 lan dau tién dugc cong bd co

trong mot loai thuc vat bac cao.

Céc hop chat phan 1ap duoc tir hai mau ciy Sung c6 dudi va Xuan thén nhiéu hoa déu duoc thir hoat tinh tc ché
enzyme tyrosinase. Két qua cho thdy c6 12/37 hop chét thé hién hoat tinh véi gi tri 1Cso < 100 M, trong d6 hop
chat morachalcone A (6) thé hién hoat tinh manh nhat véi gia tri ICso = 0.013 £M. Thém vao do, 3/4 hop chit méi
(7, 8, va 28) déu thé hién hoat tinh, trong d6 hop chét diarylpentanoid 7 (ICso = 0.033 1M) va diarylheptanoid 8 (ICso
=0.11 xM) lan luot thé hién hoat tinh tc ché enzyme tyrosinase manh hon 1300 1an va 400 lan khi so sanh twong
g véi chat dbi chung dwong 1a kojic acid (ICso = 44.6 uM).
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MGi tuong quan giita hoat tinh va cau tric cua cac hop chét thugc khung phenol, diarylalkanoid, va flavonoid
ciing dugc d& nghi va giai thich dya vao cac két qua thir hoat tinh in vitro va phuong phap docking phan tir in silico.

T6m lai, luan an nay 1a nghién ciru dau tién trén thé giéi vé thanh phan hda hoc va hoat tinh wc ché enzyme
tyrosinase cua cay Sung co dudi (Semecarpus caudata) va Xuan thén nhiéu hoa (Swintonia floribunda).
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Hinh 4.2 CAu trdc cua cac hop chat phan lap dwoc tir vo than cdy Xuan thdn nhiéu hoa (Swintonia floribunda)

4.2 Kién nghi

Tiép tuc khao sat thanh phan hda hoc cia cac phan doan con lai cua hai miu cdy Sung co dudi (Semecarpus
caudata) va Xuan thén nhiéu hoa (Swintonia floribunda), nham tim ra cac hop chat mai va cé hoat tinh tc ché
enzyme tyrosinase manh.

Tiép tuc nghién ctru hoat tinh 1am tring da cua cac hop chét thé hién hoat tinh tic ché enzyme tyrosinase manh
trén md hinh thir nghiém in vitro khac nhu mé hinh &c ché sinh téng hop melanin trong té bao B16.

Nghién ctu tdng hop cac dan xuat tir cac hop chat phan lap duoc ¢6 luong 16n, theo dinh hudng gia ting hoat
tinh &c ché enzyme tyrosinase.
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