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PAT VAN PE

Pogostemon Desf. 1a mot chi 16n trong ho Lamiaceae. Trén thé gi6i chi nay ghi
nhan c6 khoang 96 loai, phan b chi yéu ¢ khu vuc nhiét doi va can nhiét d6i. O Viét
Nam, chi Pogostemon Desf. c6 khoang 17 loai va 1 thi, phan bé trén nhiéu tinh khap
canudc [1].

Thanh phan hod hoc cua chi Pogostemon Desf. kha da dang v&i cac nhom hop
chit co hoat tinh sinh hoc nhu tinh dau, flavonoid, terpenoid, steroid v.v. Nhiéu loai
trong chi Pogostemon Desf. da dugc su dung trong Y hoc ) truyén va Y hoc dan tdc
ctia nhiéu nuéc, phén 16m & cic nude chau A, dé chita dau bung ti€u chay, dau da day,
thap khép, cam mao, nhtrc dau, ha sét, lam vét thuong nhanh 1én da non v.v. [2]. Céc
nghién ctru cta Y hoc hién dai di cho thdy mot s6 dich chiét hay nhitng hop chat phan
1ap tir cac loai thudc chi Pogostemon Desf. chira dung nhiéu hoat tinh sinh hoc t6t nhu
khang vi sinh vat, giam dau, chéng viém, chdng oxy hoa, giy doc té bao ung thu v.v.
[3], [4]. Nhu vay, co thé thdy v6i s6 loai tuong ddi phong phu, chi Pogostemon Desf.
o tiém nang cho nhirng nghién ctru tim kiém cac hoat chat méi co tac dung tri bénh,
nham dinh huéng phat trién cac san pham thudc phuc vu strc khoe con ngudi.

Loai Tu hung tai Pogostemon auricularius (L.) Hassk. trong nhitng nim gan day
da dugc cac nha khoa hoc nghién ctru sang loc mét sb tac dung sinh hoc. Dich chiét
ctia loai da thé hién mot s6 hoat tinh nhu khang vi sinh vat, khang viém, lam tan huyét
khéi, (rc ché enzym a-amylase, chong tiéu chay [5], [6]. Ngoai ra, Tu hung tai con
dugc dung trong Y hoc ¢d truyén cua nhidu nude. O nude ta, cdy Tu hung tai duoc
nguodi dan su dung dé chita dau da day, cam sbt, viem hong [7], [8]. Cho dén nay, sb
luong cac nghién ciru vé thanh phan hoa hoc va tic dung sinh hoc ctia loai nay trén thé
giéi cling nhu & Viét Nam con kha khiém t6n.

Tur nhing li do trén, dé tai: “Nghién ciru thanh phin héa hoc va mét so tac
dung sinh hgc cua loai Tu hung tai (Pogostemon auricularius (L.) Hassk.), ho Hoa
moi (Lamiaceae)” duoc thuc hién vdi hai muc tiéu:

1. Xac dinh céu tric hoa hoc ciia mot sb hop chat phan 1ap dugc tir phan doan co

tac dung chong viém in vitro.



2. Péanh gia doc tinh cap cua phan doan c6 tac dung chong viém in vitro va thir
mot sb tac dung sinh hoc cua dich chiét toan phan, dich chiét phan doan va mét sé hop

chit phén lap duoc.



Phén 1. TONG QUAN

1.1. Gi6i thiéu vé chi Pogostemon Desf.
1.1.1. Vi tri phan loai

Theo Hé théng phan loai thuc vat hoc c6 hoa cua Talkhajan (2009) va mot )
hé théng khac, chi Pogostemon Desf. thuoc ho Lamiaceae (Hoa moi hay Bac ha), b
Hoa méi (Lamiales), phan 16p Hoa moéi (Lamiidae), 16p Ngoc lan (Magnoliopsida),
nganh Ngoc lan (Magnoliophyta) [2], [9], [10].

Chi Pogostemon Desf. dugc nha thuc vat hoc nguoi Phadp René Louiche
Desfontaines xac 1ap ndm 1815 [11]. Céac dai dién cta chi Pogostemon Desf. co thé
phan bi¢t vdi cac loai khéc trong ho bdi sy hién di¢n ctia nhi hoa mang 16ng don sdc
[12], [13], [14], [15]. Mdi quan hé gitta cac loai trong chi Pogostemon Desf. va cac
loai thudc chi Dysophylla Blume d3 dugc tranh luan nhiéu. Ban dau, cac loai trong chi
Pogostemon thuong bao gdm cac loai than thao séng trén mat dat voi 14 moc ddi,
phién 14 rong, cudng 14 va than cdy dic; trong khi cac loai thudc chi Dysophylla sdng
chu yéu ¢ moi truong dudi nudc va dam lﬁy, 14 moc d6i hodc moc vong, khong co
cubng 14 va than cay rong [12], [16], [17], [18]. Nhu vdy, hién nay cac nha thuc vt
hoc da théng nhat duoc quan diém gitta Pogostemon va Dysophylla 1a 2 chi doc 1ap
v6i nhau. Tuy nhién, mét s6 loai trong chi Dysophylla c6 14 moc dbi, 1a dai dién trung
gian giita hai chi nay va duoc cho rang nén xép sang chi Pogostemon [12], [19] va chi
Dysophylla chi bao gdm nhiing loai c6 14 moc vong [15], [18], [19], [20], [21]. Pic
biét, cac nghién ciru vé sinh hoc phan tir gin ddy da cho thidy mot sé loai trong chi
Dysophylla cting thudc chi Pogostemon [22], [23].

Theo dit liéu ctia “Plants of the World Online” [24] thu thap tir nhiéu ngudn co
s& khac nhau trén thé giéi, da thong ké duoc 143 tén loai thudc chi Pogostemon Desf.,
trong d6, c6 96 tén loai duoc chap nhan; chii yéu phan bd & khu vuc nhiét d6i va can
nhiét d6i chau A va chau Phi [1], [25]. Ngoai ra, nam loai da dugc xac dinh la dac hiru

ctia Chau Phi [12], [22] va tai An D6 su da dang cua loai cao nhét [12].



1.1.2. Khai quat vé thye vét hoc

Céc loai thugc chi Pogostemon Desf. thuong 1a cdy cé hay bui nhé. Than vuong
hodc gan tron, nhin hay c6 16ng. La moc ddi xép chéo chit thap hodc xép thanh vong
3-6 chiéc trén mdi d6t. Cum hoa dang bong, hinh chum hay gan nhu hinh cau & dinh
canh do cac xim co hop thanh. Hoa nho, c¢6 cudng hodc khong cudng. L4 bac ton tai
hay sém rung. Dai hinh chuéng, hinh tring hodc hinh ng, 5 thily gan bang nhau hay
c6 cau tao 2 moi: moi trén 3 thiy, moi dudi 2 thuy. Trang 4 thily gan bang nhau hodc
moi trén 3 thiy, moi duéi 1 thuy. Nhi 4, dai bang nhau, chi nhi ¢ 1ong & giita; bao
phan 1 6. Bau nhin; voi nhuy xé 2 thuy ¢ dinh. Pia mat c¢6 thiy truéc bang. Qua nhin
[1], [25].

O Viét Nam, Lamiaceae con duogc goi 1a ho Bac ha hay ho Hoa méi, chi
Pogostemon Desf. dugc goi 1a chi Hoic huong hay chi Tu hung. Theo tac gia Vii Xuan
Phuong (2000), hi¢n nay chi Pogostemon Desf. & nudc ta c6 17 loai va 1 thir [1]. Phan
bd cua cac loai nay ¢ Viét Nam dugc trinh bay tai bang 1.1 véi tén khoa hoc dugce
chap nhan theo co so dit liéu truc tuyén cac loai thuc vat thé gioi (WFO Plant List) [1],
[26], [27].

Bing 1.1. Phén bé ciia cdc lodi thudc chi Pogostemon Desf. & Viét Nam

STT Loai/Thir Tén Viét Nam Phan b

1 | P. auricularius (L.) Tu hung tai, Co co Lai Chau, Lao Cai, Son La,
Hassk. Cao Bé“mg, Lang Son, Ha
Syn: Dysophylla Tay, Quang Tri, Thura Thién
auricularia (L.) Blume Hué, Pa Néng, Quang Nam,
Mentha auricularia L. Lam Déng, Ninh Thuan,

Kién Giang

la | P. auricularius var. Chin ting Ninh Thuén
giganteus (Doan) Phamh.
Syn: Dysophylla
auricularia (L.) Blume




var. gigantea Doan

2 | P. cablin (Blanco) Benth. | Hoac huong Vinh Phuc, Ha N6i, Hung
Syn: Mentha cablin Yén, Thanh Hoba, Déng
Blanco Nai
P. patchouly Pellet
P. javanicus Back. Ex
Adelb.

3 | P. cruciatus (Wall. Ex Tu hung chir thap Pic Lic, Lam Pong
Benth.) Kuntze Hong vi chir thap
Syn: Dysophylla cruciata
(Wall. Ex Benth.) Kuntze

4 | P. glaber Wall. Ex Benth. | Tu hung nhén Son La

5 | P. globulosus (Doan) Tu hing hinh cau Bén Tre
Phuong Hong vi hinh cu
Syn: Dysophylla
globulosa (Doan)

6 | P. litigiosus Doan Tu hing tranh luan | Lam Pong

7 | P. menthoides Blume Tu hung dang hiing | Lao Cai, Cao Bang
Syn: P. fragtenus Miq. Tu hung ban

8 | P. nanus (Doan) Phuong | Tu hung lun Binh Duong
Syn: Dysophylla nana Héng vi lun
Doan

9 | P. nelsonii Doan Tu hung nelson Con bao

10 | P. parviflorus Wall. Ex Tu hung hoa nho Lao Cai, Giai Lai, Lam

Benth.
Syn: P. pubescens Benth.

Pong




11

P. peguanus (Prain) J. R.
Press

Syn: Dysophylla peguana
Prain

Eustralis peguana (Prain)

Mur.

Tu hung 14 hep
Hong vi 14 hep

Lam BDong, Pong Nai,
Kién Giang

12

P. pentagonus (C. B.
Clarke ex Hook. f.)
Kuntze

Syn: P. pentagona C. B.
Clarke ex Hook. f.

Tu hung nam goc

Hong vi nam goc

Lam Pong

13

P. petelotii (Doan)
Phuong
Syn: Dysophylla petelotii

Doan

Hong vi pételot

Thanh Hoa

14

P. pumilus (Grah.) J. R.
Press

Syn: Dysophylla Pumila
(Grah.) Benth.

Mentha pumila (Grah.)

Tu hung than map

Hong vi than map

Ninh Binh, Thira Thién
Hué, Da Nang, Binh

Duong

15

P. purpurascens Dalz.

Tu hiing hong

Lam Pong

16

P. quadrifolius (Benth.)
F. Muell.

Syn: P. quandrifolium
Kuntze

Dysophylla quandrifolia
(Wall. Ex) Benth.

Eustralis quadrifolia

Hong vi bon mua

Lai Chau, Son La




Benth.

17 | P. stellatus (Lour.) Tu hung hinh sao Phu Tho, Ha Tay, Hoa
Kuntze Hong vi hinh sao Binh, Nghé An, Quang
Syn: Dysophylla stellata Binh, Thira Thién Hué,
(Lour.) Benth. Kon Tum, Pic Lic, Déng
Mentha stellata Lour. Nai

Nhu vay, so voi 96 loai thudc chi Pogostemon Desf. trén thé gidi, s6 loai duoc
ghi nhan & nudc ta chiém khoang 18% va chua thay cong bd vé loai dic hiru. Ngoai ra,
tac gia Vi Xuan Phuong (2000) cling da xay dung bo khoa phan loai céc loai thude chi
nay, bang cach sir dung cac dic diém phan loai chinh cta 14 va hoa [1]. Khoa phan loai

cac loai cua chi Pogostemon Dest. ¢ Viét Nam dugc trinh bay ¢ bang 1.2 [1].

Bdng 1.2. Khoa dinh logi cac loai cua chi Pogostemon Desf. ¢ Viét Nam

1A. La moc dbi hay moc thanh vong 3 1a. Trang c6 céc thily bang nhau hay thuy moi
trén dai bang hodc dai hon moi duéi
2A. Cuym hoa hinh bong. Hong dai c6 vong long
3A. Pai 2 mo6i: méi trén 5 thuy rong va nga‘in, moi dudi 2 thuy nhon. L4 vira moc
@61 vira moc thAnh VONE 3 ......vveeeeeeeeeeeeeeeeeeeeee e, 1. P. litigiosus
3B. Pai 5 thuy gin bang nhau. La moc dbi
4A. Miéng dai khép lai sau khi hoa n¢. La bac hinh tring.......... 2. P. auricularius
4B. Miéng dai mé rong sau khi hoa ng. L4 bac hinh duong ........ 3. P. menthoides
2B. Cum hoa dang chum, gdm cac bong. Hong dai khong c6 vong 16ng
5A. Cay trong, thuong khong c6 hoa, néu c6 hoa thi dai dai hon Smm, c6 16ng
day O Phid NZOAT ..eecevieiiieeiieeee e 4. P. cablin
5B. Cay moc hoang, dai nho, dai khong dén 5mm, nhin hay c6 16ng thua
6A. L4 bic dai hon dai.

7A. Than vudng. Than va l4 nhin. Hoa tat vé mot phia ................ 5. P. nelsonii

7B. Than tron. Than va 14 c6 long ap sat. Hoa moc thanh vong, khong tat vé




MO PIIA .eiiiii e 6. P. parviflorus
6B. La bac ngan hon dai.
8A. L4 bic hinh trimg rong. Toan cAy nhan ...........cccoeeeveieeeeeeeeenn. 7. P. glaber
8B. L4 bac hinh tring hep. Toan cay ¢6 10ng ...................... 8. P. purpurascens
1B. La moc thanh vong 4-6 14. Trang gan nhu déu hodc 2 mdi v6i mdi trén ngan hon
hoic bang méi dudi
9A. Ong dai c6 4 hay 5 goc 13
10A. Ong dai c6 5 g0¢ va 5 raAnh dOC I8 ..veveveeeeeeeeeeeeeeeeeeeans 9. P. pentagonus
10B. Ong dai c¢6 4 goc
11A. L4 bac dai hon hoa. Nhi dai hon trang 2 1an. L4 hinh bau duc - hinh dudng
........................................................................................................ 10. P. petelotii
11B. L4 bac ngan hon hoa. Nhi dai hon trang khong dén 2 1an. L4 hinh duong
..................................................................................................... 11. P. peguanus
9B. Ong dai tron

12A. Cum hoa dang bong, hinh tru, gian doan & phia duéi. Than hoa gb & gbc

................................................................................................. 12. P. quadrifolius
12B. Cum hoa dang gin hinh cau hay hinh bong rat ngin, khong gian doan. Than
co

13A. C6 cao khong téi 20cm. Cac ddt & than ngan hon l4................ 13. P. nanus

13B. C6 cao trén 20cm. Céc ddt ciia than thudng dai hon 14
14A. Than c6 1ong dai moc nguoc, 4p Sat......ceeeveevveereeeeeennee, 14. P. cruciatus
14B. Than thudng nhin
15A. Pai c6 16ng day mau vang & phia ngoai, 5 thuy dai trdi ra ¢6 dang hinh
SAO ¢ttt ettt ettt ettt ettt s bttt e et e sab e s bt e et e e et e e st e e ebeeeaeeeas 15. P. stellatus
15B. Dbai khong c6 16ng day mau vang ¢ phia ngoai, 5 thuy dai dung
16A. Cum hoa dang bong ¢ dinh canh, dai 2-6 cm. Trang c6 16ng & phia

TUZOAL 1euiiiieeiiieeeiteeeetteeeeitteeeateeesnteeeeasaeeentaeeennseeeansseeennseeeennes 16. P. pumilus
16B. Cum hoa gan hinh cau, dudng kinh 5-10 mm. Trang nhan.....................
............................................................................................... 17. P. globulosus




1.1.3. Thanh phin héa hoc

Theo téng quan tai li¢u, vé thue vat Pogostemon Desf. 1a mot chi 16n trong ho
Lamiaceae. Tuy nhién, cho dén nay sb loai duoc nghién ctru vé mit hoa hoc ciing nhu
hoat tinh sinh hoc con it. Tinh dén nay, c6 khoang 10 loai, bao gém P. auricularius, P.
benghalensis, P. cablin, P. deccanensis, P. hirsutus, P. heyneanus, P. parviflorus, P.
plectranthoides, P. purpurascens va P. travancoricus di duoc nghién ctru vé thanh
phan hoa hoc. Trong cac loai nay, P. cablin dugc nghién ctru nhiéu nhat. Ngoai thanh
phan tinh dau, cac nhom chét chinh cua chi bao gdm 1a flavonoid, terpenoid, steroid.
Bén canh d6, cic hop chit phenolic, phenylpropanoid glycosid, acid carboxylic,
chromon. .. cling dugc tim thay trong chi nay.
1.1.3.1. Thanh phan tinh dau

Ham luong va thanh phan tinh dau cia cac loai duoc nghién ciru trong chi
Pogostemon Desf. kha phong phu, duoc nghién ciru nhiéu nhat 1a thanh phan tinh dau
ctia 14 loai P. cablin véi cac nhoém tac gia chu yéu dén tir Trung Qudc va An Po. Bang
1.3 trinh bay mot s6 thanh phin chinh trong tinh diu ctia mot sé loai thudc chi

Pogostemon Dest..

Bing 1.3. Thanh phan chinh trong tinh dau ciia mét sé lodi thuée chi Pogostemon

Desf.

STT Tén loai B0 phan Thanh phin chinh TLTK

1 | P. auricularius La [S-panasinsene (41,72%), a- [28]
panasisene, 1,1,7,7a-tetramethyl-
1a,2,3,5,6,7,7a,7b-octahydro-1H-
cyclopropa[A]naphtalene

2 | P. benghalensis La isomer cadinene (2,62%), elemol, a- | [29],
bulnesene, f-elemene va germacrene | [30]
D

Hoa trans-caryophyllene (8,52%),
germacrene B, y-cadiuene, f-ocimene,

a-elemene, oxid caryophyllene,




curzeren, o-humulene, a-guaiene va

germacrene

P. cablin

La

patchouli alcohol (32-40%), o-
patchoulen, S-patchoulen, a-
bulnesene, seychellene,
norpatchoulenol, pogostone, eugenol

va pogostol

[31],
[32],
[33]

P. deccanensis

Phan
trén mat
dat

curzerene (26,39%), epicadinol
(22,68%), a-caryophyllene, /-
caryophyllene, a-cubebene, -

elemene, y-cadinene va a-guaiene

[34]

P. escholtzioides

La

curzerene (46,1%), benzophenone

germacrone va a-cadinol

[35]

P. heyneanus

La

acetophenone (51,0%), f-pinene,

(E)-nerolidol, va patchouli alcohol

[36]

P. hirsutus

La

abietatriene (16,3%), dehydroabietal
(3,5%), dehydroabietol (21%),

a-pinene va f-pinene

[37]

P.

plectranthoides

La

methyl heptenone, linalool, linalyl
acetate, citronellol, geraniol, a-
pinene, camphene, limonene, f-
phellandrene, y-terpinene, (E)-f-
ocimene, germacrene D, germacrene
B, trans-f-guaien, f-caryophyllene

va a-humulene

[38],
[39]

P. travancoricus

La

cadina-1,4-diene, calamenene,
viridiflorene, seychellene,
bicyclogermacrene, germacren B,
pogostone, spathulenol va cis-

calamenene

[40]
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Tinh dau cta P. cablin véi tén thuong pham Patchouli, duoc chiét xuat tir 14 v6i
ham lwong khoang 1,5-4%, di dugc luu hanh kha phd bién trén thi trudong. Trong d6
patchoulol déng vai trd tao mui thom dic trung cho tinh dau, c6 ham luong khoang
32-40% trong thanh phan tinh dau [31], [32], [33].

Nghién ctu loai P. heyneanus, tinh dau coa loai ndy ciing chtra nhiéu
sesquiterpen, tuy nhién thanh phan chinh duoc bao co la acetophenon v6i ham lugng
51%. Patchoulol ciing c6 mit trong tinh diu nay nhung chi chiém khoang 14% va
khong dong vai tro tao mui thom [36].

Thanh phan tinh dau trong 14 cta loai P. plectranthoides thu héi tai Pakistan
khoang 0,2% [39]. Thanh phan chii yéu 13 cidc monoterpen, sesquiterpen va
hydrocarbon béo. Nghién ctru gan ddy (2020) trén loai P. plectranthoides thu hai tai
An Do voi ti 18 tinh dau trong 14, than va hoa lan luot 14 0,22; 1,0 va 0,2 %. Thanh
phan va ti 1& cac hop chat trong tinh dau thu dugc tir cic phan khac nhau cia cay 1a
khac nhau nhung déu c6 chira nhitng nhém chinh nhu sesquiterpen, monoterpen va
dan xuat phenyl [38].

Pbi v6i loai P. benghalensis, tinh dau c6 thé thu duoc tir 14 hodc hoa. Ham
luong tinh dau trong hoa (1,2%) cao hon so véi ham luong trong 14 (0,7%). So sanh
tinh dau thu duoc tir 14 va hoa cta loai nay, ngudi ta ciing nhan thy c6 sy khac nhau
vé thanh phan va ti 18 [29], [30].

Loai P. hirsutus c¢6 thanh phan tinh dau chi yéu lai 1a cac diterpen va
monoterpen. Trong d6, nhom abietan diterpen chiém 42,6% va dugc xem 1a thanh
phan chinh [37].

Riéng ddi vai loai nghién cuu P. auricularius, ham lugng tinh dau duoc cac nha
khoa hoc An Do béo céo khoang 9,9%. Trén thé gidi, cho dén nay, thanh phﬁn cac hop
chat c6 trong tinh ddu nay van chua dugc cong bd [41]. O nudc ta, Tran Huy Thai va
cong sy [28] da khao sat loai P. auricularius thu hai tai Phu Tho, thu dugc ham luong
tinh dau khoang 1,3%. Véi phuong phap GC-MS, nhom tac gia ciing di xac dinh duoc

26 hop chét co trong tinh dau, véi cac thanh phan chinh 14 cac sesquiterpen. Nghién
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ctru vao nam 2018 trén loai Tu hung tai thu hai tai Pa Ning da tim thdy 213 hop chat
c6 mit trong thanh phan tinh diu va chu yéu 1a cac sesquiterpen, diterpen [42].

Tom lai, thanh phin tinh diu cua cac loai di duoc nghién ciu trong chi
Pogostemon Desf. kha phong pht, da dang, dugc biét dén véi nhiéu cong dung trong
huong liéu va my pham [43], [44]. D6 ciing 13 1i do ma thanh phan tinh dau duoc quan
tam nghién ctru tir rat som. Tuy nhién, trong nhitng nim gan ddy, cang ngdy cang co
nhiéu cong bd vé cac nhom chit khac duoc tim thay trong chi nay.
1.1.3.2. Thanh phan flavonoid

Flavonoid 12 nhom chéat duoc tim thay nhiéu trong chi Pogostemon Desf., chii
yéu dugc phén 1ap tir loai P. cablin. Nhitng flavonoid dau tién duoc phan lap vao nim
1981 boi Itokawa va cong su [45]. Cho dén nay, da c6 khoang 37 flavonoid duoc phan
1ap tr loai cac loai thudce chi Pogostemon Desft., trong d6, chu yéu thudc cac nhom:
flavon, flavanon, chalcon va mot sb flavonoid glycosid.

Vé nhom flavon, dd ¢6 22 hop chit duoc tim thay, bao gdm: pachypodol (1),
ombuin (2), apigenin (3), rhamnetin (4), retusin (5), 5-hydroxy-3,4',7-
trimethoxyflavon (6), 5-hydroxy-4',7-dimethoxyflavon (7), 3,3'.4'.5,7-
pentahydroxyflavon (8), 3,5-dihydroxy-4',7-dimethoxyflavon (9), 4',5-dihydroxy-7'-
methoxyflavon (10), acacetin (11), 3,5-dihydroxy-7,4'-dimethoxyflavon (12), 5-
hydroxy-3,7,3',4'-tetramethoxyflavon (13), 5,4'-dihydroxy-7-methoxyflavon (14),
3,5,7,3' 4'-pentahydroxyflavon (15), 5,7,4'-trihydroxyflavon (16), va 3,5,4'-trihydroxy-
7-methoxyflavon (17), 5-hydroxy-3,7,4'-trimethoxyflavon (18), 5,4'-dihydroxy-3,7,3'-
trimethoxyflavon (19) [45], [46], [47], [48], [49], apigenin (20), nepetin (21) [50].
Ngoai P. cablin, tit loai P. purpurascens, mot flavon moi tai thoi diém cong bd 1a
purpurascenin (22) ciing da duoc tim thay [51].

Bén canh d6, da co 6 hop chat flavanon dugc phan 1ap tir loai P. cablin, bao
gom: 5,7-dihydroxy-3',4'-dimethoxyflavanon (23), 4'5-dihydroxy-3',7-
dimethoxyflavanon (24), 5-hydroxy-7,3',4'-trimethoxyflavanon (25), 4',5-dihydroxy-
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3,3',7-trimethoxyflavanon (26), 3,5-dihydroxy-4',7-dimethoxyflavanon (27) va 5-
hydroxy-3,7,3',4'-tetramethoxyflavanon (28) [47], [52].

Ngoai ra, cac nha khoa hoc cling da phan l1ap dugc 1 chalcon la licochalcon A
(29) va 8 flavonoid glycosid bao gdom apigetrin (30) apigenin 7-O-p-D (-6"-p-
coumaroyl)-glucosid (31), isorhamnetin-3-O-f$-D-galactosid (32), hyperosid (33),
3,5,8,3',4'-pentahydroxy-7-methoxyflavon-3-O-f-D-galactosid (34), isisolidon-7-O-a-
L-rhamnopyranosid (35), tilianin (36) va agastachosid (37) [45], [48], [53], [54]. C4u
trac cac hop chat flavonoid phan 1ap tir chi Pogostemon Desf. dugc trinh bay ¢ hinh

1.1.

Rs

R4 R7 Rg R1 Rz R3 R4
1 H H H 23 | OCH; | Me | H H
2 H H H 24 | OCH3 | H [Me| 4
3 H H H 25 | OCH3 | Me | Me H
4 H H H 26 | OCH;| H | Me| OCH,4
5 H H H 27 H Me | Me OH
6 H H H 28 | OCH; | Me | Me | OCH,4
7 H H H
8 H H H 4
9 | H H H H
10| H |Mme| OH H OH H H H HO OH
M| H |H | H H |OH Me H H
12| H |Me|OH | H |OH Me H H
13 | OCHs|Me | H H | OH Me OCH3| H
14| H |Me| H H | OH H H H
15| OH |H |OH | H | OH H H H
6| H [H|H [H |OH H H | H
17| H [Me[OH | H |[OH H H H
18| H |Me[OCHs;] H | OH Me H H
19 |OH |Me|OCHs] H | OH H H H
200 H |H| H H |OH H H H
21|oH |H | H H | oH H OCH;| H
22 | OCH4Me | OCH4OCH,| OH Me OCH; |OCH;
30] H [de] 4 [ 4 [oH H H | H
31 H H H OH H glc-6-p-coum aroyl H H
32 |OCH,| H |O-gal| H | OH Me H H 36 R=H
33| OH [ H |[0-gal| H | OH Me H [ H 37 R =COCH,4
34| OH [Me|O-glc | OH | OH Me H H

Hinh 1.1. Cdc hop chat flavonoid dwoc phan ldp tir chi Pogostemon Desf.
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Cho dén nay, trong chi Pogostmon Desf., da phan lap dugc 37 flavonoid tir loai
P. cablin va P. purpurascens. Cac hop chat duoc tim thdy chu yéu thudc nhom flavon
véi 21 chat. Bén canh d6, ¢6 nhiéu hop chit thudc khung flavanon, chalcon va cac
flavonoid glycosid ciing da dugc phan lap.
1.1.3.3. Thanh phan terpenoid

Nhém terpenoid dugc tim thdy & cac loai thudc chi Pogostemon Desf. nhu: P.
cablin, P. auricularius, P. parviflorus, P. pelectranthoides véi hon 37 hop chat da
duogc tim thdy, trong do, chil yéu thudc cic nhoém sesquiterpen, sesquiterpen glycosid,
triterpen va diterpen.

Vé nhom sesquiterpen va cac glycosid, da co 28 hop chat dugc phan lap tir 3
loai bao gdm: P. cablin, P. parviflorus, P. pelectranthoides. T loai P. cablin di tim
thdy 23 sesquiterpen bao gdm: 8a,9a-dihydroxypatchoulol (38), 3a.8a-
dihydroxypatchoulol (39), 6a-hydroxypatchoulol (40), 2p,12-dihydroxypatchoulol
(41) [55]; 10a-hydroperoxyguaia-1,11-dien (42), 1a-hydroperoxyguaia-10(15),11-dien
(43), 15a-hydroperoxyguaia-1(10),11-dien (44) [56]; 2-keto-4/-hydroxyguai-1,11-dien
(45), 8-keto-9(10)-a-patchoulen-4a-ol (46), 2-keto-1(5)-f-patchoulen-45-ol (47), 2-
keto-1(5)-f-patchoulen-4a-ol (48) va patchoulol (49) [57], pocahemiketals A-B (50-
51) [58], (-)-(3S,4R,5S,7R,10R)-guaia-1(2),11(12)-dien-3,10-diol ~ (52), (+)-
(15,4S,5R,7R,10S8)-guaia-11(12)-en-5,10-diol (53), (+)-(18,25,45,5S,7R)-guaia-
10(15),11(12)-dien-1,2-diol (54), (-)-(4S,5S,7S,9R)-guaia-1(2),10(15),11(12)-trien-9-ol
(55), (-)-(5S,7R)-guaia-1(10),3(4),11(12)-trien-2-on (56), (-)-(1S,2R,4S,5R,7R,10S)-
guaia-1,5-epoxy-11(12)-en-2-0l (57), (-)-(1R,4S,5R,7R,105)-guaia-1,5-epoxy-11(12)-
en-4-ol (58), 7-epi-chabrolidion A (59), 1,7-di-epi-chabrolidione A (60) [59]. Dac biét
trong 12 sesquiterpen nay thi c6 11 chat mdi duge cong bd tai thoi diém nghién ctru
(38-48, 50-58). Ngoai ra, ciing tir loai P. cablin, da tim thiy 2 sesquiterpen glycosid
méi, bao gdom: 3o-hydroxypatchoulan 3-O-f-D-glucopyranosid (61) va 15-
hydroxypatchoulol 15-O-f-D-glucopyranosid (62) [60].

T loai P. parviflorus cac nha khoa hoc di phan lap dwoc 2 hop chat
sesquiterpen la parvinolid (63) va epoxyparvinolid (64) [61]. Bén canh d6, nghién ctru
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trén lodi P. pelectranthoides cling di tim thdy mot sesquiterpen moi co tén goi 1a
stemonolon (65) [62].
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Hinh 1.2. Cdic hop chat terpenoid dwoc phén Idp tir chi Pogostemon Desf.

Vé nhom triterpen, dd co6 5 hop chit duoc tim thay tir lodi P. cablin va P.

parviflorus. Tt 10ai P. parviflorus cic nha khoa hoc da tach dugc 3 triterpen, bao gom:
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friedelin (66), friedelan-3-ol (67) va 25-carboethoxypogostemonol (68) [61], [63]. Bén
canh d6, nghién ctru héa hoc loai P. cablin cling da tim thay cac triterpen (66), (67)
[53], acid oleanolic (69) va metyl oleanolat (70) [64].

Vé nhom diterpen, da c6 4 hop chat diterpen méi duge phan 1ap tir loai P.
auricularius bao gdém: cleistanth-13,15-dien-19-oic (acid auricularic) (71) [65], 7-
hydroxycleistanth-13,15-dien-18-o0ic (72), 7-acetoxycleistanth-13,15-dien-18-oic (73)
va (4R,5S,8R.9S,108,14R)-cleistanth-12,15-dien-19-oic (74) [66]. Pén nay, chua c6
cong bd nao thém vé thanh phan hoa hoc cia loai nay.

Tém lai, véi 37 terpenoid phan 1ap tir chi Pogostemon Desf., nhém sesquiterpen
dugc tim thay nhiéu nhét v&i 28 hop chat. Ngoai ra, d xac dinh 25 terpenoid 1a chét
moi tai thoi diém cong bd, bao gdm 21 sesquiterpen va 4 diterpen. Cau trac cac hop
chat terpenoid phén lap tir chi Pogostemon Desf. duoc trinh bay & hinh 1.2.
1.1.3.4. Thanh phan steroid

Nhém steroid dugc tim thdy ¢ hai loai P. cablin va P. parviflorus, trong d6 chu
yéu 1 cac phytosterol. Tir loai P. cablin, cic nha khoa hoc da phéan 1ap duoc 5 steroid
bao gém: daucosterol (75), S-sitosterol (76) [46], Sa-stigmast-3,6-dion (77), stigmast-
4-ene-3-on (78), stigmasterol (79) [64]. Ngoai ra, hop chét S-sitosterol (76) cling duoc
béo céo tim thay trong loai P. parviflorus [61]. Ciu trac cac hop chat steroid phan 1ap
tu chi Pogostemon Desf. dugc trinh bay ¢ hinh 1.3.
1.1.3.5. Mgt s6 hop chdt khéc

Ngoai 3 nhom chat chinh di néu 1a flavonoid, terpenoid va steroid, trong chi
Pogostemon Desf. con c6 mot sb hop chit thudc cdc nhom khac nhu: phenolic,
phenylpropanoid glycosid, acid carboxylic, chromon...

Céac hop chat phenolic duoc tim thay & loai P. stellatus va P. heyneanus. Ti
dich chiét n-hexan cta loai P. stellatus da phan 1ap dugc 2 phenolic keton, bao gom:
2'-hydroxy-4',6'-dimethoxybutyrophenon (80), 1-(2-hydroxy-4,6-dimethoxyphenyl)
but-2-en-1-on (81) [67]. Bén canh d6, 2 phenolic mdi 1a pogopyron A (82) va
pogopyron B (83) di dugc tim thay ¢ loai P. heyneanus [68].
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Bén canh d6, mdt chromon méi da dugc phan 1ap tur loai P. stellatus 1a 5-
hydroxy-6,7-dimethoxy-2-methylchromon (stellatin) (84) [67]. Hai hop chat
phenylpropanoid glycosid dugc tim thay & loai P. cablin, bao gém: crenatosid (85),
isocrenatosid (86) [69]. Ciing tir loai nay, cac nha khoa hoc dd phan 1ap dugc mot sb
hop chit khac nhu acid carboxylic, aldehyd... bao gdom: acid succinic (87), acid
dibutyl phthalat (88), 5-hydroxymethol-2-furfural (89), uracil (90) va tschimganical A
(91) [48], [53], [64], [69]. Cau tric clia cac hop chat nay hién thi ¢ hinh 1.3.
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Hinh 1.3. Cdc hop chat steroid va mét sé chit khdc phan Igp dwoc tir chi

Pogostemon Desf.
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Ngoai ra, mot ) nghién ctru dinh tinh thanh phﬁn hoa hoc da duoc thuc hién
trén loai P. auricularius va P. myosuroides. Két qua cho thiy cac nhom chat chinh bao
gom: alcaloid, phenolic, tanin, flavonoid, glycosid tim, phytosterol, tinh dau va chat
béo duoc tim théy O loai P. auricularius [41] va su ¢6 mat cac nhom chét flavonoid,
phenolic, terpenoid, saponin va steroid ¢ loai P. myosuroides [70].

Nhu véy, cho dén nay, c6 khoang 10 loai trong s6 96 loai ctia chi Pogostemon
Desf. duoc nghién ctru vé thanh phan hoa hoc, chiém khoang 10% s loai, qua dé cho
thdy con rat nhiéu loai chua dugc nghién ctru. Cac nghién ciru tip trung chil yéu cia
cac tac gia ngoai nudc nhu Trung Quéc, An D9, My, Bangladesh...

Thanh phan hoéa hoc cuia chi Pogostemon Desf. rat da dang v6i nhom chét chinh
1a tinh dau va hon 90 hop chat khac duoc phan lap tir cac loai dd nghién ctiru. Céac hop
chit tim théy chu yéu thudéc nhoém flavonoid, terpenoid, steroid. Poi tuong dugc
nghién ctru nhiéu nhét 1a loai P. cablin v&i khoang 77 hop chat duge phan 1ap. Pang
lru ¥, ¢6 nhiéu hop chat méi tai thoi diém cong bd. Piéu nay cho thdy chi Pogostemon
Desf. ¢6 trién vong cung cap cac cau trac méi phuc vu cho qua trinh nghién ciru tim
kiém cac hop chét co hoat tinh sinh hoc.

Riéng voi loai nghién ctru P. auricularius, sb luong cac cong bd trong va ngoai
nuéc vé thanh phan hoa hoc con rat it, chi v6i 4 hop chat duoc phan 1ap tir loai nay.
1.1.4. Hoat tinh sinh hoc

Hoat tinh sinh hoc cua cac loai trong chi Pogostemon Desf. kha da dang va
phong phu. Cac tac dung dién hinh 1a khang khuan, khang ndm, khang virus, giam dau
chéng viém, chéng oxi hoéa. ..
1.1.4.1. Tdc dung giam dau va chéng viém

Trong chi Pogostemon Desf., hoat tinh giam dau chéng viém duoc nghién ctru
trén 3 loai, do6 1a P. cablin, P. stelltus va P. auricularius.

Dich chiét n-hexan va ethyl acetat ctia loai P. stellatus lam giam su phu né
trong md hinh gy phu tai chudt bang 12-O-tetradecanoylphorbol-13-acetat (TPA) véi
lidu 0,5 va 1 mg/tai. Ngoai ra, cac dich chiét nay con thé hién hoat tinh rc ché COX-1

va COX-2 & muc lidu 50 mg/mL voi phan tram trc ché twong tGng 1a 85,42 va 57,38%;
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71,79 va 89,27%. Hop chét stellatin duogc phan lap tur dich chiét n-hexan cua loai nay,
da thé hién kha ning @c ché enzym COX-1 va COX-2 twong ddi manh, gia tri ICso lan
luot 14 22,3 va 19,7 uM [71].

Dich chiét methanol cta P. cablin ciing dugc béo cao tac dung giam dau trén
mo hinh gay dau quin bang acid acetic va hoat tinh khang viém trén mo hinh gay phu
chan chudt bang carrageenan voéi lidu 1 g/kg thé trong chudt. Nghién ctru sau hon vé
co ché, cac nha khoa hoc da phat hién dugc dich chiét methanol cé thé lam giam
malondialdehyde [72] trong phu né chan chudt bang cach ting cuong hoat dong cia
cac enzym chéng oxy hoa ¢ gan nhu superoxid dismutase, glutathion peroxidase,
glutathion reductase va lam giam hoat dong cua enzym cyclooxygenase 2 va yéu t6
gay hoai tir khéi u (TNF-a) [73].

Ngoai ra, loai P. auricularius ciing da dugc nghién ciru hoat tinh chdng viém in
vitro. Dich chiét ethanol, cic cao chiét phan doan n-hexan va cloroform da tuc ché su
ly giai hong ciu twong d6i manh so véi chimg dwong acid acetyl salicylic, diéu d6
duogc thé hién qua céc gia tri ICso 1an luot 13 34,09; 33,56; 35,23 va 45,23 pg/mL [6].

Dua vao két qua trén, ta thay cac loai trong chi Pogostemon Desf. 1a ngudn tiém
nang cho hoat tinh giam dau chdng viém.
1.1.4.2. Tdc dung lén té bao ung thuw

Kha nang chéng lai sy tang sinh té bao ung thu ¢6 tir cung HeLa ctia tinh dau P.
cablin d3 duoc nghién ctru bang phwong phap MTP véi gia tri ICso 13 12,2 pg/mL.
Ngoai ra, patchoulol d3 dwoc ching minh 12 mot chat tiém ning chéng ung thu, thé
hién qua kha ning lam giam sy ting truong té bao va lam ting cac chu trinh apoptosis
trong té bao ung thu dai tryc trang nguoi [3], [74].

Acid oleanolic dugc tim thay & loai P. cablin c6 kha nang lam giam ti 1¢ séng
sOt ciia té bao ung thu mau nguoi (HL-60) sau 12 gio v6i lidu > 50 pg/mL. Tuy nhién,
khi két hop diéu tri acid oleanolic v&i chiéu xa ion hoa thi lai 1am ting kha ning séng
sOt cia chung [74].
1.1.4.3. Tdc dung khdng khudn

Tinh dau cta loai P. cablin c ché nhiéu chung vi khuan, bao gdm 6 chung vi

khuan Gram (-) Acenitobacter baumanii, Aeromonas veronii, Escherichia coli,

19



Klebsiella pneumonia, Pseudomonas aeruginosa, Salmonella enteric va 4 chung vi
khuan Gram (+) Enterococcus faecalis, Staphyllococcus aureus [75], Bacillus spp. va
Streptococcus spp. [76]. Trong truong hop st dung dich chiét n-hexan tir loai P. cablin
cling cho thiy hoat tinh khang khuan manh d6i v6i Bacillus subtilis, Staphylococcus
aureus, Escherichia coli va Enterobacter aerogenes [77]. O Viét Nam, Vii Thu Thuy
va cong sy di bao cdo kha ning uc ché cac ching Bacillus cereus, Bacillus subtilis,
Staphylococcus aureus va Escherichia coli cta dich chiét methanol loai P. cablin véi
cac gia tri MIC va MBC tur 125-250 pg/mL [78].

Hoat tinh khang khuan cta P. auricularius cling d3 duoc bao cao. Dich chiét
ethanol va phan doan chloroform cua loai di thé hién kha ning tc ché manh sy ting
truong ctia mot sd chung vi khuan Gram (-) nhu Shigella dysentariae, Pseudomonas
aeruginosa, Escherichia coli va vi khuan Gram (+) Bacillus subtilis; hoat tinh trc ché
trung binh véi mot sé chung vi khuan Gram (-) Shigella sonnei, Salmonella typhi va vi
khuan Gram (+) Bacillus megaterium, Bacillus cereus, Staphylococcus aureus voi
duong kinh vong vo khuan trong khoang 7-21 mm [6].

Céac nghién ctru sdu hon vé cac thanh phan chinh trong tinh dau cho thiy,
pogoston va patchoulol c¢6 trong nhiéu loai thudc chi Pogostemon Desf. ¢6 tac dung
khang khuan tot [79]. Patchoulol (rc ché chu yéu 3 dong vi khuan Gram (+) la
Staphylococcus, Streptococcus, va Enterococcus va 3 dong vi khudn Gram (-) 1a
Enterobacter, Pseudomonas va Acinetobacter v&i cac gid tri MIC tuong ing trong
khoang 1,5-200 pg/mL va 25-768 pg/mL. Pic biét, patchoulol di thé hién kha ning
chéng lai ty cau vang khang methicillin (MRSA) manh hon levofloxacin. Ngoai ra,
nghién ctru in vivo trén chudt, patchoulol trc ché MRSA véi liéu 100 mg/kg qua duong
tiém phuc mac. Hoat tinh khang khuan cta patchoulol duge xem 1a twong dwong véi
vancomycin hydrochloride [80]. Trong mét nghién ciru khac, patchoulol di thé hién
hoat tinh khang khuan chon loc véi Helicobacter pylori ma khoéng anh hudng dén céac
vi khuan c6 loi ctia hé tiéu hoa. Pang chi ¥, tac dung khang khuan nay vuot tréi hon
amoxicillin, voi gia tri MIC cua patchoulol 1a 78 pg/mL [81].

Toém lai, trong chi Pogostemon Desf., hoat tinh khéng khuan chi méi duogc

nghién ctru trén lodi P. cablin va P. auricularius. Trong d6, thanh phan tinh dau, mot
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s6 dich chiét cua hai loai nghién ctru duge bao cio tac dung khang khuan pho rong.
Tac dung twong d6i manh trén cac ching Gram (+) ciing nhu mot sd ching vi khuan
khang thudc va yéu hon trén Gram (-).

1.1.4.4. Tdc dung khding ndm

Hoat tinh khdng ndm di dugc nghién clru trén nhiéu chung véi ba loai P.
cablin, P. parviflorus va P. auricularius.

Dich chiét ethanol cta loai P. parviflorus da duoc bao cdo kha ning e ché sy
ting truong cia mot sd ching nam bao gém: Microsporum, Trichophyton,
Epidermophyton véi cac gia tri MIC va MFC nim trong khoang 2,5-10 mg/mL [82];
va mot s6 ching nim men Candida spp. bao gom C. albicans, C. glabrata, C.
tropicalis va C. dubliensis voi cac gia tri MIC nam trong khoang 2,5-20 mg/mL [83].

Tinh dau cua loai P. cablin ttc ché manh 12 loai nAm thudc nhoém Microsporum,
Trichophyton va Epidermophyton v&i cac gia tri MIC tir 50-400 pg/mL [84]. Ngoai ra,
dich chiét téng ethanol va cac phan doan aceton, n-hexan cua loai con thé hién hoat
tinh trén ching nam C. albicans véi ti 1 e ché sy phat trién 1an luot 1a 78, 90 va 91%
[85]. Tuy nhién, trén cac chung nim Aspergillus spp., hoat tinh cta P. cablin dugc béo
céo twong ddi yéu, voi cac gia tri MIC > 1500 ppm [86].

Dich chiét ethanol va dich phan doan chloroform cua loai Tu hung tai P.
auricularius c¢6 kha niang @c ché manh mot sé chung nAm nhu Microsporum sp.,
Trichophyton sp. va (rc ché trung binh trén mot sd chung khac nhu: Aspergillus niger,
Candida albicans, Pityrosporum ovale va Cryptococcus neoformans véoi duong kinh
vong vo khuén tir 7-21 mm [6].

Nghién cru sau hon thanh phan chinh trong tinh dau P. cablin cho thiy
pogoston ¢6 tac dung khang nam tdt trén mot sé ching Candida spp. véi cac gia tri
MEFC tir 50-400 pg/ml. Hon thé nita, khi so sanh véi ching dwong voriconazol trén cac
chung C. albicans da khang fluconazol, pogoston thé hién tac dung manh gin bang
voriconazol véi cac gia tri MIC tr 3,1-50 pg/mL. Pac bi¢t, vdi duong dung boi ngoai
da, pogoston & lidu 1-4 mg/kg cho hoat tinh wrc ché nAim C. vulvovaginal manh hon so
v6i chimg duong voriconazol & liéu 4 mg/kg. Ngoai ra, pogoston hap thu dé dang khi

uéng va ¢6 tinh an toan, liéu gay chét chudt duoc xac dinh 1a 355 mg/kg, cao hon
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nhiéu so véi lidu c6 tac dung. Nghién ctru ndy di cho thiy pogoston c6 tiém ning
trong diéu trj nhiém Candida, dic biét 1a nAm C. vulvovaginal [87].

Tom lai, trong chi Pogostemon Desf., hoat tinh khang nam da dugc nghién ctru
v6i ba loai P. cablin, P. parviflorus va P. auricularius. Tuy nhién, pho tac dung tuong
dbi hep, chii yéu tic dung manh trén cac chung nim da bao gdm: Microsporum,
Trichophyton, Epidermophyton va mot sd ching nAm men Candida spp.
1.1.4.5. Tdc dung khdng virus

Nam 2011, Peng va cong su da bao cdo kha nang khang virus cim cua dich
chiét loai P. cablin trén md hinh giy ciim & chudt thong qua viéc danh gia cac thong s6
& phoi [88]. Ngoai ra, cac nha khoa hoc dd ching minh dich chiét methanol va ethyl
acetat cua P. cablin cho tac dung tdt ddi vé6i virus coxsackie nhom B, cac gia tri ICso
lan luot 14 26,92 va 13,84 pug/mL [89].

Theo nghién ciru vao nim 2012, patchoulol phéan lap tir loai P. cablin, da thé
hién hoat tinh @rc ché virus cam HIN1 dén 99,8% véi gia tri ICso 1a 2,6 uM [90].
Nghién ctru cia Wu va cong su (2013), patchoulol tc ché hoat dong cua virus cum A
(H2N2) voi gid tri ICso 1a 4,0 uM. Trong md hinh in vivo gdy cum trén chudt,
patchoulol cho thay kha ning chéng lai sy 1dy nhiém virus ¢ lidu 5 mg/kg/ngay [91].
Hop chit nay ciing da thé hién hoat tinh khang virus HIN1 phu thudc liéu véi gi tri
ICso 1a 2,64 uM [90].

Tom lai, cac nghién ctru vé tac dung khang virus cta chi Pogostemon Desf. chi
mai tap trung vao loai P. cablin. Vi hoat tinh manh trén nhiéu ching virus, loai P.
cablin dugc nhidu nha khoa hoc danh gia 1a ngudn khang virus tiém ning [92].
1.1.4.6. Hoat tinh chong oxi héa

Trong chi Pogostemon Dest., hoat tinh chéng oxi hoa da dugc nghién cuu &
loai P. stellatus va P.cablin.

Dich chiét ethyl acetat ctia lodi P. stellatus c6 kha ning chdng oxi hoa, bat gdc
tu do DPPH va ABTS véi cac gia tri ICso twong ung la: 34,11 va 16,29 pg/mL, hoat
tinh nay yéu hon so v&i chimg dwong Trolox véi ICso 1a 1,16 va 1,17 pg/mL va acid
ascorbic voi ICso 14 0,68 va 0,77 pg/mL [71].
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Tinh dau cua loai P. cablin da dugc bao cao kha ning bat gbc tw do DPPH. Tuy
nhién, hoat tinh nay yéu hon nhiéu so v6i chimg dwong butylated hydroxytoluen, thé
hién qua gia tri ICso ctia tinh dau va ching duong 1an luot 1a 225 va 9,9 pg/mL [93].

Hoat tinh chdng oxi hoa ctia chi Pogostemon Desf. duoc nghién ctru con kha it.
Tac dung cua céc loai néu trén 1a yéu hon so véi chimg duong trong cac thir nghiém.
1.1.4.7. Mt sé tdc dung sinh hoc khac

Dich chiét n-hexan cta 1a cdy P. cablin c¢6 kha ning chéng non trén ga con.
Patchoulol, pachypodol, pogostol va retusin co trong tinh dau ctia loai nay da thé hién
kha ning chong nén véi muc lidu tir 10-50 mg/kg [94]. Ngoai ra, tic dung giam ho,
long dom cua loai nay ciing da dugc ching minh trén moé hinh giy ho & chudt bang
amoniac va do ndng dd phenol do trong dich rira khi phé quan chudt [95].

Gan day, nam 2016, nhém nghién ctru nguodi Nhat Ban da khao sat so bd tac
dung an than cta loai P. cablin. Cac 16 chudt thi nghiém dugc hit dich chiét n-hexan
cua loai voi cac néng do 0,01, 0,1 va 1 mg/léng. Sau d6, chudt duge tién hanh do van
dong. Két qua nghién ctru, dich chiét n-hexan cua loai P. cablin thé hién hoat tinh an
than phu thudc vao lidu nghién ciru [96]. Ngoai ra, dich chiét nude cta loai P. cablin
da dugc bdo cdo kha nang bao v€ va duy tri sy linh hoat ciia mang cac té bao biéu mod
duong rudt bang cach kiém soat ham luong NO va cac yéu té hoai ttr khéi u c6 trong
huyét thanh. Qua két qua cta nghién ctru ndy, loai P. cablin ¢o trién vong trong viéc
bao vé dudng tiéu hoa chdng lai chin thuong hodc phiu thuat [97].

Patchoulol da dugc bao cdo tac dung bao vé trén mo hinh gay ton thuong phoi
cap tinh (ALI) ¢ chudt bang lipopolysaccharide (LPS). Két qua cua nghién ctru nay da
ching minh viéc sir dung patchoulol truéc khi giy ton thuong phoi chudt lam ting
dang ké ty 1é séng. Cu thé, 16 chudt bi giy ton thuong phdi bang LPS c6 kha ning
sdng sot 1 20%. O 16 chudt dugc st dung patchoulol trong 5 ngay véi liéu 10, 20 va
40 mg/kg ty 1é song twong Gng 1a 35, 40 va 55%. Ngoai ra, patchoulol con 1am giam
t6n thuong mo bénh hoc va hién tuong phu phoi. Hon nita, patchoulol trc ché dang ké
biéu hién cua cac yéu té gdy viém nhu yéu t6 hoai tir khéi u (TNF-0) va interleukin 6

(IL 6) trén m6 hinh chudt gay ton thuong bang LPS [98].

23



Dich chiét loai P. auricularius d3 dugc béo cio tac dung chdng tiéu chay, lam
tan huyét khdi va uc ché enzym o-amylase. Cac hoat tinh sinh hoc cua loai nay dugc
trinh bay rd ¢ muc 1.2.2.

Mot s6 hoat tinh quan trong cta chi Pogostemon Desf. c6 thé ké dén 1a khang
khuan, khang ndm, khang virus, giam dau chong viém, chéng oxy hoa. Péi tugng
nghién ctru chu yéu 1a tinh dau hodc dich chiét cta cac loai. Bén canh do, mot sd hop
chat da phan lap ciing dugc nghién ciru sdu hon vé hoat tinh nhu pogoston hay
patchoulol. Nhin chung, cac nghién ctru vé tic dung sinh hoc cua chi Pogostemon
Desf. con khé khiém ton, tuy nhién da gop phan giai thich dugc cong dung cta mot s6
loai trong Y hoc dén tdc va cho thay tiém ning 16n dé phét trién thanh thudc hay thuc
pham chirc ning ctia nhiéu loai trong chi nay.

1.1.5. Cong dung trong Y hoc co truyén
1.1.5.1. Poi véi Y hoc ¢é truyén thé giGi

Céc loai trong chi Pogostemon Desf. duoc tim thdy ¢ nhiéu noi trén thé gioi,
dic biét 1a cac nude nhiét d6i va can nhiét d6i véi nhiu cong dung khac nhau. Theo
téng quan tai liéu, c6 khoang 12 trong tong sd 94 loai ctia chi nday dugc sir dung trong
Y hoc ¢b truyén va Y hoc dan tdc, bao gém: P. cablin, P. auricularius, P. parviflorus,
P. elsholtzioides, P. amaranthoides, P. heyneanus, P. myosuroides, P.
plechtranthoides, P. villosus, P. purpurascens, P. glaber va P. benghalensis. Cong
dung duoc tim thay nhiéu nhat ctia cac loai thudc chi Pogostemon Desf. 1a giup sat
trung, lam sach vét thuong, giai doc bo cap va ran cén, chira tiéu chay, ha s6t, giam
dau va chéng viém [2].

Trong 12 loai ndy, P. cablin duoc sit dung phd bién nhit & Trung Qudc, Nhat
Ban, An Do, Malaysia, Philipins v.v. voi nhiéu tic dung [2]. Tinh dau cta loai nay
duoc dung dé diéu tri cam lanh, chira ngtra [99]. Cac bd phan khac nhu ré ciy duoc
ding chira dau dau va tiéu chay; than va 14 c6 tic dung chdng ndn va tri nim [2]. Pic
biét, duoc liéu ndy con 1a thanh phan ctia mot sé san pham dong dugc duge ding diéu
tri viém [100], [101].

Theo Y hoc ¢b truyén An Do, loai P. parviflorus dugc st dung dé giap cAm

mau; ré duge st dung nhu thudc bd cho phu nit sau sinh, dic biét c6 thé chira xuat
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huyét tir cung [2]. Céc loai P. elsholtzioides, P. amaranthoides va P. heyneanus con
dugc ngudi dan An D6 sir dung tri ho va hen suyén [2].

O Trung Qudc, loai P. glaber con duoc dung chira ho ra mau, bé kinh va kinh
nguyét khong déu, dung giai nhiét, loi ticu va lam thudc bo [7]. Tinh dau P.
benghalensis c6 cong dung 1am mém va sin da [2].
1.1.5.2. Poi véi Y hoc ¢é truyén mude ta

M5t s6 loai thudc chi Pogostemon Dest. da dugc st dung lam thude & nuée ta.
Hoac huong (P. cablin) dugc ngudi dan dung dé chira dau bung tiéu chay, phong thap,
cam mao, lam thudc bo than kinh va kich thich tiéu héa. Trong phuong thudc Hoéc
huong chinh khi tan, Hoac huong déng vai tro 1a vi quan. Phuong thudc nay dugc
dung trong trudng hop ngoai cam, kém in, nguc bung diy tirc kém theo non va tiéu
chay, viém rudt cip c6 triéu ching cia biéu han ndi thap. Ngoai ra, tinh dau Hoac
huong rat thom va co gié tri kinh té cao [1], [8].

Loai Tu hung hoa nho (P. parviflorus) lai duoc nguoi dan st dung nhiéu nham
sat tring cac vét thuong hay chita ran cin [1], [8]. Loai nghién ctru P. auricularius
dung phé bién véi cong dung chira dau da day, cam sbt, viém hong [7], [8] va dugc
trinh bay rd ¢ muc 1.3.4.

Theo tong quan tai liéu, c6 khoang 8 loai trong s6 96 loai ctia chi dugc nghién
ctru vé thanh phan héa hoc va hoat tinh sinh hoc, qua d6 cho thdy con rat nhiéu loai
chua dugc nghién ctru. Vi vay trong tuong lai, hod thuc vat va hoat tinh sinh hoc cua
cac loai trong chi Pogostemon Desf. can duoc tiép tuc nghién ctru siu va rong hon
nham kham ph4 cac cau tric méi va hoat tinh méi, lam sang to co ché tac dung ciing
nhu mdi quan hé ciu tric - hoat tinh cua cac hoat chat, dong gbp vao kién thirc vé hoa
hoc cac hop chét thién nhién ciing nhu tim kiém cac hop chit ¢ hoat tinh sinh hoc tot
hudng dén tac dung diéu trj.

1.2. Giéi thiéu vé loai Pogostemon auricularius (L.) Hassk.

Loai Pogostemon auricularius (L.) Hassk. (synonym: Dysophylla auricularia
(L.) Blume, Mentha auricularia L.) thuong dugc goi 1a cay Tu hung tai hay Co co [1],
[24].
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Pogostemon auricularius (L.) Hassk. thuéc ho Lamiaceae, b Hoa mdi
(Lamiales), phan 16p Hoa moéi (Lamiidae), 16p Ngoc lan (Magnoliosida) va nganh
Ngoc lan (Magnoliophyta) [2], [9], [10].

Tu hung tai 13 thuc vat wa sang va 4m nén ciy thudng phan b ty nhién ¢ khu
vue ven sudi, bo rudng hodc bai hoang tur thép dén d6 cao khoang 1000 m [1], [25].
Loai Tu hung tai phan bd kha rong, moc tuy nhién & An D9, Sri Lanka, Bangladesh,
Trung Quéc, bong Nam A: Thai Lan, Indonesia, Campuchia, Myanmar, Viét Nam,
Lao, Philippines va Malaysia. Cay ra hoa, két qua tir thang 4 dén thang 11 [1], [25].
1.2.1. Thanh phin héa hoc

Cho dén nay, cac nghién ctru vé loai Tu hiing tai trén thé gi6i ciing nhu trong
nuée ta con kha khiém tén. Nam 1954, Arthur tién hanh khdo sat voi 205 loai thuc vat
& Bac Borneo (Malaysia), dd ghi nhan thanh phan alcaloid c6 trong 14 cta loai nay
[102]. Gan day nhét, Kamaleswari va cong sy (2016) da cong bd cac nhom chat chinh
c6 trong loai bao gom: alcaloid, phenolic, tanin, flavonoid, glycosid tim, phytosterol,
tinh dau va chat béo; v6i ham luong tinh diu trong 14 cta loai thu hai & An P9 khoang
9,9% [41].

Nghién ctru chiét xuat va phan lap dau tién cia loai Tu hung tai duogc cong bd
tir ndm 1987. Nhom tac gia di tach dugc 4 diterpen méi tai thoi diém cong bd bao
gom: cleistanth-13,15-dien-19-oic (acid auricularic) (58) [65], 7-hydroxycleistanth-
13,15-dien-18-oic (59), 7-acetoxycleistanth-13,15-dien-18-oic (60) va
(4R,55,8R.98,108,14R)-cleistanth-12,15-dien-19-0ic  (61) [66]; ciu tric cua cac
diterpen nay da duoc thé hién & hinh 1.2.

Cho dén nay, ¢ nuéc ta di c6 hai nghién ctru vé loai Tu hung tai. Nghién ctru
ctia Tran Huy Thai va cong su da chi ra thanh phan tinh dau trong 14 loai thu héi tai
Pht Tho khoang 1,3 %. Bang phuong phap GC-MS, nhom tac gia da xac dinh 26 hop
chat trong tinh diu cta loai bao gébm cac thanh phan chinh: 1,1,7,7a-tetrametyl-
1a,2,3,5,6,7,7a,7b-octahydro-1H-xyclopropa[A]naphthalen, f-panasinsen, a-panasisen
[28]. Gan day vao nam 2018 voi loai Tu hung tai thu hai tai Pa Nang da tim thay 213
hop chét, chu yéu 1a cac sesquiterpen, diterpen trong thanh phan tinh dau. Ham luong

ctia thanh phan chinh duoc tim thiy trong tinh dau than, 14 va hoa twong tmg la f-
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caryophyllen (20,7%; 31,5% va 30,8%), (E,E)-geranyl linalool (19,6%; 14,0% va
19,4%), a-humulen (8,9%; 14,1% va 14,0%), a-ylangen (4,4%; 6,8% va 8,6%) va
cembren (3,2%; 5,8% va 4,3%) [42].
1.2.2. Hoat tinh sinh hgc va dgc tinh

Cho dén nay, d3 c6 mot s6 cong trinh nghién ciru vé tic dung sinh hoc cua loai
Tu hung tai.
1.2.2.1. Hoat tinh khang viem

Nghién ctru ctia Nur va cong su vao nam 2015 di cho thay dich chiét ethanol,
cac cao chiét phan doan n-hexan va cloroform da {rc ché su ly giai hong cau twong ddi
manh so v&i chimg dwong acid acetyl salicylic, diéu d6 dugc thé hién qua cac gia tri
ICso 1an luot 14 34,09; 33,56; 35,23 va 45,23 pg/mL [6].
1.2.2.2. Hoat tinh khang vi sinh vat

Ciing trong nghién ctru ciia Nur va cong sy, hoat tinh khang khuan va khang
ndm cta loai Tu hing tai dugc danh gia bang phwong phap do dudng kinh vong vo
khuén trén dia thach. Dich chiét ethanol va dich phan doan cloroform cua loai thé hién
kha nang trc ché manh sy tang truong cia mot sd chiing vi khuan, vi nAm nhu Shigella
dysentariae, Pseudomonas aeruginosa, Escherichia coli, Microsporum sp.,
Trichophyton sp. va Bacillus subtilis; Grc ché trung binh v6i mot s6 chung khac nhu:
Bacillus megaterium, Bacillus cereus, Staphylococcus aureus, Shigeela sonnei,
Salmonella typhi, Aspergillus niger, Candida albicans, Pityrosporum ovale va
Cryptococcus neoformans; voi dudng kinh vong vo khuan tir 7-21 mm [6].
1.2.2.3. Tdc dung lam tan huyét khoi

Nam 2015, Nasir va cong su da bdo cdo kha nang lam tan huyét khdi cua dich
chiét methanol tir 14 loai Tu hung tai v6i hiéu lyc 1am tan huyét khdi 42,23%, trong khi
chung duong streptokinase va chung am la nudc cé hiéu luc lan luot 1a 175,18 va
15,82% [5].
1.2.2.4. Tdc dung chong tiéu chay

Thir nghiém thyc hién véi mo hinh gy tiéu chay bang magie sulfat trén chudt
vé6i lidu 500 mg/kg. Dich chiét ethanol, phan doan n-hexan va chloroform cia loai Tu

hung tai 1am giam s 1an dai tién so voi trudng hop khong duoc dung thube. Trong do,
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phan doan chloroform di thé hién hoat tinh manh gin bing v&i ching duong
loperamid, s6 lan dai tién giam 58,31% so voi chimg am khong dung thude [6].
1.2.2.5. Kha ndng ikc ché enzym a-amylase

a-amylase 1a mdt enzym c6 vai tro xtc tac thiy phan tinh bot thanh duong.
Viéc trc ché enzym nay c6 thé giup kiém soat ndng do glucose. Cac phan doan n-hexan
va cloroform ctia loai Tu hung tai duoc ghi nhan c6 kha ning trc ché hoat dong enzym
o-amylase. Tuy nhién, tic dung ctia hai phan doan nay yéu hon so v6i ching duong 13
acarbose, diéu nay duoc thé hién qua cac gia tri ICso twong tng ctia phan doan n-hexan
va cloroform lan luot 12 111,4 va 33,94 so voi ching duong 1 7,19 pug/mL [6].
1.2.2.6. Boc tinh

Bén canh cac hoat tinh sinh hoc da dugc bao céo, doc tinh cua Tu hung tai ciing
da duoc nghién ctru dé chirmg minh tinh an toan cta loai ndy trong dinh hudng sir dung
lam thudc. Nur va cong sy di dénh gia doc tinh cdp cua dich chiét toan phan ethanol
cua loai trén chudt va xac dinh LDs 1a 3,3 g/kg [6].

Nhu vay, cac nghién cuu vé hoat tinh sinh hoc cua loai Tu hung tai con kha
khiém ton. Dich chiét téng va dich chiét phan doan cua loai da thé hién tac dung trén
mot s6 mo hinh in vitro nhu: khang viém, khang vi sinh vat, kha nang 1am tan huyét
khéi, chong tiéu chay va trc ché enzym o-amylase, tuy nhién co ché tic dung van chua
duogc 1am rd. Ngoai ra, tinh an toan cta cdy thudce ndy ciing da duoc bao cio [5], [6].
1.2.3. Cong dung trong Y hoc co truyén
1.2.3.1. Trén thé gidi

Loai Tu hung tai dugc tim thdy ¢ nhiéu noi trén thé gidi, dac biét 1a cac nudc
nhiét d6i va can nhiét d6i véi nhidu cong dung khac nhau, tuy nhién cha yéu duoc
dung dé sat khuan, giam dau va chéng viém.

Theo Y hoc ¢ truyén Bangladesh, Tu hung tai dugc cac bo lac Tanchongya -
Kongmain st dung dé sic thanh nuéc uéng, diéu tri bénh udn van [103]. O Java,
Indonesia, 1a ctia cay dugc sir dung dé chita dau da day va cac van dé vé tiét niéu ¢ tré
nho. Tai Malaysia, nguoi ta 1dy toan ciy gid ddp 1én bung chita dau bung tiéu chay va
nudc sic toan cdy dung ria tri thip khdp [7], [104]. Theo Y hoc cd truyén Trung

Quéc, loai nay duoc dung dé tri mo6 hoi trom ¢ ngudi gia va tré em [7], [25]. O An D9,
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tu hung tai chu yéu duoc sir dung dé chira tri vét thuong bi ran cin [105]. Nudc sic tir
14 ctia loai con ¢6 tac dung ha sot [2].
1.2.3.2. O trong nudc

Cay c6 tinh mat, vi chat, vdi tac dung ti€u viém, giam dau, lam lanh vét thuong,
thuong dugc st dung chita cam s6t, sbt rét, viem hong, ran cin, 16 ngura ngoai da,
eczema. Liéu dung ciia loai khoang 12-24 g tuoi hodc 10-15 g khd, sir dung duéi dang
thudc sic; khi ding ngoai thi thudng gid cay tuoi va 14y dich chiét dap hodc dun soi dé
rira [7]. Ngoai ra cdy con dugc ding chira dau da day, rdi loan tiéu hoa, dau than, té
thap [1].

Tom lai, theo tong quan tinh hinh nghién ciru trén thé gidi, thanh phan héa hoc
ctia loai Tu huing tai d4 xac dinh cac nhom chat tiém niang nhu diterpen, flavonoid, tinh
dau, alcaloid, glycosid tim. Pac bi¢t, da phan 1ap dugc 4 diterpen moi tai thoi diém
cong bd. Cac diterpen ndy chua duge tim hiéu siu vé tic dung sinh hoc, tuy nhién,
trong qué trinh nghién ctru vé hop chat thién nhién, nguoi ta nhan thdy rang nhom
diterpene thé hién nhiéu hoat tinh t6t nhu: khang ung thu, tiéu duong, khang khuan,
khang ndm, khang virus, khang viém va mot s6 tac dung khac [106], [107], [108],
[109], [110]. Piéu nay cho phép ta ky vong vé viéc phat hién cac hop chat méi co hoat
tinh tot trong thanh phan cua loai. O nuéc ta, loai Tu hing tai phan b kha rong véi
nhiéu cong dung trong Y hoc cd truyén dan toc. Tuy nhién ,cho dén nay chi c6 hai
nghién ctru trén loai nay vé thanh phén tinh dau. Do d6, hoa thuc vat va hoat tinh sinh
hoc cua loai Tu hung tai can duoc tiép tuc nghién ctru sdu hon va rong hon, nhim
dong gop vao kién thirc hoa hoc cac hop chit thién nhién cia chi ndy, dong thoi kiém
chtng, 1am rd cic cong dung cia cdy thude ciing nhu tim kiém cac hop chat méi co
hoat tinh sinh hoc. Vi vy, dé tai: “Nghién ctru thanh phén hoa hoc va mot sb tac dung
sinh hoc cua loai Tu hung tai (Pogostemon auricularius L. (Hassk.) ho Lamiaceae” 1a
can thiét. Két qua nghién ciru cua dé tai s& cung cap nhiing thong tin vé thanh phan
hoa hoc cua chi Pogostemon Desf. n6i chung va loai Tu hung tai thu hai ¢ Viét Nam
néi riéng, dong thoi ciing gop phan danh gia mot sb tac dung sinh hoc ctia loai thu hai

0 Viét Nam.
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Phan 2. POI TUQNG, NGUYEN VAT LIEU VA PHUONG
PHAP NGHIEN CUU

2.1. Poi twong nghién ciru

Nguyén li€u nghién ctru 1a than va 14 cua cay Tu hung tai thu hai tai thon Chénh
Vénh, xa Huodng Phung, huyén Hudéng Hoa, tinh Quang Tri (N16°44'38,9";
E107°14'51,1") vao thang 2 nam 2016. Tén khoa hoc dugc giam dinh bdi Tién si
Nguyén Thé Cuong, Vién Sinh théi va tai nguyén sinh vat, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam 1a Pogostemon auricularius (L.) Hassk. (Phiéu giam dinh ngay
04/8/2016 cua Vién Sinh théai va Tai nguyén sinh vat, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam - Phu lyc 1). Mau tiéu ban c6 di co quan sinh dudng va co quan
sinh san dugc luu trir tai Khoa Duogc, Truong Pai hoc Y - Duoc, Pai hoc Hué.

Cay Tu hung tai thu hai tuwoi duoc sir dung dé nghién ciru diac diém hinh thai.
Phan 16n nguyén li¢u con lai dugc rira sach, thai nho, séiy kho ¢ 50-60°C, xay thanh
bot thd va bao quan & noi kho thoang dé tién hanh cac nghién ctru vé thanh phan hoa
hoc, doc tinh cip va tac dung sinh hoc.

2.2. Vat liéu nghién ciru
2.2.1. Dung méi - Héa chat

- Cac dung méi dat tiéu chuan phan tich theo quy dinh ctia Dugc dién Viét Nam
V (methanol, ethanol, n-butanol, ethyl acetat, cloroform, dicloromethan, n-hexan).

- Cac dung mdi dat tiéu chuan sir dung cho may sic ky 1ong hiéu ning cao diéu
ché (PHPLC): methanol 99,9%, acetonitril 99,9% dugc san xuét boi hang Merck -
Duc.

- Céc chét chuan dung trong nghién ciru tic dung sinh hoc: Pdi ching duong:
NY-Methyl-L-arginin acetate > 98% (L-NMMA), ellipticin > 97%, camptothecin >
90% chuan dugc san xuat boi hang Sigma-Aldrich (Hoa Ky).

- Méi truong Dulbecco's Modified Eagle's Medium (DMEM), thiazolyl blue

sulforhodamin B 75%, natri nitrit > 99%, sulfanilamid > 98%, N-I-

tetrazolium bromid > 97,5% (MTT), carrageenan, acid trichloracetic > 99%,

napthylethylenediamin dihydrochlorid > 98%, dimethyl sulfoxid > 99,9% (DMSO),
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lipopolysaccharid (LPS) tir Escherichia coli, phic hop phtic hgp Avidin-Biotin-
Peroxidas, dém Phosphat buffered saline (PBS), co chit  3,3'.5,5-
Tetramethylbenzidine > 99% (TMB), thudc thtr Tris(hydroxymethyl)aminomethan
99,9% (Tris), 2'-[4-ethoxyphenyl]-5-[4-metyl-1-piperazinyl]-2,5'-bi-1H-benzimidazol
trihydrochlorid trihydrat > 97% (Hoechst 33342), co chat N-Acetyl-Asp-Glu-Val-Asp
p-nitroanilide > 97% (DEVD-pNA) va bo kit caspase-3 dugc san xuét boi hang Sigma-
Aldrich (Hoa Ky).

- Thudc thir Griess (Promega Cooperation, W1, Hoa Ky).

- Huyét thanh bao thai bo (FBS) Gibco-brl (Hoa Ky).

- Trypsin EDTA va bo kit Annexin V FITC/PI dugc san xuat béi hang
Invitrogen (Hoa Ky).

- B6 dinh lugng interleukin 6, interleukin 10 va yéu t6 hoai tir khdi u (TNF-a)
duogc san xuit boi hang BioVision (Hoa Ky).

- Dung dich nuéc mubi dang truong tiét tring duge san xuat boi hiang Ugo basile
Y).

2.2.2. Trang thiét bi, dung cu
2.2.2.1. Trang thiét bi, dung cu sir dung trong nghién ciru héa hoc

- Dung cu thuy tinh: cdc c6 mo, binh nén, diia thuy tinh, 6ng nghiém, binh dinh
mtrc nhiéu thé tich

- Sic ky ban méng (TLC) dugc thuc hién trén ban mong tring sin DC-
Alufolien 60 F254 - Merck 1.05715 va RP-18 F254s - Merck (Puc).

- Micropipette Human 100, 200, 1000 uL (btc).

- Sac ky cot dugc tién hanh voi chat hap phuy 1a silica gel pha thuong 60 N,
spherical, 40-50 pm, Kanto Chemical Co., Inc., Tokyo (Nhat Ban), silica gel pha dao
RP-18 Fuji Silysia Chemical Ltd, Kasugai, Aichi (Nhat Ban) va sic ky loc qua gel
Sephadex LH-20 Dowex® 50WX2-100, Sigma-Aldrich (Hoa Ky) tai Pai hoc Y -
Duogc, Pai hoc Hué.

- Sic ky long hiéu niang cao diéu ché (PHPLC) duoc trién khai trén hé thong
may Agilent Technologies 1260 Infinity II, serial DEAEWO01659 (Agilent
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Technologies, Hoa Ky), cot Zorbax SB-C18 (c& hat 5 um; 9,4 x 250 mm), dau do
DAD tai Pai hoc Y - Dugc, Pai hoc Hué.

- Hé thong may c6 quay dung tich 20L Buchi Rotavapor R220 (Thuy Si), hé
thong may co6 quay dung tich 1L Buchi Rotavapor R300 (Thuy Si) tai Pai hoc Y -
Duogc, Pai hoc Hué.

- May thdi mau Eyela MG2200 (Nhat Ban) tai Pai hoc Y - Dugc, Pai hoc Hué.

-Tua séy Memmert (Ptrc), Ptrc tai Pai hoc Y - Duogc, Pai hoc Hué.

- Can phan tich Sartorius CPA224S, d6 chinh xac 0,0001 g (Puc) tai Pai hoc Y
- Duoc, Pai hoc Hué.

- Pho khdi phan giai cao (HR-ESI-MS) duoc do trén may Agilent 6530
(Agilent, Hoa Ky) tai Vién Hoéa sinh bién, Vién Han 1am Khoa hoc va Coéng nghé Viét
Nam va trén mdy Bruker MicrOTOF-Q 10187 (Hoa Ky) tai Phong Thi nghi¢m phan
tich trung tdm, Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Thanh phé HO
Chi Minh.

- Phé ludng sic tron (CD) duoc do trén may Jasco J-805 Spectropolarimeter
(Nhat Ban) tai Vién Hoa sinh bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

- Phd cong huong tir hat nhan mot chiéu ("H-NMR, '*C-NMR) va hai chiéu
(HSQC, HMBC, COSY, NOESY) dugc do trén may Bruker AMS500 FT-NMR
Spectrometer (Hoa Ky) va may Bruker Avance 500 (Hoa Ky) véi TMS 1a chat chuan
ndi tai Vién Hod hoc, Vién Han 1am Khoa hoc va Céng ngh¢ Viét Nam.
2.2.2.2. Trang thiét bi, dung cu sir dung trong nghién cieu tdc dung sinh hoc

- Budng dém té bao (Fisher, Hoa ky), dia 96 giéng nhua - Corning (Hoa Ky) tai
Vién Cong ngh¢ Sinh hoc, Vién Han 1am va Khoa hoc Viét Nam.

- Méy doc ELISA 96 giéng - Bio-rad (Hoa Ky) tai Vién Cong ngh¢ Sinh hoc,
Vién Han 1am va Khoa hoc Viét Nam.

- Bé siéu am Elmasonic S100H (Pirc) tai Vién Cong nghé Sinh hoc, Vién Han
lam va Khoa hoc Viét Nam.

- Kinh hién vi huynh quang Axio Plan 2 — Carl Zeiss (Dirc) tai Vién Cong nghé

Sinh hoc, Vién Han lam va Khoa hoc Viét Nam.
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- Micropipette - Rainin (Nhat Ban) va Multi Channel Pipette - CAPP (Puc) tai
Vién Cong ngh¢ Sinh hoc, Vién Han 1am va Khoa hoc Viét Nam.

- T lanh - 80°C Sanyo (Nhat Ban) tai Vién Cong ngh¢ Sinh hoc, Vién Han 1am
va Khoa hoc Viét Nam.

- Can phan tich HR-250AZ (Han Qudc) sai s6 0,0001 g. Can phén tich Satorius
(Pric) sai s6 0,001 g. Can suc vat (Satorius - Ptic) dung dé can chudt tai Vién Dugc liéu.

- Chuéng nhét chudt, binh uéng nude, kim dau t, xilanh, panh, kéo va céac thiét bi
can thiét khac.

- Dung cu thuy tinh: cdc c6 mo, binh nén, diia thuy tinh, 6ng nghiém, binh dinh
mtrc nhiéu thé tich
2.2.3. Pong vat thuc nghiém

- Chudt nhét tring ching Swiss albino trudéng thanh (trong lugng tir 20-25 g)
dugc st dung trong nghién ctru nay do Hoc vién Quan Y cung cap.

- Moi quy trinh thi nghiém tuin thi chit ché theo huéng din chim soc va s
dung dong vat trong phong thi nghiém cua Vién Dugc liéu.
2.2.4. Té bao thyc nghiém

- Dong té bao RAW 264.7 duoc cung cép bdi Domenico Delfino, Pai hoc
Perugia, Y.

- Dong té bao Hep-G2 (ung thu gan ngudi), AGS (ung thu da day nguoi), KB
(ung thu biéu mé nguoi), LU-1 (ung thu phodi ngudi) va SW-480 (ung thu rudt két
nguodi) duge cung cép boi J. M. Pezzuto, Pai hoc Hawaii, My va GS. Jeanette Maier,
Pai hoc Milan, Y.
2.3. Phuong phap nghién ctru
2.3.1. So dd thiét ké nghién ciru

Luan an duoc thiét ké nghién curu theo so dd Hinh 2.1.
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Xéc dinh cAu trac hod hoc

Hinh 2.1. So do thiét ké nghién ciru

2.3.2. Phwong phap nghién ctru thue vat
2.3.2.1. Phan tich, mo ta hinh thai thuc vat

Quan sat, mo ta dac diém hinh thai di€u ki¢n sinh trudng va phat trién cta cay

Tu hung tai tai thuc dia theo phuong phép ghi tai cac tai liéu [111], [112]. Chup anh,

thu hai va lam tiéu ban mau kho. Mau tiéu ban kho voi day di co quan sinh dudng

(than, 14 va ré) va co quan sinh san (hoa) dugc luu trir.

2.3.2.2. Giam dinh tén khoa hoc

Giam dinh tén khoa hoc bang phuong phép so sanh phan tich dic diém hinh thai

cua cay, bd phan sinh san, so sanh voi tiéu ban luu trlr va tai liéu phan loai thyc vat

[1], [7], [25], [26] ddng thi so sanh véi céc tiéu ban luu giit tai Vién Sinh thai va Tai

nguyén sinh vat, Vién Han 1am Khoa hoc va Cong nghé Viét Nam cung véi su hé tro

cua nha khoa hoc chuyén nganh thyuc vt hoc.

2.3.3. Phuwong phap nghién ciru thanh phan héa hoc

Nghién ctru thanh phﬁn hoa hoc duoc thuc hién tai tai Khoa Duoc, Pai hoc Y -

Duoc, Dai hoc Hue.
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2.3.3.1. Phurong phdp dinh tinh céc nhém hop chdt bang phdn ieng héa hoc

Pinh tinh cac nhom chat hitu co chinh trong dich chiét toan phan theo céc tai
liu [113], [114].

- Pinh tinh glycosid tim: Phan ung Liebermann - Burchard, phan tmg Baljet,
phan ung Legal va phan ung Keller - Kiliani.

- Dinh tinh flavonoid: phan tng Cyanidin, phan ung v6i NaOH, phan ung voi
FeCls, phan tng v6i hoi amoniac.

- Pinh tinh saponin: hién tugng tao bot, phan ing Salkowski va phan tng
Liebermann - Burchard.

- Pinh tinh coumarin: phan tng md& dong vong lacton, phan ing Diazo va phan
g chuyén tir ddng phan cis sang ddng phan trans dudi tic dung cua tia tir ngoai.

- Dinh tinh tanin: phan ung véi FeCls, phan ting véi dung dich gelatin 1% va
phan tng vdi chi acetat.

- Dinh tinh anthranoid: phan ting Borntraeger va vi thang hoa.

- Pinh tinh alcaloid: phan tmg véi thudc thir Mayer, Dragendorff va
Bouchardat.

- Pinh tinh chét béo: vét mo trén gidy loc.

- Dinh tinh steroid: phan tng Liebermann.

- Pinh tinh acid hitu co: phan Gmg véi tinh thé Na,COs.

- Pinh tinh acid amin: phan g véi thude thir Ninhydrin.

- Pinh tinh duong khir: phan Gmg véi thude thir Fehling.
2.3.3.2. Phurong phdp chiét xudt va phan ldp cdc hop chat

a. Chiét xudt

Mau nghién ctru thu héi tai huyén Huéng Héa, tinh Quang Tri dugc rira sach,
thai nho, séy kho ¢ 50-60°C, sau d6 xay thanh bot thé. Dich chiét toan phén thu duoc
bang cach st dung phuong phap ngam bt thd dugc liéu trong methanol ¢ nhiét do
phong, mdi 1an ngam kéo dai 07 ngay, sau dé, thay methanol méi va tién hanh dot

chiét tiép theo. Thinh thoang khudy tron 16p bot dugc lidu dé gia tang hiéu qua chiét.
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Két thuc 3 dot chiét, dich chiét duoc gop lai va dugc tién hanh loai dung méi duéi ap
sut thap thu dugc cao toan phan.

Phuong phap chiét xuat phan doan thyc hién bang cach phéan tan cao toan phan
trong nudc roi tién hanh chiét xuat phan bd 10ng-1ong véi cac dung moi hitu co cd do
phan cyc tang dan: n-hexan, dicloromethan, ethyl acetat. Loai dung méi thu duoc cao

tuong Ung cua timg phan doan n-hexan, dicloromethan, ethyl acetat va phan nudc con

lai [115], [116], [117], [118].

b. Phan lap

Qua trinh phan lap cac hop cht ty nhién phan 16n s dung phwong phap sac ky
cot ho va hé thong sac ky 1ong hidu nang cao diéu ché. Sac ky 16p mong silica gel pha
thuong (Merck, Kieselgel 60 F»ss) hay pha dao RP18 (Merck, RP-18 Fass) dugc st
dung dé dinh hudng va theo ddi qué trinh phan lap dong thoi gitp kiém tra d6 tinh
khiét cta hop chat phan lap dwoc [115], [116], [117], [118], [119].

- Sdc ky cét hdp phu

Séac ky hap phu véi pha tinh 14 silica gel pha thuong (Silica gel 60, 40-63 pm,
Merck) va silica gel pha ddo YMC RP-18 (Silica gel 30-50 um, Fulisilisa Chemical
Ltd.). Qua trinh phan tach phy thudc chii yéu vao su khac nhau vé 4i luc ctia phan tir
cac hop chit phan tich v6i bé mat pha tinh. Viéc lya chon dugc pha tinh va pha dong
thich hop sé& tao ra qua trinh phan tach t6i wu, t6i da hoa lugng chat phan tich thu dugc
[117], [119]. Phuong phap nhdi cot udt duoc sir dung chu yéu déi véi tat ca cac loai
sic ky cot. Mau dugc nap 18n cot bang cac phuong phap nap nap miu udt va nap miu
kho. Mot sb cot sac ky bﬁng thuy tinh véi cac kich thudce khac nhau nhu 3,3 x 65; 2,3
x 51; 1,5 x 70 va 0,8 x 80 cm thuong dugc st dung tuy thude vao khdi lugng va tinh
chat tho hay tuong ddi tinh sach ciia cao phan tach.

- Sdc ky loc gel

Pha tinh str dung 1a Sephadex LH-20 duoc ciu tao boi nhitng hat ma trén bé
mit ctia n6 ¢ nhimng 18 rdng nho, kich thudc bang nhau. Nhiing chat phan tich c¢6 kich
thudc phan tir 16n s& khong thé xam nhdp sau vao mang ludi cic hat pha tinh, nhiing
chét c6 kich thudc phan tu trung binh s€ xam nhdp mang ludi & mot mac do nhét dinh,

trong khi d6 cac chat c6 kich thudc phan tir nho c6 thé xam nhap mot cach dé dang.
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Chét c6 kich thudc phan tr 16n nhét sé& bi ria giai ra khoi cot dau tién va ctr tiép tuc
nhu vay. Qué trinh phan tach phu thudc vao hinh dang va kich thudc tiéu phan cac
chat phan tich trong hdn hop [117], [119]. M6t sé cot sic ky bang thuy tinh vdi cac
kich thuéc khac nhau nhu 1,8 x 130; 2 x 90 va 0,8 x 80 cm thuong dugc sir dung tuy
thudc vao khoi lwong mau phan tich.

- Sdc ky léng hiéu néing cao diéu ché

Nghién ctru tién hanh phén lap cac hop chat véi hé thong sac ky 1ong hiéu ning
cao diéu ché (PHPLC) Agilent Technologies 1260 Infinity II, serial DEAEW01659
(Agilent Technologies, Hoa Ky), cot Zorbax SB-C18 (cd hat 5 um; 9,4 x 250 mm),
dau do DAD. Tha ty rira giai cac chit ra khoi cot phu thudc vao hé sb phan bd cla
ching véi hai pha hay lién quan dén 4i lyc ctia cac hop chat v6i pha tinh va pha dong.
Thanh phan pha dong mang chat phan tich di chuyén qua cot can duoc khio sat va
diéu chinh dé rira giai cac chat phan tich véi thoi gian hop 1y [117], [119], [120].
2.3.3.3. Phurong phdp xdc dinh cdu triic héa hoc ciia cdc hop chat

Céu trac hoa hoc cua céac hop chit dugc x4c dinh dua vao dir liéu phé khdi lugong

phan gidi cao (HR-ESI-MS), phd cong hudng tir hat nhan mot chiéu (‘H-NMR, *C-
NMR) va hai chiéu (HMBC, HSQC, COSY, NOESY), pho nhj sic tron (CD) va so
sanh voi cac dit liéu phd dd cong bd trong tai liéu tham khao.
2.3.4. Phuong phap nghién ciru ddc tinh cip va tac dung sinh hoc
2.3.4.1. Chudn bi mau thir

a. Sang loc tac dung chong viém irc ché san sinh NO

Mau thir 1a cao chiét toan phan methanol (M) va cac cao chiét phan doan bao
goém: n-hexan (H), dicloromethan (D), ethyl acetat (E) va cao phan nudc con lai (W)
duoc mo ta tai muc 2.3.3.2.

b. Péc tinh cdp va nghién civu tac dung sinh hoc

Duya trén két qua sang loc hoat tinh chéng viém in vitro ctia cao chiét toan phan va
cao chiét phan doan, cao chiét c6 tac dung tic ché san sinh NO manh nhét duoc tiép tuc
tién hanh nghién ctru ddc tinh cép trén dong vat thuyc nghiém va xac dinh liéu LDso. Bén

canh d6, cac hop chét tinh khiét phan 1ap tir phan doan c6 tic dung chdng viém in vitro tot
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nhét s& dugc tién hanh nghién ctru sau hon vé tac dung chdng viém e ché san sinh NO va
tac dung gay doc té bao ung thu.
2.3.4.2. Nghién ciru téc dung chong viém in vitro

a. Panh gid tc dung ikc ché san sinh NO ciia dai thuc bao

Hoat tinh chéng viém duoc danh gia qua kha ning trc ché san sinh NO cua té
bao dai thuc bao chuot RAW 264.7 dugce kich thich bang LPS. Nong d6 NO trong méi
truong thyc nghi€ém duoc xac dinh thong qua phan ng Griess. Phan ung dua trén su
tao phirc mau ctia NO trong thi nghiém & dang nitrit véi thude thir Griess. Do su thay
doi mat do quang tai budc séng 540 nm. Hoat tinh khang viém dugc tién hanh sau khi
kiém tra doc tinh ddi véi té bao bang phuong phap so mau MTT [121], [122].

Tién hanh thi nghiém:

- Mau th:

+ Dich chiét toan phan MeOH (M) va céac chiét xuat phan doan: n-hexan (H),
dicloromethan (D), ethyl acetat (E) va nudc (W).

+ Cac hop chit tinh khiét phan 1ap dugc tir phan doan c6 tac dung chdng viém
in vitro t6t nhat.

- Dong té bao: Té bao dai thuc bao chudt RAW 264.7

- Nubi cdy té bao: Dong té bao dai thuc bao chuét RAW 264.7 duoc nudi cay
trong moi trudng DMEM véi thanh phan kém theo gém L-glutamin 2 mM, HEPES 10
mM va natri pyruvat 1 mM, ngoai ra bd sung FBS 10%. Té bao dugc cdy chuyén sau
3-5 ngay vai ti 18 (1:3) va nudi trong t nudi cdy ¢ diéu kién 37°C, 5% CO, [122].

- Xac dinh kha nang gay doc té bao bang MTT [123]: Mau thir duoc dua vao
cac giéng cua khay 96 giéng dé c6 néng d6 100; 20 ug/mL. Sau khi diéu chinh dé co
mat d6 té bao phu hop, hit 180 mL té bao vao cac giéng cia khay 96 giéng da c6 mau
thir. Trén ciing mot dia thir, bd tri mot sb giéng dé 1am dbi chimg khong c6 mau thir,
chi c6 dung méi pha mau 1a DMSO 10%. Khay thi nghiém duoc dua vao ta 4m nudi
cay trong thoi gian 72 gid véi diéu kién 37°C va 5% CO,. Sau 72 gio, 10 uL MTT
duoc cho vao mdi giéng. Sau 4 gi0, loai bo moéi truong, tinh thé formazan duogc hoa
tan bang 50 uL DMSO 100%. Gia tri OD do & budc song 540 nm bang may quang

phé. Lugng té bao sdng sot s& duoc tinh theo cong thirc:
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OD(chit thiry — OD(déi chimg tring)
% té bao song sot = % 100 (%)
ODmsoy — OD(déi chimg tréng)

- Xéc dinh kha nang uc ché san sinh NO cua té bao dai thuc bao RAW 264.7:
Té bao RAW 264.7 dugc dua vao dia 96 giéng ¢ ndng do 2 x 10° té bao/giéng va nudi
trong ti 4am 24 gid & 37°C va 5% CO,. Tiép theo, moi truong nudi cdy duoc loai bo,
thay bang méi truong DMEM khong c6 FBS trong 3 gio. Té bao sau d6 dugc 0 mau
nghién ctru ¢ cac ndng do6 100; 20; 4 va 0,8 pg/mL trong 2 gio trude khi duge kich
thich san sinh yéu t6 NO bang 1 pg/mL LPS trong 24 gid.

- Béi chimg am 1a giéng khong duoc 0 miu ma chi st dung dung dich pha mau.
Péi chung duong dugc str dung L-NMMA & cac néng d6 100; 20; 4 va 0,8 pg/mL.

- Nitrit (NO2") duoc xem la chi thi cho viéc tao NO, s€ dugc xac dinh nho bo
thudc thtr Griess. Cuy thé, 100 pL moi truong nudi té bao (0 miu) dugce chuyén sang
dia 96 méi va duoc thém vao 100 pL thudc thir Griess (50 pL of 1% (w/v)
sulfanilamid trong 5% (v/v) acid phosphoric va 50 puL 0,1% (w/v) N-1-
naphthylethylenediamin dihydrochlorid pha trong nuéc). Hon hop nay dugc 0 tiép &
nhiét do phong trong 10 phiit va ham luong nitrit s& duge do bang may doc dia 96
giéng & budc song 540 nm.

- Méi truong DMEM khong ¢6 FBS duoc str dung nhu giéng trang. Ham luong
nitrite cta timg mAu thi nghiém dugc xac dinh nho vao dudng cong ham luong chuan
NaNO; va dugc so sanh % véi mau ching am (LPS). Kha ning tc ché san sinh NO
ctia mau dugc xac dinh nhd cong thire :

’ ’ NO(chit thiry — NO(déi chimg am)
% Uc ché = 100 — x 100 (%)

NOdéi chimg duong) — OD(déi ching am)

- Phép thir duoc 13p lai 3 14n va lay gia tri trung binh dé dam bao tinh chinh xac.
Phan tich s6 liéu, xay dung do thi va tinh toan gia tri ICso (ndng do tc ché 50% sy san
sinh NO) s& dugc x4c dinh nho vao phan mém may tinh TableCurve 2Dv4.

b. Pdanh gid kha ning diéu hoa cytokin

Tién hanh thi nghiém
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- MAu thir: Hop chét tinh khiét phan 1ap duoc tir phan doan cao chiét cé tac
dung chdng viém in vitro tot nhat.

- Dong té bao: Té bao dai thyc bao chuot RAW 264.7

- Nubi cdy té bao: Dong té bao dai thuc bao chuét RAW 264.7 duoc nudi cay
trong moi trudng DMEM véi thanh phan kém theo gém L-glutamin 2 mM, HEPES 10
mM va natri pyruvat 1 mM, ngoai ra bd sung FBS 10%. Té bao dugc cdy chuyén sau
3-5 ngay véi ti 18 (1:3) va nudi trong ta 4am CO» ¢ diéu kién 37°C, 5% CO..

- X4c dinh tac dong ctua mau thir dén sy tong hop cac cytokin: Té bao RAW
264.7 dugc dua vao cac giéng thi nghiém cua dia 96 giéng voi luong té bao phu hop (5
x 10* t& bao trong 190 pL méi truong) va i & 37°C qua dém cho té bao 6n dinh. Mau
thir (10 uL) pha trong DMSO 10% dugc dua vao cac giéng ¢ cac nong do khac nhau.
Déi ching 4m 1a giéng khong c6 chat thir nhung c6 té bao (190 pL) va 10 pL DMSO
10%. Sau 2 gid thém LPS véi ndng d6 1 pg/mL vao tat ca cac giéng thi nghiém. Sau
24 ¢i0, thu dich ndi nuoi té bao da duoc thir chat dé xac dinh sy ¢6 mit cua interleukin
6, interleukin 10 va TNF-a c6 trong méi truong nudi cay [124].

- Phuong phép xéc dinh IL-6, IL-10 va TNF-a dugc thuc hi¢n dya trén bd kit
dinh luwong IL-6, IL-10, TNF-a va theo huéng dan cia nha san xuat. Cy thé, thém 100
nL mau thir (méi truong nudi ciy) vao cac giéng thi nghiém va 100 uL dung méi lam
d6i chimg am. U ban & 37°C trong 90 phut. Loai bé dich ndi va thém 100 pL khang
thé IL-6, IL-10, TNF-a gan biotin vao cac giéng thi nghiém. Khay thi nghiém duoc 0 &
37°C trong 60 phut.

- Rira khay thi nghiém 5 1an bang PBS 0,01 M, thém 100 pL phirc hgp Avidin-
Biotin-Peroxidase vao cac giéng thi nghiém. U khay thi nghiém ¢ 37°C trong 30 phut.
Rira khay thi nghiém 5 1an bang PBS 0,01 M, thém 90 pL co chat TMB vao céc giéng
thi nghiém. U khay thi nghiém & 37°C, tranh anh sang trong 20-25 phut, cudi cung,
thém 100 pL dung dich ding phan tng. Két qua duoc doc bang may Tecan GENios
Promicroplate reader & budc song 450 nm [124].

Tinh todn két qud

% sinh cytokin = [(ODmau — ODpblank)/(ODLps — ODpblank)]
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% trc ché sinh cytokin = 100% - [(ODmau — ODblank)/(OD1ps — ODblank)]

- Két qua duoc trinh bay dudi dang TB+SD. Sé liéu duge phan tich bang phan
mém GraphPad Prism 4.0 (GraphPad Software, Inc., San Diego CA). Sai khic co y
nghia théng ké khi P < 0,05.
2.3.4.3. Bdnh gid tdc dung gdy déc mét sé dong té bao ung thie

- Chuan bi mau thu: cac hop chét tinh khiét phan 1ap duoc

- Cac dong té bao: Hep-G2 (ung thu gan nguoi), AGS (ung thu da day ngudi),
KB (ung thu biéu moé nguoi), LU-1 (ung thu phdi ngudi) va SW-480 (ung thu rudt két
nguoi).

- Nuobi ciy té bao: Cac dong té bao ung thu duoc nudi cay dudi dang don 16p
trong moi truong nudi cily DMEM vdéi thanh phan kém theo gdm L-glutamin 2 mM,
natri bicarbonat 1,5 g/L, glucose 4,5 g/L., HEPES 10 mM va natri pyruvat 1,0 mM,
ngoai ra bo sung FBS 10%. Té bao dugc cdy chuyén sau 3-5 ngay véi ti 16 (1:3) va
nudi trong td 4m & diéu kién 37°C, 5% CO..

a. Phwong phdp thir tac dung gdy doc té bao ung thuw véi thuée nhudém SRB

Phuong phép thtr do doc té bao in vitro [125] dugc Vién Ung thu Quéc gia Hoa
Ky (National Cancer Institute - NCI) xac nhan 13 phép thir 46 doc té bao chuin nham
sang loc, phat hién cic chat c6 kha niang kim ham su phat trién hoic diét té bao ung
thu ¢ diéu kién in vitro. Phép thir ndy dugc thuc hién theo phuong phép cua Monks
[125] nham x4c dinh ham lugng tong sb protein té bao dua vao mat dd quang hoc
(Optical Density - OD) do dugc khi thanh phan protein cta té bao duge nhuém bang
Sulforhodamine B (SRB). Gia tri OD may do dugc ti 1& thuin vé6i lugng SRB gin véi
phan tir protein, do d6 lugng té bao cang nhiéu (lwong protein cang nhiéu) thi gia tri
OD cang 16n.

Tién hanh thi nghiém:

- MAu thir (10 puL) pha trong DMSO 10% dugc dua vao cac giéng cta khay 96
giéng dé c6 nong do sang loc 1a 20 pg/mL. Chét thir c6 hoat tinh dugc xac dinh ICso
nhd dai néng d6 100; 20; 4 va 0,8 pg/mL. Té bao thi nghiém dugc trypsin hoa dé lam

10i t& bao va dém trong budng dém dé dicu chinh mat do cho phu hop véi thi nghiém.
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Thém vao céc giéng thi nghiém luong té bao phu hop (trong 190 pL méi trudng) va dé
chung phat trién trong vong tir 3-5 ngay.

- Mot khay 96 giéng khac khong co chét thir nhung c6 té bao ung thu (180 pL)
s& duogc str dung 1am ddi ching ngay 0. Sau 1 gio, dia ddi ching ngay 0 s& dugc cd
dinh té bao bang acid Trichloracetic.

- Sau giai doan phat trién trong ta 4m COa, t& bao duoc ¢b dinh vao day giéng
bang TCA trong 30 phut, dugc nhuém bang SRB trong 1 gio & 37°C. Loai bé SRB va
cac giéng thi nghiém duoc rira 3 1an bang acid acetic 5% roi dé kho & nhiét d6 phong.

- Cudi cung, sir dung thudc thir Tris 10 mM dé hoa tan luong SRB dd bam va
nhudm cac phan tir protein, dwa 1én may lic dia lic nhe trong 10 phut va sitr dung may
doc ELISA dé doc két qua vé ham luong mau cia chat nhuém SRB thong qua phd hap
thu ¢ budc soéng 515 nm.

Tinh todn két qud

- Kha nang séng sot cua té bao khi co mat chat thir sé duge xac dinh thong qua
cong thuce sau:

’ ’ [OD (chit thiy — OD (ngay 0)] * 100
% Té bao song sot =

[OD (4éi chimg am) — OD (ngay 0)]
% Té€ bao bi uc che = 100 — % T¢ bao song sot

- Céc phép thtr dugc 1ap lai 3 1an dé dam bao tinh chinh xé4c. Ellipticin dugc st
dung 1am chat ddi ching duong véi cac néng do thr nghiém 1a 10; 2; 0,4 va 0,08
ng/mL. DMSO 10% luén duoc sir dung nhu ddi ching am. Gia tri ICso s& duoc xac
dinh nhd vao phan mém may tinh TableCurve 2Dv4.

b. Nghién ciru hoat tinh cam wng apoptosis

*) Phirong phdp nhuém nhén té bao véi Hoechst 33342

Kha ning giy apoptosis ciia hoat chat dugc xac dinh théng qua phuong phap
nhudém Hoechst 33342. Cu thé, té bao LU-1 dugc nudi trong dia peptri 24 gio ¢ 37°C
sau d6 duoc 0 voi mau thi nghiém. Camptothecin duoc dung lam ddi chung dwong,
DMSO 10% dugc sir dung lam d6i ching am. Sau 24 gio G mau, té bao dugc cb dinh
bang formandehyd 4%. Sau 30 phut, t& bao duoc rira lai bang PBS va nhudm bang
thudc nhuém Hoechst 33342 (0,5 pg/mL) trong 10 phat. Té bao dugc quan sat bang
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kinh hién vi huynh quang & budc song kich thich cuc dai 1a 350 nm va budc song phan
xa cuc dai 12 461 nm. Xéc dinh sd luong té bao apoptosis trong it nhat 200 té bao quan
sat dugc qua kinh hién vi. Té bao apoptosis dugc xac dinh 13 nhitng té bao co nhan
sang hon (do nhiém sic chat bi ¢ dic) hay nhan bj phan chia thanh manh nho [126].

*) Phurong phdp trdac luu té bao

Thi nghiém dugc thuc hi¢n theo Kit Anexin V/cell cua Invitrogen nhu sau:
1x10° té bao dugc G véi mau thir hoic dung moi pha mau 24 gid duge thu vao dng
falcon. Sau khi ly tdm loai bd méi truong, té bao dugc rua lai béng PBS. Cin té bao
duoc hoa lai trong 100 uL dung dich dém lién két va bd sung thém Syl Anexin V va 1
uL PI (100 pg/mL). Tiép tuc t té bao trong 15 phut & 37°C sau d6 thém vao cac dng té
bao 400 pL dung dich dém lién két. Tong sé 10 000 té bao thuéc mdi mau duoc phan
tich bang hé thong dém té bao dong chay Novocyte dé xac dinh ti 1& té bao biéu hién
apoptosis [127].

*) Nghién ciru kha nang cam wng san sinh caspase-3

Dugc thuc hién theo Kit phép thtr so mau caspase-3 cta Biovision theo hudng

dan cta nha san xuét. Cu thé, té bao di dugc cam g v&i mau thir trong 24 gio, s&
duogc ly giai v6i 50 pL dém ly giai trong 10 phat. Tién hanh ly tim thu dich té bao.
Xéc dinh ham luong protein trong dich té bao bang cach pha lodng protein v&i ndng do
50 pg trong 50 pL dung dich dém ly giai cho mdi phan tng. Sau d6, cho 50 uL dung
dich dém phan tmg va 5 pL co chat DEVD-pNA (ndng d6 200 pM) va u 37°C trong 1
gid. Poc két qua trén may doc ¢ budc song 405 nm [128].
2.3.4.4. Nghién ciru djc tinh cdp

Nghién ciru doc tinh cdp va xac dinh liéu LDso trén chudt nhét trang bang
duong udng duoc tién hanh theo hudng din khao sat doc tinh cap cia thudc do Bo Y
té ban hanh va céc tai liéu [129], [130]. LDso duoc tinh theo phuong phap Behrens-
Karber. Nghién ctru dugc tién hanh tai Khoa Duoc 1y - Sinh hoa, Vién Duoc liéu.

Tién hanh thi nghiém

- Chudt mua vé dugce nudi 3 ngay trude khi thi nghiém dé chudt thich nghi diéu

kién thi nghiém, cho an uéng thoai mai. Trudc khi thi nghiém, cho chudt nhin d6i qua
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dém, dé nuéc udng theo nhu cau ciia chudt. Chudt duoc chia thanh cac 16 thi nghiém
(mdi 16 10 chudt), mdi 16 chudt duge udng cac muc lidu khac nhau ctiia mau thu.

- Pudng dung san pham 14 dudong udng, cho chudt udng bang cach ding kim
tiém c6 kim dau tu dé dua mau thir mot cach nhe nhang vao da day chudt.

- Chuén bj miu tht: Mau duge can mot lugng chinh xac roi nghién vO1 mot
lugng chinh x4c dung dich CMC 1% dé dat duoc néng dd thich hop cho chudt uéng.

- Thoi gian theo doi: Sau khi dugc uéng mau thir, chudt duogc cho an va uéng
dﬁy da. Theo doi va quan sat céac biéu hién vé hanh vi, hoat dong, an uéng, bai tiét cua
chudt va s6 chudt song chét trong 3 ngay (72 gio).

- Tim liéu t6i da ma khong c6 chudt nao cua 16 thi nghiém chét (LDo) va liéu t6i
thiéu dé 100% chudt cua 16 thi nghiém chét (LD1oo). Thém 2-3 liéu trung gian giita 2
liéu néi trén dé xac dinh LDso.

Tinh todn két qud

LDso = LD1oo — [ > (d*xz)/n ]
Trong do:
d 13 hiéu sb cta hai liéu ké tiép
z 13 trung binh s6 chudt chét giira 2 lidu ké tiép
n 1a s6 chudt trong 1 16.
2.3.5. Phwong phap xir ly s6 liéu

Céc s6 liéu nghién ciru duge xir 1y thong ké theo phuwong phap théng ké Y sinh
hoc, sir dung phan mém Excel hoic SPSS 16.0.

- Péanh gia, so sanh thong ké giita cac 16 thi nghiém bang phuong phap t- test
student hodc Mann-Whitney test. Sy khac nhau c6 ¥ nghia thong ké khi P < 0,05.

- Gia trj ICso tinh toan trén phan mém TableCurve 2Dv4 va GraphPad Prism
6.0.

- S6 liéu dugce thé hién béng gia tri trung binh va sai s6 SD hoic SE.
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Phén 3. KET QUA NGHIEN CUU

3.1. Két qua giam dinh tén khoa hoc
3.1.1. Pic diém hinh thai

Cay moc hang niam, bo rdi ding, cao 40-100 m. Thén c6 tiét dién vudng, bé mit
phu day 16ng. La moc ddi; cudng 14 phii nhiéu 16ng, dai 5-12 mm, 14 phan trén gan nhu
khong cudng; phién 14 hinh trimg, 2,5-7 x 1,5-3 ¢cm, ca hai mat déu phu 16ng dai, dic
biét 1a & phan gan 14, gdc 14 tron hay ti, d6i khi hinh ném, mép xé rang cua, dinh tu
hay nhon; gan bén 5-7 cép, ndi rd & mit dudi. Cum hoa bong ¢ dinh canh, dai ¢ 3-12
cm, duong kinh khoang 1 cm khi hoa no. La bac hinh tring, khoang 2 x 1-1,2 mm, ¢c6
16ng. Hoa gan nhu khong cubng. Pai hinh chudng, dai khoang 1 mm, trén chia 5 thuy
hinh tam giic, mép c6 16ng. Trang hoa mau trang hay tim nhat, dai khoang 3 mm,
nhan hay c6 16ng rat thua ¢ mat ngoai, dinh chia 4 thuy gﬁn béng nhau. Nhi 4, tho,
dinh & dng trang, dai khoang 3 mm, phan dudi phi 16ng dai, phan trén nhan. Bau nhin,

voi nhuy nhin, dai khoang 4 mm, xé 2 thuy & dinh.

Ghi chii: (A) Canh mang hoa; (B) Bé mit than mang 16ng che chd;
(C) Mit cat ngang than; (D) La; (E) Mat dudi 14; (F) Mit trén 14.
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Hinh 3.2. Pdc diém co quan sinh sdan cia loai Tu hiing tai
Ghi chii: (A) Cum hoa; (B) M6t phan cum hoa; (C) Hoa nguyén ven; (D) Pai hoa;
(E) Trang hoa; (F) BS nhi; (G) Bo nhuy.
3.1.2. Giam dinh tén khoa hoc

Mau tiéu ban thuc vat c6 ddy du cac bd phan cua cdy Tu hung tai duoc thu thap
tir quan thé cy moc ty nhién vao thang 2 nim 2016 tai thon Chénh Vénh, xa Huéng
Phung, huyén Hudng Hoa tinh Quang Tri (Phu luc 2). Sau khi quan sét, phan tich cac
dic diém hinh thai ciia miu nghién ctru, ddi chiéu véi cac tai liéu, khoa phan loai va
mau tiéu ban luu & Vién Sinh thai va Tai nguyén sinh vat, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam, tién si Nguyén Thé Cuong da giam dinh tén khoa hoc cila cay
Tu hung tai 14 Pogostemon auricularius (L.) Hassk. ho Bac ha (Lamiaceae) (Phiéu
giam dinh ngay 04/8/2016 cua Vién Sinh thai va Tai nguyén sinh vat, Vién Han lam
Khoa hoc va Cong ngh¢ Vi¢t Nam - Phu luc 1).
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Hinh 3.3. Phan trén mdt dat cia loai Tu hiing tai
3.2. Két qua nghién ctru vé thanh phian héa hoc
3.2.1. Két qua dinh tinh cac nhém hop chit bing phan ng héa hoc
Két qua dinh tinh cac nhom chat chinh trong dich chiét methanol ctia phan trén
mit dat cay Tu hung tai dugc trinh bay ¢ Bang 3.1.
Bing 3.1. Két qud dinh tinh cdc nhém chat bang phdn g héa hoc

STT | Nhém chat Phin tng dinh tinh Két qua | Kétluin
1 Glycosid tim | Phan g Liebermann-Burchard + Co
Phan ung Baljet +
Phan tng Legal +
Phan tng Keller-Killian +

2 Flavonoid | Phan ting Cyanidin ++ Co
Phan ung v6i dung dich NaOH 10% ++

Phan tng v6i hoi amoniac ++
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STT | Nhém chat Phin tng dinh tinh Két qua | Kétluin

Phan ung véi dung dich FeCls 5% ++

3 Saponin Hién tuong tao bot + Co
Phan ung Salkowski +
Phan tng Liebermann-Burchard +

4 Coumarin Phan tng m¢ dong vong lacton - Khoéng co

Phan tng Diazo hoa -

Phan ung chuyén dong phan cis —
sang dong phan trans dudi tac dung

cua tia tir ngoai

5 Tanin Phan tng v6i dung dich FeCls 5% ++ Co
Phan rng vai chi acetat ++
Phan tng v6i dung dich gelatin 1% ++

6 Anthranoid | Phan ng Borntraeger — Khong co

Thir nghiém vi thang hoa -

7 Alcaloid Phan mg véi thude thir Mayer + Co
Phan mg véi thudc thir Bouchardat +
Phan g véi thude thir Dragendorff +

8 Chatbéo | Vét mo trén gidy loc ++ C6

9 Steroid Phan tng Liebermann ++ Co

10 Axit htru co | Phan ung véi Na,CO; + Co

11 Puong khir | Thudc thir Felling A,B +r C6

12 Axit amin Thubdc thir Ninhydrin — Khong co

Ghi chu: (-) am tinh, (+) duong tinh, (++) duong tinh rd

Nhan xét: Qua cac phan g dinh tinh héa hoc dac trung da so bo xac dinh trong
phan trén mat dat cta cdy Tu hung tai co alcaloid, flavonoid, glycosid tim, saponin,
axit hitu co, steroid, tanin, duong khur, chit béo va khong c6 coumarin, anthranoid,
axit amin. Trong d6 flavonoid, tanin, steroid va chat béo 13 cac nhom chit cho phan

ung duong tinh rd.
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3.2.2. Chiét xuit va phan lap cic hop chat
3.2.2.1. Chiét xudt cao toan phan

Phén trén mit dat cta loai Tu hung tai duoc rira sach, thai nho, phoi, siy kho ¢
nhiét d6 50-60°C, xay thanh bot tho va tién hanh chiét xuat, phan lap cac chat. Khoi
lugng duogc liéu kho dem chiét xuat 1a 2,5 kg. Dung MeOH dé 1am am toan bod lugng
bot Tu hung tai trong binh chiét, ddy kin va dé yén dé bot dugc thim am va truong nd
hoan toan. Tién hanh ngam chiét bang cach thém MeOH vira dii ngap va cach bé mat
dugc lidu khoang 10 cm. Qua trinh chiét xuit dugc tién hanh & nhiét do phong véi 3
dot chiét (3 x 10 L /7 ngay). Gop cac dich chiét, cat thu hdi dung moi dudi ap suat
giam ¢ nhiét do 50-60°C thu dugc cao toan phan MeOH (M, 207 g).
3.2.2.2. Chiét xudt cdc phan doan

Phén tan cao chiét toan phan M trong 2 L nudc cat, chiét phan b lan lugt véi
cac dung moi c6 @6 phan cuc ting dan 1a: n-hexan, dicloromethan va ethyl acetat. Thu
héi dung méi dudi ap suat giam, thu duoc cac cao chiét phan doan tuong tng, ky hiéu
1a H (65 g), D (51 g), E (47 g) va W (44 g) 1a cao phan nudc con lai. Do am cua céac
cao chiét M, H, D, E va W do duoc lan luot 1a 7.2; 6,8; 7,0; 7,5 va 7,3 %. Qué trinh
chiét xuat cac phan doan tir phan trén mit dat cua loai Tu hung tai duoc mé ta ¢ hinh
3.4.

1. MeOH/Ngéam nhiét
Bot dugce liéu [ dophong (IOLX3) Cao MeOH

(2,5kg) 2. to, ap sudt thép (M, 207 g)

1. Phantaw’H,0 (2L)
2. __n-hexan (3 X 5 L)/ chiét 1ong-long

Y
A

Cao n-hexan Phan nude
(H, 65 g) CH,Cl, (3 X 5 L)/ chiét 1ong-long
Cao CH,Cl, Phan nudc
(D, 51 g) EtOAc (3 X 5 L)/ chiét 16ng-long
Cao EtOAc Cao nudc
(E, 47 g) (W, 44 g)

Hinh 3.4. So do chiét xudt cdc phdn doan tie phan trén mat dat loai Tu hing tai
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3.2.2.3. Qud trinh phén Idp cdc hop chdt tir phan doan ethyl acetat

Qua trinh phan 1ap dya trén sy dinh huéng hoat tinh chéng viém. Tir két qua
danh gia kha nang e ché san sinh NO véi chimg duong 1a L-NMMA, phan doan ethyl
acetat c6 tac dung tdt nhat duoc lya chon dé thuc hién qué trinh phan lap.

Phan doan ethyl acetat (E, 47 g) duoc trién khai trén sic ky cot pha thuong
bang phuong phap nap mau kho. Ding mét lugng nho dung méi MeOH vira du dé hoa
tan can E tro lai, sau d6 tam voi mot lugng tdi thiéu silica gel pha thuong tao thanh
khéi silica gel am. Pua khbi silica gel am nay vao binh cd quay, cit thu hoi dén kiét
dung méi, thu duoc bot kho toi. Bot kho toi duoc nap 1én dau cot sic ky da duoc nhdi
silica gel pha thuong bang phuong phap nhoi cot uét, trong qua trinh nap gd nhe dé
bot phan bd déu. Trién khai cot bang hé dung méi rira giai n-hexan-EtOAc gradient
(100:0 — 0:100, v/v), thu dugc 6 phan doan, ky hi¢u lan luot E1-E6.

Phén doan E2 (6,5 g) dugc khai trién trén sic ky silica gel pha thuong, rira giai
bang n-hexan-CH2Cl-MeOH (3:1:0,1, v/v/v) thu duoc 5 phan doan (E2A—E2E). Phan
doan E2B (1,1 g) dugc phan tach bang sic ky cot Sephadex LH-20 rira giai bang
MeOH thu dugc 6 phan doan (E2B1-E2B6). Phan doan E2B5 (175 mg) dugc tinh ché
trén cot sic ky silica gel pha thudng bang dung médi CH>Cl,-MeOH (10:1, v/v) thu
dugce 5 phan doan (E2B5A—E2BSE). Tiép tuc tinh ché phan doan E2B5D (32 mg)
bang sic ky cot Sephadex LH-20 rira giai bing MeOH thu dugc hop chat PH5 (5,6
mg). Phan doan E2B1 (163 mg) duoc dua 1én cot sic ky pha thuong véi hé dung méi
rira giai 1a CH,Cl-MeOH (15:1, v/v) thu dugce 6 phan doan (E2B1A— E2BIF). Tién
hanh loc rtra tinh thé trong phan doan E2B1C (27 mg) thu dugc hop chat PH17 (14,6
mg).

Phan doan E3 (7,9 g) duoc phan 1ap bang sic ky cot pha thuong, st dung hé
dung méi pha dong la CH,CLl.-MeOH (15:1, v/v) thu dugc 7 phan doan, ki hi¢u 1a
E3A-E3G. Phan doan E3B (1,5 g) tiép tuc duoc trién khai trén cot sic ky pha dao
YMC-RP18 v6i h¢ dung moi rua giai 1a MeOH-H,O (15:1, v/v), thu dugc 5 phan
doan, ky hi¢u 1a E3B1-E3BS. Kiém tra 5 phan doan thu duoc béng SKLM, phan doan
E3B2 (280 mg) dugc tinh ché bang cot sic ky loc gel Sephadex LH-20 v&i hé dung moi
rira giai 12 MeOH thu dugc hop chat 3, ki hiéu 1a PH4 (7,5 mg).
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Phéan doan E3B3 (350 mg) dugc tiép tuc phan lap bang sic ky cot pha thuong,
st dung hé dung méi pha dong 1a CH,Cl.-MeOH-H>O (8:1:0,1, v/v/v) thu dugc 4 phan
doan, ki hiéu 1a E3B3A-E3B3D. Tinh ché phan doan E3B3C (88 mg) bang hé thdng
sic ky 16ng hiéu ning cao diéu ché, hé dung mdi rira giai 14 MeOH-H20 (95:5 ,v/v, 2
mL/phuat) thu duoc hop chat PH16 (7,8 mg) va hop chat PH15 (4,5 mg).

Phan doan E3D (1,2 g) duoc phan tach bang sic ky cot Sephadex LH-20 voi
dung mo6i MeOH thu dugc 4 phan doan (E3D1-E3D4). Phan doan E3D3 (310 mg)
duogc trién khai trén sic ky pha dao YMC RP-18, rira giai v6i hé aceton-H,O (10:1,
v/v) thu dugc 5 phan doan (E3D3A-E3D3E). Phan doan E3D3C (62 mg) dugc tinh
ché bﬁng sdc ky 16ng hi€u nang cao diéu ché vé6i hé dung mo6i MeCN-H,0 (90:10, v/v;
2 mL/phit) thu duoc hop chat PH14 (11,8 mg).

Phéan doan E4 (8,3 g) tiép tuc phan lap bang sic ky cot pha thuong, sir dung hé
dung méi pha dong 1a CH:Clr-aceton-MeOH (10:5:1, v/v/v) thu dugc 6 phan doan
(E4A—E4F). Phan doan E4B (1,6 g) duoc phan tach bang cot sac ky pha dao YMC RP-
18 véi hé dung méi MeOH-HO (10:1, v/v) thu dugc 7 phan doan (E4B1-E4B7). Phan
doan E4B3 (220 mg) dugc phan lap bang sic ky cot Sephadex LH-20 rira giai bang
MeOH-H;O (4:1, v/v) thu dugc 4 phan doan (E4B3A—E4B3D). Phan doan E4B3B (57
mg) duoc tinh ché bang sic ky long hiéu ning cao diéu ché, hé dung moi MeOH-
MeCN-H,0 (75:20:5, v/v/v; 2 mL/phat) thu duoc hop chat PH6 (6,8 mg). Phan doan
E4B5 (230 mg) duoc trién khai trén sic ky cot silica gel pha thudng véi dung méi
CH2Cl>-MeOH-H,O (3:1:0,1, v/v/v) thu dugc 5 phan doan (E4B5SA—E4BS5SE). Phan
doan E4B5B (47 mg) tiép tuc duoc tinh ché bang sic ky 1ong hiéu ning cao diéu ché
v6i hé dung mdéi MeOH-MeCN-H20 (70:25:5, v/v/v; 2 mL/phat) thu dugc hop chét
PH10 (5,7 mg). Phian doan E4B5C (54 mg) ciing dugc tinh ché bang sic ky 16ng hiéu
nang cao diéu ché véi hé MeOH-MeCN-H,0 (70:25:5, v/v/v; 2 mL/phut) thu dugc
hop chat PH13 (7,2 mg). Phan doan E4B2 (250 mg) dugc phan tach trén cot sic ky
silica gel pha thuong, rora gidi véi h¢ CHoClb-MeOH-H,O (5:1:0.1, v/v/v) thu dugce 5
phan doan (E4B2A-E4B2E). Phan doan E4B2C (75 mg) dugc tinh ché bang cot
Sephadex LH-20 rira giai véi MeOH thu duoc hop chat PH18 (7,9 mg).
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Phan doan E4C (1,2 g) duoc phan tach bang cot sic ky pha dao YMC RP-18
voi h¢ MeOH-H,O (7:1, v/v) thu dugc 6 phan doan (E4C1-E4C6). Phan doan E4C2
(210 mg) dugc phan lap bang sic ky cot Sephadex LH-20 rira giai bang MeOH thu
dugc 4 phan doan (E4C2A—E4C2D). Phan doan E4C2C (52 mg) dugc tinh ché bang
sic ky pha dao YMC RP-18 v6i hé dung moéi MeCN-H20 (5:1, v/v) thu duoc hop chat
PH19 (4,8 mg).

Tur phan doan ethyl acetat da phan 1ap dugc 11 hop chat tinh khiét. Cau tric cua
cac hop chit dugc x4c dinh dua trén cac dix lidu phé.

3.2.3. Xac dinh céu triic ciia hop chat di phan lap
3.2.3.1. Hop chat PHIG6 (chdt méi)

Hop chat PH16 duoc tach ra & dang bot v6 dinh hinh, mau vang. Phé 'H-NMR
(Bang 3.2) ctia hop chét nay chi ra tin hiéu ctia nhém methin olefin tai dn 5,98 (s, H-
20) goi y su hién dién cua ndi doi. Ngoai ra, tin hi€u hai nhom olefin tai ou [4,91 (br.s,
H-12a), 4,86 (br.s, H-12b)] duoc gan cho ndi d6i ngoai vong (exo-methylen), tin hiéu
cua 5 nhém methyl dugc ghi nhan tai on [1,23 (s, H3-15), 1,20 (d, J = 6,5 Hz, H3-25),
1,01 (s, H3-13), 0,99 (s, H3-14), 0,92 (t, J =7,5 Hz, H3-16)] va tin hi¢u ctia 18 proton
nhom methin hodc germinal methin trong khoang dich chuyén hoa hoc on 2,64-1,51.

Phé *C-NMR (Bang 3.2) va HSQC cta hop chat PH16 chi ra 25 tin hiéu
carbon bao gdm carbon ctia nhom carbonyl tai dc 180,3 (C-21), 2 nhém carbon
oxymethin tai dc [167,9 (C-19), 163,1 (C-23)], nhém carbon mang oxi tai doc 88,0 (C-
8); 2 nhom carbon sp? bac bdn tai ¢ [151,8 (C-1), 97,7 (C-22)], nhém ndi doi ngoai
vong (exo-methylen) tai dc 110,7 (C-12); nhoém carbon sp? methin tai dc 110,0 (C-20),
nhom carbon sp® bac bon tai dc 34,0 (C-4), tin hiéu cua 4 carbon sp® nhém methin tai
dc [53,7 (C-5), 41,3 (C-11), 39,2 (C-18), 34,3 (C-9)], 7 nhoém carbon sp® methylen tai
oc [37,9 (C-7), 36,6 (C-3), 35,2 (C-2), 32,7 (C-10), 27,4 (C-17), 24,4 (C-24), 22,3 (C-
6)] va 5 nhém methyl tai oc [30,2 (C-13), 22,1 (C-14), 20,9 (C-15), 11,5 (C-16), 17,7
(C-25)].

Trén phé COSY xuit hién céc tuong tac gitra H-16 (ou 0,90)/H-17 (ou 1,68;
1,53)/H-18 (Su 2,47)/H-25 (dn 1,20) goi y trat tu lién két C-16/C-17/C-18/C-25. Ngoai
ra, phd HMBC xuét hién tuong tac giita H-17a (dn 1,68)/H-25 (du 1,20) véi C-19; cac
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tuong tac gitta H-20 (du 5,98) voi C-18/C-19/C-21/C-22 va H-24a (du 2,64)/H-24b (on
1,95) voi C-21/C-22/C-23 goi y su hi¢n di€n ctia vong p-pyron vdi nhom sec-butyl va
nhom methylen 1an luogt tai C-19 va C-24.

Tuong tac HMBC gitta H-13 (du 1,01)/H-14 (du 0,99) va C-3 (dc 36,6)/C-4 (dc
34,0)/C-5 (dc 53,7) goi y sy cd6 mat cua nhom gem-dimethyl tai C-4. Tuong tu, cac
twong tic HMBC gitra H-12 (du 4,86; 4,91) va C-1 (dc 151,8)/C-2 (oc 35,2)/C-11 (dc
41,3) goi y su hién dién cia nhom exo-methylene tai C-1.

Trén phé COSY xuét hién tuong tac gitta H-7 (ou 2,12; 1,92)/H-6 (ou 1,78;
1,44)/H-5 (6n 1,90)/H-11 (Su 2,44)/H-10 (du 1,69; 1,55)/H-9 (du 2,02) cho phép thiét
lap trat tg C-7/C-6/C-5/C-11/C-10/C-9. Tuong tu, tuong tac gitta H-2 (du 2,41;
2,15)/H-3 (5u 1,70; 1,64) trén phd COSY cho phép thiét 1ap trat tu gitra C-2/C-3.

Két hop dir liéu phd HMBC va phd COSY cho phép thiét lap trat ty lién két
mach carbon tir C-7 dén C-2, cling nhu trat tu mach lién két gitra C-11 va C-2 qua C-1
va giita C-5 va C-3 qua C-4. Cac dit liéu pho nay di goi y sy hién dién cua vong 4,4-
dimethyl-1-methylenecyclohexane bao gém C-1-C-5 va C-11-C-14 trong ciu tric cua
PH16. Ngoai ra, cac twong tac trén phd HMBC giita H-15 dén C-7/C-8/C-9; giita H-
10a (ou 1,55)/H-10b (du 1,69) dén C-8/C-9 goi1 y mach carbon C-7-C-8-C-9. Bén canh
d6, cac tuong tac gitta H-10a/H-10b/H-9 dén C-24 va gitta H-24a/H-24b dén C-8/C-
9/C-10 goi ¥ manh cau tric 1-methylene-4,4,8-trimethylbicyclo[5.4.0Jundecane gin
v6i C-22 cta vong p-pyrone qua ciu ndi C-24.

Mic du con thiéu bang chimg tryuc tiép vé su c6 mit ciia vong 3,4-dihydropyran
bao gom C-8-C-9 va C-22-C-24 ton tai trong cau tric cta hop chat PH16, nhung lién
két gitra C-8 va C-23 qua cau oxy hinh thanh vong C dwoc dé nghi dé phu hop véi
cong thirc phén tir ctia hop chat PH16. Ngoai ra, su dich chuyén vé tir truong thap cia
carbon methine C-8 tai dc 88,0 di 1am rd sy c6 mit cta cau ndi ether gitra C-8 va C-
23. Do d6, hop chat PH16 dugc xac dinh 1a mot meroterpenoid médi véi y-pyron va
khung bicyclo[5.4.0Jundecane. Phan sesquiterpen cta hop chat PH16 twong tu nhu
ximonican voi khung (E)-4,4-dimethyl-1-methyleneoctahydro-1H-benzo[7]-annulene

duoc phan 1ap tr Ximenia americana [131].

54



CAu hinh twong d6i ctia PH16 duoc lam sang to dua trén dir liéu phd NOESY
va so sanh véi dit lieu NMR dugce bdo cdo cta ximonican. Khi so sanh dit liéu *C-
NMR cuta hop chat PH16 [dc tai 53,7 (C-5) va 41,3 (C-11)] va chat tham khao
ximonican [Jc tai 52,01 (C-5) va 40,16 (C-11)] goi y vi tri axial gitta H-5 (du 1,90) va
H-11 (du 2,44) trong cau trac cua hop chat PH16. Bén canh d6, dinh huéng S cua H-
11, H-3b (Ju 1,64), H-7b (du 2,12), H-14, H-15, H-10b va H-24b dugc xac dinh dua
trén cac tuong tdic NOESY cua H-11/H-3b, H-11/H-7b, H-11/H-14, H-3b/H-14, H-
7b/H-15, H-10b/H-15 va H-15/H-24b; trong khi dinh huéng o cua H-5, H-9, H-13, H-
10a, H-24a va H-3a (du 1,70) dugc xac dinh dya trén cac tuong taic NOESY cua H-
5/H-9, H-5/H-13, H-10a/H-24a va H-13/H-3a. Nhiing dit licu pho NOESY nay da
chtrng minh vong cycloheptan (B) va dihydropyran (C) ton tai duéi ciu dang trans.

Pho HR-ESI-MS ctia hop chat PH16 cho pic ion gia phéan tir tai m/z 385,2735
[M+H]" (tinh toan 1y thuyét cho cong thirc CasHs,Os 1a 385,2743). Két hop véi phd
BC-NMR cho phép két luan PH16 c6 cong thirc phan tir 1a CosH3603 (DBE = 8). Nhu

vay, hop chat PH16 1a mot meroterpenoid moi va duge dat tén 13 Pogostemin A.

Hinh 3.6. Cdu triic héa hoc cia hop chit PHI16 (a) va Ximonican (b)
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Bing 3.2. S6 liéu phé NMR ciia hop chat PH16 va chdt tham khdo [0 (ppm), J (Hz)]

C | PHI6 Ximonican [131]
oc™* on™® HMBC COSY NOESY oc™* on™®
(H—C) (H—H) (H—H)
1 1518 - 1547  —
2 1352 2,41m;2,15m C-1,C-3,C4,C-11,C-12 H-3 34,2 2,45 m; 2,31 m
3 136,6 1,70m; 1,64 m C-1,C-2,C-4, C-5,C-13, C-14 H-2 H-11, H-14 40,3 1,74 dd (10,8; 8,9); 1,58 t (10,8)
4 134,0 - 3397 -
5 53,7 1,90 m C-1,C-3,C-4, C-6,C-7,C-10,C-  H-6,H-11 H-9, H-13, 52,0 1,79-1,84 m
11, C-13, C-14
6 223 1,78 m; 1,44 m C-4,C-5,C-7,C-8, C-11 H-5, H-7 27,4 1,68 m; 1,50 m
7 1379 1,92 m; 2,12 m C-5,C-6, C-8, C-9, C-15 H-6 H-11, H-15 23,8 2,45 m; 2,35 m;
8 1880 - 1323 -
9 1343 2,02 m C-7,C-8, C-10, C-11, C-15 H-10 145,0 17,01t(8,2)
10 32,7 1,55m; 1,69 m C-1,C-5,C-8,C-9,C-11,C-24 H-9, H-11 H-24a, 28,6 2,50 m; 2,42 m;
11 |41,3 2,44 m C-1,C-2,C4,C-5,C-6,C-9, C- H-5, H-10 H-3b, H-7b, H-14 | 40,2 2,50q(9,2)
10, C-12
12 1110,7 491 br.s; 4,86 br.s C-1,C-2,C-11 111,6 4,875s;482s
13 130,2 1,01s C-3,CH4,C-5 H-3a 30,0 1,01s
14 22,1 0,99 s C-3,C4,C-5 H-3, H-11 22,9 0,97 s
15 120,9 1,23 s C-7,C-8,C-9 H-7b, H-10b, H- 173,77 -
24b
16 | 11,5 0,90t (7,5) C-17,C-18 H-17
17 1274 1,68 m; 1,53 m C-16, C-18, C-19, C-25 H-16, H-18
18 1392 247m C-16, C-17, C-19, C-20, C-25 H-17, H-25
19 11679 -
20 | 110,0 5985 C-18, C-19, C-21, C-22
21 11803 -
22 1977 -
23 1163,1 -
24 1244 2,64dd (3,5, 14,5); 1,.95m | C-8, C-9, C-10, C-21, C-22,C-23  H-9
25 | 17,7 1,20 d (6,5) C-17,C-18, C-19 H-18

“Do trong CDCls, 500 MHz, 125MHz
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Hinh 3.8. Cdu triic khéng gian va tuwong tic NOESY chinh cia hop chdit PHI6
3.2.3.2. Hop chat PHI5: (Chat méi)

Hop chat PH15 duoc phan 1ap dudi dang bot vo dinh hinh mau vang nhat. Cac
dir liéu ph6 'H va *C-NMR ciia hop chat PH15 tai Bang 3.3 kha tuong dong véi hop
chit PH16. Trén phé 'H cua PH15 xuét hién tin hiéu nhém methin olefin tai du 6,00
(s, H-20) goi ¥ su hién dién ctia nbi doi ba 1an thé, tin hiéu hai nhom olefin tai Ju [4,82
(br.s, H-13a) va 4,75 (br.s, H-13b)] duoc gan cho proton ciia nbi d6i ngoai vong (exo-
methylen) va tin hi€u ciia 5 nhom methyl dugc ghi nhan tai ou [1,22 (dd, J = 7,0; 1,0
Hz, H3-25), 1,15 (br.s, H3-12), 1,00 (s, H3-14), 1,00 (s, H3-15), 0,90 (t, J =7,5 Hz, Hs-
16)].

Phé *C-NMR (Bang 3.3) va HSQC cta hop chat PH15 chi ra 25 tin hiéu
carbon bao gdm nhom carbonyl tai dc 180,2 (C-21), tin hiéu ctia 2 nhém carbon
oxymethin tai dc [168,0 (C-19) va 163,2 (C-23)], tin hi€u nhém carbon no mang oxi
tai oc 88,0 (C-4), tin hiéu cua 2 nhom carbon sp? bac bon tai ¢ [154,6 (C-8) va 98,0
(C-22)], nhom carbon sp? bac bon tai dc 33,5 (C-11), tin hiéu cua carbon nhom doéi

ngoai vong (exo-methylen) tai oc 110,1 (C-13), nhém carbon methin tai dc 110,0 (C-
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20), tin hiéu ctia 4 nhém 4 carbon sp? nhom methin tai dc [56,5 (C-1), 42,5 (C-9), 39,2
(C-18), 35,3 (C-5)], tin hiéu ctia 7 nhom carbon sp* methylen tai dc [38,7 (C-3), 38,4
(C-10), 36,6 (C-7), 33,2 (C-6), 22,9 (C-2), 27,4 (C-17), 23,6 (C-24)] va 5 nhém methyl
tai dc [19,8 (C-12), 29,7 (C-14), 22,6 (C-15), 11,5 (C-16), 17,7 (C-25)].

CAu trac phing cta hop chat PH15 duoc hoan thién véi su két hop dit liéu phd
ID-NMR va phd 2D-NMR nhu: phé HSQC va HMBC. Trén phé HMBC xuét hién
tuong tac gitta H-17 (Ju 1,70; 1,54)/H-25 (on 1,22) véi C-19 (6c 168,0), cac tuong tac
gitta H-20 (Jou 6,00) voi C-18/C-19/C-21/C-22 va gitta H-24 (du 2,84; 1,93) voi C-
21/C-22/C-23 cho thiy su xuat hién ciia vong y-pyron véi nhom sec-butyl gan tai C-19
va nhom methylen gan tai C-24.

Ngoai ra, cac tuong tic HMBC gitra H-14 (ou 1,00)/H-15 (du 1,00) va C-10 (oc
38,4)/C-11 (oc 33,5)/C-1 (dc 56,5) goi y nhom gem-dimethyl tai C-10. Tuong tac
HMBC giira H-13 (du 4,82; 4,75) va C-7 (dc 36,6)/C-8 (dc 154,6)/C-9 (oc 42,5) goi y
nbi doi ngoai vong (exo-methylen) tai C-8.

Dit liéu pho NMR ciia hgp chat PH15 c6 nhiéu diém twong dong véi hop chat
PH16, dic biét sy hién dién ctia vong y-pyron véi nhom sec-butyl tai C-19 trong céu
trac PH15. Tuy nhién, phan sesquiterpen trong hop chat PH15 tuong tu nhu ciia hop
chat (1R*4R* 95%)-11,11-dimethyl-8-methylenebicyclo[7.2.0Jundecane-4-carboxylic
acid duoc phan 1ap tir Eremophila spathulata [132]. Nhu vy, hop chat PH15 duoc
go1 y 1a mgt meroterpenoid véi khung y-pyron va caryophyllen.

Céc twong tac trén phd HMBC ctia hop chat PH15 ctia H-2a (0n 1,58) v6i C-4
(oc 88,0)/C-9 (dc 42,5); tuong tac gitta H-3a (du 2,17)/H-3b (du 1,79) voi C-1 (dc
56,5); giita H-5 (n 2,05) v6i C-6 (dc 33,2)/C-7 (5c 36,6); giita H-6 (on 1,48) dén C-
4/C-5 (oc 35,3)/C-7; gitta H-9 (Ju 2,62) voi C-1/C-8 (dc 154,6)/C-10 (dc 38,4); giira
H-10a (ou 1,78) dén C-1/C-13 (dc 110,1); giita H-12 (on 1,15) dén C-3 (dc 38,7)/C-
4/C-5; gitta H-13a (on 4,82)/H-13b (Ju 4.75) voi C-7/C-8/C-9 va gitta H-14/H-15 véi
C-1/C-10/C-11 (oc 33,5) da chirng minh sy cd mat cua vong 8-methylene-4,11,11-
trimethylbicyclo[7.2.0Jundecan trong cu tric cua hop chat PH15. Bén canh d6, cac
tuong tac giita H-24a (on 2,84) dén C-4/C-5/C-21/C-22/C-23 va giita H-24b (dn 1,93)
dén C-4/C-6/C-22/C-23 goi ¥ su gan tryc tiép véi vong 19-s-butylpyrano[2,3-b]-21-
pyranon tai C-4 va C-5.
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Tuong tu hop chat PH16, lién két giita C-4 va C-23 qua cau oxy hinh thanh
vong C dugc dé nghi dé phi hop v6i cong thire phén tir ciia hop chat PH16. Thém vao
do, su dich chuyén veé tir truong thép cua carbon methin C-4 tai dc 88,0 da lam ro su
c6 mit clia cau ndi ether gitra C-4 va C-23.

Su tuong déng vé d6 chuyén dich hoa hoc trén phé BC-NMR cua C-4, C-5 cua
hop chat PH15 va C-8, C-9 cua hop chat PH16 13 goi ¥ cdu dang trans giita vong
dihydropyran (C) va cyclononan (B). Cau dang trans gitra vong cyclononan (B) va
cyclobutan (A) dugc goi ¥ dua trén cac hop chit meroterpenoid twong tu da tim thiy
trong tu nhién [133], [134], [135]. Ngoai ra, ciu dang trans giita vong cyclononan va
cyclobutan con duoc ciing ¢d boi su trong dong do dich chuyén héa hoc trong hop
chat PH15 so v&i (1LR*,4R*,95%)-11,11-dimethyl-8-methylenebicyclo[7.2.0]undecane-
4-carboxylic acid [132] va sy khac bi¢t cia nhom methin C-1 (dc 56,5) ¢ PH1S dich
chuyén vé tir trudng thip so véi C-10' (dc 46,1) trong ginsenoyne L - phan tir ¢o
ngung tu cis gitra cyclononan va cyclobutan [136].

Pho HR-ESI-MS xuét hién pic ion gia phan tir tai m/z 385,2735 [M+H]" tuong
g véi cong thitc CasH3705 (tinh toan 1y thuyét 1a M = 385,2743). Két hop vdi phd
3C-NMR cho phép két luan PH15 c6 cong thirc phan tir 1a C2sH3s03 (DBE = 8). Cau
trac ciia PH15 duoc dat tén 13 Pogostemin B, cong thirc ciu tao dugc thé hién trong
hinh 3.9.
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Hinh 3.9. Cdu triic héa hoc ciia hop chdt PHIS5 (a) va (IR*4R* 95%)-11,11-dimethyl-
8-methylenebicyclo[7.2.0]undecane-4-carboxylic acid (b)
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Hinh 3.10. Cdc tiwong tac HMBC (—) chinh cia hop chit PHI5
Bing 3.3. S0 liéu phé NMR ciia hop chat PH15 va chdt tham khdo [0 (ppm), J (Hz)]

C PHI5 (IR*4R*,95%)-11,11-
dimethyl-§-
methylenebicyclo[7.2.0]
undecane-4-carboxylic
acid

oc™* ou™P HMBC (H—C) ocd*®
1 56,5 1,60 m C-2,C-3,C-8,C-9, [57,0
C-10, C-11, C-14, C-
15
2 22,9 1,58 m C-1,C-3,C-4,C-9 27,3
1,54 m
3 38,7 2,17dd (10,0, 15,5) C-1,C-2,C-4,C-5, |31,8
1,79 m C-12
4 88,0 - 42,9
5 35,3 2,05m C-3,C+4,C-6,C-7, 130,3
C-12,C-22,C-24
6 33,2 1,48 m C+4, C-5,C-7,C-8, 26,7
C-24
7 36,6 2,42 m C-5, C-6,C-8,C-9, 139.8
2,08 m C-13
8 154,6 - 155,2
9 42,5 2,36 ddd (9,5, 9,0, C-1,C-2,C-7,C-8, [453
8,5) C-10, C-11, C-13
10 |384 1,78 m C-1,C-9, C-11, C- 39,7
1,69 m 14, C-15
11 33,5 - 34,1
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12 |19,8 1,15 br,s C-3,C4,C-5 180,9
13 |110,1 4,82 br,s C-7,C-8,C-9 110,1
4,75 br,s
14 |29,7 1,00 s C-1,C-10,C-11,C- |21,8
15
15 22,6 1,00 s C-1,C-10,C-11,C- ]300
14
16 |11,5 0,92 t(7,5) C-17,C-18
17 274 1,54 m C-16, C-18, C-19, C-
1,70 m 25
18 |[39,2 2,48 m C-16,C-17,C-19, C-
20, C-25
19 |168,0 -
20 |110,0 6,00 s C-18, C-19, C-21, C-
22
21 ]180,2 —
22 198,0 -
23 1163,2 —
24 123,6 2,84 dd (5,0, 16,0); C-4,C-5, C-6, C-21,
1,93dd (11,0, 16,0) C-22,C-23
25 | 17,7 1,22 dd (7,0, 1,0) C-17,C-18, C-19

“Po trong CDCl3, *500 MHz, €125MHz, ¢ Po trong CD30D, €150 MHz
3.2.3.3. Hop chat PH4: (Chat méi)

Hop chat PH4 duoc phan lap dudi dang bot mau vang nhat. Céc dit liéu pho 'H
va *C-NMR cua hop chat PH4 tai Bang 3.4 kha twong dong véi hop chat PH16 va
PH15. Pho 'H-NMR ctia hop chat PH4 xuat hién tin hi¢u cta 4 proton olefin tai Ju
[5,91 (dq, J = 1,5; 7,0 Hz, H-17), 5,25 (dd, J = 1,5; 16,0 Hz, H-1), 5,11 (m, H-2) va
5,08 (m, H-9)], 7 nhém methyl tai ou [1,97 (s, H3-26), 1,94 (dd, J = 1,0; 1,5 Hz, Hs-
25), 1,85 (dd, J = 1,0; 7,0 Hz, H3-16), 1,66 (s, H3-15), 1,07 (s, H3-13), 1,07 (s, H3-12)
va 0,99 (s, H3-14)] va 11 proton nhom methin va germinal methin tai Jon [2,92-1,25].

Pho '3C-NMR (Béng 3.4) va HSQC ctia hop chat PH4 chi ra 26 tin hiéu carbon
bao gdm tin hiéu dic trung ciia nhém carbonyl tai dc 182,4 (C-21), 9 nhém carbon
khong lién két véi hydro tai dc [164,2 (C-23), dc 162,0 (C-19), 137,8 (C-8), 129,5 (C-
18), 117,9 (C-20), 98,0 (C-22); 89,5 (C-4) va oc 39,1 (C-11)], 4 nhom carbon methin
tai dc [144,7 (C-1), 133,3 (C-17), 124,1 (C-9) va 120,4 (C-2)], carbon sp®> nhom
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methine tai dc 36,8 (C-5), tin hi¢u ctia 5 nhom methylen tai dc [38,7 (C-7), 43,0 (C-3),
30,8 (C-6), 42,4 (C-10), 23,3 (C-24)] va tin hiéu cua 7 nhém methyl tai Jc [30,6 (C-
13), 24,6 (C-12), 20,2 (C-15), 17,3 (C-14), 14,5 (C-25), 13,8 (C-16) va 11,8 (C-26)].

Mic du, dir liéu pho 1D -NMR (Bang 3.4) kha tuong dong véi hop chat PH16
va PH15, goi ¥ hop chat PH4 chtra bo khung y-pyron va sesquiterpen. Tuy nhién dir
liéu pho 2D -NMR ciia PH4 ghi nhan sy ¢6 mit c6 nhém 1-methylprop-1-enyl v6i cau
hinh E cua lién két doi A18 thay thé nhom sec-butyl (c6 trong phan tir PH16 va PH15)
dugc gin vao vong y-pyron tai C-19 va nhiing diém khac biét trong hop phan
sesquiterpenoid.

Cu thé, trén phé COSY, cac tuong tac gitta H-16 (ou 1,85)/H-17 (0u 5,91) goi y
trat ty lién két C-16/C-17. Ngoai ra, cac tuong tac HMBC giita Hs-16 (dn 1,85)/H3-25
(on 1,94) v6i C-17 (6c 133,3)/C-18 (oc 129,5); tuong tac gitta H-17(du 5,91)/H-25 (du
1,94) véi C-19 (dc 162,0) cling nhu tuong tac NOESY cua Hs-16/H3-25 gop phan ciing
c¢d hon cho su ¢6 mit ciia manh cau tric 1-methylprop-1-enyl tai C-19 cta vong y-
pyron.

Bén canh d6, trén pho HMBC xuat hién tuong tac gitta H3-26 (du 1,97) vé6i C-
19 (oc 162,0)/C-20 (oc 117,9)/C-21 (dc 182,4); gitta H-24 (dn 2,92; 1,95) vdi C-21 (dc
182,4)/C-22 (dc 98,0)/C-23 (dc 164,2) goi y sy c6 mat cia nhom methyl tai C-20 va
nhom methylen tai C-24 cua vong y-pyron.

Céc tuong tic HMBC gitta H-12/H-13 voi C-1 (dc 144,7)/C-10 (oc 42,4)/C-11
(dc 39,1) goi y nhom gem-dimethyl tai C-11. Cac tuong tic HMBC gitta H-14 (du
1,66) dén C-7 (dc 38,7)/C-8 (dc 137,8)/C-9 (dc 124,1) va giita H-15 (0u 1,23) va C-3
(5c 43,0)/C-4 (dc 89,5)/C-5 (dc 36,8) goi ¥ nhom methyl C-14 va C-15 lan luot tai vi
tri C-8 va C-4.

Céc tuong tac trén phé COSY gitta H-7 (du 2,16; 1,90)/H-6 (ou 1,39; 1,25)/H-5
(51 1,91) hay céac tuong tac giita H-10 (du 2,26; 1,89)/H-9 (du 5,08) cho phép thiét 1ap
trat ty C-7/C-6/C-5 va C-10/C-9. Tuong tu, tuong tac gitta H-1 (ou 5,25)/H-2 (du
5,11)/H-3 (du 2,59) trén phd COSY cho phép xac dinh duoc vi tri cua C-1/C-2/C-3.
Duya vao cac dit liéu phé 2D NMR ¢ trén, cho thay su ton tai ctia vong 4,8,11,11-

tetramethylcycloundeca-1,8-diene trong ciu triic ctia hop chat PHA4.
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Bén canh d6, hang s6 ghép 3Ji» gitta H-1 va H-2 14 16,0 Hz, ciing nhu céac
tuong tac chinh trén phd NOESY giita H-1 (du 5,25) va H-3b (0u 2,44) di dé nghi cdu
hinh E cua lién két d6i Al. Cac tuong tac ciia H-7b (on 1,90)/H-9 (du 5,08) va H-10a
(S 2,26)/H-10b (du 1,80)/H-14 trén phd NOESY di xac nhan cau hinh £ cua lién két
d6i A8, tuong tac gitta H-16(dn 1,85) va H-25(u 1,94) goi y cau hinh E cua lién két
doi A18

Tuong tu hop chat PH16 va PH15, lién két giita C-4 va C-23 qua ciu oxy hinh
thanh vong B duoc dé nghi dé phu hop véi cong thirc phan tir cua hop chat PH4.
Thém vao d6, su dich chuyén vé tir truong thap cia carbon methine C-4 tai dc 89,5 da
lam rd sy ¢6 mat cta ciu ndi ether gitta C-4 va C-23. Nhu vay, cAu tric cua hop chat
PH4 c6 chira sesquiterpen 13 a-humulen [137] va manh cau tric nay dugc gan tryc tiép
vao vong pyrano[2,3-b]-21-pyranon tai C-4 va C-5. Dya vao dich chuyén hoa hoc trén
phd *C-NMR cua C-4 va C-5 trong hop chiat PH4 so sanh véi PH15 va cic tuong tac
trén phé NOESY gitra H-5/H-24a (Ju 2,92); H-5/H-9; H-7b/H-9 va céc tuong tac gitra
H-15/H-6a (on 1,39); H-6a/H-14; H-14/H-7a; H-15/24b (dn 1,95) dé nghi ciu dang
trans gitta cac vong pyrano[2,3-b]-21-pyranon va a-humulen. Ngoai ra, cac tuong tac
khac trén phé NOESY gitra H-1/H-14; H-1/H-3b (Ju 2,44); H-3b/H-6a (du 1,39); H-
3b/H-15, H-6a (ou 1,39)/H-15 va H-6b (éu 1,25)/H-24b goi y vi tri H-1 va nhém
methyl C-14 nam trén cung mot mit phang ctia khung a-humulen.

Pho HR-ESI-MS xuét hién pic ion gia phan tir tai m/z 397,2737 [M+H]* tuong
g voi cong thirc phan tir Ca6H370;5 (tinh toan theo 1y thuyét M = 397,2743) cho phép
xac dinh CTPT cua hop chit PH4 1a C26H3603 (DBE = 9). Dya vio nhig dit liéu pho

trén, ciu tric cua PH4 da duoc lam sang to va dugc dat tén 1a Pogostemin C.
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(a) ' ()

Hinh 3.11. Céu triic héa hoc ciia hop chat PH4 (a) va a-humulen (b)

Hinh 3.12. Cic twong tic HMBC, COSY va NOESY chinh ciia hop chdt PH4
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Bing 3.4. S6 liéu phé NMR ciia hop chdt PH4 va chdt tham khdo [0 (ppm), J (Hz)]

C | PH4 a-
humulen[137]

oc™ | ou™ HMBC (H—C) COSY (H—H) NOESY (H—H) oc™

1 |144,7 525dd (1,5, 16,0) C-2, C-3, C-10, C-11, C-12, C-13 H-2 H-3b, H-14 141,0

2 (1204 511m C-1,C-3, C-4, C-11 H-1, H-3 127,7

31430 2,59td (2,0, 14,5); 2,44 dd (10,5, 15,0) C-1, C-2, C-4, C-5, C-15 H-2 H-1, H-6a, H-15 40,4

4 1895 - 133,15

51368 191m C-3, C-4, C-6, C-7,C-22, C-24 H-6, H-24 H-9, H-24a 125,0

6 30,8 1,39dd (11,0, 13,5); 1,25 dd (6,5, 13,5) C-4,C-5,C-7,C-8, C-24 H-5, H-7 H-14, H-15, H-24b 233

7 1387 2,16dd (7,5, 13,0); 1,90 m C-5,C-6, C-8,C-9, C-14 H-6 H-9, H-14 39,7

8 |137,8 - 139,2

9 |124,1 5,08m C-7, C-8, C-10, C-11, C-14 H-10 H-5, H-7b 125,8

10 [ 42,4 2,261(12,5); 1,80 dd (5,0, 12,5) C-1, C-8, C-9, C-11, C-12, C-13 H-9 H-14 42,0

11 (39,1 - 37,4

12 (24,6 1,075 C-1, C-10, C-11, C-13 27,1

131306 1,07s C-1, C-10, C-11, C-12 27,1

14173 1,665 C-7,C-8,C-9 H-6a, H-7a, H-10a, H-10b | 17,9

15202 1,23 C-3,C-4,C-5 H-6a, H-24b 15,1

16 | 13,8 1,85dd (1,0, 7,0) C-17,C-18 H-17 H-25

17 | 133,3  5,91dq (1,5, 7,0) C-16, C-18, C-19, C-25 H-16

18129,5 -

19 162,0 -

20 117,9 -

211824 -

22980 @ —

23 (1642 —

241233 2,92dd(4,5,15,5); 1,95 m C-4, C-5, C-6, C-21, C-22, C-23 H-5 H-5, H-15

25 14,5  1,94dd (1,0, 1,5) C-17, C-18, C-19 H-16

26 11,8 1,97s C-19, C-20, C-21

“Po trong CD;0D, *500 MHz, ©125MHz, ‘Do trong CDCl;
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3.2.3.4. Hop chat PHI0: (Chat méi)

Hop chat PH10 thu duoc dudi dang bot mau trang. Pho 'H-NMR (Bang 3.5)
ctia hop chat PH10 xuét hién tin hiéu dic trung cua 5 nhém methyl tai du [2,01 (s, Hs-
14), 1,23 (d, J= 7,0 Hz, Hs-1"), 1,15 (d, J = 6,5 Hz, H3-5"), 0,92 (t, J = 7,5 Hz, H3-4")
va 0,91 (t, J = 7,5 Hz, H3-4")], 2 tin hi€u proton sextet tai du [2,54 (sextet, J = 7,0 Hz,
H-2"), 3,98 (sextet, J = 6,5 Hz, H-2")], proton olefin tai ou 6,08 (s, H-3) va proton
nhom methylen tai on 3,63 (br s, Ha2-7).

Phé *C-NMR (Bang 3.5) va HSQC cta hop chat PH10 chi ra 22 tin hiéu
carbon bao gébm 5 nhém methyl, 3 nhém methylen, 3 nhém methin va 11 carbon
khong lién két hydro. Trong d6, xuat hién tin hiéu dic trung ctia 2 nhom carbonyl tai
5c212,6 (C-1"), 171,3 (C-6) va tin hiéu ctia nhom methyl gin voi vong thom tai dc 8,1
(C-14). Dya vao cac dit liéu phé 1D-NMR, hop chat PH10 dugc dé xuét 1a mot dan
xut ctia phloroglucinol [138], [139].

Trén phd HMBC cua hop chit PH10 xuat hién céc tuong tac gitta H-4" (Jn
0,92)/H-5" (ou 1,15) va C-2" (oc 47,0)/C-3" (oc 28,3), gitta H-5" (ou 1,15)/H-3" (dn
1,84; 1,39) /H-2" (Jou 3,98) va C-1" (dc 212,6) goi y sy c6 mat cia nhom 1-oxo-2-
methylbutyl. Ngoai ra, twong tac HMBC gitta H-14 (du 2,01) va C-11 (Jc 162,4)/C-12
(5c 105,2)/C-13 (5c 161,3) goi y nhom methyl (C-14) gin v6i nhan thom tai C-12
(Hinh 3.13).

Su dich chuyén héa hoc trén phd *C-NMR ciia vong pyron, cu thé & hop chat
PH10 [dc 169,5 (C-2), 102,2 (C-3), 169,5 (C-4), 103,0 (C-5) va 171,3 (C-6)] tuong tu
nhu cta hop chéat 6- (2-butyl)-3-ethyl-4-hydroxy-2-pyrone (con goi germicidin) [dc
165,9 (C-2), 99,6 (C-3), 167,2 (C-4), 104,7 (C-5) va 167,5 (C-6)] dugc phan lap tu
phan dich ndi ciia méi trudng nudi cdy Streptomyces viridochromogenes [140], diéu
nay chi ra rang phan tir PH10 chira cdu triic a-pyron. Ngoai ra, cac twong tac trén phd
HMBC gitra H-7 (du 3,63) va C-4 (dc 169,5)/C-5 (oc 103,0)/C-6 (6c 171,3), gitra H-3
(51 6,08) va C-2 (dc 169,5)/C-4/C-5 ma khong c6 tuong tac véi C-6 da ciing ¢b cho sy
cd mat cua vong a-pyron trong PH10 (Hinh 3.13).
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Ngoai ra, cac twong tac trén phd HMBC giita H-1' (6n 1,23)/H-4' (Ju 0,91) va
C-2' (dc 40,9)/C-3' (5c 28,5) va gitra H-1"/H-2' (du 2,54)/H-3' (0u 1,58; 1,70) dén C-2
cho phép goi ¥ su c6 mit cia nhom sec-butyl va gin vao vong a-pyron tai vi tri C-2.

Lién két giita gc phloroglucinol va vong a-pyron qua cau methylen (C(7)Hz)
dugc thiét 1ap thong qua sy dich chuyén manh vé phia truong thap ctia Ha-7 (du 3,63)
[141], [142]. Pac biét, cac twong tac trén phd HMBC gitta proton ctia nhom methylen
(H2-7) v61 C-4 (6c 169,5)/C-5 (oc 101,7)/C-6 (6c 170,7)/ C-8 (dc 106,5)/C-9 (Jc
158,7)/C-13 (6c 161,3) ciing c¢6 hon sy hinh thanh cdu methylen giita gdc
phloroglucinol va vong a-pyron.

Pho HR-ESI-MS xuét hién pic ion gia phan tir tai m/z 405,1909 [M+H]* twong
g v&i cong thirc phan tir C22H2907 (tinh theo 1y thuyét 1a M = 405,1913), cong thirc
phan tir ciia hop chat PH10 13 C22Hz307 (DBE = 9). Dya vao cac dit liéu pho trén, hop
chit PH10 dugc xac dinh 1a mot din xuét phloroglucinol m¢i duoc dat 1én Ia

Pogostemonon B.

Hinh 3.13. Cdu triic héa hoc va cdc twong taic HMBC (—) chinh ciia hop chit PH10
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Bing 3.5. S6 liéu phé NMR ciia hop chat PH10 [$ (ppm), J (Hz)]

C O™ ou™P HMBC(H — C)

2 169,5 -

3 102,2 6,08 br s C-2, C-4, C-5,C-2'

4 169,5 -

5 103,0 -

6 171,3 -

7 18,6 3,62's C-4,C-5, C-6, C-8, C-9, C-13
8 106,5 -

9 158,7 -

10 106,7 -

11 162,4 -

12 105,2 -

13 161,3 -

14 8,1 2,01s C-11, C-12, C-13

G 18,2 1,22 d (7,0 C-2,C-2',C-3'

2! 40,9 2,54 sextet (7,0) C-2, C-1', C-3', C-4'
3 28.5 1,58 m; 1,70 m C-2,C-1', C-2', C-4'
4 11,9 0,91t (7,5) C-2',C-3'

G 212,6 -

2" 47,0 3,98 sextet (6,5) C-1", C-3", C-4", C-5"
3" 28,3 1,84 m; 1,39 m C-1", C-2", C-4", C-5"
4 12,3 0,92t (7,5) C-2", C-3"

5" 17,3 1,15d (6,5) C-1",C-2", C-3"

“Po trong CD30D, *500 MHz, <125MH>

3.2.3.5. Hop chat PHI19: (Chat méi)

Hop chat PH19 duoc tach ra ¢ dang bdt, mau vang nhat, tan tdt trong MeOH.
Céc dir liéu phd 'H va '>*C-NMR cua hop chat PH19 tai Bang 3.6 kha twong dong véi
hop chat PH10. Trong cau trac PH19 xuét hién tin hi¢u cia nhom methyl singlet.

Cu thé, phd 'H-NMR ctia hop chat PH19 xuat hién tin hiéu dic trung cta 6
nhom methyl tai ou [2,06 (s, H3-14), 2,03 (s, H3-15), 1,21 (d, J = 7,5 Hz, Hs-1'), 1,16
(d, J=6,5 Hz, H3-5"), 0,93 (t, /= 7,5 Hz, H3-4") va 0,87 (t, /= 7,5 Hz, H3-4'), tin hi¢u
proton sextet tai on 3,98 (sextet, J = 6,5 Hz, H-2") va nhom methylen tai du 3,68 (s,

H»-7).
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Phoé '3C-NMR (Bang 3.6) va HSQC cuia hop chat PH19 chi ra tin hiéu cong
huéng cia 23 carbon gébm 6 nhom methyl, 3 nhém methylen, 2 nhém methin va 12
nguyén tur carbon khong lién két hydro. Trong d06, tin hi€u tai dc 212,8 (C-1") va 170,8
(C-6) dic trung cho carbon carbonyl, cic tin hiéu trén pho *C-NMR tai dc 164,6 (C-
2); 110,0 (C-3); 169,0 (C-4); 103,1 (C-5) va 170,8 (C-6) goi y su hién dién vong a-
pyron, twong tu nhu trong cau trac hop chat PH10. Dya vao cac dit liéu phd 1D-NMR,
hop chat PH19 duoc dé xuat 1a mot dan xuat cta phloroglucinol chtra vong a-pyron
[138], [139].

Tuong ty v6i hop chat PH10, pho HMBC cua hop chat PH19 xuat hién cac
tuong tac gitta H3-4" (du 0,93)/H3-5" (ou 1,16) va C-2" (éc 47,1)/C-3" (oc 28,2), gitra
H3-5" va C-1" (dc 212,8) goi y su c6 mat cia nhom 1-oxo-2-methylbutyl. Ngoai ra, cac
twong tic HMBC gilra H3-14 (du 2,06) voi C-11 (d¢ 160,8)/C-12 (dc 105,3)/C-13 (dc
160,8) goi ¥ nhém methyl (C-14) gan tai vi tri C-12 ctia nhan thom. Hop chat PH19 13
dan xuat phloroglucinol c6 gdc phloroglucinol lién két véi vong a -pyron qua ciu
methylen (C(7)Ha) dugc thiét 1ap thong qua sy dich chuyén manh vé phia truong thip
cua H»-7 (ou 3,68) [141], [142] va cac tuong tac HMBC gitra H>-7 véi C-4 (dc
169,0)/C-5 (6c 103,1)/C-6 (6c 170,8)/C-8 (dc 106,5)/C-9 (dc 159,4)/C-13 (éc 160,8)
(Hinh 3.14). Ngoai ra, cac tuong tac tir Hs-1' (ou 1,21)/Hs-4" (on 0,87) dén C-2' (dc
37,5)/C-3" (dc 28,7), tir Hy-1"/H-2" (on 2,97)/H2-3" (du 1,68; 1,60) dén C-2 trén phd
HMBC cho phép gan nhom sec-butyl vio tai C-2 ctia vong a-pyron.

Diém khac biét gitta hop chat PH19 va PH10 13 trén phé HMBC cia PH19
xuat hién tuong tac giira giita H3-15 (du 2,03) va C-2 (dc 164,6)/C-3 (dc 110,0)/C-4 (dc
169,0) goi y nhém methyl con lai (C-15) duoc gén tai C-3 cua nhan a-pyron.

Pho HR-ESI-MS xuét hién pic ion gia phan tir tai m/z 441,1897 [M+Na]" (tinh
toan 1y thuyét cho C3H3O7Na 1a 441,1889) dé nghi CTPT cua hop chat nay 1a
C23H3007 (DBE = 9). Phé UV (MeOH) chi ra cyc dai hap thu tai A 295 nm. Dya vao
cac dir liéu phé NMR, céu tric cla hop chit PH19 duoc lam sang to, 1a mot dan Xuét

phloroglucinol méi, dat tén 1a Pogostemonon D.
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Bing 3.6. So liéu phé NMR ciia hop chat PH19 [S (ppm), J (Hz)]

C oc™* o™ HMBCH — C)

2 164,6 -

3 110,0 -

4 169,0 -

5 103,1 —

6 170,8 -

7 18,6 3,68 s C-4, C-5,C-6, C-8, C-9, C-13
8 106,5 -

9 159,4 —

10 106,4 -

11 160,8 -

12 105,3 -

13 160,8 -

14 8,3 2,06s C-11, C-12, C-13

15 9,6 2,03s C-2,C-3,C-4

1’ 18,3 1,21 d (7.5) C-2, C-2, C-3'

2! 37,5 2,97 sextet (6,5) C-2,C-1',C-3", C-4'
3 28,7 1,68 m; 1,60 m C-2, C-1', C-2', C-4'
4' 12,2 0,87 t (7,5) C-2',C-3'

1" 212,8 —

2" 47,1 3,98 sextet (6,5) C-1", C-3",C-4", C-5"
3" 28,2 1,85m; 1,40 m C-1", C-2", C-4", C-5"
4" 12,3 0,93 t (7.5) C-2", C-3"

5" 17,1 1,16 d (6,5) C-1", C-2", C-3"

“Po trong CD30D, *500 MHz, <125MHz

Hinh 3.14. Cdu triic héa hoc va cdc twong taic HMBC (—) chinh ciia hop chdt PHI9
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3.2.3.6. Hop chat PHI3: (Chat méi)

Hop chat PH13 thu dugce dudi dang bot mau trang. Cac dit liéu phd 'H va 13C-
NMR cuia hop chat PH13 tai Bang 3.7 kha twong dong voi hop chat PH19. Tuy nhién,
dir liéu pho cua hop chat PH13 xuat hién tin hiéu ciia manh cdu trac 1-methylprop-1-
enyl.

Cu thé, phé "H-NMR (Bang 3.7) chi ra tin hiéu dic trung cta proton olefin tai
ou 5,87 (dq, J = 1,5; 7,0 Hz, H-3'), tin hi¢u proton sextet tai du 3,98 (sextet, J = 6,5, H-
2'), cac tin hi¢u proton ciia 6 nhém methyl tai dn [2,05 (s, H3-14), 2,03 (s, H3-15), 1,91
(br s, H3-1"), 1,83 (dq, J = 1,0; 7,0 Hz, H3-4"), 1,16 (d, J = 6,5 Hz, H3-5") va 0,93 (t, J
= 17,5 Hz, H3-4")], tin hi€u cua proton nhoém methylen tai du 3,66 (s, H2-7).

Pho *C-NMR (Bang 3.7) va HSQC ctia hop chat PH13 xuit hién 23 tin hiéu
carbon bao gdm 6 nhom methyl, 2 nhom methylen, 2 nhém methin va 13 carbon
khong lién két véi hydro. Trong d6, 2 tin hi¢u ddc trung ctia nhém carbonyl tai dc
212,6 (C-1") va 170,3 (C-6), cac tin hiéu trén pho *C-NMR tai dc 161,4 (C-2); 110,1
(C-3); 170,3 (C-4); 103,4 (C-5) va 170,3 (C-6) goi ¥ su hién dién vong a-pyron, tuong
tu nhu trong ciu trac hop chat PH10 va PH19. Dua vao cac dit liéu phd 1D-NMR,
hop chat PH13 duogc dé xuat 1a mot dan xuat ctia phloroglucinol [138].

Dit liéu pho NMR ciia hop chat PH13 c6 nhiéu diém twong dong véi cac dir
liéu cua hop chat PH19, dic biét 1a trong nhom phloroglucinol. Cu thé, phé HMBC
ctia hop chat PH13 c6 nhitng diém tuong dong véi hop chat PH19 nhu cac tuong tac
gitta H-4" (ou 0,93)/H-5" (6u 1,16) va C-2" (oc 47,1)/C-3" (6c 28,2), gitta H-5" va C-
1" (dc 212,6) cho thiy su hién dién cia nhom 1-oxo-2-methylbutyl. Twong tic HMBC
gitta H-14 (ou 2,05) va C-11 (dc 160,9)/C-12 (dc 105,3)/C-13 (dc 161,3) chung té co
nhém methyl gin voi nhan thom tai C-12. Lién két giita goc phloroglucinol va vong a-
pyron qua ciu methylen (C(7)Hz) duogc thiét 1ap thong qua sy dich chuyén manh vé
phia truong thip cta Ha-7 (du 3,66) [141], [142]. Vi tri nhom methyl tai vi tri C-3
duoc thiét 13p dua trén twong tac HMBC gitta on 2,03 (H3-15 va C-2 (dc 161,4)/ C-3
(oc 110,1)/C-4 (6C 170,1).

Piém khac biét so v6i hop chat PH19 1a trén phé HMBC cua PH13 xuit hién
tuong tac gitra H-1' (ou 1,91)/H-4" (6u 1,83) va C-2' (¢ 129,5)/C-3" (6c 133,1) goi y su
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c6 mit ctia manh cau trac 1-methylprop-1-enyl va céc tuong tac gitta H-1' (6u 1,91)/H-
3’ (5 5,87) va C-2 (dc 161,4) cho phép xac dinh nhom 1-methylprop-1-enyl lién két
v&i vong a-pyron tai vi tri C-2.

Pho HR-ESI-MS xuét hién pic ion gi phan tir tai m/z 417,1906 [M+H]* tuong
g v&i cong thirc phan tir C23H2907 (tinh theo 1y thuyét 1a M = 417,1913), cong thirc
phan tir ctia hop chat PH13 13 C23H2307 (DBE = 10). Dya vao céac dit liéu pho trén,
cdu tric cua PH13 duoc xac dinh 12 mot dan xuét phloroglucinol mai, dat 1én la
Pogostemonon C.

Bing 3.7. S liéu phé NMR ciia hop chat PHI3 [$ (ppm), J (Hz)]

C FREE o™ HMBC (H — O)

2 161,4 —

3 110,1 —

4 170,3 -

5 103,4 —

6 170,3 -

7 18,8 3,66 s C-4, C-5,C-6, C-8, C-9, C-13
8 106,4 —

9 159,4 —

10 106,5 -

11 160,9 -

12 105,3 -

13 161,3 -

14 8,3 2,05 C-11,C-12, C-13

15 11,6 2,03 C-2,C-3,C-4

1’ 14,5 1,91 br s C-2,C-2',C-3'

2! 129,5 -

3 133,1 5,87 qq (1,5, 7,0) C-2,C-1',C-2', C-4'
4 13,8 1,83 dq (1,0; 7,0) C-2',C-3'

1" 212,6 —

2" 47,1 3,98 sextet (6,5) C-1",C-3", C-4", C-5"
3" 28,2 1,85 m; 1,40 m C-1",C-2", C-4", C-5"
4 12,3 0,93 t (7,5) C-2", C-3"

5" 17,2 1,16 d (6,5) C-17,C-2", C-3"

“ Po trong CD30D, *500 MHz, 125MHz
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Hinh 3.15. Cdu triic héa hoc va cdc twong tac HMBC (—) chinh ciia hop chat PHI3
3.2.3.7. Hop chat PH6: (Chdt méi)

Hop chat PH6 thu dugc dudi dang bot mau vang. Céac dit liéu phd 'H va 13C-
NMR cuia hgp chat PH6 tai Bang 3.8 kha twong dong v6i hop chat PH13. Piém khac
biét 1a trong phan tir PH6 xuét hién tin hiéu cua vong y-pyron.

Cu thé, phd 'H-NMR chi ra tin hiéu dic trung ctia proton olefin tai du 5,75 (dq,
J=1,5;7,0 Hz, H-3"), tin hi¢u proton sextet tai ou 4,09 (sextet, J = 6,5 Hz, H-2"), cac
tin hi€u proton cua 6 nhom methyl tai du [1,98 (s, H3-14), 1,93 (s, H3-15), 1,89 (t, J =
1,5 Hz, Hs-1"), 1,79 (dq, J =1,0; 7,0 Hz, H3-4"), 1,15 (d, J = 6,5 Hz, H3-5"") va 0,92 (t, J
= 7,5 Hz, H3-4")], tin hi¢u ctia proton nhém methylen tai du 3,55 (br.s, H»-7) (Hinh
3.16).

Pho '3C-NMR (Béng 3.8) va HSQC ctia hop chat PH6 chi ra 23 tin hiéu carbon
bao gébm 6 nhom methyl, 2 nhém methylen, 2 nhom methin va 13 carbon khong lién
két hydro. Trong do, xuét hién tin hiéu dic trung cua 2 nhém carbonyl tai dc 212,4 (C-
1) va 180,7 (C-4), tin hi¢u ciia nhém methyl ga‘in v6i vong thom tai dc 7,9 (C-14). PBac
biét, tin hiéu carbonyl tai dc 180,7 (C-4) dich chuyén vé tir trudng cao goi ¥ sy c6 mit
ctia h¢ enone trong hop chat PH6. Dya vao céac dir liéu pho 1D-NMR, hop chat PH6
dugc dé xuat 12 mot din xuét cua phloroglucinol chira vong y-pyron. [138].

Tuong tu hop chat PH13, pho HMBC ctia hop chat PH6 chi ra twong tac gitra
H-4" (6un 0,92)/H-5" (6u 1,15) va C-2" (dc 46,6)/C-3" (dc 28,3), gitta H-5" va C-1" (dc
212.,4) goi y su xuét hién cta nhom 1-oxo-2-methylbutyl. Tuong tac HMBC gitta H-
14(dn 1,98) va C-11 (Jc 162,7)/C-12 (oc 104,7)/C-13 (dc 163,0) cho phép xac dinh vi
tri cia nhém methyl lién két tai C-12 ctia nhan thom (Hinh 3.16).
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Ngoai ra, twong taic HMBC gitra H-1" (ou 1,89)/H-4" (ou 1,79) va C-2' (oc
130,7)/C-3" (dc 130,6) goi ¥ su co6 mit cia manh cau trac 1-methylprop-1-enyl va céac
tuong tac gitta H-1" (ou 1,89)/H-3' (du 5,75) va C-2 (éc 160,0) cho phép xac dinh
nhom 1-methylprop-1-enyl lién két v6i p-pyron tai vi tri C-2. Vi tri nhém methyl tai vi
tri C-3 dugc thiét lap dya trén twong tic HMBC giita du 1,93 (H3-15) va C-2 (dc
160,0)/ C-3 (dc 113,9)/C-4 (dc 180,7) (Hinh 3.16).

Tuong tu cac dan xuat phloroglucinol khac nhu PH10, PH19 va PH13, lién két
giita gdc phloroglucinol va vong y-pyron qua cau methylen (C(7)Hz) dugc thiét 1ap
thong qua su dich chuyén manh vé phia truong thap cua Ha-7 (Su 3,55) [141], [142].
Dic biét, trén phd HMBC cho thay twong tac kha yéu giira proton ctia nhom methylen
(Ha-7) véi C-5 (6c 101,7)/C-6 (dc 170,7). Piéu nay c6 thé giai thich 1a do su quay tu
do xung quanh ciu methylen ciia hai hé thong gbc phloroglucinol va vong y-pyron
[139].

Pho HR-ESI-MS xuét hién pic ion gia phan tir tai m/z 417,1906 [M+H]* tuong
g véi cong thirc phan tir C23Ha907 (tinh theo 1y thuyét 1a M = 417,1913), cong thirc
phan tir ctia hop chat PH6 1a Ca3Hxs07 (DBE = 10). Do d6, hop chat PH6 dugc xac

dinh 12 mot dan xuat phloroglucinol méi dugc dit 1én 13 Pogostemonon A.

5"

Hinh 3.16. Cdu triic héa hoc va cdc twong tic HMBC (—) chinh ciia hop chit PH6

74



Bing 3.8. S6 liéu phé NMR ciia hop chat PH6 [ (ppm), J (Hz)]

C O™ o™ HMBC(H — C)

2 160,0 -

3 113,9 -

4 180,7 -

5 101,7 -

6 170,7 -

7 20,1 3,55 br.s C-5,C-6

8 106,3 -

9 160 -

10 109,5 -

11 162,7 -

12 104,7 -

13 163,0 -

14 7,9 1,98 s C-11,C-12, C-13
15 12,1 1,93 s C-2,C-3,C-4

I’ 14,7 1,89t (1,5) C-2,C-2',C-3'

2 130,7 -

3 130,6 5,75 qq (1,5, 7.,5) C-2,C-1',C-2', C-4'
4 13,6 1,79 dq (1,0, 7,0) C-2',C-3'

1" 212,4 -

2" 46,6 4,09 sextet (6,5) C-1",C-3", C-4", C-5"
3" 283 1,84 m; 1,39 m C-1", C-2", C-4", C-5"
4 12,3 0,92 t (7,5) C-2",C-3"

5" 17,5 1,15 d (6,5) C-17, C2", C-3"

NMR ctia hop chat PH18 tai Bang 3.9 kha tuong dong v6i hop chat PH13 ciing nhu
cac hop chat PH10, PH19. Diém khéc biét 1a trong phan tir PH18 xuét hién tin hi¢u

“Po trong CD30D, *500 MHz, <125MHz
3.2.3.8. Hop chat PHIS8: (Chat méi)

cua b khung 2,3-dimethyl-4-chromanon.
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Hop chat PH18 thu dugc dudi dang bot mau trang. Cac dit liéu phd 'H va 13C-

Cu thé, phé "H-NMR (Bang 3.9) chi ra tin hiéu dic trung cta proton olefin tai
ou 5,78 (dq, J = 1,5; 7,0 Hz, H-3"), tin hi€u proton cia 6 nhém methyl tai du [2,06 (s,
Hs-14), 2,00 (s, H3-15), 1,88 (s, H3-1"), 1,79 (dd, J = 0,5; 7,0 Hz, H3-4"), 1,25 (d, J =
7,0 Hz, H3-4") va 1,66 (d, J = 6,5 Hz, H3-5")], tin hi€u ctia proton nhém methylen tai




on 3,65 (br.s, H»-7). Pang chu y, tin hi€u proton tai du 12,2 dugc gan cho nhém
chelated hydroxyl, tin hi¢u cho 2 proton methin tai du 2,65 (dq, /= 12,0; 7,0 Hz, H-2")
va 4,36 (dq, J = 12,0; 6,5 Hz, H-3").

Phé *C-NMR (Bang 3.9) va HSQC cta hop chat PH18 chi ra 23 tin hiéu
carbon bao gdbm 6 nhom methyl, 1 nhém methylen, 3 nhém methin va 13 carbon
khong lién két hydro. Trong d6, tin hi¢u dic trung ciia 2 nhom carbonyl tai dc 197,3
(C-1") va 168,5 (C-6), 2 nhém methyl gin vao vong thom tai dc 7,40 (C-14) va 11,4
(C-15). Tin hi€u cua carbon methylene tai oc 17,6 va tin hi€u proton cta no tai ou 3,65
(br.s, H>-7) dich chuyén vé tir trudng thip goi v lién két gira gbc phloroglucinol va
vong a-pyron qua cau methylen (C(7)Hz). Nhu vay, PH18 1a mot din xuat coa
phloroglucinol [141], [142].

Trong céc tin hiéu carbon cua PH18, c6 10 tin hiéu c6 thé gan cho khung y-
pyron trong hop phan ciia mot dan xuat phloroglucinol [138]. Tuy nhién, so sanh véi
cac gbc phloroglucinol [138], hop chat PH18 c6 nhoém oxymethin tai dc 80,4, goi
cho phan tmg déng vong & C-3". Piéu nay duoc ciing cb dua trén hang sé ghép gitta
H-2" (2,65, dq, J = 12,0; 7,0 Hz) va H-3" (4,36, dq, J = 12,0; 6,5 Hz) va H3-4" (1,25, d,
J =17,0 Hz) va Hs-5" (1,66, d, J = 6,5 Hz) va su dich chuyén vé tir truong thip cua dc
154,6 (C-9). Ngoai ra, trén phd HMBC ghi nhén céc twong tac giita du 1,25 (H3-4") va
C-1" (oc 212,4)/ C-2" (oc 45,7)/ C-3" (oc 80,4), cac twong tac gitra ou 1,66 (H3-5") va
C-2" (dc 45,7)/ C-3" (80,4), cling nhu cac tuong tac gitta H-2" (Jun 2,65)/H-3" (Ju 4,36)
va C-1" (oc 197,3). Dir liéu phé NMR goi y cho b khung 2,3-dimethyl-4-chromanon
trong gbc phloroglucinol ciia hop chat PH18 [143].

CAu hinh trans gitta H-2" va H-3" duoc xac nhan dua trén hang sé ghép cip
gitta proton H-2" va H-3" 1a J = 12,0; 7,0 Hz va J = 12,0; 6,5 Hz, goi y cdu hinh
diaxial giita H-2" va H-3". Cau hinh tuyét d6i 2"R, 3"R duoc xac nhan dya trén cdu
hinh d3 biét cua hop chat acid papuanic phan lap tir Calophyllum papuanum [144]. So
sanh phd CD cua hop chat PH18 va phd cua trans-(2R,3R)-5,7-dihydroxy-2,3-
dimethyl-4-chromanone phén 1ap tir Helichrysum paronychioides [143] nhan thay sy
tuong dong trong cac dudng cong. Do d6, gan cu hinh tuyét ddi cua hop chét nay 1a
2"R, 3"R.
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Bén canh d6, c4u hinh tuyét ddi ctia hop chat PH18 duogc khang dinh lai voi
phuong phap tinh toan pho ludng sac tron dién tir (ECD) bang chwong trinh Gaussian
09 [145]. Pau tién, cac cau dang cua cip dong phan 2"R, 3"R va 2"S, 3"S duoc phan
tich bang chuong trinh Spartan 14 véi trudng luc MMFF. Céc cau dang c6 thong sb
Boltzmann trén 1% di dugc lya chon dé tinh toan phé ECD va duoc t6i wu hoa véi
ham chirc ning B3LYP/6-311G(d,p) bang md hinh PCM. Tiép theo, phé ECD cuia céc
ciu dang dugc tinh toan voi ham mat d¢ phu thudc thoi gian TDDFT béng chuong
trinh Gaussian 09 va dugc mo phong bang cong cu SpecDis 1.71. Két qua thu dugc tai
hinh 3.17 cho thdy phd ECD tinh toan cho dong phan 2"R, 3"R phu hop véi dit liéu CD
thuc nghiém, trong khi phd ECD tinh toan cho cau hinh 2"S, 3"S cho két qua d6i xing
hoan toan. Piéu nay cho phép khang dinh ciu hinh tuyét d6i 2"R, 3"R cia hop chat
PH18.

Pho HR-ESI-MS xuét hién pic ion gia phan tir tai m/z 415,1753 [M + H]" tuong
mg voi cong thirc phan tir C23Ha707, (tinh theo 1y thuyét 1a M = 415,1757), do do,
cong thirc phan tir ctia hop chit PH18 1a C23Ha607 (DBE = 11). Dya trén dit liéu phd &
trén, hop chat PH18 1a mot din xuat cta phloroglucinol méi, dit tén 13 Pogostemon

D.

40 8

Ag (tinh toan 1y thuyét)
Ag (thuc nghiém)

-40 -8

—2"R3"R  ——2"§,3"S  ----- PH18 thuc nghiém

Hinh 3.17. Phé ECD tinh todn Iy thuyét va CD thiec nghiém ciia hop chat PH18
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A s

Hinh 3.19. Céc tiong tdc HMBC (—) va NOESY chinh ciia hop chdt PHI8
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Bing 3.9. S6 liéu phé NMR ciia hop chat PH18 [S (ppm), J (Hz)]

C Sc Sn HMBC NOESY
H— C) (H — H)

2 160,5 —

3 107,8 —

4 167,3 -

5 102,1 —

6 168,5 —
C-4, C-5, C-6, C-8, OH-13, OH-4

7 17,6 3,65 br.s C.9.C-13

8 103,6 —

9 154,6 —

10 101,1 —

11 160,5 -

12 107,4 —

13 163,1 —

14 7,4 2,06 s C-11, C-12,C-13

15 11,4 2,00 s C-2,C-3,C4 OH-4, H-3'

I 14,5 1,88 s C-2,C-2, C-3

2' 128,2 —

3 132,0 5,78dq (1,5;7,0) C-2,C-1',C-2',C-4" H-4

4' 13,9 1,79 dd (0,5;7,0)  C-2',C-3’ H-3'

1" 197,3 —

2" 45,7 2,65 dq (12,0; 7,0) C-10, C-3",C-4", C-5" H-5"

3" 80,4 4,36 dq (12,0; 6,5) C-17",C-2", C-5" H-4"

4" 10,1 1,25 d (7,0) Cc-1", C-2", C-3" H-3"

5" 19,4 1,66 d (6,5) c-2", C-3" H-2"

OH4 - 8,77 s C-3,C4,C-5 H-7, H-15, H-5"

OH-11 - 12,3 s C-10,C-11,C-12

OH-13 - 10,5 s C-8, C-12, C-13 H-7

“Po trong CDCl3, *500 MHz, ©125MHz
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Bing 3.10. Dit liéu phé cia cdc dan xudt phloroglucinol PH10, PH19, PH13, PH6 va PHI18

C | PHI10 PH19 PH13 PH6 PH18
dc on oc ou oc ou dc On oc ou
2 169.5 — 1646 — 161,4 — 160,0 — 160,5 -
3 102,2 6,08 br.s 110,0 - 110,1 — 1139 — 107.8 —
4 170,0 — 169,0 - 170,1 — 180,7 — 1673 -
5 103,0 — 103,1 - 103,4 — 101,7 - 102,1 -
6 171,3 — 170,88 - 170,3 — 170,7 — 168,5 -—
7 18,6 3,625 18,6 3,68 s 18.8 3,66s 20,1 3,55 br.s 17,6 3,65s
8 106,5 — 106,5 - 106,4 — 106,3 — 103,6 -—
9 158,7 — 1594 - 159.,4 — 170,7 — 1546 -—
10 | 106,7 — 1064 — 106,5 — 109,5 — 101,1 -
11 [ 1624 — 160,8 — 160,9 — 162,7 — 160,5 -
12 [ 105,2 — 105.3 - 105.3 — 104,7 — 1074 -
13 | 161,3 — 160,8 — 161,3 — 163,0 — 163,1 -
14 | 8,1 2,01s 8,3 2,06 s 8,3 2,055 7.9 1,98 s 7.4 2,06 s
15 | - — 9.6 2,03 s 11,6 2,03 s 12,1 1,93 s 11,4 2,00 s
1' 182 122d(7.0) 183 121d(7.5) 145 191 brs 147 1.89t(1.5) 145 1.88s
2' 1409 2,54 sextet (7,0) 37,5 2,97 sextet (6,5) | 129,5 — 130,7 — 128,2 -—
3' 1285 1,58m;1,70m 28,7 1,68 m; 1,60 m 133,1 5,87 9q (1,5,7,0) | 130,6 5,75q9q(1,5,7,5) |132,0 5,78dq(1,5,7,0)
4" 11,9 0911t(7,5 12,2 0,87 t(7,5) 13,8 1,83 dq (1,0, 7,0) | 13,6 1,79dq (1,0,7,0) |13,9 1,79 dq (0,5, 7,0)
1" [ 212,6 — 212,88 - 212,6 - 2124 - 1973 -
2" 470 308 sexict (6.5) | 471 3.98 soxtel (6,5) |47.1  3.98 soxtel (6,5) | 46,6 400 sextel (65) 45,7 2,65 dq (12,0, 7.0)
3" 1283 1,84m; 1,39m 28,2 1,85m; 1,40 m 28,2 1,85m; 1,40 m 28,3 1,84 m; 1,39 m 80,4 4,36 dq (12,0, 6,5)
4" 12,3 092t(7,5) 12,3 0,93t (7.5) 12,3 0,93 t(7,5) 12,3 0,921 (7,5) 10,1 1,25 d (7,0)
5" [17,3 1,15d(6,5) 17,1 1,16 d (6,5) 17,2 1,16 d (6,5) 17,5 1,15d(6,5) 19,4 1,66 d (6,5)
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3.2.3.9. Hop chat PHI14: (Chdt méi)

Hop chat PH14 thu dugce dudi dang bot mau tring. Pho "H-NMR cua hop chét
PH14 chi ra tin hi¢u dac trung cua 5 nhom methyl bac ba tai du 0,90-1,09, tin hi¢u 10
nhom methylen, dac biét su xuét hién cua proton oxymethylen tai dn 3,68 (d, J = 10,0
Hz, H-23a), 3,44 (d, J = 10,0 Hz, H-23b). Phdé '"H-NMR con thé hién tin hiéu cta 7
proton methine, trong d6 c¢6 3 tin hi¢u proton oxymethine tai ou 3,76 (ddd, J = 10,5;
10,0; 4,0 Hz, H-2), 3,40 (d, J = 10,0 Hz, H-3), 4,08 (d, J = 2,5 Hz, H-18), 1 tin hi¢u
cua proton dioxymethine tai on 4,19 (s, H-29) va tin hi€u proton olefinic tai du 5,77 (d,
J=2,5Hz, H-12). Ngoai ra, phé '"H-NMR con cho théy tin hi¢u cia nhém methoxy tai
on 3,36 (s, H3-28).

Trén pho *C-NMR va HSQC cua hop chat PH14 chi ra 30 tin hiéu carbon goi
y cAu tric olean-12-ene nor-triterpen. B9 dich chuyén hoa hoc tai oc 69,0 (C-2), 80,9
(C-3), 49,7 (C-5), 47,6 (C-9), 118,8 (C-12), 74,6 (C-18) va tin hi¢u acetal dugc ghi
nhan tai dc 106,7 (C-29) goi ¥ su c6 mit cta 7 carbon methine. Bén canh d6, phd '3C-
NMR con cho thay tin hiéu 10 carbon methylen bao gdm: 1 hydroxyl methylen tai dc
71,1 (C-23), 1 nhém methoxy tai oc 54,9 (C-28) va 7 carbon bac bon. So sanh dir liéu
phé NMR cuia hgp chat PH14 va hop chat gomphoparvin B dugc phan 1ap tir loai
Gomphostemma parviflorum [146], nhoém acetal trong cdu trac cia ca 2 hop chat nay
dugc gan vao vi tri C-29, cling nhu vong F duoc hinh thanh trén lién két giita C-18 va
C-29 qua cau ndi oxy [146]. Piéu ndy con duoc xac nhan dua vao twong tac trén phd
HMBC ctia hop chat PH14, tuong tac gitta H-29 (0 4,18, s) dén C-18 (dc 74,6). Bén
canh d6, diém khac biét 1 sy xuat hién cia nhom methoxy C-28 (dc 54.9) trong ciu
trac PH14 thay vi nhom hydroxyl cung vi tri trong hop chat gomphoparvin B, duoc
xac nhan théng qua cac twong tac trén phd HMBC giita du 3,36 (3H, s) va C-29 (dc
106,7)/C-30 (oc 21,6).

Céu hinh tuong d6i cia PH14 duoc xac dinh dya vao dir liéu phd NOESY. Tin
hiéu NOESY gitta H-2 (Ju 3,76), H-24 (ou 0,90) va H-25 (éu 1,09) goi y su dinh
hudng S cta cac proton nay. Nguoc lai, cac tin hi¢u NOESY gitra H-27 va H-18, gitia
H-18, H-29 va H-30 goi y dinh huéng « cta cac proton nay. Bén canh dé, hing sb
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tuong tac J>3 = 10,0 Hz goi ¥ cdu hinh frans-diaxial gitra H-2 va H-3 cho phép xéc
dinh H-3 dinh hudng a.

Pho HR-ESI-MS xuit hién pic ion gia phan tir tai m/z 523,3201 [M+CI]™ tuong
ung véi cong thue phan tior C3oH4sOsCl, (tinh theo 1y thuyét la M = 523,3190), do do,
cong thirc phan tir ctia hop chat PH14 1a C30HisOs (DBE = 7). Dua vio cac dit liéu
phd trén, cdu trac cta hop chit PH14 dugc dé xuét 1a (2a,34,17R")-18-epoxy-29-
methoxy-19(18—17)-abeo-28-norolean-12ene-2,3,23-triol, 1a mot triterpen maoi dugce

dat tén 1a Pogostem.

(a) (b)
Hinh 3.20. Cdu triic héa hoc ciia hop chit PH14 (a) va gomphoparvin B (b)

82



— HMBC

- -

COSY
NOESY

Hinh 3.21. Cac twong tac HMBC, COSY va NOESY chinh cua hop chat PHI4
Bing 3.11. S6 liéu phé NMR ciia hop chat PHI4 [6 (ppm), J (Hz)]

C o™ ou™” HMBC COSY NOESY
(H— O (H— H) (H— H)
46,8 2,06 dd (4,5, 12,5);  C-2,C-3,C-5,C-10 H-2 H-3
0,94*
69,0 3,76 ddd (10,5, 10,0, C-1,C-3,C-4,C-10 H-1,H-3  H-24, H-25
4,0)
80,9 3,40 d (10,0) C-1,C-2,C-4,C-5, H-2 H-1
C-23, C-24
42,6 —
49,7 1,05% C-1,C-3,C-4,C-6, H-6 H-9, H-23
C-7,C-9, C-10
18,5 1,40% C-4, C-5,C-7,C-8, H-5,H-7
C-10
33,7 1,51%; C-5, C-6,C-8,C-9, H-6
1,40% C-14
39,6 —
47,6 1,55% C-1,C-5,C-7,C-8, H-11 H-5, H-27
C-10, C-11, C-12,
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C-14
10 |384 |-
11 23,1 1,96 m C-8,C-9,C-10,C- H-9,H-12 H-12, H-25
12, C-13
12 118,6 5,77 quin (2,5) C-9, C-11, C-13,C- H-9 H-11
14, C-18
13 138,66 -
14 43,6 |-
15 27,3 1,59%; C-8,C-13,C-14, C- H-16
1,03* 16, C-17, C-27,
16 31,1 1,68%; C-14,C-15,C-17, H-15 H-19, H-29,
1,23t (3,5) C-18
17 46,1 -
18 74,6  4,08d(2,5) C-12,C-13,C-14, H-17 H-19, H-27
C-16, C-17
19 450 1,78 brd (11,0); C-16, C-17, C-18, H-18
1,08* C-20, C-21, C-22
20 441 |-
21 36,0 | 1,68% C-17,C-19,C-20, H-22
1,29dd (4,5, 12,5)  C-22, C-29, C-30
22 28,7 |1,66%; C-16,C-17,C-18, H-21
1,01* C-19, C-20, C-21
23 |71,1  |3,68d(10,0); C-3, C-4, C-5, C-24 H-5
3,44 d (10,0)
24 128 0905 C-3, C-4, C-5, C-23 H-2
25 17,6 1,09 C-1,C-5, C-9, C-10 H-2, H-11,
H-24, H-26
26 17,6 0,955 C-7,C-8, C-9, C-14 H-25
27 230 1,085 C-8, C-13, C-14, C- H-9, H-18
15
28 549 3365 C-29
29 |106,7 |4,18s C-18, C-19, C-20, H-16, H-30
C-21, C-28, C-30
30 21,6 0,965 C-19, C-20, C-21, H-19, H-29
C-29

“Po trong CD30D, *500 MHz, 125MHz, * tin hiéu chdp
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3.2.3.10. Hop chdt PH5

Hop chat PH5 dugc tach ¢ dang dau, khong mau, tan tot trong chloroform.

Ph6 'H-NMR ciia hop chat PHS chi ra tin hiéu dic trung 5 nhém methyl singlet
tai on 1,68 (H3-16); 1,60 (H3-17/H3-20); 1,59 (H3-19) va 1,28 (H3-18); 4 proton olefine
tai ou 5,92 (dd, J = 10,5, 17,0 Hz, H-2); 5,14 (qt, J = 1,0; 7,0 Hz, H-6); 5,10 (m, H-
10/H-14) va nhém exo-methylene tai on 5,22 (dd, J = 1,0; 17,0 Hz, H-1a) va 5,07 (dd,
J=1,0,10,5 Hz, H-1b).

Pho '*C-NMR va HSQC ctia hop chat PH5 chi ra tin hiéu ctia 20 carbon, gém 5
nhom methyl, 7 nhém methylen, 4 nhém methin va 4 carbon khéng lién két hydro.
Trong d6, 8 carbon lai hoa sp? tai dc 145,1 (C-2), 135,6 (C-7), 135,1 (C-11), 131,3 (C-
15), 124,4 (C-6), 124,2 (C-14), 124,1 (C-10) va 111,7 (C-1) va 1 carbon bac bdn tai dc
73,5 (C-3). S6 lidu phd ctia hop chat PH5 duoc trinh bay tai Bang 3.3. Cac dit kién
pho trén goi ¥ hop chat PH5 13 mot diterpenoid. So sanh dit kién phd NMR va chat
tham khao [147], hop chat PH5 duoc xac dinh 13 Geranyllinalool c6 CTPT Ia
C20H340 (Hinh 3.22).

17 18 19 20

15\ 11\ 7\ 3 = !
Hinh 3.22. Cdu triic héa hoc ciia hop chit PH5
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Bing 3.12. S6 liéu phé NMR cia hop chat PHS va chdt tham khdo [0 (ppm), J (Hz)]

C Geranyllinalool PHS
dc ou oc OH
1 111,7 5,21 brd (17,3) 111,7  5,22dd (1,0, 17,0)
5,07 br d (10,7) 5,07 dd (1,0, 10,5)
2 145,1 5,92 dd, (10,7, 17,3) 145,1 5,92 dd, (10,5, 17,0)
3 73,5 - 73,5 -
4 42,1 1,6 m 42,1 1,57 m
5 22,7 22,7
6 124,4 5,17 brt (6,6) 124,4 5,14 qt (1,0; 7,0)
7 135,7 - 1356  —
8 39,7 39,7
9 26,6 26,6
10 1242 5,1 brt(6,6) 124,1 5,10 m"
11 135,1 - 135,1 -
12 39,7 39,7
13 26,8 26,8
14 1243 5,1 br t (6,6) 1242  510m"
15 131,2 - 131,3 -
16 25,7 1,68 s 25,7 1,68 s
17 17,7 1,60 s 17,7 1,60"
18 27,9 1,28 s 27,9 1,28 s
19 16,0 1,56 s 16,0 1,59 s
20 16,0 1,59 s 16,0 1,60"

“Po trong CDCIl3, ®500 MHz, <125MHz, * tin hiéu chdp

3.2.3.11. Hop chdt PH17

Hop chat PH17 duoc phan lap dudi dang bot mau trang. Phd 'H-NMR cua
PH17 chi ra tin hi¢u ddc trung cua 1 proton olefin tai du 5,35 (br d, J=4,5 Hz, H-6), 2
proton trans olefin tai on 5,16 (dd, J = 15,5; 3,5 Hz, H-22); 5,02 (dd, J = 15,5; 9,0 Hz,
H-23) va 1 proton thu¢c nhém oxymethin tai ou 3,51 (m, H-3). O vung truong cao, tin
hi€u cua 2 nhém methyl bac ba tai du 0,70 (s, H3-18) va 1,03 (s, H3-19), 3 nhém
methyl béc hai tai ou 0,81 (d, J = 7,0 Hz, H3-27), 0,84 (d, J = 7,0 Hz, H3-26) va 0,93
(d, J = 6,5 Hz, H3-21) va 1 nhém methyl bac mot tai on 0,85 (t, J = 7,5 Hz, H3-29)
cling dugc ghi nhan. Cac dir kién pho trén goi ¥ hop chat PH17 1a mot sterol. Doi
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chiéu véi dit kién phd NMR chat tham khao [148], hop chiat PH17 duoc xac dinh 1a
Stigmasterol, c6 CTPT 13 Ca9HssO. Dit liéu phd NMR cua hop chat PH17 va chat

tham khao dugc mo ta tai Bang 3.10.

Hinh 3.23. Céu triic héa hoc ciia hop chat PH17
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Bing 3.13. S6 liéu phé NMR ciia hop chdt PH17 va chat tham khao [0 (ppm), J (Hz)]

C Stigmasterol PH17
dc on dc on

1 37,6 37,3

2 31,9 31,7

3 72,0 3,51 m 71,9 3,51 m

4 42,5 2,30 m 42,3 2,30 m
2,23 m 2,25m

5 140,8  — 140,8 -

6 121,8 5,17 br.t (6,6) 121,7 5,35 br.d (4,5)

7 32,1 - 31,9

8 32,2 31,9

9 50,5 50,2

10 36,5 - 36,6 -

11 21,2 21,1

12 40,0 39,7

13 42,2 - 42,2 -

14 57,1 56,9

15 24,5 24,4

16 28,9 28,9

17 56,3 56,0

18 12,2 0,70 s 12,3 0,70 s

19 19,5 1,01 s 19,4 1,03 s

20 40,4 40,5

21 214 1,03 d (6,2) 21,2 0,93 d (6,5)

22 138,3 5,17 dd (12,5; 8,6) 138,3 5,16 dd (15,5; 3,5)

23 129,7 5,04 dd (12,5; 8,6) 129,3 5,02 dd (15,5; 9,0)

24 51,5 51,3

25 32,2 31,9

26 21,2 0,85d (6,4) 21,1 0,84 d (7,0)

27 19,2 0,80 d (6,4) 19,0 0,81d(7,0)

28 254 254

29 12,2 0,81t(7,3) 12,3 0,85t (7,5)

“Po trong CDCIl;, ®500 MHz, <125MHz, * tin hiéu chdp

88



3.2.3.12. Théng s6 va dir kién phé ciia cdc hop chat phén ldp dwoc

Nhu vdy, tir phan trén mat dat ctia cay Tu hung tai bang cic phuong phap sic
ky, ludn an da phan 13p duoc 11 hop chat bao gém 3 hop chat thuoc nhom
meroterpenoid (Pogostemin A-C), 5 hop chit 1a dan xuat cua phloroglucinol
(Pogostemonon A-D, Pogostemon D), 1 hop chat triterpen (Pogostem), 1 hop chat
diterpen (geranyllinalool) va 1 hop chét steroid (stigmasterol). Trong 11 hop chit nay,
¢6 9 hop chat méi, 1an dau tién dugc tim thay tir tw nhién.
- Hop chdt PH16: Pogostemin A (hop chat méi)

Chat bot mau vang

Cong thuc phan tu: CasH3603

Khéi luong phan ti: 384,5600

Pho HR-ESI-MS m/z 385,2735 [M+H]"

Tinh toan 1y thuyét cho cong thirc: C2sH3,03 (M = 385,2743)

S6 liéu phd "H-NMR (500 MHz) va '3 C-NMR (125 MHz) xem & Bang 3.2.
- Hop chdt PHI5: Pogostemin B (hop chat méi)

Chat bot mau vang nhat

Cong thuc phan tu: CasH36O3

Khéi lwong phan ti: 384,5600

Pho HR-ESI-MS m/z 385,2735 [M+H]"

Tinh toan 1y thuyét cho cong thirc: C2sH3,03 (M = 385,2743)

S6 liéu phd '"H-NMR (500 MHz) va '3 C-NMR (125 MHz) xem & Bang 3.3.
- Hop chdt PH4: Pogostemin C (hop chat méi)

Chat bot mau vang nhat

Cong thuc phan tu: CasH3603

Khéi lugng phan ti: 396,5710

Pho HR-ESI-MS m/z 397,2737 [M+H]"

Tinh toan 1y thuyét cho cong thirc: C26H3703 (M = 397,2743)

S6 liéu phd "H-NMR (500 MHz) va '3 C-NMR (125 MHz) xem & Bang 3.4.
- Hop chdt PHI0: Pogostemonon B (hop chit moi)

Chat bot mau trang
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Cong thirc phan tir: C22H2307

Khéi lugng phan tir: 404,4590

Pho HR-ESI-MS m/z 405,1909 [M+H]*

Tinh toan 1y thuyét cho cong thirc: C22Hz007 (M = 405,1913)

S6 liéu phd "H-NMR (500 MHz) va '3C-NMR (125 MHz) xem & Bang 3.5.
- Hop chdt PH19: Pogostemonon D (hop chat méi)

Chat bot mau vang nhat

Cong thirc phan tir: C23H3007

Khéi lugng phén tir: 418,4860

Pho HR-ESI-MS m/z 441,1897 [M+Na]*

Tinh toan 1y thuyét cho cong thirc: C23H30O7Na (M = 441,1889)

S6 liéu phd "H-NMR (500 MHz) va '3C-NMR (125 MHz) xem & Bang 3.6.
- Hop chdt PH13: Pogostemonon C (hop chit moi)

Chat bot mau trang

Cong thirc phan tir: C23H2307

Khéi lugng phan ti: 416,4700

Pho HR-ESI-MS m/z: 451,2838 [M+H]+

Tinh toan 1y thuyét cho cong thirc: C23H2007 (M = 417,1913)

S6 liéu phd '"H-NMR (500 MHz) va '3C-NMR (125 MHz) xem & Bang 3.7.
- Hop chdt PH6: Pogostemonon A (hop chat méi)

Chat bot mau vang

Cong thirc phan tir: C23H2307

Khéi lugng phan ti: 416,4700

Pho HR-ESI-MS m/z 417,1906 [M+H]"

Tinh toan 1y thuyét cho cong thirc: C23H2007 (M = 417,1913)

S6 liéu phd '"H-NMR (500 MHz) va '3 C-NMR (125 MHz) xem & Bang 3.8.
- Hop chdt PHI8: Pogostemon D (hop chit méi)

Chat bot mau trang

Cong thirc phan tir: C23H2607

Khéi lugng phén ti: 414,4540
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Pho HR-ESI-MS m/z 415,1753 [M + H]*

Tinh toan 1y thuyét cho cong thirc: C23H2,07 (M = 415,1757)

S6 liéu phd "H-NMR (500 MHz) va '3 C-NMR (125 MHz) xem & Bang 3.9.
- Hop chdt PHI4: Pogostem (hop chit moi)

Chat bot mau trang

Cong thuc phan tu: C30HasOs

Khéi lugng phan tir: 488,3502

Pho HR-ESI-MS m/z 523,3201 [M+CI]

Tinh toan 1y thuyét cho cong thirc: C30HasOsCl (M = 523,3190)

S6 liéu phd "H-NMR (500 MHz) va '3 C-NMR (125 MHz) xem & Bang 3.11.
- Hop chat PHS: Geranyllinalool

Chét dau khong mau

Cong thure phan tir: C20H340

Khéi lugng phan tir: 290,2610

S6 liéu phd "H-NMR (500 MHz) va '3C-NMR (125 MHz) xem & Bang 3.12.
- Hop chat PH17: Stigmasterol

Chat bot mau trang

Cong thuc phan tu: CooHasO

Khéi lugng phan ti: 412,7020

S6 liéu phd "H-NMR (500 MHz) va '3C-NMR (125 MHz) xem & Bang 3.13.
3.3. Két qua nghién ciru vé ddc tinh cip va tic dung sinh hoc
3.3.1. Hoat tinh chong viém
3.3.1.1. Sang loc hoat tinh chéng viém irc ché san sinh NO ciia cdc cao chiét

Mau thir trong nghién ctru sang loc hoat tinh chéng viém 13 cao chiét toan phan
MeOH (M) va cac cao chiét phan doan n-hexan (H), dicloromethan (D), ethyl acetat
(E), nuéc (W) thu duoc tir phuong phap 3.2.2.1 va 3.2.2.2. Trude khi thi tdc dung tic
ché san sinh NO, cac cao chiét duoc danh gia kha niang gy doc dén sy phat trién cia

té bao dai thuc bao chuét RAW 264.7 & cac néng do thr nghiém 100 va 20 pg/mL.

AAAAA
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Bing 3.14. Kha ning anh hwéng dén sw song ciia té bao dai thire bao chudt RAW

264.7 ciia cdc cao chiét

Nong do % té bao song

(ng/mL) M H D E W L-NMMA
100 49,61 46,34 31,18 92,77 63,09 89,77
20 110,57 | 107,09 98,79 106,98 86,86 95,72

Tai mirc lidu 20 pg/mL, tat ca cac miu cao chiét khong anh huéng dén sy phat
trién binh thudng cua dai thuc bao chudt, ti 1& té bao séng 1a twong ddi cao (86,86 -
110,57%). Tuy nhién, & liéu cao 100 ug/mL, cac cao chiét D, M va H 1a tuong doi
doc, co ti 1& té bao séng sot thap, trong khoang tir 31,18 - 49,61%. Trong khi d6, cao
chiét ethyl acetat (E) va chimg duong L-NMMA c¢6 ti 18 té bao séng sot cao, tir 89,77 -
92,77%.

Bing 3.15. Két qua irc ché san sinh NO ciia cdc cao chiét

Miu nghién ciru ICs0 = SD (ng/mL)
Cao chiét methanol 60,54 + 2,66

Cao chiét n-hexan —

Cao chiét dicloromethan 28,68 £ 1,49
Cao chiét ethyl acetat 25,28 +1,52
Cao chiét nudce 64,73 + 1,84
L-NMMA 6,22 +0,84

“=: khong co hoat tinh
Tién hanh danh gia hoat tinh chéng viém tc ché san sinh NO cua cac cao chiét
theo phuong phap di mo ta tai 2.3.4.2 v6i dai ndng do 100; 20; 4 va 0,8 pg/mL. Két
qua thi nghiém dugc trinh bay tai bang 3.15 d cho thdy miu cao chiét ethyl acetat va
dicloromethan thé hién hoat tinh tot véi ICso 1an Iuot 1a 25,28 + 1,52 va 28,68 + 1,49

ng/mL. Trong khi d6, mau cao n-hexan chua thé hién hoat tinh & cac nong do nghién
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ctru. Cac mau con lai bao gdm cao methanol va cao nude thé hién mirc hoat tinh trung
binh v&i ICso trong khoang 60,54 - 64,73 pg/mL. Pdi chimg duwong L-NMMA hoat
dong 6n dinh trong thi nghiém vai ICso 1a 6,22 + 0,84 pg/mL. Tuy nhién, vi cao chiét
D, M anh hudéng nhiéu dén ti 18 séng ctia dai thuc bao chudt nén két qua ICso cua cao
D va M chi mang tinh tuong ddi.

Két qua tic dung chéng viém @c ché san sinh NO cho thiy cao chiét ethyl
acetat it gy doc voi té bao dai thuc bao chudt va c6 kha nang uc ché san sinh NO tt
nhat trong cidc mau thir. Do dé, cao ethyl acetat dugc chon dé tiép tuc nghién cuu
thanh phén hoa hoc va doc tinh cép.
3.3.1.2. Hoat tinh chong viém ciia cac hop chdt tinh khiét

a. Hoat tinh irc ché san sinh NO

Céac hop chat phan 1ap tir phan doan cao ethyl acetat duoc danh gia tac dung
chéng viém in vitro, bao gdbm 9 hop chat tinh khiét 1a: Pogostemin A-C,
Pogostemonon A-D, Pogostemon D va Pogostem. Trudc khi thir hoat tinh trc ché san
sinh NO, cac hop chat duoc danh gia kha ning gdy doc dén su phat trién cia té bao dai
thuc bao chuot RAW 264.7 & cac néng do thtr nghiém 100 va 20 pg/mL. Bang 3.16

AAAAA

mo ta ti 16 té bao sdng tai cac nong do thir nghiém cua cac hop chét.

Bing 3.16. Kha ning anh hwéng dén sw song ciia té bao dai thire bao chudt RAW
264.7 ciia cdc hop chat

Nong dd % té bao song

(ng/mL) | Pogostemin A | Pogostemin B | Pogostemin C | Pogostemon D | L-NMMA

100 21,55 95,4 28,9 37,54 89,77

20 42,94 99,1 71,3 89,48 95,72

Pogostemonon A|Pogostemonon B |Pogostemonon C|Pogostemonon D| Pogostem

100 37,69 105,94 32,98 104,75 40,73

20 94,22 104,16 > 105,57 102,16 > 104,99

O lidu 100 pg/mL, chi cac miu thir Pogostemin B, Pogostemonon B va

Pogostemonon D ¢6 ti 1& té bao sdng cao trong khoang 1a 95,4 - 105,94%, trong khi

93



cac mau thir con lai ti 1é té bao thap (< 50%). Tuy nhién, tai muc lidu 20 pg/mL, ti 16 té

bao sdng sot & tit ca cac mAu thir 1a trong d6i cao (71,34 - 105,57%).

Bing 3.17. Két qua irc ché san sinh NO ciia cdc hop chat

Tén hop chat ICs0 £ SD (ng/mL) ICs0 £ SD (uM)
Pogostemin B 15,66 £ 1,79 40,78 + 4,66
Pogostemin C 1,49 £ 0,06 3,76 £ 0,15
Pogostemonon A 12,06 £ 0,79 28,99+ 1,90
Pogostemonon B — —
Pogostemonon C 11,14+ 1,7 26,77 + 4,09
Pogostemonon D — —
Pogostemon D 3,02+0,31 7,29 £ 0,74
Pogostem — —
L-NMMA 6,22 + 0,84 33,04 £ 4,46

“= khong co hoat tinh

Céc hop chét tinh khiét co ti 1¢ séng cao tai ndng do 20 pg/mL duoc tiép tuc
tién hanh dénh gia hoat tinh chéng viém e ché san sinh NO theo phuong phap di mé
ta tai 2.3.4.2 v6i dai ndng d6 20; 4; 0,8 va 0,16 pg/mL. Két qua trc ché san sinh NO
ctia cac hop chat tinh khiét duoc mo ta tai bang 3.17 cho thdy nhiéu hop chat thé hién
hoat tinh tot. Pac biét, hop chat pogostemin C va pogostemon D ¢ kha ning trc ché
manh véi ICso 1an lugt 1a 3,76 + 0,15va 7,29 + 0,74 uM, manh hon nhiéu so chung
duong L-NMMA ¢ cing diéu kién thir nghiém. Ngoai ra, cac mau thir khac nhu
Pogostemonon A va Pogostemonon C ciing thé hién hoat tinh t6t voi ICso trong
khoang 26,77 - 28,99 uM. Céc hop chat con lai cho trc ché san sinh NO yéu hoic chua
thé hién hoat tinh trong diéu kién thir nghiém nay. Déi chung duong L-NMMA hoat
dong on dinh trong thi nghiém.

b. Kha nang diéu hoa cdc cytokin

Hop chit Pogostemin C c6 tac dung trc ché san sinh NO tdt nhit duoc lya chon
tiép tuc danh gia kha ning diéu hoa trén cac cytokin theo phuong phap tai muc 2.3.4.2,
két qua thu dugc trinh bay tai bang 3.18.
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Bing 3.18. Kha néing diéu hoa cdc cytokin ciia hop chit Pogostemin C

Nong do Ham luwgng cytokin (pg/mL)
(uM) IL-6 IL-10 TNF-a
50,5 130,97 + 17,31 384,85* + 30,94 428,44* + 51,09
10,1 121,35 + 18,02 232,77 £ 14,81 534,07 + 37,99
2,02 111,06 + 14,99 214,15+ 13,08 609,82 + 56,38
0,404 141,06 + 18,36 209,97 £ 9,44 632,17 £49,84
Chirng 4m 136,74 + 8,65 218,81 £32,67 714,09 + 57,29

* Sai khdc c6 y nghia thong ké véi P < 0,05

Tur két qua trén cho thidy, mau Pogostemin C c6 kha ning kich thich san sinh
IL-10 & nong d6 50,5 pM so v&i ddi ching am khong G mau nghién ctru & mirc ¢6 ¥
nghia thong ké (P < 0,05). Tuy nhién, & cac ndong do con lai mau chwa cho thiy kha
ning nay. Ciing tai ndong do 50,5 uM, mau thtr c6 kha ning tc ché san sinh TNF-a so
v6i d6i chimg khong G miu ¢ muc cd y nghia thong ké (P < 0,05). Tuy nhién, & cac
ndéng do con lai mau chua cho thdy kha ning nay. Ngoai ra, miu Pogostemin C chua
cho thay kha ning trc ché san sinh IL-6 & cac nong do thir nghiém.

3.3.2. Hoat tinh giy doc té bao ung thw
3.3.2.1. Thir nghiém gdy déc té bao

Céac hop chat phan 1ap tir phan doan cao ethyl acetat duoc danh gia tac dung
gy doc té bao - phuong phap st dung thudc nhuém SRB trén cac dong té bao ung thu
gan Hep-G2, ung thu day day AGS, ung thu biéu mé KB, ung thu phdi LU-1 va ung
thu rudt két SW-480 theo mo ta tai muc 2.3.4.3. Két qua thir nghiém gay doc té bao
cua cac hop chét tinh khiét duoc mé ta tai bang 3.19.

Mau Pogostemin A thé hién mirc hoat tinh trung binh trén 5 dong té bao thuc
nghiém véi ICso trong khoang 18,75 - 33,18 uM. Mau Pogostemon D chua thé hién
hoat tinh & cac néng do nghién ciru. Cac mau con lai thé hién mirc hoat tinh yéu Vo1
ICso trong khoang 77,28 - 219,87 uM trén cic dong té bao khac nhau. Pdi ching
duong Ellipticin hoat dong 6n dinh trong thi nghiém.
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Bing 3.19. Két qua gdy ddc té bao ung thie ciia cdc hop chat

Tén hop chat ICso = SD (uM)
Hep-G2 AGS KB LU-1 SW-480

Pogostemin A 30,56 + 4,91 24,55 +2,78 22,08 + 0,55 33,18 +2,29 18,75 + 2,83
Pogostemin B 77,28 £ 8,58 91,72 £533 | 15587+ 12,17 | 138,03 +5,67 | 89,74 + 5,88
Pogostemin C 144,06 £ 16,14 | 122,78 +7,75 | 147,58 + 14,45 | 115,82+7,82 | 100,34 + 5,42
Pogostemonon A | 95,57+ 10,54 | 172,72 + 14,74 | 128,58 £ 13,54 | 131,06 +4,83 | 105,84 + 13,33
Pogostemonon B | 162,47 + 16,49 | 146,59 + 10,98 | 193,87 + 11,87 | 188,75 + 19,51 | 180,44 + 13,05
Pogostemonon C 219,87 +7,68 | 183,95+ 14,89 | 232,22 + 11,79 | 236,08 + 21,47 177,9 + 8,93
Pogostemon D - - - - -
Pogostem 110,97 £10,7 | 107,69 +£9,66 | 93,96+ 11,56 | 134,7+ 14,22 | 95,38+ 8,66
Ellipticin 1,58 +0,12 1,66 = 0,24 1,5+0,16 1,7+0,24 1,54+0,16

“=: khong co hoat tinh

3.3.2.2. Hoat tinh cam ung apoptosis

Mau Pogostemin A thé hién mirc hoat tinh gdy doc té bao ung thu khé t6t dugc

tiép tuc nghién ctru kha ndng cam ing apoptosis.

a. Phwong phdp nhudm nhan té bao véi Hoechst 33342

Két qua so bo vé hoat tinh cam tng apoptosis trén dong té bao ung thu phoi

ngudi LU-1 ctia Pogostemin A thong qua phuong phap nhuém Hoechst 33342 duoc

trinh bay tai bang 3.20.

Bing 3.20. Két qua nhuém té bao bang Hoechst 33342

% té bao apoptosis

Pogostemin A | Pogostemin A | Pogostemin A | Camptothecin | Poi chirng
(13,02 nM) (26,04 nM) (52,08 nM) (SuM) am
4,50 6,54 34,30 28,57 5,19

Két qua trén cho thay, tai cac nong do nghién ctru, mau pogostemin A c6 kha

ning giy ra su c6 dic hodc phan manh nhan té bao vdi ti 18 khac nhau (tir 4,50% dén

34,30%) va cao hon so v&i d6i chimg am (5,19 %).
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Pogostemin A (13,02 uM) Pogostemin A (26,04 uM) Pogostemin A (52,08 uM)

J

Péi ching 4m Camptothecin (5 uM)
Hinh 3.24. Hinh anh té bao duéi tic dong ciia Pogostemin A dwoc nhuém Hoechst
33342 6 cdc nong do khdc nhau
b. Kithudt dém té bao dong chay
Ti 1é té bao apoptosis dudi tac dong ctia Pogostemin A thong qua ki thuat dém

té bao dong chay dugc thé hién trong hinh 3.25 va bang 3.21.

Bing 3.21. Ti I¢ té bao apoptosis duwdi tac dong ciia Pogostemin A

Mau thi nghiém | % té bao % té bao % té bao % té bao
song apoptosis s6m | apoptosis mudn hoai tir

Dbi chimg am 82,8 9,8 55 1,5

Pogostemin A 71,2 14,9 12,6 1,0

52,08 uM

Pogostemin A 81,8 8,2 7,4 2,2

26,04 uM

Pogostemin A 83,6 9,9 5,4 0,5

13,02 uM

Camptothecin 74,4 12,7 10,7 2,0

SuM
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R1 - CONTROL R1 - CAMP

ANEXIN'V - FITC-A ANEXIN V - FITC-A

(A) (B)

R1-1 R1-2

100 100 100 100 10

100 100 10 . 10:: 100 100 10 10° i .10 ) 1
ANEXIN V - FITC-A ANEXIN V - FITC-A ANEXIN V - FITC-A

(©) (D) (E)
Hinh 3.25. Hinh anh tdc déng ciia Pogostemin A dén qud trinh apoptosis té bao dwroc
phdn tich bang hé thong dém té bao dong chay

Ghi chii: (A) Té bao 1 véi 0,5% DMSO, (B) Té bdo i véi 5 uM Camptothecin, (C-D-
E)NT ¢ bao u voi Pogostem{n A voi n’éng d:é 52’, 08; 26,04 va 13,02 uM tr?ng 24h. Cac
mau thw duoc phdn tich bang hé thong dem té bao dong chay. Truc x thé hién mirc do
nhuom mau FITC-Annexin V, truc y thé hién muc do nhuom mdu PI theo don vi Log.

Két qua bang 3.21 cho thdy mau Pogostemin A ¢ néng d6 52,08 puM ¢ ti 1¢ té
bao apoptosis som va ti 1 t& bao apoptosis mudn déu tang 1én so véi ddi ching. O
mau dbi chung, ti 18 % té bao chét do apoptosis sém chi bang 9,8% tuy nhién quin thé
té bao nay tang lén dén 14,9% dudi tac dong cua Pogostemin A voi néng do 52,08
uM. Ti 18 t& bao chét do apoptosis mudn ting 1én dén 12,6% dudi tac dong cia
Pogostemin A v&i ndng d 52,08 uM so véi ddi chung am 5,5%. O cac ndng do thap

hon (26,04 va 13,02 uM) su thay doi vé s6 lugng té bao apoptosis khong rd rang. Nhu
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vay, c6 thé thdy mau nghién ctru da thé hién kha ning gy chét t& bao thong qua qua
trinh apoptosis.
c. Kha nang cam wng san sinh caspase-3
Kha ning cam (mg san sinh caspase-3 cta Pogostemin A duogc thé hién ¢ hinh
3.26. Két qua cho thy, Pogostemin A c¢6 kha ning kich thich t& bao LU-1 san sinh
caspase-3, diéu ndy thé hién rd ¢ ndng do 52,08 va 26,04 uM voi s6 1an kich thich ting
1,22 va 1,49 1an so voi ddi chirg am (P < 0.05).
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Kha nang kich thich caspase 3 (sé lan tang

Hinh 3.26. Kha ndng cam ing san sinh caspase-3 ciia Pogostemin A trén dong té bao
ung thuw phoi LU-1

Nhu vay, hop chit Pogostemin A ¢ ndong d6 52,08 pM c6 kha ning cam ung

apoptosis trén té bao ung thu phdi LU-1 gy ra su ¢6 ddc hoic phan manh nhan té bao

véi ti 18 34,30%; cam tng san sinh caspase-3 ting 1,22 1an so voi d6i chimg am (P <

0,05) va dac biét ti 1& té bao chét do apoptosis som tang 14,9%, apoptosis mudn tang

12,6% thong qua ki thuat dém té bao dong chay.
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3.3.3. Poc tinh cip

Mau thir 14 cao chiét phan doan ethyl acetat (d0 am 7,5%) c6 tac dung chéng
viém in vitro tot nhat duoc luya chon danh gia doc tinh cép. Tién hanh pha mau thir nhu
mo ta tai muc 2.3.4.4.

Két qua thuc hién do liéu trong thir nghiém doc tinh cip véi viéc st dung timg
cdp 2 chudt cho thay lidu 9,5 g/kg gy chét 1 trong 2 chudt, diy 1a liéu co so dé tién
hanh thém 5 liéu nham xéac dinh lidu gy chét 50% dong vat thuc nghiém (LDso). Tién
hanh nghién ctru trén 5 16 chudt thi nghiém, biéu hién chudt trén cac 16 nhu sau:

- L6 chudt 1: chudt duoc cho udng véi lidu twong duong 6,4 g/kg, ubng mot 1an
duy nhat. Chudt khong c6 biéu hién bat thudng nio sau khi ubng mau, sau 72 giod theo

ddi khong c6 chudt nao chét, tat ca chudt cua 16 thi nghiém déu song, khde manh.

- L6 chudt 2: chudt duge cho udng vai lidu 8,0 g/kg can ning chudt, ubng mot
lan duy nhét. Sau khi da s6 chudt van hoat dong binh thuong, khong thdy cé biéu hién
khac la vé hanh vi cling nhu an udng, nhung sau khoang 1 gio thi c6 3 chudt co biéu
hién it van dong va chét sau khoang 3 gio. M6 bung chudt chét khong phat hién duoc
su bat thuong vé tim, gan, than. Sau 72 gio theo doi, 7 chudt cua 16 thi nghiém séng
sot déu song, khoe manh.

- L6 chudt 3: chudt duoc cho udng véi lidu trong duong 9,5 g/kg can ning co
thé chudt. Sau khi udng khoang 1-2 gio, mot sd chudt co biéu hién it van dong, c6 7
chudt chét sau khi uéng khoang 2-5 gio. Mb bung chuot chét khong phat hi¢n dugc su
bat thudng vé tim, gan, than. Sau 72 gid theo ddi, 3 chudt ciia 16 thi nghiém song sot
déu séng, khoe manh.

- L6 chudt 4: chudt dugc cho udng véi lidu trong duong 11,0 g/kg can ning co
thé chudt. Sau udng khoang 1 gid, mot s6 chudt c6 biéu hién it van dong, co 7 chudt
chét sau khoang 2-5 gio ubng. Mo bung chudt chét khong phat hién dugc sy bat
thudng vé tim, gan, than. Sau 72 gio theo dbi, 3 chudt cta 16 thi nghiém sdng sot déu
khée manh.

- L6 chudt 5: chudt dugc cho ubng véi lidu tuong duong 12,5 g/kg can ning co
thé chudt. Sau khi uéng nhiéu chudt c6 biéu hién it van dong, khéng an udng, 10 chudt

chét rai rac trong vong 1-7 gid sau. M6 bung chudt chét khong phat hién duoc su bat
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thuong vé tim, gan, than. Liéu udng, so chudt song/chét cia cao chiét dugc trinh bay

trong bang 3.22.

Bing 3.22. Két qua thir dc tinh cdp cia cao ethyl acetate Tu hing tai

Lo thi Liéu udng S6 chudt
o n PPN d y/ dxz
nghiém (g/kg) chét/1o
1 6,4 10 0
2 8,0 10 3 1,60 1,5 2,40
3 9,5 10 7 1,50 5,0 7,50
4 11,0 10 7 1,50 7,0 10,50
5 12,5 10 10 1,50 8,5 12,75
>(dxz) 33,15

Tir bang 3.22 cho thdy LDy ctia cao chiét1a 6,4 g/kg, lidu LD1oo 12 12,5 g/kg. St
dung phuong phap Behrens-Karber x4c dinh duoc liéu LDsp ctia cao chiét ethyl acetat

loai Tu hung tai duong udng trén chudt nhat trang 12 9,18 g/kg.
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Phan 4. BAN LUAN

4.1. V& thyc vat hoc

Trong sb cac ho thuc vat bac cao, ho Lamiaceae thu hat sy quan tam cua nhiéu
nha khoa hoc trén thé gidi vi tiém ning to 16n cta ching trong nhiéu linh vuc doi
séng. Vi khoang hon 200 chi va gén 8000 loai, ho Lamiaceae 1a ho thuc vat 16n duoc
biét dén nhu ngudn tinh ddu quan trong phuc vu céng nghiép huong liéu: nude hoa,
my phém, thuc phém. Nhiéu loai thudc ho Lamiaceae con duoc st dung trong Y hoc
co truyén dé chira cac bénh khac nhau [2].

Tir thé ky 18, ho Lamiaceae dd duoc kha nhiéu tac gia nghién ctru. Nam 1753,
Linnaeus dit tén cho 33 chi va 223 loai cta ho nay va xép ching vao 2 phén 16p, bao
gdém: phan 16p 2 nhi (Diadria) va 4 nhi v6i 2 nhi dai va 2 nhi ngén (Didynamia). Sau
d6, mot sb tac gia khac nhu Adanson (1763) va Moench (1794) da b6 sung thém céc
taxon va xép chung theo cach xép cua Linnaeus. Tuy nhién, dén nam 1789, chinh thirc
duoc coi 1a mot taxon ri€ng dudi tén goi Labiatae Juss. Vé sau, tac gia Lindley da dat
tén khac cho ho nay 13 Lamiaceae Lindl. (1iy tir tén chi Lamium). Theo luat Danh phap
hién hanh, ho nay c6 thé dung ca 2 tén Labiatae va Lamiaceae [1], [25].

Nam 1936, khi nghién ctu ho Lamiaceae ¢ khu vuc Pong Duong, Doan Khic
Thinh da dua trén hé théng phan loai cua Bentham (1876) va xép ho Lamiaceae thanh
7 tong, tuy nhién cach phan chia nay lai it dugc st dung. Sau nay, Vi Xuan Phuong da
dua trén hé théng ctia Melchior (1964) dé sip xép cac taxon. Theo tac gia, & Viét
Nam, ho Lamiaceae dugc biét dén véi tén Hoa méi hay con goi 1a Bac ha, gdm 5 phéan
ho voi 11 tong va 14 phan tong [1]. Hé thong nay duoc xiy dung trén co s& nghién
ctru mot ving 1anh thd rong 16n nén danh gia duoc mdi quan hé ching loai cua cac
taxon va c6 nhiéu wu diem [1], [8].

Ho Lamiaceae véi s6 loai da dang va phong phu phan bé khiap thé gisi, nhung
tap trung cha yéu & ving Dia Trung Hai. O Viét Nam, ho nay c6 trén 40 chi, gan 150
loai. Trong do6, c6 23 loai thuong dung lam thude, thudc cac chi nhu Elsholtzia,
Leonurus, Perilla, Pogostemon v.v. [1], [25] va nhiéu loai dugc dung 1am rau n, gia

vi hay nudce udng.
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Ho Lamiaceae 12 mot trong nhitng ho dé nhan biét ngoai thién nhién nhd méot s6
dic diém chinh nhu cdy thuong co tinh ddu thom, than vudng, 14 moc d6i (xép chéo
chir thap), khong c6 14 kém, bao hoa thuong ¢ cau tao 2 moi, bau xé sau dén giira hay
dén géc va qua bé tu. Nhan biét ho Lamiaceae thi dé, song dé phan biét cac taxon
trong ho thi kha khé khan vi chiing rat da dang. Tinh da dang dugc thé hién ngay trong
co quan dinh dudng va dac biét & co quan sinh san [1], [25].

Chi Pogostemon Desf. 1a mot chi 16n trong ho Lamiaceae va co thé phan biét
voi cac loai khéac trong ho voi dac diém cta nhi hoa mang long don sdc [12], [13],
[14], [15]. Mbi quan hé gitta cic loai trong chi Pogostemon Desf. va cac loai thudc chi
Dysophylla Blume da dugc tranh luan nhidu. Ban dau, cac loai trong chi Pogostemon
thuong bao gém cac loai than thao séng trén mit dat voi 14 moc ddi, phién 14 rong,
cubng 1a va than cay dic; trong khi cac loai thudc chi Dysophylla séng chu yéu & moi
truong dudi nudc va dam léy, 14 moc d6i hodc moc vong, khong co cuéng la va than
cay rong [12], [16], [17], [18]. Tuy nhién, mot sd loai trong chi Dysophylla bao gdm
ca loai nghién ctru Tu hung tai 12 D. auricularia c6 1a moc d6i va duoc coi 1a dai dién
trung gian gitra hai chi nay [12], [19]. Mot s6 tac gia [15], [18], [19], [20], [21] cho
rang nhing loai ¢6 1a moc ddi & Dysophylla nén xép sang chi Pogostemon va chi
Dysophylla chi bao g?)m nhirng loai ¢6 14 moc vong. Pac biét, cac nghién ctru sinh hoc
phan tir gan day di cho thay céac loai trong chi Dysophylla ciing thudc chi Pogostemon
[22], [23]. Do d6, loai Tu hung tai ngoai danh phap khoa hoc chinh théng Pogostemon
auricularius con thudng duoc biét dén v6i tén Dysophylla auricularia.

Trén thé gidi da dugc ghi nhan c6 khoang 96 loai thudc chi Pogostemon Desf.,
phan b chit yéu ¢ khu vuc nhiét doi va can nhiét déi [107]. O Viét Nam, chi nay c6
khoang 17 loai, chiém khoang 18% tong sb loai va chua thay cong bd vé loai dic hiru.

Ngoai ra, tdc gia Vi Xuan Phuong (2000) cling da xay dung bo khoa phan loai
cac loai thudc chi nay, bang cach sir dung cac dic diém phan loai chinh cta 1a va hoa
[149]. Trén thyuc té, qua trinh giam dinh tén khoa hoc cta loai nghién ctru chu yéu dwa
vao tham khao thong tin trong céc tai li¢u ctia V6 Van Chi (2000) [7], Pham Hoang HS
(2003) [26], thuc vat chi Trung Qudc (1999) [25].
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Mo ta vé thuc vat cho thdy hau hét cac dic diém hinh thai cua loai nghién ctru
pht hop véi cac tai lidu da cong bd. Ngoai ra, cdy Tu hung tai c6 mot sé dic diém dic
trung vé hinh thai co thé sir dung dé nhan biét so voi cac loai khac trong cung chi
Pogostemon Desf. nhu cubng 14 phu nhiéu 16ng, phién 14 hinh trimg ca hai mat déu
phu 16ng dai, gdc 1a tron hay t, doi khi hinh ném, gan bén 5-7 cap, ndi 1 & mit dudi,
cum hoa bong & dinh canh, 14 bac hinh trimg c6 16ng, dai hinh chudng, trén chia 5 thu
hinh tam gi4c, mép c6 1ong. Trang hoa mau tring hay tim nhat, nhi 4, dinh ¢ dng trang,
phan duéi pha 16ng dai, phan trén nhin, bau nhin, voi nhyy nhan.

Vi¢c dinh danh khoa hoc ciling nhu cdc mo ta chi tiét vé dic diém hinh thai
nhiam dam bao tinh chinh x4c vé mat khoa hoc - dung ddi tugng nghién ctru, tir d6 1am
co s& cho nhitng nghién ciru tiép theo vé loai nay. Két qua nghién ctru di gidm dinh
duoc tén khoa hoc cia mau Tu hung tai 1a Pogostemon auricularius (L.) Hassk., thudc
chi Pogostemon Desf., ho Lamiaceae.

4.2. Vé thanh phan héa hoc

Theo t6ng quan tai liéu, Pogostemon Desf. 1a mot chi 16n trong ho Lamiaceae.
Tuy nhién, cho dén nay s6 loai dugc nghién ctru vé mit hoa hoc ciing nhu hoat tinh
sinh hoc con it. Tinh dén nay, c6 khoang 10 loai, bao gdm P. heyneanus, P. cablin, P.
hirsutus, P. benghalensis, P. plectranthoides, P. parviflorus, P. auricularius va P.
purpurascens dd dugc nghién cru vé thanh phin héa hoc. Trong cac loai nay, P.
cablin duoc nghién ctru nhidu nhat.

Céac nhom chat chinh tim thay tir chi Pogostemon Desf. 1a flavonoid, terpenoid,
steroid. Tinh dau cla cac loi trong chi Pogostemon Desf. chira thanh phan kha phong
phu, da dang, dugc biét dén véi nhiéu cong dung trong huong liéu va my pham [43],
[44]. P6 ciing 14 1i do ma tinh dau dwgc quan tdm nghién ctru tir rat sém. Tuy nhién,
trong nhitng nim gan day, cang ngay cang c6 nhiéu cong bd vé cac hop chat khac
duge tim thdy trong chi ndy. Qua trinh nghién ciru phan lap cac loai thudc chi
Pogostemon Desf. da thu duoc hon 90 hop chat. Cac hop chat tim thdy chii yéu thudc
nhém flavonoid, terpenoid, steroid. Péi twong duoc nghién ciru nhiéu nhat 13 loai P.
cablin v&i khoang 77 hop chat dugc phan lap. Pang luu ¥, ¢6 nhiéu hop chat méi tai

thoi diém cong bd. Piéu nay cho thiy chi Pogostemon Desf. c6 trién vong cung cip
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cac cdu triic méi phuc vu cho qué trinh nghién ctru tim kiém cac hop chét c6 hoat tinh
sinh hoc. Riéng v6i loai nghién ctu P. auricularius, sb lugng cic cong bd trong va
ngoai nudc trude khi luan 4n dugc thyc hién vé thanh phan héa hoc con rét it, chi véi
4 hop chat duoc phan 1ap.

Trén thé giéi dd c6 mot sé nghién ctru vé thanh phan hoa hoc clia cay Tu hing
tai, tuy nhién tai Viét Nam cho t&i nay, chi c6 2 nghién ctru trén thanh phﬁn tinh dau
cua loai nay. Do do, Tu hung tai 1a dugc liéu tiém nang, can duoc nghién cuu sau va
dﬁy du vé thanh phén héa hoc cling nhu tdc dung sinh hoc nham tao co s& cho viéc
khai thac va sir dung ngudn duoc liéu sin c6 trong nude. Lun an 13 céng trinh nghién
ctru dau tién vé cdy Tu hung tai tai Viét Nam.

Hién nay, trong linh vuc nghién ctu hoa thuc vat, phuong phap nghién ctru
phan 1ap hop chit tu nhién theo dinh hudng tac dung sinh hoc dugc st dung kha phé)
bién. Phuong phap nay c6 wu diém 13 tim kiém cac hop chit c6 hoat tinh v&i xac suat
thanh céng cao hon ddng thoi tiét kiém duoc chi phi va thoi gian nghién ctru. Thuc
hién sang loc cac cao chiét phan doan cdy Tu hiung tai véi hoat tinh chéng viém in
vitro - rc ché san sinh NO, phan doan ethyl acetat cho hoat tinh t5t nhat dugc lya chon
phan 1ap cac hop chét tinh khiét.

4.2.1. Vé két qua dinh tinh

Két qua dinh tinh cho thdy thanh phan héa hoc cac nhém chat c6 trong dich
chiét methanol cta loai Tu hung tai 1a alcaloid, flavonoid, glycosid tim, saponin, acid
hiru co, steroid, tanin, dudng khir va chat béo. Cac nhém hop chit duge tim thay phu
hop vé6i cong bd trudéc ddy vé thanh phan héa hoc cua mot s lodi thudc chi
Pogostemon Desf. n61 chung cling nhu loai nghién ctru néi riéng [41].

4.2.2. Vé két qua chiét xuat, phan lap va xac dinh ciu tric cac hop chat

Phan trén mat dat cia cay Tu hung tai sau khi thu hai dugc chon loc, loai bé cac
phén sau bénh, nAm mdc, vang héo, ua dadp ciing nhu cac loai thuc vat ky sinh khéc.
Sau do, rira sach véi nudce, dé rao, 1lam khé ty nhién & noi thoang mat. Tién hanh phoi,
séy kho ¢ 50-60°C. Viéc phoi, séy kho duoc liéu nham muc dich dé bao quan dugc
liéu khoi bi nhim nidm méc, vi khudn, bi tic dong boi enzym va tranh cac bién ddi hoa

hoc ¢6 thé xay ra nhu phan Gng thiy phan, oxy hoa, ddng phan hoa, tring hop... gop
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phan dam bao chit lugng ciia duoc liéu trong qué trinh bao quan. Khi phoi, sdy phai
thuong xuyén x6i, dao dé toan bod lugng duogc li¢u dugc kho déu, khong nén chat
d6ng, don nén 1én nhau vi ¢ thé lam phat sinh nAm mdc.

Duoc liéu kho duge chia nhé bang dao ciu va may xay nghién thanh bot tho.
Qua trinh nay lam v& mang té bao thuc vat, ddng thoi 1am ting dién tich tiép xuc gitra
dung mdi va duoc liéu, gitip cho chat tan d& tham va khuéch tan vao dung méi, do d6
chiét dugc lugng t6i da cac hoat chat. Khi xay dugc liéu can cha ¥ xay dén kich thuéc
pht hop, khéng qua min hay quéa thd, dam bao kha ning va hiéu suat chiét. Nghién
min qua s& lam ting cac tap chat trong qua trinh chiét hodc khé khan cho qua trinh loc
sau khi chiét. Néu kich thudc duoc lidu qué to, dién tich tiép xuc gitra dung moi va
dugc liéu nho, hiéu qua chiét xuat s& giam. Bot tho duoc liéu duge sir dung dé tién
hanh chiét xuat, phan 1ap cac hop chat.

Bot duoc liéu thd dugce chiét xuat bang phuong phap ngam trong dung moi
thich hop & nhiét d6 phong. Uu diém cua phuong phap ngam nay la thiét bi don gian,
khong tbn kém nang luong, dé thuc hién, kha an toan va phu hop cho qué trinh chiét
xuét ban dau véi khoi luong duogc li€u 16n. Viée thuc hién chiét xuét & nhiét do phong
cling c6 thuan loi 13 it 1am bién d6i hoat chat trong cay. Tuy nhién, phuong phap niy c6
nhugc diém 1a ton kha nhiéu thoi gian, can sit dung moét lugng dung méi 16n va mot $6
hoat chat khéng dugc chiét xuat hét do kha nang hoa tan kém & nhiét d6 phong. Trong
qua trinh ngam, thinh thoang c6 khudy tron dé lam ting toc do va hiéu suat cia qua
trinh chiét.

Viéc Iya chon dung méi sir dung chiét xuat dong vai tro quan trong, quyét dinh
dén hiéu suat chiét. Trong nghién ctu nay, dung méi duoc sir dung 1a MeOH véi
nhitng wu diém nhu: dé thAm qua mang té bao thuc vat, kha nang chiét duoc cac hop
chat c6 d6 phan cuc manh, vira va yéu. Ngoai ra, MeOH c6 kha ning bay hoi tét do d6
qué trinh loai dung méi dé thu ldy cao toan phan duoc tién hanh nhanh chéng. Thyc té,
qué trinh chiét xuat thyc hién vao giai doan thang 5-6, MeOH dé bay hoi nén luong
dung méi dugc str dung cho mdi dot ngdm chiét 13 twong dbi kha 16n.

Céc hop chét tu nhién c6 trong ciy kha da dang va c6 do phan cuc khac nhau.

Do dung mdi MeOH c6 kha ning chiét duoc ca cac hop chat c6 do phan cyc manh,
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vira va yéu nén cao MeOH toan phan thu dugc s& c6 thanh phan rat phic tap. Khi do,
ki thuat chiét phan bd 16ng - 16ng 1an luot v6i cac dung moi c6 d6 phan cuc ting dan
n-hexan, dicloromethan, ethyl acetat dugc 4p dung dé phan chia so bd cao chiét toan
phan thanh nhiing phan doan c6 tinh phan cuc khic nhau, giup cho qua trinh phan lap
dé dang hon. Qua trinh chiét cao phan doan dugc thyuc hién ¢ nhiét d6 phong. Su hinh
thanh nhil twong xay ra trong qua trinh chiét phan bd duge xur Iy bang mot sé phuong
phap nhu: dung diia thuy tinh khudy nhe vao thanh binh chd tiép xtic giita hai pha
dung moi, thay ddi ti 1¢ hai pha dung méi bang cach thém pha hitu co, trong mét s6
truong hop can phai dé yén qua dém dé hai pha dung méi phén 16p.

Cao chiét toan phan va cac cao phan doan dugc tién hanh sang loc hoat tinh
chbng viém trc ché san sinh NO. Két qua cho thiy cao chiét ethyl acetat cho tac dung
rc ché tt nhat va kha an toan véi dai thuc bao chudt. Do d6, cao chiét ethyl acetat
dugc tién hanh phan 1ap cac hop chat theo dinh huéng tac dung sinh hoc chdng viém.

Qua trinh phan 1ap hop tir phan doan ethyl acetat ctia cdy Tu hung tai dugc thuc
hién qua nhiéu giai doan, sir dung cac phuong phap sic ky cot pha thuong, sic ky cot
pha dao va sic ky loc gel Sephadex LH-20 dugc phdi hop mét cach linh hoat. Cac
phan doan truéc khi khai trién trén cot sac ky déu duoc khao sat bang SKLM pha
thuong va/hodc pha dao voi cac hé dung mdi khac nhau. Dya vao kha nang phan tach
va do dam/nhat ctia cac vét chét trén sic ky dd ma lya chon nhitng phan doan va h¢
dung méi c¢6 kha nang tach tdt nhat dé tién hanh sic ky cot. Viéc lya chon hé dung méi
rira giai s& quyét dinh dén hiéu suét, chat luong cta qué trinh phan 1ap bang sac ky cot
sau nay. Viéc lya chon dung méi trén SKLM chu yéu dua vao thyc nghi¢m, chua cé
mot nguyén tic cu thé nao. Trong mot s6 truong hop, co thé tham khao cong bd khoa
hoc nghién ctru hoa thuc vat ctia cac loai trong chi Pogostemon dé lua chon hé dung
moi pha dong, gitp tiét kiém thoi gian khao sat SKLM. Thong thuong, sau khi tim
dugc hé dung méi c6 kha ning tach tot mau phan tich trén SKLM, can thay doi ty 1¢
cac thanh phan cta hé dung méi theo hudng lam giam d6 phan cuc dbi véi sac ky cot
pha thuong hoic ting do phan cuc ddi véi cot sic ky pha dao, nham gitp qua trinh

phan tach trén SKC tét hon. Ngoai ra, d6i véi mot sé phan doan tiém ning véi vét chat
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chinh kha r& nhung khdi luong cao twong dbi thap, tién hanh phéan lap va tinh ché bang
hé thong sac ky 16ng hiéu ning cao diéu ché.

Séac ky cot duge str dung l1au doi trong viéc nghién ciru cac hop chét tu nhién.
Ngoai vi¢c lya chon hé dung méi thich hop, ti 1€ pha tinh va khdi lugng cao phan doan
cling nhu viéc Iya chon cot ciing anh huong dén hiéu qua phan tach. Néu phan doan co
khéi lwong nho dugc trién khai trén cot sic ky qua 16n s& lam mat mau, lang phi luong
silica gel ciing nhu dung méi khai trién va mat nhiéu thoi gian. Con phan doan c6 khoi
luong 16n khi trién khai trén cot qua nho thi qua trinh phan lap s& dién ra khong hiéu
qua, cOt bi qué tai va giy hién tuong don chét. Trong nghién ciru ndy, ti 18 silica gel
pha tinh va miu thuong nam trong khoang 60:1 - 80:1 néu phén tach tho va 500:1 -
800:1 g trong trudng hop phan tach cac phan doan tuong d6i tinh sach.

Mau phan tich thuong duogc hoa tan trong mot lwgng nho dung mdi pha dong
khoi dau cho séc ky cot sao cho dung dich mau cang ddm dic cang tdt va duge dua lén
dau cot. Trén thyc t&, mot s6 mau phan tich khong thé hoa tan trong dung moi pha
dong khai dau da duoc nap vao cot dudi dang bot kho toi. Trong k¥ thuat nay, mau
dugc hoa tan trong mot lwong nhé dung méi thich hop ma né hoa tan tt, sau d6 thém
vao dung dich nay luong silica gel khoang gap 10 lan khdi lwong mau phan tich. Hon
hop nay dugc loai dung méi bang may ¢ quay chan khong va thu lay bot silica gel da
dugc tim déu mAu phan tich. Sau d6 bot silica gel khé toi nay duoc nap 1én dau cot va
tién hanh trién khai sic ky cot.

Cac hop chit phan 1ap dugc cang tinh khiét viéc xac dinh cdu triic cang chinh
xac. Co thé kiém tra do tinh khiét cia hop chat bang sac ky 16p mong pha thuong hay
pha ddo vdi cac hé dung méi khéac nhau.

Nhu vay, tir phan trén mat dat cua cay Tu hung tai, bang cac phuwong phap sic
ky, ludn an da phan 1ap duoc 11 hop chat sach ky hi¢u 1a PH4, PHS, PH6, PHI0,
PH13, PH14, PH15, PH16, PH17, PH18 va PH19. Dya vao pho khdi luong phan giai
cao (HR-ESI-MS), ph6 ludng sic tron (CD), phd cong huong tir hat nhan (NMR) va
ddi chiéu véi cac tai liéu tham khao, da xac dinh duogc ciu tric cua 11 hop chit va

dugc trinh bay ¢ hinh 4.1.
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Stigmasterol (PH17)

Hinh 4.1. Cdu triic héa hoc ciia 11 hop chdt phan Idp duoc tir cy Tu hing tai
Pang cht y, trong 11 hop chit phan 1ap duoc ¢ 3 hop chit thudc nhoém
meroterpenoid (Pogostemin A-C), 5 hop chit 1a din xuat cua phloroglucinol
(Pogostemonon A-D, Pogostemon D), 1 hop chat triterpen (Pogostem), 1 hop chat
diterpen (geranyllinalool) va 1 hop chét steroid (stigmasterol). Trong 11 hop chét nay,
c6 9 hop chit méi, lan dau tién dwgc tim thdy tir ty nhién, hai nhom chat
meroterpenoid va din xuét ctia pyron phloroglucinol 1an dau dugc tim thiy & chi

Pogostemon Dest.
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4.2.2.1. Vé cdc hop chat meroterpenoid

Meroterpenoid 1a chat chuyén hoa thir cap tu nhién véi cau trac bat ngudn tir
terpenoid va polyketid. Chung da dugc phan 1dp tu nam, sinh vat bién, dong vat va
thuc vat v6i cu trac vo cung da dang. Viéc phan loai meroterpenoid chu yéu dua trén
ngudn gdc sinh tong hop ciia chung va ¢ thé chia thanh 2 nhém chinh: polyketid-
terpenoid va non-polyketid-terpenoid. Méi quan tdm ciia cic nha nghién clu vé
meroterpenoid ngdy cang ting v&i nhiéu bio cdo vé cdu tric cia cac hop chat
meroterpenoid méi va hoat tinh sinh hoc cua ching. Cac hop chit meroterpenoid di
dugc chimg minh c¢6 nhiéu hoat tinh sinh hoc tiém nang nhu chéng viém, khang ung
thu, khang khuan khang nim, khang ky sinh tring s6t rét, uc ché enzym
acetylcholinesterase v.v. [150], [151], [152], [153].

Qua trinh phén 14p va xac dinh cdu trac da thu dugc 3 hop chit meroterpenoid
mai, chua dugc cong bd va dat tén la Pogostemin A-C. Trong cAu trac cla cac hop
chat meroterpenoid nay c6 sy xuat hién cta khung y-pyron va khung sesquiterpen. Cu
thé, trong cau tric hop chit Pogostemin A (PH16) c6 mit khung ximonican 13 mot
khung sesquiterpen hiém gip trong ty nhién. Cho dén nay, méi chi phan lap dugc 1
hop chit c6 khung cdu tric ndy tir lodi Ximenia americana [131]. Hop chat
Pogostemin B (PH15) chtra khung caryophyllen. Caryophyllen 1a mot thanh phan
sesquiterpen dd dugc tim thiy trong tinh dau Tu hing tai [28] va mot s6 loai thude chi
Pogostemon Desf. nhu P. cablin [154] hay P. patchouli [155]. Xét vé mit ciu trac,
hop chat Pogostemin C (PH4) c6 chtra khung a-humulen 13 sesquiterpen ciing di duoc
tim thay trong thanh phan tinh dau cua loai Tu hung tai [42] va nhiéu loai thudc chi
Pogostemon Desf. nhu P. plectranthoides [38] va P. benghalensis [30].

C6 thé thay, ca 3 hop chat meroterpenoid di phan 1ap déu chta khung
sesquiterpen ton tai trong tu nhién. Tir d6 cho phép du doan qua trinh sinh téng hop
giita hop phan chira khung y-pyron va thanh phan sesquiterpen trong tinh dau cua loai
Tu hing tai qua phan ung Diel-Alder (Hinh 4.2). Trén thuc té, da c6 nhiéu cong bd vé
sinh tong hop cta nhom chit meroterpenoid qua phan tng hoa hoc nay [156].
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Hinh 4.2. Phdn vmg Diel-Alder, goi ¥ sw tao thanh ciia hop chdt meroterpenoid
4.2.2.2. Vé cdc dan xudt phloroglucinol

Dan xuét phloroglucinol thuc chét 1a cic hop chat phenolic va dugc tim thay tir
rat nhiéu ngudn trong ty nhién nhung chu yéu tir cac loai thudc chi Hypericum véi hon
500 hop chat phan 1ap duoc. Cac dan xuat phloroglucinol dugc biét dén v6i nhiéu hoat
tinh sinh hoc ndi trdi nhu khéng virus, khang ung thu, khang khuan, dic biét 1 hoat
tinh chéng viém v.v. [151], [157], [158]. Mic du 1a nhom hop chét phd bién va mang
nhiéu hoat tinh sinh hoc, nhung cac thong tin vé lién quan cau trac va tac dung sinh
hoc ctia phloroglucinol con chua dugc nghién ctru nhiéu.

Qua trinh phéan 1ap va xac dinh cdu triic da thu duoc 5 hop chat 1a cac dan xuat
phloroglucinol méi chua timg dugc cong bd, dat tén 1a pogostemonon A-D va
pogostemon D. Trong cdu tric cta cic hop chat ndy déu c6 sy xuét hién cia khung
pyron vé&i su chuyén ciu trac a-pyron thanh j~pyron duwa trén sy tao thanh hé enon
a,B-khong no. Theo tong quan tai liéu, chua c6 bao cdo vé nhom chat phloroglucinol
nay trong cac loai thudc chi Pogostemon Desf. Két qua ctia luan an cong bd dau tién
vé su c6 mit ciia nhom dan xuét phloroglucinol trong thanh phan héa hoc cua chi
Pogostemon Dest.
4.2.2.3. Vé hop chdt triterpen, diterpen va steroid

Hop chéit pogostem 1a mot noroleanan triterpen 1an dau dugc phan lap tir tu
nhién. Tuy nhién, bd khung ciu trac 28-noroleanan di duoc tim thay tir mot s lodi &
trong va ngoai ho Lamiaceae nhu Phlomoides umbrosa, Camellia japonica, Phlomis
umbrosa, Leonurus japonicas. Cac hop chat nay di duoc chimg minh c6 nhiéu tac
dung sinh hoc tot nhu khang khuan, dic biét 1a khang ung thu trén nhiéu dong té bao
véi gia tri ICso < 10 pg/mL [159], [160], [161], [162].
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Hop chét geranyllinalool 1a mot diterpen c¢6 mit trong thanh phan tinh dau cua
loai nghién ctru P. auricularius [163]. Hop chét stigmasterol 1a mot steroid kha phd
bién va ciing duoc tim thay tir nhiéu loai thudc chi Pogostemon Desf. [64].

Tom lai, qua trinh phan 1ap di thu dugce 11 hop chat tinh khiét v&i 9 hop chat
mo&i 1an dau duoc tim thay tir tw nhién. Cac hop chat tinh khiét duoc danh gia tic dung
chbng viém in vitro - e ché san sinh NO va kha ning gy doc mot s6 dong té bao ung
thu.

4.3. V& doc tinh cip va hoat tinh sinh hoc

Theo téng quan tai liéu, khoang 10 loai trong s6 94 loai cua chi Pogostemon
Desf. dugc nghién ctru vé thanh phén héa hoc, chiém khoang 10% s6 loai. Thanh phén
hoa hoc ctia chi kha da dang véi cdc nhém hop chat c6 hoat tinh sinh hoc nhur tinh dau,
flavonoid, terpenoid, steroid v.v. Nhin chung, nhém tinh dau, flavonoid hay terpenoid
co nguén géc tu nhién da dugc bdo cao cac tdc dung sinh hoc tdt nhu khéng khuan,
khang ndm, khang virus, giam dau, chdng viém, chéng oxy héa v.v. [164], [165],
[166], [167].

Ngoai ra, cac loai trong chi Pogostemon Desf. dugc biét dén véi nhiéu hoat tinh
sinh hoc phong phu va da dang, dién hinh 14 khang khuan, khang nam, khang virus,
chbng oxi hoa va dic biét 1a chong viém v.v. DPdi véi tac dung chong viém, dich chiét
methanol cua P. cablin da dugc bao cdo khd nang lam giam hoat dong cua enzym
cyclooxygenase 2 va yéu t6 gay hoai tir khdi u (TNF-a) trén mo hinh gdy phu chan
chuot béng carrageenan vdi licu 1 g/kg can nang co thé chudt [73]. Bén canh do,
patchoulol 13 thanh phan chinh cta P. cablin da dugc chimg minh c6 tic dung lam
tang dang ké ty 1é séng, giam ton thuong mo bénh hoc va hién twong phu phdi trén mo
hinh giy ton thuong phdi cdp tinh bang lipopolysaccharid & chudt. Hon nita,
patchoulol trc ché dang ké biéu hién cuia cac yéu to gdy viém nhu yéu t6 hoai tir khéi u
(TNF-a) va interleukin (IL-6) trén mo hinh chudt gy ton thwong bang LPS [98].
Ngoai ra, hop chét stellatin duogc phan lap tur dich chiét n-hexan cta P. stellatus, da thé
hién kha nang uc ché enzym COX-1 va COX-2 tuong ddi manh, gia tri ICso lan luot 1a
22,3 va 19,7 uM [71]. Dich chiét ethanol, phan doan n-hexan va cloroform cua dbi

tugng nghién ctu - P. auricularius da thé hién hoat tinh chong viém twong dbi manh
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so v&i ching duong acid acetyl salicylic, diéu d6 duoc thé hién qua céc gia tri ICso 1an
luot 14 34,09; 33,56; 35,23 va 45,23 pg/mL [6]. Ngoai ra, trong Y hoc ¢b truyén, cac
loai thudc chi Pogostemon Desf. duoc sit dung voi nhidu cong dung lién quan dén ha
sot, giam dau, chong viém v.v. [2], [7], [8], [25]. Loai Tu hung tai thuong dugc dung
chira lanh vét thuong, dau da day, dau than, rdi loan tiéu hoa, st rét v.v. [168]. Bén
canh dod, cac nghién ctru Y hoc hi¢n dai ciing da chi ra tiém nang cua loai véi nhiéu tac
dung sinh hoc nhu giam dau, chéng viém, khang khudn, khang nim v.v. [5], [6]. Dua
vao tong quan trén, c6 thé thiy cac loai trong chi Pogostemon Desf. 1a ngudn tiém
nang cho hoat tinh chong viém.

Nhu vay, dua vao cac dir liéu vé cong dung trong YHCT ciing nhu mét sb két
qua nghién ctru ctia mot s6 loai cung chi Pogostemon Desf, dé tai tién hanh nghién ctru
thanh phan hoa hoc cta loai Tu hung tai theo dinh huéng tac dung chong viém.

4.3.1. Tac dung chong viém

Céc mo hinh in vitro thuong dugc str dung dé sang loc hodc tim hiéu sau vé co
ché tac dung cta thudc. Bénh 1y viém lién quan dén nhiéu co quan va nhiéu qué trinh
trong co thé, anh huéng dén nhiéu thong sd héa sinh, nén c¢6 nhidu moé hinh nghién
ctru in vitro dya trén cac thong s khac nhau nham danh gia tac dung chong viém,

Luan an thuc hién sang loc hoat tinh chdng viém in vitro - tc ché san sinh NO
trén dai thuc bao chuét. Pai thuc bao va bach cau co vai tro quan trong, 1a noi san sinh
ra cic chat giy viém. Trong diéu kién binh thuong, qua trinh tong hop nitric oxyd
(NO) cling dugc xdy ra tai dai thuc bao, nhd enzym NOS-synthetase, NO dugc téng
hop tir L-arginin c¢6 vai trd gitip cin bang ndi moi. Ngoai ra, NO con lam huy hoai
protein va acid nhan. Trong diéu kién bi kich thich (sir dung lipopolysaccharid - LPS)
NO duoc tong hop nhiéu hon va giy ra tinh trang bénh 1y cia viém ciing nhu nhiéu
bénh khac. Nhu vy, néu mau thir co tac dung trc ché san sinh NO trong dai thuc bao
s€ giup lam gidm tinh trang bénh ly ctia viém [169], [170].

Cao chiét toan phan va cac cao phan doan duoc sang loc hoat tinh chéng viém
trc ché san sinh NO. Két qua cho thiy cao chiét ethyl acetat cho tic dung trc ché tot
nhét va kha an toan véi dai thuc bao chudt. Theo dinh hudng tac dung sinh hoc chéng

viém, cao chiét ethyl acetat duoc sir dung tién hanh phén 1ap cac hop chat tinh khiét.
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Bén canh d6, vi 8 hop chat tinh khiét duoc tién hanh danh gia tic dung chéng viém in
vitro, ¢6 7 hop chat cho kha ning tc ché san sinh NO tir trung binh dén manh. Nhu
vay, tir phan doan c6 tac dung chdng viém in vitro tot nhat da phan lap dugc phan 16n
hop chét cho hoat tinh chong viém. Cu thé, hop chat Pogostemin C, Pogostemonon A,
Pogostemonon C va Pogostemon D thé hién hoat tinh manh véi ICso trong khoang
3,76 - 28,99 uM. Pang chi ¥, hop chat Pogostemin C va Pogostemon D c6 kha ning
trc ché san sinh NO manh véi cac gia tri ICso 1an luot 14 3,76 + 0,15 va 7,29 + 0,74
uM; tac dung nay manh hon chung duong trong cung thir nghiém véi ICso 1a 33,04
uM.

Lién quan cAu trac va tac dung sinh hoc, nhan théy cac hop chit c6 chira nhom
1-methylpropl-enyl gan vao vong pyron trong cau tric c6 kha ning chdng viém irc
ché san sinh manh hon (Pogostemin C, Pogostemonon A, Pogostemonon C va
Pogostemon D - hinh 4.1). Piéu nay cho phép goi y hoat tinh chéng viém trc ché san
sinh NO ¢6 thé ¢ lién quan dén lién két d6i trong nhém 1-methylprop1-enyl. Thuc té,
vai tro cua lién két doi trong mot sb hoat tinh khac ciing di dwoc ching minh [171],
[172].

Bén canh tac dung chéng viém trc ché san sinh NO, kha niang diéu hoa cytokin
ctia hop chat Pogostemin C dugc tiép tuc nghién ciru. Cac cytokin 14 cac protein hay
glycoprotein hoa tan c6 trong luong phan tir thdp duoc san xudt va phong thich bai
nhiéu té bao do dép tng vdi di nguyén. Cac cytokin dong vai tro truyén tin qua lai giita
céc bach cau véi nhau va gitra cac bach cau vai cac té bao khac dé diéu hoa chirc nang
dap tng viém va mién dich (bam sinh va chuyén biét) [173]. Pap tng viém binh
thuong 1a su diéu hoa qua trinh tap trung, két dinh, xuyén mach, hoa huong dong, thuc
bao clia cic bach cau da nhan trung tinh va tiéu diét cac vi khuan xdm nhap. Cac qua
trinh nay duoc kiém soat chit ché thong qua sy diéu hoa cac cytokin tién viém va
khang viém dugc phong thich boi cac dai thuc bao dugc hoat hod. Trong dap tng
viém, phan ng viém phu thudc vao nong do cua cac cytokin [174].

Trong dap tmg viém va mién dich, cac cytokin duoc chia thanh 3 loai khac
nhau. Lymphokin: cac cytokin duoc bai tiét boi té bao T va diéu hoa dap tmg mién

dich; cytokin tién viém: cic cytokin khuéch dai va duy tri qua trinh viém; cytokin
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khang viém: cytokin diéu hoa ngugc (Am tinh) dap ung viém. Trong d6, mot sb
cytokin duoc quan tdm nhiéu nhu cytokin tién viém: TNF-a, IL-1p, IL-4, IL-6, IL-12
va cac cytokine khang viém: TGF-f, IL-10 [175], [176].

Yéu t6 hoai tir khdi u (TNF-a) 12 mot cytokin quan trong trong qué trinh
apoptosis ciling nhu trong sy séng ciia té bao, qua trinh viém va mién dich trong co thé.
TNF-a thuc day qua trinh viém, tham gia vao qua trinh gidn mach, gy phu né, hoat
hoéa té bao ndi mé mach mau manh va tang tinh thdm thanh nodi mac. Cytokin tién viém
nay duoc san xuét boi dai thuc bao, dudng bao, té bao T v.v. [176].

Nguoc lai, IL-10 1a mét cytokin khang viém uc ché ca té bao Thl va Th2 téng
hop IgE ciing nhu 1am ngin doi séng ciia bach cau wa acid [124]. IL-10 trc ché san
xuat TNF-a thong qua viéc giam tong hop cyclooxygenase 2, oxid nitric (iNOS) va
giam prostaglandin E2. Bén canh d6, IL-10 ciing rc ché san xuét cytokin tién viém
nhu IL-1, IL-6, IL-12 do d6 ngin chin cac biéu hién cua cac khang nguyén va cac
phan tu trong té bao don nhan, dai thuc bao, bach ciu trung tinh va té bao T. IL-10
gilip ting tinh thAm thanh mach va ting kali mau, dong thoi giam triéu chimg st cua
tinh trang viém [176].

IL-6 1a cytokin da chirc nang trong vai tro diéu hoa mién dich, tao mau, phan
ung viém béng cach diéu chinh tang trudng té bao, kich hoat gen, sy phat trién, su
sdng con va biét hoa. IL-6 duoc tong hop va san xuat boi rat nhiéu té bao khic nhau
nhu té bao don nhén, dai thuc bao, lympho T, lympho B, té bio néi mé va nguyén bao
soi. Pic biét, IL-6 tham gia vao giai doan cdp ctia qué trinh viém, biét hoa t& bao
lympho B va san xuét cac globulin mién dich va tham gia qua trinh biét hod ctia cac té
bao lympho T. Ngoai ra, IL-6 ¢6 hiéu qua khang viém véi kha niang trc ché giai phong
IL-1 va TNF-o tir dai thuc bao [173]. Tocilizumab 1a mot thude e ché IL-6 dugc FDA
chap nhan dé diéu tri viém khép dang thap ning va “khang tri” tir dau nam 2010 [174].

Luan an lwa chon cac cytokin IL-10, IL-6 va TNF-o nham danh nghién ciru sau
hon anh huéng ctia hop chit Pogostemin C 1én dap tng viém. O ndng do 50,5 uM,
Pogostemin C c¢6 kha nang ting san sinh IL-10 va c6 kha ning (rc ché san sinh TNF-a
so v6i d6i ching am & muc c6 ¥ nghia théng ké (P < 0,05), nhung chua biéu hién r&

rang anh hudng ddi véi IL-6.
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Xét vé mit cau trac, hop chat Pogostemin C 1a mot meroterpenoid véi khung
sesquiterpen 13 a-humulen. a-humulen d3 dugc béo céo c6 hoat tinh chdng viém twong
tu véi dexamethason, mot steroid chéng viém phd bién. Nghién ctru duoc thyc hién
v6i mo hinh gdy phu ban chan chudt bang carrageenan di chi ra rang a-humulen thé
hién tic dung chdéng viém hiéu qua & lidu tr 5-50 mg/kg so voi chimg duong
dexamethason 1a 0,5 mg/kg. Ciing trong nghién ctru nay, a-humulen dugc ching minh
c6 tac dung giam ti 1€ TNF-a [177]. Ngoai ra, a-humulen con cé tdc dung giam dau,
chéng viém toan than hay cuc bo khi ding dudng udng, duong tiém tinh mach, boi
ngoai da hodc ¢ dang khi dung. Bén canh d6, a-humulen cho thay tiém nang trong viéc
diéu trj cac chung bénh viém khdp, viém bao hoat dich, dau xo co v.v. Nhu vay, co6 thé
giai thich tac dung chéng viém cua Pogostemin C manh hon nhiéu so véi cac hop chat

khéc c6 the do cau truc c6 chira khung a-humulen.

Hop chdt pogostemin C a-humulen
Hinh 4.3. Cdu triic héa hoc ciia hop chdt Pogostemin C va a-humulen

4.3.2. Tac dung gy ddc té bao ung thw

Bén canh tac dung chdng viém, kha niang gay doc té bao cia cac hop chit mai
cling d4 duoc nghién ciru bang phuong phap st dung thubc nhuém SRB. Két qua cho
thdy hop chat Pogostemin A thé hién hoat tinh trc ché t6t trén ca 5 dong ung thu KB,
LU-1, AGS, Hep-G2, SW-480 vdi gia tri ICso trong khoang 18,75 - 33,18 uM. Cac
hop chit con lai thé hién hoat tinh trung binh hodc yéu. Hop chat Pogostemin A duoc
tiép tuc danh gia kha ning cam Ung apoptosis v6i thuéc nhuém Hoechst 33342,
phuong phép tric Iuu té bao v6i bd Kit Annexin V/PI va kha ning cam Gng san sinh

caspase-3.
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Qua trinh chét theo chuong trinh cta té bao (Apoptosis) dugc dic trung bai cac
dic diém hinh thai riéng biét va co ché sinh héa phy thudc ning lugng. Apoptosis
duogc coi 1a mot phan quan trong trong stng hoa té bao thuong, su phat trién ciing nhu
hoat dong cua h¢ théng mién dich, su teo phu thudc vao hormon, sy phat trién phoi va
chét té bao do hoa chat gy ra. N6 1a mot chuong trinh tu chét duge dién ra tuan tu.
Trong do, cac té bao kich hoat mét sb enzym nhét dinh lam phan ra nhan té bao va té
bao chat. Nhu vay, apoptosis 14 can thiét cho sy phat trién va ton tai ciia cac sinh vat
sdng. Bat thuong trong qua trinh apoptosis c6 thé din dén nhiéu tinh trang bénh 1y nhu
ung thu, thodi hoa than kinh, ton thuong do thiéu mau cuc bd va réi loan tu mién.
Enzym caspase dong vai trd quan trong trong co ché apoptosis. Hau hét cac kich thich
nhim kich hoat apoptosis déu lién quan dén enzym caspase theo nhiing cach khéc
nhau. Cac caspase lién quan dén apoptosis duoc chia thanh 2 nhém 14 caspase nguoc
dong (-2, -8, -9 va -10) va caspase xuoi dong (-3, -6, -7 va -15) [178], [179], [180].

Co hai con duong apoptosis chinh: con dudng ngoai sinh hay con goi 1a con
duong thu thé chét va con dudng ndi sinh hay con goi 1a con dudng ty thé. Cac enzym
caspase dong vai trd quan trong trong co ché apoptosis. Hién nay da c6 bang ching
cho thay hai con dudng nay cé su lién hé voi nhau va cac phan tir sinh hoc trong mot
con dudng cé thé anh huong dén con duong kia. Hai con duong nay hoi tu tai cliing
mot con dudng thyc thi (execution pathway) déu lién quan dén caspase-3. Con duong
thuc thi ndy bat dau tir viéc caspase-3 phan cat chat tc ché yéu té phan manh DNA,
dan dén su phan manh DNA, thoai hoa céc protein ctia khung té bao va nhan, lién két
chéo ctia cac protein, hinh thanh céc thé apoptotic, biéu hién cac phdi tir véi cac thu
thé cua té bao thuc bao va cudi cung la su hép thu ctia cac té bao thuc bao. Ngoai ra,
caspase-3 cung vai cac caspase xudi dong gy ra su phan cat protein kinaza, protein té
bao, protein stra chita DNA va cac tiéu don vi e ché ctia ho endonuclease. Két qua tao
ra nhiing thay doi hinh thai trong qué trinh chét theo chuong trinh cta té bao [178],
[179], [180].

Apoptosis dic trung boi sy thay doi hinh thai té bao, sy ngung tu chit nhiém
sic, su phan cat DNA va su phan manh nhan. Hoechst 33342 1a mot chit nhuém nhan

té bao dang huynh quang, c6 thé thAm vao trong té bao. Khi hoechst 33342 gin véi
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phan tor ADN, dudi su kich thich béi ngudn anh sang cuc tim, phic hop nay c6 thé
phat ra 4nh sang huynh quang mau xanh. Cudng do cao nhit ctia anh sang huynh
quang duoc thu nhan & budc sang 461 nm [126], [181]. Hoechst 33342 c6 tinh thim
t6t nén co thé thim vao va nhudém nhan giai doan dau cua apotosis. Trong khi cac chat
nhudém khac nhu propidium iodid (PI) hay ethidium bromid khong thé tham vao. Tuy
nhién, vé&i cac té bao & giai doan sau cua apotosis, chat nhudm PI c6 thé xam nhap vao
té bao va nhuém phan tir ADN. Do d6, thuong két hop hoechst 33342 véi propidium
iodide dé phan tich cac giai doan ctia apotosis té bao [126], [181].

Mot trong nhitng biéu hién sém cia apoptosis d6 1a sy di chuyén cua
phosphatidylserine (PS) tir phia trong mang nguyén chat ra bé mit té bao. Annexin V
12 mot protein gin voi phospholipid phu thudc vao ion Ca** ¢6 ai luc manh véi PS, vi
vay Annexin V dugc gin v6i chat hién mau huynh quang FITC duoc st dung dé xac
dinh su biéu hién PS thong qua phuong phap dém té bao dong chay. Sy dich chuyén
ctia PS thuong xay ra trudc khi mang té bao bi pha hay trong qua trinh chét cua té bao
do apoptosis hodc hoai tir. Vi vdy nhudm annexin V thuong két hop véi Pl dé xac dinh
apoptosis sém va muodn. Thong qua phuong phap ndy, nhitng té bao séng khong
nhudm véi bét ki loai mau nhuém nao. Té bao biéu hién apoptosis sém bit mau vai
FITC-annexin V, té bao biéu hién apoptosis mudn bat mau voi ca FITC-annexin V va
PI; té bao chét do hoai tir chi bat mau véi thuéc nhudém PI [127].

Luan an dénh gia kha ning cam Gng apoptosis ctia hop chit pogostemin A qua
ca 2 phuong phap nhuém Hoechst 33342 va tric luu té bao v6i Kit Annexin V/PI,
ddng thoi nghién ctru kha ning cam tng san sinh caspase-3. Két qua cho thay, & ndng
d6 52,08 uM, hop chat Pogostemin A c6 kha ning cam (g apoptosis trén té bao ung
thu phéi LU-1 thong qua viéc c6 dac hodc phan manh nhan té bao vai ti 18 34,30%.
Ciing tai ndng do ndy, Pogostemin A c6 kha ning cam tmg san sinh caspase-3 ting
1,22 14n so v6i dbi ching am (P < 0.05); ti 1é té bao apoptosis som ting 14,9% va dic

biét 1a ti 1& apoptosis mudn ting 12,6% thong qua ki thuat dém té bao dong chay.
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4.3.3. Poc tinh cip

Poc tinh cip 1a doc tinh xdy ra sau khi dung mau thir mot 1an hodc vai ba lan
trong ngay. Nghién ciru doc tinh cap nham cung cap thong tin cho viéc xép loai mirc
do doc ctia mau thir, du doan triéu chung va du kién bién phap diéu tri ngd doc cép,
thiét 1ap murc lidu cho nhitng thir nghiém doc tinh va tic dung ciling nhu pham vi an
toan ctia mAu nghién ciru tiép theo. LDso 1a mot thong sé quan trong dé danh gia doc
tinh cia mau nghién ctru, ciing nhu cin ¢ va duoc xac dinh trude khi bat dau nghién
ctru tdc dung sinh hoc trén dong vat [129]. Cao ethyl acetat cho hoat tinh chéng viém
rc ché NO kha tbt, kha an toan véi dai thuc bao chudt duogc tiép tuc nghién ctru doc
tinh cap.

Sau khi tién hanh do liéu, thir nghiém duoc 1y doc tinh cip trén chudt duoc tién
hanh véi 5 16 twong tng 5 liéu theo dudng udng 13 6,4; 8,0; 9,5; 11,0; 12,5 g/kg can
nang chuot, nham xac dinh lidu gay chét 50% dong vat thuc nghiém (LDso). Mac du
cic ca thé chudt duge lya chon va cham soc, tién hanh thu nghiém theo dung ti€u
chuan nham han ché nhiing sai sot trong nghién ctru, tuy nhién timg cé thé chudt khac
nhau c6 kha niang séng st ciing nhu cac biéu hién khac nhau sau khi udng cao chiét.
Nhin chung, ti 1€ chuot chét tang dan theo liéu nghién cuu. Cu thé, tai liéu 8,0 g/kg can
ning chudt c6 3 chudt chét sau khoang 3 gid. Véi liéu twong duong 9,5 va 11,0 g/kg
can nang co thé chudt, c6 7 chudt chét sau khi uéng khoang 2-5 gio. Voi lidu tuong
duong 12,5 g/kg can ning co thé chudt, 10 chudt chét rai rac trong vong 1-7 gid sau.
Két qua nghién ctru di xac dinh dugc lidu LDso clia cao chiét ethyl acetat bang dudng
udng 13 9,18 g cao/kg can ning chudt. Pay 1a cong bd dau tién vé doc tinh cip cua cao
chiét ethyl acetat loai Tu hung tai thu hai & Viét Nam. Két qua doc tinh cép cia cao
ethyl acetat Tu hung tai ¢ thé 1am co so cho cac nghién ctu tiép theo trén dong vat
thuc nghiém.

So sanh gid tri LDso cta cao ethyl acetat trong nghién ctru nay va gia tri LDso
cua cao methanol trong nghién cuu trude day cua Nur va cong su 1a 3,3 g/kg [6], co
thé thdy, cao ethyl acetat it doc hon cao toan phan. That vy, ciing trong ludn an nay,
so sanh két qua nghién ctru anh huong dén su phat trién binh thuong té bao dai thuc

bao chudt ciia cao toan phian methanol va cic cao chiét phan doan, tai ndng do 100
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ng/mL, cao ethyl acetat cé ti 1& t& bao séng cao 92,77%, trong khi cao methanol ciing
nhu cic cao chiét n-hexan, dicloromethan va cao nuéc tuong ddi thip trong khoang
31,18 - 63,09% (phép thir MTT trong nghién ciru chdng viém (e ché san sinh NO, tai
muc 3.3.1.1 - Bang 3.14). Nhu vay, qua trinh chiét cao phan doan, nhiéu hop chét doc
c6 thé duoc phan bd chu yéu tai cac phan doan khéc nhu n-hexan, dicloromethan hoac
cao nudc. Bén canh do, trong s6 11 hop chit tim thiy tir phan doan ethyl acetat, c6 8
hop chit duoc danh gia anh huong dén su séng ctia té bao dai thuc bao chuot RAW
264.7 (phép thir MTT trong nghién ctru chdng viém wc ché san sinh NO, tai muc
3.3.1.2 - Bang 3.16). Cu thé, ¢ liéu 100 pg/mL, chi 3 hop chat (Pogostemin B,
Pogostemonon B va Pogostemonon D) ¢6 ti 1é té bao séng cao trong khoang 13 95,4 -
105,94%, trong khi cac mau thir con lai ti 1é song cla té bao thép (< 50%). Tai muc
lidu thap hon 14 20 pg/mL, ti 1¢ té bao sdng sot & tat ca cac mau chat 1a twong ddi cao
(71,34 - 105,57%). Nhu vay, phan 16n cac hop chat phan 1ap tir phan doan ethyl acetat
trong nghién ctru nay c6 gy doc va anh hudng dén sy sdng cia té bao dai thuc bao
chuot.

Nhin chung, cic két qua nghién ciru ctia dé tai trén loai Tu hung tai da dan dén
viéc phan 1ap va xac dinh nhiéu hop chit c6 cau tric 1y thii va c6 hoat tinh sinh hoc tot.
Bén canh d6, luan an con ton tai nhiéu han ché. Sic ky 16p mong dugc st dung dé
kiém tra d6 tinh khiét cta hop chét trude khi duoc tién hanh gui do phd xac dinh céu
trac, nhung qué trinh thuc nghiém da bo qua budc chup anh SKLM ciia cac hop chat
phan 1ap dugc. Vi vay, luan an da thiéu sot trong viéc cung cép SKLM lam minh
chung d¢ tinh khiét cta céac hop chit. Mic du, cac hop chét thu duoc chu yéu dang bot
c6 thé danh gia d6 tinh khiét qua diém chay. Tuy nhién, v&i khdi luong cac hop chat
moi thu dugc tuong doi thép va diéu kién thuc té phong nghién ctru con han ché,
nghién ctru da uu tién tap trung cac dir li€u quan trong, can thiét cho viéc xac dinh ciu
tric va danh gia hoat tinh sinh hoc ctia hop chat nén da khong thé tién hanh do céc
thong sb vat Iy nhu diém chay hay goc quay cuc. Ciing vi li do 6, mot s6 hop chat
moi trong ludn an tam dimg lai ¢ viéc xac dinh cac cdu trac phang vi thiéu dit liéu pho

NOESY hay CD nham xac dinh cdu hinh khong gian.
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Toém lai, qua trinh thyc hién dé tai da mang lai nhiing diém mai vé thanh phén
héa hoc v6i 9 hop chit méi 1an dau duoc tim théy trong tu nhién. Bén canh do, mat sb
tac dung sinh hoc quan trong nhu tac dung chdng viém, gay doc té bao ung thu cia cao
chiét toan phan, cic cao phan doan ciing nhu cac hop chét tinh khiét da dugc bao céo.
Pic biét, mot sb hop chét tiém ning cling d3 duoc nghién ctru sau hon vé tac dung

sinh hoc.
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KET LUAN VA KIEN NGHI

KET LUAN

1. Vé thanh phén héa hoc ciia loai Tu hung tai

Tur than va 14 loai Tu hung tai da phan 1ap va xac dinh cAu trac hoa hoc cua 11
hop chét. Trong d6, c6 9 hop chat méi, bao gdm 3 meroterpenoid (Pogostemin A-C), 5
dan xuat phloroglucinol (Pogostemonon A-D, Pogostemon D) va 1 triterpene
(ogostem) va 2 hop chit cii 1a diterpenoid (geranyllinalool) va sterol (stigmasterol).

3. Vé dc tinh cip va tac dung sinh hoc loai Tu hung tai

- Vé tac dung chdng viém in vitro:

+ Cao chiét ethyl acetat va dicloromethan thé hién hoat tinh trc ché san sinh NO
t6t voi 1Cso 25,28+1,52 va 28,68+1,49 pg/ml. Trong khi d6, miu cao n-hexan chua thé
hién hoat tinh ¢ cac ndng d6 nghién ctiru. Cac miu con lai bao gdm cao methanol toan
phan va cao nudc thé hién muc hoat tinh kha va trung binh véi ICs trong khoang
60,54 - 64,73 pg/ml.

+ Hop chat Pogostemin C va Pogostemon D c¢6 kha ning trc ché san sinh NO
manh véi ICso 1an luot 14 3,76 + 0,15 va 7,29 + 0,74 uM, manh hon chiing duong L-
NMMA & cung diéu kién thir nghiém. Cac mau thir khac nhu Pogostemonon A,
Pogostemonon C va Pogostemin B thé hién hoat tinh tot v&i ICs trong khoang 26,77 —
40,78 pM.

+ Hop chat Pogostemin C ¢ nong d6 50,5 pM c6 kha ning cam Gmg san sinh
IL-10 va e ché san sinh TNF-a so v6i d6i chimg khong t mau (P < 0,05).

- Vé tac dung gy doc té bao ung thu

+ Hop chat Pogostemin A thé hién hoat tinh trung binh trén 5 dong té bao thir
nghiém 1a Hep-G2, AGS, KB, LU-1 va SW-480 voi ICso trong khoang 18,75 - 33,18
uM. Cac hop chat Pogostemin B-C, Pogostemonon A-C, Pogostemon D thé hién muc
hoat tinh yéu véi ICso trong khoang 77,28 - 236,08 uM trén 5 dong té bao thir nghiém.
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+ Hop chat Pogostemin A & ndng d6 52,08 uM c6 kha ning cam tng apoptosis
trén t& bao ung thu phéi LU-1, gay ra sy c6 dac hoac phan manh nhan té bao vai ti 18
34,30%; cam Ung san sinh caspase-3 voi ham luong tang 1,22 1an so voi ddi chimg am
(P < 0,05); ti 1¢ t& bao apoptosis sém ting 14,9% va dic biét ti 1& t& bao apoptosis
mudn tiang 12,6% thong qua ki thuat dém té bao dong chay

- Pa xac dinh duoc liéu LDso clia cao chiét ethyl acetat loai Tu hung tai bang

duong udng trén chudt nhat tring 1 9,18 g/kg.

KIEN NGHI

Céc nghién ctru ctia dé tai trén loai Tu hung tai (Pogostemon auricularius (L.)
Hassk.) da dan dén viéc phan 1ap va xac dinh nhiéu hop chéat ¢ ciu tric 1y tha va co
hoat tinh sinh hoc tét. Vi vay, dé tai xin c6 kién nghi sau

- Tiép tuc nghién ctru hoa thuc vat va hoat tinh sinh hoc ctia cac phan doan khéc
cua loai Tu hung tai.

- Tiép tuc nghién ciru tac dung chong viém cia cao chiét ethyl acetat trén dong
vat.

- Nghién ctru sau hon vé co ché tac dung ciing nhu mbi quan hé cau trac hoa

hoc va hoat tinh sinh hoc cta cac hoat chét.
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PHU LUC 1
Phiéu giam dinh tén khoa hoc

VIEN SINH THAI VA CONG HOA XA HQI CHU NGHIA VIET NAM
TAI NGUYEN SINH VAT Dgc 1ap - Ty do - Hanh phiic
PHONG THUC VAT

Ha N¢i, ngay 04 thdng 08 nim 2016

Kinh giri: TS. Nguyén Thi Hoai, Khoa Y Duoc, Truéng Pai hoc Y Dugc Hué

Phong Thuc vat, Vién Sinh thai va Tai nguyén sinh vat nhan dugc Pé
nghi gidm dinh mau thuc vét, ngay 08/04/2016 cia
Y Dugc, Truong Pai hoc Y Dugc Hué, cé gui theo mau vat va toan bo théng
tin lién quan dén mau vat.

Dia diém thu mau: huyén Hudéng Hoéa, tinh Quang Tri; thoi gian thu
mau; thang 02/2016; ngudi thu: Lé Tuin Anh, Trung tdm Khoa hoc va Cong
nghé Quang Tri.

Dai dién ctia Phong Thuc vit, Vién Sinh thai va Tai nguyén sinh vat da
tién hanh gi4m dinh mAu trén. Nguoi giam dinh: TS. Nguyén Thé Cuong. Két
thac giam dinh, dai dién cua Phong Thuc vat, Vién Sinh thai va Tai nguyén
sinh vt c6 két luén giam dinh sau:

Mau mang sb 01 ¢6 tén khoa hoc 1a Pogostemon auricularius (L.) Hassk.
(Tu hung tai), thudc ho Bac ha (Lamiaceae)

Méu mang sé 02 c6 tén khoa hoc 1a Huperzia phlegmaria (L.) Rothm.
(Théng dat rau), thuéc ho Thong dét (Lycopodiaceae)
Xin giri két luan giam dinh t6i TS. Nguyén Thi Hoai, Khoa Y Dugec,

Xac nhin ciia Vién Sinh thai & TNSV Ngwoi giam dinh

- G-

Nguyén Thé Cuong

ong Xuidn Lam

PL-1



PHU LUC 2

Hinh anh miu tiéu ban Tu hung tai - Pogostemon auricularius

THUC VAT VIET NAM |
2 Ho: Lamiaceae |
I'én Khoa hoc: Pogostemon auricularius (L.) Hassh. L
(Tu hing tai) |
Noi thu: Xa Hudéng Phing, Huyén Hudéng Hoa, tinh Quang
I'ri; Toa dd: 16%44'38.9"N 107°14'51.1"1
Finh trang phan bo: phd bién
SO hi¢u mdu: 013 Ngay thu:04/02 2016
G
Ngudi thu: Lé Tudn Anh,
Ngudi gidm dinh: Nguyén Thé Cudng

PL-2



PHU LUC 3
Pho ciia cac hop chit tinh khiét phan 1ap dwoc tir loai Pogostemon

auricularius

PL-3



Phu luc 3.1. Phé cia hop chit PH16
(Pogostemin A)

CTPT: C25H3603
KLPT: 384,5600

Phé HR-ESI-MS
Pho 'H-NMR
Pho *C-NMR
Pho HMBC

Phé HSQC

Pho COSY

Ph6 NOESY

6 |+ Scan (i:2.4818 min) DHH_PH16.d
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NS 16
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2Q 3.2767999 sec
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DE 6.50 usec

TE 303.0 K

D1 1.00000000 sec

TDO 1

CHANNEL £1

SFO1 500.2030889 MHz

NUC1 1H

Pl 10.00 usec

PLWL 22.00000000 W

F2 - Processing parameters
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F2 - Aequisition Parametars
Date 20180109
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INSTRUM spect
PROBHD 5 mm PABBO BB/
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DS 4
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FIDRES 0.454131 Hz
RQ 1.1010048 sec
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F2 - Processing parameters
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PH16-CDC13-COSYGP

C><)
BROUKER

Current Data Parameters
NAME 110HOAI_PH16
EXPNO 5
PROCNO 1
Ppm F2 - Acquisition Parameters
= Date_ 20180114
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG cosygpppqf
1 0 - TD 2048
. SOLVENT cpc13
NS 4
DS 8
SWH 3521.127 Hz
1.5 FIDRES 1.719300 Hz
a0 0.2908160 sec
RG 64.21
W 142.000 usec
DE 6.50 usec
2.0 TE 303.0 K
f Do 0.00000300 sec
D1 1.86237395 sec
D11 0.03000000 sec
0 p12 0.00002000 sec
2.5 D13 0.00000400 sec
D16 0.00020000 sec
N0 0.00028400 sec
3.0 CHANNEL £1
. 500.2014802 MHz
. 1H
10.00 usec
. 10.00 usec
2500.00 usec
3.5 o 22.00000000 W
- 3.25440001 W
= = GRADIENT CHANNEL
4.0 GPNAM[1] SMSQ10.100
Gpz1 10.00 %
P16 1000.00 usec
F1 - Acquisition parameters
4.5 D 128
sFo1 500.2015 MHz
o FIDRES 55.017605 Hz
& - - SW 7.039 ppm
- —— FnMODE oF
5.0+ .
F2 - Processing parameters
s1 1024
SF 500.2000135 MHz
WDW QSINE
5.5 ssB 0
LB 0 Hz
GB o
PC 1.40
- o
6.0 F1 - Processing parameters
. ST 1024
Mc2 QF
SF 500.2000131 MHz
T T T T T T T T T T T it 0 QSINE
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm 4 0z
2 z
Pho COSY cia hgp chat PH16
.
PH16-CDC13-COSYGP C><)
Current Data Parameters
NAME 110HOAI PH16
[EXPNO -5
PROCNO 1
Ppm Ak i, My J T4 F2 - Acquisition Parameters
Date 20180114
- Time
N INSTRUM spect
2.0 [ 9 o
. d PULPROG cosygpppaf
-ﬂ "D 2048
i . ' SOLVENT cpc13
NS 4
Ds 8
° SwH 3521.127 Hz
(] . FIDRES 1.719300 Hz
' : H AQ 0.2908160 sec
2.5 RG 64.21
W 142.000 usec
DE 6.50 usec
2 303.0 K
Do 0.00000300 sec
b1 1.86237395 sec
pi1 .03000000 sec
- D12 0.00002000 sec
p13 0.00000400 sec
3.0 D16 0.00020000 sec
o 0.00028400 sec
.
IEL f1
500.2014802 MHz
10
. 10.00 usec
10.00 usec
2500.00 usec
3.5+ o 22.00000000 W
3.25440001 W
GRADIENT CHANNEL
GPNAM[1] SMSQ10.100
Gpz1 .
P16 1000.00 usec
F1 - Acquisition parameters
4.0+ TD 128
srFo1 500.2015 MHz
FIDRES 55.017605 Hz
SW 7.039 ppm
FnMODE oF
F2 - Processing parameters
s1
SF 500.2000135 MHz
4.5 WDW QSINE
SSB o
LB 0 Hz
° GB o
° BC 1.40
- F1 - Processing parameters
s1 1024
Mc2 oF
5.0+ e SF 500.2000131 MHz
T T T T T T T D QSINE
SSB o
5.0 4.5 4.0 3.5 3.0 2.5 2.0 ppm 4 0 Hz

Ph6 COSY ciia hop chat PH16
PL-14



PH16-CDC13-COSYGP BRUKER

Current Data Parameters
NAME 110HOAI_PH16
5

EXPNO
PROCNO 1
Ppm F2 - Acquisition Parameters
Date_ 20180114
ime 5
INSTRUM spect
PROBHD 5 mm PABBO BB/
0.8 PULPROG cosygpgggg
™D
SOLVENT cpc13
NS 4
DS
1.04 SWH 3521.127 Hz
FIDRES 1.719300 Hz
2 0.2908160 sec
RG 64.2
W 142.000 usec
DE 6.50 usec
1.2+ TE 303.0 K
Do 0.00000300 sec
D1 1.86237395 sec
D11 0.03000000 sec
D12 0.00002000 sec
1.4 D13 0.00000400 sec
D16 0.00020000 sec
N0 0.00028400 sec
"HANNEL £1
500.2014802 MHz
1.6+ 18
10.00 usec
10.00 usec
2500.00 usec
22.00000000 W
1.8 3.25440001 W
= GRADIENT CHANNEL
GPNAM[1] SMSQ10.100
Gpz1 10.00
2.0 P16 1000.00 usec
F1 - Acquisition parameters
™ 128
sFo1 500.2015 MHz
FIDRES 55.017605 Hz
2.2 sw 7.039 ppm
FnMODE oF
-] F2 - Processing parameters
sI 4
2.4 SF 500.2000135 MHz
. WDW QSINE
ssB 0
LB 0 Hz
GB 0
pC 1.40
2.6 1
F1 - Processing parameters
sI 1024
Mc2 oF
SF 500.2000131 MHz
T T T T T T T T T T T wow o OSINE
2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 ppm s 0
Ph6 COSY ciia h A
op chat PH16
BRUKER
Current Data Parameters
NAME 110HOAI_PH16
[EXPNO 6
PPROCNO 1
ppm Il F2 - Acquisition Parameters
Date_ 20180114
Time 6.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
1.0 PULPROG noesygpgzlzg
— - . D
. SOLVENT cpcl13
| NS 8
bs 32
SWH 3521.127 Hz
1.5 FIDRES 1.719300 Hz
! a0 0.2908160 sec
' + RG 64.21
DW 142.000 usec
DE 6.50 usec
2.0+ 8 303.0 K
DO 0.00012927 sec
D1 1.91398394 sec
D8 0.30000001 sec
| + p11 0.03000000 sec
2.5+ p12 0.00002000 sec
D16 0.00020000 sec
1IN0 0.00028400 sec
3.0 CHANNEL £1
. 500.2014802
k 10
10.00 usec
20.00 usec
3.5 S— 2500.00 usec
* 22.00000000 W
3.25440001 W
GRADIENT CHANNEL
4.0+ GPNAM[1] SMSQ10.100
GPz1 .
P16 1000.00 usec
F1 - Acquisition parameters
4.5 D 256
sFo1 500.2015 MHz
FIDRES 27.508802 Hz
- - SW 7.039 ppm
5.0 » = FnMODE States-TPPI
J F2 - Processing parameters
sI 1024
SF 500.2000119 MHz
WDW QSINE
5.5+ ssB
1B 0 Hz
. GB 0
PC 1.00
B - - - S
6.0 F1 - Processing parameters
sI 1024
Mc2 States-TPPI
SF 500.2000116 MHz
T T T T T T T T T T T o asTE
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm za o s

Ph6 NOESY ciia hgp chat PH16
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Current Data Parameters
NAME 110HOAI_PH16
6

[EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20180114
Time 6.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp

™D 2048
SOLVENT cpc13

NS 8

DS 32
SWH 3521.127 Hz
FIDRES 1.719300 Hz
a0 0.2908160 sec
RG 64.21

DW 142.000 usec
DE 6.50 usec
TE .

Do 0.00012927 sec
D1 1.91398394 sec
D8 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
INO 0.00028400 sec

CHANNEL f£1 =
500.2014802 MHz
1H

3.25440001 W

GRADIENT CHANNEL

GPNAM[1] SMSQ10.100
GPZ1 40. 0
P16 1000.00 usec

F1 - Acquisition parameters
D 256

SFO1 500.2015 MHz
FIDRES 27.508802 Hz
SW 7.039 ppm
FnMODE States-TPPI

F2 - Processing parameters
SI 1024

SF 500.2000119 MHz
WDW QSINE
SSB

LB 0 Hz

GB o

PC 1.00

F1 - Processing parameters
1024

MC2 States-TPPI

SF 500.2000116 MHz
WDW

SsB

LB 0 Hz

GB

C><)
BROKER

Current Data Parameters
NAME 110HOAI PH16
6

EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180114
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp
D 2048
SOLVENT cpc13
NS 8
Ds 32
SWH 3521.127 Hz
FIDRES 1.719300 Hz
a0 0.2908160 sec
RG 4.21
DW 142.000 usec
DE 6.50 usec
TE 303.0 K
Do 0.00012927 sec
b1 1.91398394 sec
D8 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
INO 0.00028400 sec
EL £1
500.2014802
1H
10.00 usec
20.00 usec

2500.00 usec

3.25440001 W

GRADIENT CHANNEL

SMSQ10.100
40.00 %

1000.00 usec

F1 - Acquisition parameters
D 256

sFo1 500.2015 MHz
FIDRES 27.508802 Hz
SW 7.039 ppm
FnMODE States-TPPI

F2 - Processing parameters
sI 24

SF 500.2000119 MHz
WDW QSINE
SsB

LB 0 Hz

GB 0

PC 1.00

F1 - Processing parameters
s1 1024
Mc2 States-TPPI

SF 500.2000116 MHz
WDW

SSB

LB 0 Hz

GB 4
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Current Data Parameters

NAME 110HOAI_PH16
[EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180114
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp

™D 2048
SOLVENT cpc13

NS 8

Ds 32

SWH 3521.127 Hz
FIDRES 1.719300 Hz
a0 0.2908160 sec
RG 64.

D 142.000 usec
DE 6.50 usec
TE 303.0 K
Do 0.00012927 sec
D1 1.91398394 sec
D8 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
1IN0 0.00028400 sec

P1 10.00 usec
P2 20.00 usec
P17 2500.00 usec
PLW1 22.00000000 W
PLW10 3.25440001 W

IENT CHANNE]

SMSQ10.100
40.00 ¢

1000.00 usec

F1 - Acquisition parameters
D 256

sFo1 500.2015 MHz
FIDRES 27.508802 Hz
SH . ppm
FnMODE States-TPPT

F2 - Processing parameters
sI 2]

SF 500.2000119 MHz
WDW QSINE

ssB 2

LB 0 Hz

GB o

pC 1.00

F1 - Processing parameters
1024

Mc2 States-TPPI

SF 500.2000116 MHz
WDW

ssB

LB 0 Hz

GB o

Ph6 NOESY ciia hgp chat PH16



Phu luc 3.2. Phé cia hop chit PH15
(Pogostemin B)

CTPT: Ca5H3603
KLPT: 384,5600

- Pho HR-ESI-MS
- Pho 'H-NMR
- Pho '*C-NMR
- Pho HMBC

- Pho HSQC

12

ENIIm

13

10

14

38

36

34

28

26

22

18

06

04

02

6 [+ Scan (r: 2.4344 min) DHH_PH15.d

121.0509

158.9643  181.0857

217.1057 2391481  262.1795

203.1748

4072554

443.3274

531.3857

Pho HR-ESI-MS ciia hgp chat PH15

PL-18

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530
Counts vs. Mass-t e (miz)




PH15-CDC13-1H <)
BRUKER

(O

Current Data Parameters
NAME 110HOAI_PH1S
1

S oAy 1

F2 - Acquisition Parameters

Date_ 20180108

Time 15.49

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zg30

™D 65536

SOLVENT cpel3

NS 16

Ds 2

SWH 10000.000 Hz

FIDRES 0.152588 Hz

2Q 3.2767999 sec

RG 198.57

DW 50.000 usec

DE 6.50 usec

TE 303.0 K

D1 1.00000000 sec

TDO 1
CHANNEL £1

SFO1 500.2030889 MHz

NUC1 1H

Pl 10.00 usec

PLW1 22.00000000 W

F2 - Processing parameters

sI 65536

SF 500.2000126 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
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PH15-CDC13-1H

L T N or-onN ONIFTATO--NTOOON OO~ OTO -0~V
Owmq NOHAO OREEEWVIL OO RO THONR DO T M
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—_— N S ——— e~ o~
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Pho 'H-NMR ciia hop chat PH15

PH15-CDC13-C13CPD an
(>

© Nm  © N~
— oa HOO LVULEANOVATEWOWAOONNWHM T DT I DN @

. . e LONNOEMINNETONTNE MO0 ®E©WL S
o o o - Soo Current Data Parameters
© [CRCI AdHd OO ONNNODROIMMON == MNNO ™~ oo NAME 110HOAI PH1S
e — — — WO OTOMMMMMMONNNNNNAAAAA EXPNO 2
T NN T =" i

F2 - Acquisition Parameters

Date_ 20180109

Time 5.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30

TD 65536
SOLVENT CDC13

NS 4096

DS 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
2Q 1.1010048 sec
RG 198.57

DW 16.800 usec
DE 6.50 usec
TE 303.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL £1
125.7879670 MHz

10.0
88.00000000 W

HANNEL £2
SFO2 500.2020008 MHz
NUC2 1H
CPDPRG [2 waltzlé
BCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.34375000 W
PLW13 0.22000000 W
F2 - Processing parameters
SI 32768
SF 125.7753882 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Phd 3C-NMR ciia hop chat PH15
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PH15-CDC13-C13CPD
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PH15-CDC13-HSQC
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PH15-CDC13-HMBC
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PH15-CDC13-HMBC
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PH15-CDC13- HMBC
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Phu luc 3.3. Phé ciia hop chiat PH4
(Pogostemin)

CTPT: C3H3603
KLPT: 396,5710

- Ph6 HR-ESI-MS
- Phd 'H-NMR

- Phé BC-NMR

- Phé HMBC

- Pho HSQC

- Ph6é COSY

- Phé NOESY

6 |+ Scan (rt: 2.5799 min) DHH_PHa.d

121.0509
a71.2580
T ‘ | o nssrs

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580
Counts vs. Mass-to-Charge (m/z)

Ph6 HR-ESI-MS ciia hop chit PH4
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PH4-MeOD-1H
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Current Data Parameters

Hz
Hz
sec

usec
usec

NAME 110HOAI_PH4
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20171102
Time 11.39
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
65536
SOLVENT MeOD
NS 16
DS 2
SWH 10000.000
FIDRES 0.152588
a0 3.2767999
RG 111.09
oW 50.000
DE 6.50
TE 303.0
D1 1.00000000
TDO 1

CHANNEL f1 =
500.2030889 MHz
1H
10.00 usec
22.00000000 W
F2 - Processing parameters
SI 6
SF 500.2000003 MHz
WDW
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
o ERIIONR
T T T T T T T T T
8 7 6 5 4 3 2 1 0
m e
- -l B R R e e A e P P P R P
Pho 'H-NMR ciia hgp chat PH4
PH4-MeOD-1H <)
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Pho 'H-NMR ciia hop chit PH4
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PH4-MeOD-1H
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Phé 'H-NMR ciia hop chat PH4
v
PH4-MeOD-C13CPD <)
- ~o s vawomm
3 88 T 2e529] ¢ O HYFOMUAVAOCMTNOWOOTON D
. 1< Lo S 8 BehCa8IanlRIRAsRIneeR Current Data Parameters
S T8 S 583385 © o AR NDBBONNDDOSO TN O~ &M NAME 110HOAT_PH4
— — e R R R R ] o © LS LLILSLTOOONONONNN A A A A EXPNO 2
N PN T TSNz T :
F2 - Acquisition Parameters
Date 20171102
Time™ 14.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 65536
SOLVENT MeOD
NS 512
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 198.57
bW 16.800 usec
DE 6.50 usec
TE 303.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL fl =
125.7879670 MHz
13c
10.00 usec
88.00000000 W
CHANNEL f2 =
500.2020008 MHz
1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.34375000 W
PLW13 0.22000000 W
F2 - Processing parameters
SI 32768
SF 125.7753900 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Ph6 *C-NMR ciia hgp chat PH4
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PH4-MeOD-C13CPD
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Ph6 *C-NMR ciia hgp chat PH4
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Ph6 C-NMR ciia hgp chat PH4
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PH4-MeOD-HSQC

IS ppm
: . £ 10
' (]
: "0
| .
ook v L 20
o i “» , .'
:: 0 wwo 0 ~ 30
.......................................................................................... frorrengrereseen e s
po T L 40
Q*E"' ®
' - 50
L 60
L 70
L 80
)
100
L 110
- § - 120
o : F
- 130
° [
140
N g
150

R R N e
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Phé HSQC ciia hop chit PH4

PL-32



ppm PH4 -zmo?mmonm

CC} ppm
i | :
‘M =4 (5] 120 3 ' \ 10
| 122 .
3 o
............................................................................................................................ ] .
3 @ 124 Rt | R e R ST SRt ST OIS SRR L R s T
: 126 m '
3 i =5 3 r
E: : -128 - ‘ 2
H & E |
W _.nﬂ» E : )
3 130 W. — 3 00 112 .
w h. — _ . 25
; i 132 .
: o
—3 0 3
} F134
; Q k |
m. 7 — | ao I ”
E F136 =
. <
I 138 Al E .
35
m 140 ; .@
142 |A||A‘ @ 6
3 40
; - 144
- 9o — oo Q
m 146
45
T T T T T T T T T T T T , ; , ;

: T T T T T T T
6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 m.wm 5.1 5.0 pPpm 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 ppm

7

Pho HSQC cuia hgp chat PH4
PL-33

-



PH4-MeOD-HMBC

ppm

N
el e
A
@i e MY,
h. g : i = 30

Ph6 HMBC ciia hop chit PH4

PL-34



PH4-MeOD-HMBC
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PH4-MeOD-HMBC
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ppm

PH4-MeOD-COSYGP

INSTRUM
PROBHD

"HANNEL £1
500.2016075
18

C><)
BRUKER

Current Data Parameters
NAME

110HOAI_PHA
5

s}
5 mm PABBO BB/

cosygpppaf
2048

MeoD

2

8
3289.474
1.606188

57.21
152.000
6. 51

.00000300
~84189403

mo

o
0
o
0.00030400

3.25440001

GRADIENT CHANNEL =

EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20171106
Time 15.08

usec
usec
usec

GPNAM[1] SMSQ10.100
Gpz1 10.00 %
P16 1000.00 usec

F1 - Acquisition parameters
D 128

ppm

o

B TaY ]
o)
o)
o)
o

4.5

T T T T T T T T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Ph6 COSY ciia hop chit PH4

PH4-MeOD-COSYGP

o
B o R

T
4.5

T T T T T T T
4.0 3.5 3.0 2.5 2.0 1.5 1.0

ppm

Ph6 COSY ciia hop chit PH4

PL-39

SFoO1 500.2016 MHz
FIDRES 51.398026 Hz

S 6.576 ppm
FnMODE QF

F2 - Processing parameters
4

1
500.2000033 MHz
OSINE

0 Hz
0
1.40

- Processing parameters
1024

OF
500.2000037 MHz
OSINE

C><)
BROKER

Current Data Parameter:
NAME

[EXPNO
PROCNO

s
110HOAI_PH4
5

1

F2 - Acquisition Parameters
Date, 20171

Time
INSTRUM
PROBHD
PULPROG

HANNEL f1 ==
500.2016075
1H

106
15.08

spect
5 mm PABBO BB/

cosygpppat
2048
MeOD

57.21
152.000

6.50

3.2 K
00000300
84189403
03000000
00002000
00000400
00020000 sec
00030400

cocooks

10.00

usec
usec
usec
22.00000000 W
3.25440001 W

10. 0
2500.00

= GRADIENT CHANNEL
GPNAM[1] SMSQ10.100
GPZ1 10.0
P16 1000.00 usec

F1 - Acquisition parameters
D 128

sFo1 500.2016 MAZ
FIDRES 51.398026 Hz
SW 6 ppm
FnMODE oF

s1
SF
WD
SsB
LB
GB
PC

F2 - Processing parameters
4

1
500.2000033 MHz
QSINE

0
0 Hz

1.40

- Processing parameters
1024

OF
500.2000037 MHz
QSINE

0
0 Hz
0



PH4-MeOD-COSYGP

T T T T T T
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Phé COSY ciia hop chét PH4
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Ph6 COSY ciia hop chit PH4
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C><)
BROKER

Current Data Parameters

NAME 110HOAI_PHA
[EXPNO 5
PROCNC 1
F2 - Acquisition Parameters
Date_ 20171106
Time 15.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG cosygpppat
D 2048
SOLVENT MeOD
NS 2
bs 8
SHH 3289.474 Hz

0.00000300

D1 1.84189403
D11 0.03000000
D12 0.00002000
D13 0.00000400
D16 0.00020000
INO 0.00030400

PL:
PLW10 3.25440001 W

GRADIENT CHANNEL =:
GPNAM[1] SMSQ10.100

GPzZ1 10.00 %
P16 1000.00 usec

F1 - Acquisition parameters
D 128

sFo1 500.2016 MHz
FIDRES 51.398026 Hz
sW 6.576 ppm
FnMODE oF

F2 - Processing parameters
s 4
SF 500.2000033 MHz
WDW QSINE
ssB 0
LB 0 Hz

0
pC 1.40

F1 - Processing parameters
1024

Mc2 OF

SF 500.2000037 MHz
WDW QSINE
SsB 0

LB 0 Hz

GB 0

C><)
BRUKER

Current Data Parameters
11

OHOAI_PHA
EXPNO 5
PROCNO 1

F2 - Acquisition Parameters
Date, 20171106
Time

INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG cosygpppat

™D 2048
SOLVENT MeOD

NS 2

Ds

8
SWH 3289.474 Hz
FIDRES 1.606188 Hz

a0 0.3112960 sec
RG 57.21

DW 152.000 usec
DE 6.50 usec
TE .2

DO 0.00000300 sec
D1 1.84189403 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
1IN0 0.00030400 sec

10.00 usec
10.00 usec
2500.00 usec
22.00000000 W
3.25440001 W

GRADIENT CHANNEL

GPNAM[1] SMSQ10.100
Gpz1 10.00 %
P16 1000.00 usec

F1 - Acquisition parameters
™D 128

SFO1 500.2016 MHz
FIDRES 51.398026 Hz

W 6.576 ppm
FnMODE

F2 - Processing parameters

sI 24

SF 500.2000033 MHz
QSINE

0
LB 0 Hz
0
pC 1.40
F1 - Processing parameters
1024
oF
SF 500.2000037 MHz
QSINE

0
1B 0 Hz



PH4-MeOD-COSYGP BRUKER

Current Data Parameters
NAME 110HOAI_PH4
5

[EXPNO
PROCNO 1

F2 - Acquisition Parameters
Date, 20171106

pem M
®

Time 15.08

INSTRUM spect

PROBHD 5 mm PABBO BB/

4 cosygpppaf
1.6 2048
MeoD

2

-8
3289.474 Hz
1.606188 Hz

0.3112960 sec

57.21
152.000 usec

6.50 usec

3.2 K

00000300 sec

84189403 sec

03000000 se.

00002000 se

00000400 sec

00020000 sec

00030400 sec

c
c

soooons

L £1
500.2016075 MHz
18

p—
— crnn
2.0 10.00 usec
10.00 usec
2500.00 usec
22.00000000 W
PLW1O 3.25440001 W
2.1 GRADIENT CHANNEL
GPNAM[1] SMS010.100
Gpz1 10.00 ®
P16 1000.00 usec
2.2 F1 - Acquisition parameters
™ 128
sFo1 500.2016 MHz
FIDRES 51.398026 Hz
s 6.576 ppm
2.3 FnMODE oF
F2 - Processing parameters
s1 1024
SF 500.2000033 MHz
WDW QSINE
2.4 ssB 0
18 0 Hz
cB 0
pC 1.40
F1 - Processing parameters
2.5 sT 1024
oF
500.2000037 Mz
QSINE

Mc2
SF
T T T T T T T T T jied
5.0 ppm
GB

5.9 5.8 5.7 5.6 5.5 5.4 5.‘3 5.2 5.1
Ph6 COSY ciia hop chit PH4

o
0 Hz
o

PH4-MeOD-NOESY <)
€OD-NOES BROKER

Current Data Parameters
NAME 110HOAI_PHA
EXPNO 7
PROCNO 1
Ppm F2 - Acquisition Parameters
N Date, 20171106

[ Time 23.40
1.0 -- . INSTRUM spect
.' - T i PROBHD 5 mm PABBO BB/
PULPROG noesyapphpp
| | SOLVENT MeOD
. NS 16
1.5 - Ds 32
4 - SWH 3269.474 Hz
o) FIDRES 1.606188 Hz
- ° 4 20 0.3112960 sec
2.0 ' RG 57.21
. ’ W 152.000 usec
' - DE 6.50 usec
| + Ed 303.0 K
) bo 0.00013927 sec
"t + D1 1.89350402 sec
2.5+ b | D8 0.30000001 sec
| t Dp11 0.03000000 sec
' p12 0.00002000 sec
, D16 £00020000 sec
1o 0.00030400 sec
3.0 '
CHANNEL £1
{ 500.2016075 MHz
' 18
" 10.00 usec
a 20.00 usec
3.5 ' . ' 2500.00 usec
g 22.00000000 W
' 3.25440001 W
4.0 Y GRADIENT CHANNEL
. i GPNAM[1] SMSQ10.100
Gpz1 40.00 %
. P16 1000.00 usec
4.5 F1 - Acquisition parameters
.5 ™ 256
sFo1 500.2016 MHz
FIDRES 25.699013 Hz
- o= - - B T S 6.576 ppm
5.0 FnMODE States-TPPT
- - - # F2 - Processing parameters
s1 1024
= N * SF 500.2000000 Mz
WDW QSINE
5.5 S ! SsB 2
. 18 0 Hz
¥ GB 0
pC 1.00
' 4 ! ok !
6.0 F1 - Processing parameters
. ' ST 1024
\ Mc2 States-TPPT
SF 500.2000001 MHz
WDW
T T T T T T T T T T T ssm
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm s o ne

Ph6 NOESY ciia hgp chat PH4
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PH4-MeOD-NOESY

ppm M

T T T T
1.8 1.6

T T
1.4 1.2

T
1.0

ppm

Pho NOESY ciia hgp chat PH4

PH4-MeOD-NOESY

4.9

o0
00

T T T T
5.3

T T
5.2 5.1

T
5.0

ppm

Pho NOESY ciia hgp chat PH4

PL-42

S

Current Data Parameters
NAME 110HOAI_PHA
7

EXPNO
PROCNO 1

F2 - Acquisition Parameters
Date_ 20171106
Time 23.40
INSTRUM spect
PROBHD 5 mm PABBO BB/

P noesygpphpp

™D 2048
SOLVENT MeoD

NS 16

DS

SWH 3289.474 Hz
FIDRES 1.606188 Hz
a0 0.3112960 sec
RG 57.2.

oW 152.000 usec
DE 6.50 usec
TE 303.0 K
Do 0.00013927 sec
D1 1.89350402 sec
D8 0.30000001 sec
p11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
o 0.00030400 sec

HANNEL £1 ==

500.2016075 MHz
18

10.00 usec

20.00 usec

2500.00 usec
22.00000000 W
3.25440001 W

GRADIENT CHANNEL

GPNAM[1] SMSQ10.100
Gpz1 40.00 %
P16 1000.00 usec

F1 - Acquisition parameters
D 256

sFo1 500.2016 MHz
FIDRES 25.699013 Hz
SW 6.576 ppm
[FnMODE States-TPPT

1
SF 500.2000000 MHz
QSINE

LB 0 Hz
cB 0
PC 1.00

F1 - Processing parameters
1024

Mc2 States-TPPI

SF 500.2000001 MHz
WDW

SSB

LB 0 Hz

GB 0

C><)
BROKER

Current Data Parameters
NAME 110HOAI_PHA
7

[EXPNO
[PROCNO 1

F2 - Acquisition Parameters
Date_ 20171106
Time

INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp

D 2048
SOLVENT MeOD

NS 16

Ds 3.

SWH 3289.474 Hz
FIDRES 1.606188 Hz
a0 0.3112960 sec
RG .

DW 152.000 usec
DE 6.50 usec
TE 303.0 K
Do 0.00013927 sec
b1 1.89350402 sec
D8 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
INO 0.00030400 sec

HANNEL f1 =
500.2016075
1H
10.00 usec
20.00 usec

2500.00 usec

N
N
)
3
S
S
S
3
S
S
=

3.25440001 W

GRADIENT CHANNEL
GPNAM[1]
Gpz1

SMSQ10.100
40.00
P16 1000.00 usec

F1 - Acquisition parameters
D 256

sFo1 500.2016 MHz
FIDRES 25.699013 Hz
e 6.576 ppm
FnMODE States-TPPT

F2 - Processing parameters
s 24

SF 500.2000000 MHZ
WD SINE

SsB

LB 0 Hz

GB 0

PC 1.00

F1 - Processing parameters
sI 1024

Mc2 States-TPPI
SF 500.2000001 MHZ
WD QSINE

SsB 2

LB 0 Hz

GB 0



PH4-MeOD-NOESY

T T
6.0 5.

T
9 5.8

T T T T T

T

T
5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0

Ph6 NOESY ciia hgp chat PH4

PL-43

T

ppm

C><)
BROUKER

Current Data Parameters
AME

N2 110HOAI_PH4
EXPNO 7
PROCNO 1
F2 - Acquisition Parameters
Date_ 20171106
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp
2048
SOLVENT MeOD
NS 16
Ds 32
SWH 3289.474 Hz
FIDRES 1.606188 Hz
a0 0.3112960 sec
RG 57.
D 152.000 usec
DE 6.50 usec
TE 303.0 K
Do 0.00013927 sec
D1 1.89350402 sec
D8 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
1IN0 0.00030400 sec
CHANNEL £1
500.2016075 MHz
10
10.00 usec
20.00 usec

2500.00 usec
22.00000000 W
3.25440001 W

GRADIENT CHANNEL

GPNAM[1] SMSQ10.100
GPZ1 40.00 %
P16 1000.00 usec

F1 - Acquisition parameters
D 256

sFo1 500.2016 MHz
FIDRES 25.699013 Hz
SW 6.576 ppm
FnMODE States-TPPI

F2 - Processing parameters
sI 4

SF 500.2000000 MHz
WDW QSINE

SSB 2

LB 0 Hz

GB 0

pC 1.00

F1 - Processing parameters
1024

Mc2 States-TPPI

SF 500.2000001 MHz
WDW

SSB

LB 0 Hz

GB 0




Phu luc 3.4. Pho ciia hop chat PH10
(Pogostemonon B)

CTPT: Cx2H2507 OH OH
KLPT: 404,4590

- Pho HR-ESI-MS
- Pho 'H-NMR
- Pho '3C-NMR
- Pho HSQC

- Pho HMBC

5 |+ Scan (it: 1.5334 min) DHH_PH10.d

405.1909

4221913

293.1746

444.1688
262.1799 349.1662
158.9633 195.1222 217.1042 239.0906
. T R T

391.1746 \ ‘ ‘
PP PO | PO

310.2019 | | ‘ H ‘45‘ 1954 477.1942
i TS| PR IV el e e AL T o T il

130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500
Counts vs. Mass-to-Charge (m/z)

Pho HR-ESI-MS ciia hgp chat PH10

PL-44



PH10-MeOD-1H

<)
BROUKER
(>

PPN E NS E N R E R eSS e N RN e NN R aE RSO N e Ty
R SR LR RS R L e Rt e P L MR SRR

353858800099533995555583383805R 2280888533539 5 0 800883 curent oacs raranecess
COTOMMMOOOOMONNNNNNNNATAdAAAAAAAAAAAAAAAAAAAAAAAAOO OO OOO e llOHOAI,Png
B T e e :

F2 - Acquisition Parameters

Date 20171222

Time™ 16.15

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2930
65536

SOLVENT MeOD

NS 16

DS 2

SWH 10000.000 Hz

FIDRES 0.152588 Hz

aQ 3.2767999 sec

RG 142.98

bW 50.000 usec

DE 6.50 usec

TE 303.0 K

Dl 1.00000000 sec

TDO 1

CHANNEL f1 =
500.2030889 MHz
1H

10.00
22.00000000 W

F2 - Processing parameters
SI 6

SF 500.1999999 MHz
WDW

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

A B PN\ ,,MJj,,AJ_L ok Win) -

T T T T T

3 2 1 0 ppm
3R EEECEeEtEE
~|leai Lah AR GRS R R R I

Pho 'H-NMR ciia hop chat PH10

PH10-MeOD-1H

3.625
3.369
3.336
3.333
3.330
3.326
3.323
2.559
2.545
2.531
2.517

z
<
7
X
=
<

T T T T T T T T T T T T T T T T T T T T
43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 ppm

T k4 e

Phé 'H-NMR ciia hop chat PH10
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X
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Pho 'H-NMR ciia hop chat PH10

PH10-MeOD-C13CPD
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Current Data Parameters

NAME 110HOAT_PH10

EXPNO T2

PROCNO 1

F2 - Acquisition Parameters

Date 20171223

Time 7

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2gpg30

TD 65536

SOLVENT MeOD

NS 2048

DS 4

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 198.57

bW 16.800 usec

DE 6.50 usec

TE 303.0 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f1

SFOl 125.7879670 MHz

NUC1 13C

Pl 10.00 usec

PLWL 88.00000000 W
CHANNEL f2

SFO2 500.2020008 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 22.00000000 W

PLW12 0.34375000 W

PLW13 0.22000000 W

F2 - Processing parameters

ST 32768

SF 125.7752148 MHz

WDW EM

sSB 0

LB 1.00 Hz

GB 0

BC 1.40

Ph6 *C-NMR ciia hop chit PH10
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PH10-MeOD-C13CPD
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PH10-MeOD-HSQC
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PH10-MeOD-HMBC
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PH10-MeOD-HMBC
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Sample Name
User Name
Sample Type
ACQ Method

Phu luc 3.5. Phé ciia hop chit PH19
(Pogostemonon D)

CTPT: C3H3007 OH OH
KLPT: 418,4860

Phé HR-ESI-MS
Pho UV

Pho 'H-NMR
Pho *C-NMR
Phé HSQC

Pho HMBC

PH19 Position P1-A8 Instrument Name Instrument 1

Inj Vol 2 InjPosition

Sample IRM Calibration Status Success Data Filename PH19.d
Cot ngan - MSMS_Pos.m Comment Acquired Time 08/05/2020 5:34:46 PM

x10 5 +ESI Scan (rt: 0.407 min) Frag=140.0V PH19.d

*441.1897
29 1

28
27
261
25 |
24
23
22
21|
5
191
18
17
16
15
14
13
12
11
1 442.1929
0.9 1
08
07
06
05
04
03
02
01
0

443.1964

444.1988
1

441 442 443 444 445 446 447 448 449 450 451
Counts vs. Mass-to-Charge (m/z)

Pho HR_ESI_MS ciia hop chit PH19

PL-53



Spectrum Peak Pick Report 05/07/2020 10:38:26 AM

Data Set: PH19_103303.spc - RawData

006000 ———————— T —————————————T——————

T T T T T

0.04000

L S S B S B S e

PN TN N N T T T T T T T T AN T N T N T W 1

&
Qo
<

0.02000

0.00000 T B i it e =

250.0 300.0 350.0 400.0 450.0
nm.

Measurement Properties No. PV Wavelength Abs. Description
Wavelength Range (nm.): 190.0 to 600.0
Scan Speed: Fast ; : ggg; gggggg
Sampling Interval: 0.2 = -
Auto Sampling Interval: Disabled 3 ® 336.2 0.01010
Scan Mode: Auto 4 ® 295.2 0.04651
Instrument Properties
Instrument Type: UV-1800 Series
Measuring Mode: Absorbance
Slit Width: 1.0 nm
Light Source Change Wavelength: 360.0 nm
S/R Exchange: Normal

Attachment Properties
Attachment: None

Sample Preparation Properties

Weight: 0.108

Volume: 25ml

Dilution:

Path Length:

Additional Information: axit benzoic03:14:40
PM09/16/2010

Ph6 UV ciia hop chat PH19

PL-54



PH19-MeOD-1H
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F2 - Acquisition Parameters

F2 - Processing parameters
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PH19-MeOD-1H
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PH19-MeOD-C13CPD an
(>

. e e
2 casrs soons I
. ShE 5258 SHzesNeenEEaaTTag.
9 R8I H 238883 O OV Oy O 0O D O~ [~ 00D DD NN Current Data Parameters
o~ e o LIS LIIONNAAAAAO O NAME llOHOAIiPng
EXPNO
NN/ N/ =W/ VT e :
F2 - Acquisition Parameters
Date 20200106
- 14.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT MeOD
NS 1024
DS 4
SWH 31250.000 Hz
FIDRES 0.476837 Hz
AQ 1.0485760 sec
RG 198.57
DW 16.000 usec
DE 6.50 usec
TE 303.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
125.7864591 MHz
13C
10.00 usec
88.00000000 W
CHANNEL f2 ==
SF02 500.1910008
NUC2
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.35764000 W
PLW13 0.17989001 W
F2 - Processing parameters
SI 32768
SF 125.7724484 MHz
WDW
SSB ]
LB 1.00 Hz
GB ]
PC 1.40
T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
Ph6 BC-NMR cia hop chit PH19
op
PH19-MeOD-C13CPD <)
. oo e
0 camrs senqe e o
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Ph6 *C-NMR ciia hop chiat PH19
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PH19-MeOD-C13CPD
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Phu luc 3.6. Phé ciia hop chit PH13
(Pogostemonon C)

CTPT: C22H2307
KLPT: 416,4700

- Pho HR-ESI-MS
- Pho 'H-NMR
- Pho '3C-NMR
- Pho HSQC

- Pho HMBC
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+ Scan (rt: 1.9089 min) DHH_PH13.d
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N S SV N :

F2 - Acquisition Parameters

Date 20171221

Time 15.15

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2930
65536

SOLVENT MeOD

NS 16

DS 2

SWH 10000.000 Hz

FIDRES 0.152588 Hz

aQ 3.2767999 sec

RG 142.98

DW 50.000 usec

DE 6.50 usec

TE 297. K

D1 1.00000000 sec

TDO 1

CHANNEL f1
500.2030889 MHz
1H

10.00
22.00000000 W

F2 - Processing parameters
SI 6

SF 500.1999999 MHz
WDW

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

—
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N

10 9 !; 7 é 5 4 3 2 1 0 ppm
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F2 - Acquisition Parameters
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Date 71223
Time™
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
™ 55536
SOLVENT MeOD
Ns 1024
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
20 1.1010048 sec
RG 198.57
DW 16.800 usec
DE 6.50 usec
TE 303.0 K
D1 2.00000000 sec
DIl 0.03000000 sec
TDO 1

CHANNEL f1
sFOL 125.7879670 MHz
NUC1 13C
1 10.00 usec
PLW1 88.00000000 W
CHANNEL £2

sFO2 500.2020008 MHz
NUC2 1H
CPDPRG[2 waltzlé
BCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.34375000 W
PLW13 0.22000000 W
F2 - Processing parameters
sI 32768
SF 125.7752138 MHz
WDW
SSB 0
LB 1.00 Hz
GB 0
2C 1.40
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Phu luc 3.7. Phé ciia hop chiat PH6

CTPT: C22H2307
KLPT: 416,4700

Phé HR-ESI-MS
Pho 'H-NMR
Pho *C-NMR
Phé HSQC

Ph6 HMBC

(Pogostemonon A)

OH O

+ Scan (1t: 1.6999 min) DHH_PH6.d

121.0509

1010707 | 158.9640  193.0856 217.1035 256.5713 ! 370.2936

417.1906

439.1727

2931740 397.2730 ‘ ‘
ol Dl ) A7 8121367
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2 - Acquisition Parameters

Date 20171221

Time 15.01

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2930

D 65536

SOLVENT MeOD

NS 16

ns 2

SWH 10000.000 Hz

FIDRES 0.152588 Hz

20 3.2767999 sec

RG 72.05

D 50.000 usec

DE 6.50 usec

TE 297.9 X

D1 1.00000000 sec

TDO 1
CHANNEL f1

SFO1 500.2030889 Miz

NUCL

P1 10.00 usec

PLWL 22.00000000 W

F2 - Processing paramelers

ST 65536

SE 500.1999996 MHz

WO

SSB 0

1B 0.30 Mz

GB 0

BC 1.00
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65536

MeOD

256

4
29761.904
0.454131
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198.57
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2.00000000
0.03000000
1

= CHANNEL f1 =
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10.00
88.00000000
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1H
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F2 - Processing parameters
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Phu luc 3.8. Phé ciia hop chit PH18
(Pogostemon D)

OH OH
CTPT: C23H2607

KLPT: 414,4540

- Pho HR-ESI-MS
- Ph6CD

- Pho IR

- Pho 'H-NMR

"
, 4
Pho *C-NMR
9
Phd HSQC
9
Ph6 HMBC
9
Pho NOESY
+ Scan (t: 2.0924 min) DHH_PH18.d
415.1753
121.0509
101.0710 262.1799 293.1740
| I 1589634 1951216 223.0963 | | 358.3685 397.2231 ||, | 453.1327 512.1225 556.4416 6004680 6373050
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Counts vs. Mass-to-Charge (m/z)
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4500 4000 3500 3000 2500 2000 1500 1000 500
PH18 1/cm
Peak Intensity Corr. Intensity |Base (H) Base (L) Area Corr. Area
1 310.54 76.518 12.599 324.04 285.46 2.992 1.212
2 337.54 77.373 13.564 352.97 325.97 2.01 0.924
3 364.55 90.126 5.633 389.62 354.9 1.026 0.371
4 441.7 87.376 10.348 459.06 424.34 1.164 0.821
5 513.07 78.611 18.673 553.57 495.71 3.251 2.651
6 653.87 70.202 15.971 673.16 588.29 7.598 3.372
7 690.52 76.892 7.163 705.95 675.09 2.926 0.596
8 729.09 77.851 5.827 750.31 707.88 3.972 0.693
9 796.6 54.648 14.375 808.17 779.24 5.794 1.372
10 819.75 60.515 12.05 842.89 810.1 4.802 1.004
11 856.39 89.248 4.151 881.47 844.82 1.247 0.332
12 904.61 81.081 16.922 923.9 883.4 1.913 1.556
13 964.41 87.47 7.439 985.62 947.05 1.51 0.639
14 1082.07 55.034 24.796 1116.78 1043.49 11.674 4.585
15 1136.07 41.966 41.618 1157.29 1118.71 8.205 5.205
16 1199.72 53.393 30.443 1220.94 1184.29 5.726 3.011
17 1300.02 41.468 21.439 1317.38 1222.87 16.085 4.334
18 1350.17 38.964 23.339 1408.04 1319.31 24.234 7.312
19 1462.04 42.2 46.673 1502.55 1409.96 18.398 12.594
20 1556.55 27.16 62.461 1585.49 1504.48 16.887 13.77
21 1627.92 20.193 14.324 1637.56 1587.42 19.694 3.047
22 1658.78 7.158 31.883 1718.58 1639.49 33.976 10.17
23 1730.15 89.011 2.471 1770.65 1720.5 1.617 0.266
24 2596.19 92.946 3.437 2642.48 2488.17 3.033 0.95
25 2663.69 95.169 0.653 2690.7 2644.41 0.92 0.069
26 2735.06 94.622 1.614 2785.21 2692.63 1.902 0.361
27 2854.65 66.304 7.181 2872.01 2787.14 7.149 0.8
28 2922.16 39.972 18.915 2945.3 2873.94 19.734 4.453
29 3311.78 56.796 39.139 3556.74 3142.04 34.799 26.666
Date/Time; 6/19/2018 5:31:11 PM
No. of Scans;
Resolution;
Apodization;
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. . R R R e R nmmmelb ool dasaarRredhsds Current Data Parameters
9 2 P 0 - 0 0 . B P P P PP P I AP R nae L10H0RT_BRLE
‘ ‘\N@@\N \W//Aﬂ%/ PROCNO 1
F2 - Acquisition Parameters
Date_ 20180323
Time 15.25
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CcDC13
NS 16
DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 157.3
DW 50.000 usec
DE 6.50 usec
TE 299.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
500.2030889 MHz
1H
10.00 usec
22.00000000 W
F2 - Processing parameters
SI
SF 500.2000122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
oo Lo
- M A | - A A v MUY \1\__,‘¥,
T T T T T T T T T T T T T
12 1 10 9 8 7 6 5 4 3 2 1 0 pm
o wn ~ © o o O™ |N|N|M|N
< < < < - el =[RQ2N|L L2 0
- - - - - o~ =lMmmmnmmnlmlo
> It
Phé 'H-NMR ciia hgp chit PH18
.
cvwacaEn O ©T NN~ o modos Mo DT HORORT® o
28882288 8 SIRNTI6H o BRLBSINS N5 oShebne ©S
SSRZRE2E 8 BBhG®n 8 EL88ITTS SR888RRELE &I
BEBEBeYe  © ST TTe P NaNaN S Nedddarada  do
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I
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M 1 M ) M
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PH18-CDC13-C13CPD

o NN oMM — ™M ™M <Oy N
2 2nonee 59 23950 emar . dseses o
N . A M P Current Data Parameters
N 88883 aa 560838 orrg w aremao o NAME 110HOAI_PH18
— o — e e e | o M~~~ < e Ra R R I I N | EXPNO 2
N/ I N A\ \ W/ :
F2 - Acquisition Parameters
Date 20180323
Time 17.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
65536
SOLVENT CcDC13
NS 2048
Ds 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 198.57
DW 16.800 usec
DE 6.50 usec
TE 300.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
SFOl 125.7892253 MHz
NUC1 13C
Pl 10.00 usec
PLW1 88.00000000 W
CHANNEL f2
SFO2 500.2020008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.34375000 W
PLW13 0.22000000 W
F2 - Processing parameters
1 SI 32768
SF 125.7753897 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
Phé 3C-NMR ciia hop chit PH18
op
PH18-CDC13-C13CPD C><)
. v eme o - e e
2 2 egp® g R 23 23
- AR 3 = oA
5 8¢ ©es @ 8o g5 o
1
| |
I I
]
[}
]
‘
|
T T T T T T T T T T T T T T T T T T T T T T
205 200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 ppm

Ph6 *C-NMR ciia hop chit PH18
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PH18-CDC13-HSQC

M A _ W Ppm

— '
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PH18-CDC13-HMBC
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PH18-CDC13-HMBC
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Pho HMBC cia hgp chat PH18
.
Current Data Parameters
NAME 110HOAT PHI18
EXPNO 5
PROCNO 1
m J J F2 - Acquisition Parameters
PP J = Date_ 20180407
rime
1 INSTRUM spect
PROBHD 5 mm PABBO BB/
* PULPROG noesygpphpp
2048
* * SOLVENT cpc13
24 - 2w + L NS 4
Ds 32
SWH 7042.253 Hz
- 4+ @ L FIDRES 3.438600 Hz
: a0 0.1454080 sec
3 ' RG 1
oW 71.000 usec
' DE 6.50 usec
+ - — TE 303.0 K
4 Do 0.00005827 sec
. b1 2.05939198 sec
o . L 4 > D8 0.30000001 sec
: p11 0.03000000 sec
D12 0.00002000 sec
54 D16 0.00020000 sec
o 0.00014200 sec
i >
6 . 10
10.00 usec
20.00 usec
2500.00 usec
74 22.00000000 W
3.25440001 W
GPNAM[1] SMSQ10.100
8 Gpz1 40.00
P16 1000.00 usec
b o F1 - Acquisition parameters
9 ™D 256
sFo1 500.2031 MHz
FIDRES 55.017605 Hz
SW 14.079 ppm
FnMODE States-TPPT
10
' F2 - Processing parameters
.o L sI 4
SF 500.2000139 MHz
WDW QSINE
11 ssB
LB 0 Bz
K cB 0
pC 1.00
124 F1 - Processing parameters
: sI 1024
. Mc2 States-TPPI
SF 500.2000163 MHz
13 T T T T T T T T T T mow
13 12 11 10 8 7 6 5 3 2 1 ppm 18 o8x
cB

Ph6 NOESY ciia hgp chat PH18
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PH18-CDC13-NOESY BRUKER

Current Data Parameters
NAME 110HOAI_PH18
5

EXPNO
PROCNO 1
ppm | | ] F2 - Acquisition Parameters
A - A Date_ 20180407
Time .
INSTRUM spect
14 PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp
D 2048
. ; SOLVENT cpc13
+ + NS 4
2 . + bs 32
‘- - SWH 7042.253 Hz
FIDRES 3.438600 Hz
a0 0.1454080 sec
RG 64.21
DW 71.000 usec
3 DE 6.50 usec
TE 303.0 K
DO 0.00005827 sec
+ + b1 2.05939198 sec
D8 0.30000001 sec
4 D11 0.03000000 sec
p12 0.00002000 sec
9 D16 0.00020000 sec
N 0.00014200 sec
5 CHANNEL £1
E 500.2030801
10
10.00 usec
20.00 usec
0. + r 2500.00 usec
6 22.00000000 W
. 3.25440001 W
. GRADIENT CHANNEL
GPNAM[1] SMSQ10.100
1 .
7 %4 P16 1000.00 usec
* F1 - Acquisition parameters
D 256
sFo1 500.2031 MHzZ
8 FIDRES 55.017605 Hz
e 14.079 ppm
FnMODE States-TPPI
. <+ + o+ — F2 - Processing parameters
9 s1 1024
SF 500.2000139 MHz
WOH QSINE
ssB
B 0 Hz
GB 0
, pC 1.00
. + .. - F1 - Processing parameters
sI 1024
Mc2 States-TPPI
SF 500.2000163 MHz
WDW INE
T T T T T T T T T T el
10 9 8 7 6 5 4 3 2 1 ppm IG-: o 5

Ph6 NOESY ciia hgp chat PH18

PH18-CDC13-NOESY BRUOKER

Current Data Parameters
NAME 110HOAI_PH18
EXPNO 5
1
m F2 - Acquisition Parameters
PP 23 Date, 20180407
- Time 5
INSTRUM spect
PROBHD 5 mm PABBO BB/
L d PULPROG noesygpphpp
™ 2048
SOLVENT cpe13
1.5 NS 4
& Ds 32
SwH 7042.253 Hz
L 2 FIDRES 3.438600 Hz
20 0.1454080 sec
4 RG
2.0 + D 71.000 usec
DE 6.50 usec
E 303.
Do 0.00005827 sec
D1 205939198 sec
2.5+ D8 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
- p16 0.00020000 sec
1o 0.00014200 sec
3.0+ ======== CHANNEL fl ========
sFo1 500.2030801 Mz
Nuc1 18
P1 10.00 usec
. P2 20.00 usec
3.5 - P17 2500.00 usec
. PLWL 22.00000000 W
8- — PLW1O 3.25440001 W
-0
. - GRADIENT CHANNEL =
4.0 GPNAM[1] SMSQ10.100
.0+ cpz1 40.00
P16 1000.00 usec
. F1 - Acquisition parameters
‘0 ¢ ¢ |» ™ 3%
4.5 - sFo1 500.2031 MHz
FIDRES 55.017605 Hz
s 14.079 ppm
FnMODE States-TPPI
F2 - Processing parameters
5.0+ s1 1024
SF 500.2000139 Mz
WO QSINE
ssB 2
18 0 Hz
4 GB
5.5 pC 1.00
.
F1 - Processing parameters
°0- + 4 sT 1024
° Mcz States-TPPI
6.0+ SF 500.2000163 MHz
WO QSINE
T T T T T T T T T T juod 5
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm 4 ¢ 8z

Ph6 NOESY ciia hgp chat PH18
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PH18-CDC13-NOESY

10

ppm

C><)
BROUKER

Current Data Parameters

NAME 110HOAI_PH18
5

PROCNO 1

F2 - Acquisition Parameters

Date_ 20180407

Time

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG noesygpphpp

™D 2048

SOLVENT cpc13

NS 4

bs 32

SWH 7042.253 Hz

FIDRES 3.438600 Hz

A 0.1454080 sec

4.2

DW 71.000 usec

DE 6.50 usec

TE 303.0 K

Do 0.00005827 sec

D1 2.05939198 sec

D8 0.30000001 sec

D11 0.03000000 sec

D12 0.00002000 sec

D16 0.00020000 sec

1IN0 0.00014200 sec

"HANNEL £1

500.2030801 MHz
18

10.00 usec

20.00 usec

2500.00 usec
22.00000000 W
3.25440001 W

GRADIENT CHANNEL =
SMSQ10.100
40.00 %

1000.00 usec

F1 - Acquisition parameters
™D 256

sFo1 500.2031 MHz
FIDRES 55.017605 Hz
SH 14.079 ppm
FnMODE States-TPPI

F2 - Processing parameters
sI 4

SF 500.2000139 MHz
WDW QSINE

SSB 2

LB 0 Hz

GB 0

pC 1.00

F1 - Processing parameters
1024

Mc2 States-TPPI

SF 500.2000163 MHz
WDW

SSB

LB 0 Hz

GB 0

Ph6 NOESY ciia hop chat PH18
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Phu luc 3.9. Phé ciia hop chit PH14
(Pogostem)

CTPT: C30H4s05
KLPT: 488,3502

- Pho HR-ESI-MS
- Pho IR

- Pho 'H-NMR
- Pho '*C-NMR
- Pho HMBC

- Pho HSQC

- Pho COSY

- Pho NOESY

I:’lllllum.

HO

OH

x105 |- Scan (rt: 2.6951 min) DHH_PH14Neg.d

92

88
86
84
82 533.3494

78
76
74
72

638
66
64
62

58
56
5.4
52

48
46
44
42

38
36
34
32

28
26
24
22

1.8
16
14
12

08 523.3201
06 601.3358
04

02 2489717
| 182.9906 | 2809874 375.2747 499.9699 ‘ I

550.3383  577.3730 \ 644.9619 666.0196 694.9534 734 9074

L
180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710 720 730 740
Counts vs. Mass-t

Pho HR-ESI-MS ciia hgp chat PH14
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W ! | b | Wil oal 8e I
Ny bm ,/\1 J L\ r{;\uﬂ | 8 ﬁt"w\ "‘U/ EOE] n‘cg.,"*, | '
| I [ IWEIIN & VNI -+
90 'ﬂ / | ‘ ;‘W‘F'QS - 92”/‘ 538 ‘ |
- i / i 3 89z T8y \
| / | 8l £3I8 *A,/ 2 |
| /’ 1 A g8
] \ [ g g | |
| / ' | & e 7 ‘ H
I / 8 ﬂ‘ ‘
SR |
75 b j | }
\ / ] U l
3 \\ ’j | § ‘
4 \ ,‘" : i
_ / | a
\ o
\V/ | g '
|
| | |
60 2 |
| ‘ |
3 |
|
— |
|
| |
|
. |
45— e e ey
T T T ‘ T T ‘ T T T T T T T ‘ T T T
4500 4000 3500 3000 2500 2000 1500 1000 500
PH14 1/em
Peak Intensity Corr. Intensity  |Base (H) Base (L) Area Corr. Area
1 553.57 96.24 017 557.43 509.21 0.6 0.02
2 594.08 95.81 0.49 607.58 572.86 0.59 0.03
3 671.23 96.26 0.67 684.73 659.66 0.39 0.05
4 792.74 97.11 0.66 823.6 781.17 0.46 0.09
5 839.03 97.62 0.95 854.47 825.53 0.26 0.08
6 968.27 91.05 4.72 987.55 935.48 1.29 0.48
7 1047.35 70.84 23.69 1076.28 989.48 5.94 3.78
8 1099.43 88.96 5.56 1118.71 1078.21 1.55 0.57
9 1130.29 93.47 1.85 1147.65 1120.64 0.66 0.13
10 1166.93 95.43 2.15 1188.15 1149.57 0.6 0.2
11 1273.02 97.09 1.33 1290.38 1234.44 0.52 0.19
12 1381.03 92.5 4.71 1398.39 1361.74 0.85 0.38
13 1442.75 92.7 0.8 1444.68 1423.47 0.34 0.04
14 1471.69 91.53 2.82 1496.76 1463.97 0.93 0.25
15 1523.76 97.1 2.37 1537.27 1514.12 0.17 0.12
16 1629.85 87.43 1.72 1651.07 1625.99 1.14 0.09
17 1660.71 92.26 0.37 1662.64 1653 0.32 0.01
18 2860.43 85.41 2.35 2879.72 2702.27 4.05 0.21
19 2939.52 76.66 12.76 3032.1 2881.65 11.14 4.4
20 3429.43 63.48 27.17 3616.53 3034.03 63.34 411
Comment; Date/Time; 3/14/2018 5:08:39 PM
PH14 No. of Scans;
Resolution;
Apodization;
User; IR-Prestige
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PH14-CDC13-1H B

Current Data Parameters
NAME 110HOAI_PH14
1

EXPNO
e e a————— | —— = o0 :

F2 - Acquisition Parameters

Date 20171222
Time™ 15.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
™D 65536
SOLVENT cpcl3
NS 16
DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 142.98
bW 50.000 usec
DE 6.50 usec
TE 328.1
D1 1.00000000 sec
DO 1
CHANNEL f1
SFOL 500.2030889 MHz
NUCL 1H
Pl 10.00 usec
PLW1 22.00000000 W
F2 - Processing parameters
sI 6
SF 500.2000176 MHz
WDW
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
T T T
9 8 7
PH14-CDC13-1H
BRUKER

n-mom DOMETTAO T TODO

® =~ 00 OEODITODO =T N O N

SN NG R R Tk

wwnvnn Mmmmmmn®n mmmmonn

o
=
—
<«

__-4.084
<<4.079

£
N\

1
Il (Al

)
Il Wiy

T T T T T T T T T T T T T T T T T T T T T T T T T T T
59 5.8 57 56 55 54 53 52 51 5.0 49 48 4.7 46 45 44 43 42 41 40 39 38 3.7 3.6 3.5 3.4 3.3 ppm

l ER=I R
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PH14-CDC13-1H

T T T T
21 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 11 1.0 0.9 ppm
L\\‘Wuo{’//J L\\\Wua(’/J 0 o af © -r(/)\\‘\]ra(/“/)“““‘wun[”'/_/J chnf)\‘]r~ o = o
«° o < “ N ~ < o o S N hd @ ~ @
- © - - - - o o © < ~ < © © =

Pho 'H-NMR ciia hop chat PH14

PH14-CDC13-C13CPD Bmﬂ
(>

PN P MO IO T NE MmN NMDO0 M= D00 NM®DN T~
. PSS ASRINGARLRARAERSRS0S 8RN BNBEn  current Data parancters
] O RN T R T RGO T T MR DO M @ 00 ® e~ NAME 110HOAI_PH14
— — HOCCE O IIIIIIIITIONNOMOONNNNN A A A EXPNO 2
| TS SSsSs  e—— I :
F2 - Acquisition Parameters
Date 20171222
Time™ 15.10
INSTRUM
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 65536
SOLVENT CDC13
NS 2048
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
1.1010048 sec
RG 198.57
DW 16.800 usec
DE 6.50 usec
TE 328.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1l = =
125.7879670 MHz
13C
10.00 usec
88.00000000 W
CHANNEL f2 = =
SF02 500.2020008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.34375000 W
PLW13 0.22000000 W
F2 - Processing parameters
SI 32768
SF 125.7753741 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Ph6 *C-NMR ciia hop chit PH14
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PH14-CDC13-C13CPD Bmﬂ
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Ph6 *C-NMR ciia hop chit PH14
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Ph6 *C-NMR ciia hop chit PH14
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PH14-CDC13-HSQC
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PH14-CDC13-HMBC
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ppm

PH14-CDC13-COSYGE

EXPNO
PROCNO

Time
INSTROM
PROBHD
PULPROG

PLW1
PLW10

GPNAM[1]
GPzZ1
P16

D
sFo1
FIDRES
SW
FnMODE

s
SF

WDH
SSB

T 6:0"5.5 5,045 4,70 3.57737077275

20715100

Ph6 COSY ciia hop chat PH14

PH14-CDC13-COSYGP

<)
BROKER

Current Data Parameters
NAME

110HOAT_PH14
5

1

F2 - Acquisition Parameters
Date. 201712:

00000400 sec
00020000 sec
00022800 sec

L £1
500.2018166 MHz
18

2500.00 usec
22.00000000 W
3.25440001 W

====== GRADIENT CHANNEL =====

SMSQ10.100
10.00 &
1000.00 usec

F1 - Acquisition parameters
128

500.2018 MHz
34.265350 Hz
8.768 ppm

F2 - Processing parameters
24

500.2000175 MHz
QSINE

0 Hz
o

1.40

F1 - Processing parameters
1024

oF
500.2000175 MHz
QSINE

<)
BRUKER

Current Data Parameters

[EXPNO
PROCNO

110HOAI_PH14
5

1

F2 - Acquisition Parameters
Date 20171227

cpcl3
8

8
4385.965

Hz
Hz
sec

usec
usec

PLW1
PLW10

GPNAM[1]
GPz1
P16

D
sFo1
FIDRES
SH

FnMODE

s.
SF
WDW
SsB
18
GB
pC

] o MC2
SF

WDW
T T T T T T Son

Ppm LB

GB

Ph6 COSY ciia hop chat PH14

PL-104

CHANNE]

0.00000300 sec
1.91971803 sec
0.03000000 sec
0.00002000 se
0.00000400 sec
0.00020000 se
0.00022800 sec

L £1
500.2018166 MHz
18

3.25440001 W

ENT CHANNEL
SMSQ10.100

1000.00 usec

F1 - Acquisition parameters
128

500.2018 MHz
34.265350 Hz
8.768 pj

F2 - Processing parameters
23 24

500.2000175 MHz
OSINE

0 Hz
0

1.40

F1 - Processing parameters
s1 1024

oF
500.2000175 MHz
OSINE

0 Hz
0



PH14-CDC13-COSYGP

ppm

3.5

N
o

ppm

C><)
BROKER

Current Data Parameters
NAME 110HOAI_PH14
[EXPNO 5
PROCNO 1

F2 - Acquisiti
Date_

on Parameters
2

ENT CHANNEI

= GRADI) c L
GPNAM[1] SMSQ10.100
GPz1 10.00 %

P16

1000.00

0171227
Time 11.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG cosygpppaf
2048
SOLVENT cpcl3
NS 8
Ds 8
SWH 4385.965 Hz
FIDRES 2.141584 Hz
20 0.2334720 sec
RG 4.2.
ST DW"TTTTTTTTTTTTT 14,7000 TasecT T
DE 6. usec
TE 328.0 K
Do 0.00000300 sec
D1 1.91971803 sec
D11 0.03000000 sec
p12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
No 0.00022800 sec
L f1
500.2018166
1H
2500.00 usec
22.00000000 W
3.25440001 W

usec

F1 - Acquisition parameters
D 128

sFo1 500.2018 MHz
FIDRES 34.265350 Hz
SW 68 ppm
FnMODE oF
F2 - Processing parameters
s1 24
SF 500.2000175 MHz
WDW QSINE
ssB 0

0 Hz
GB 0
PC 1.40
F1 - Processing parameters
sI 1024
Mc2 oF
SF 500.2000175 MHz
WDW QSINE
SsB 0
1B 0 Hz
GB 0

Ph6 COSY ciia hop chat PH14

PH14-CDC13-COSYGP

pPpm

[EXPNO
PPROCNO

C><)
BROKER

Current Data Parameters
NAME 110HOAI_PH14
5

1

F2 - Acquisition Parameters
Date_ 20171227

Time 11.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG cosygpppaf

D 2048
SOLVENT cpc13

Ns 8

bs

SWH. .o 4385.965. Hz. ...
FIDRES 2.141584 Hz
a0 0.2334720 sec
RG 64.21

DW 114.000 usec
DE 6.50 usec
TE 328.0 K

Do 0.00000300 sec
b1 1.91971803 sec
p11 0.03000000 sec
p12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
1IN0 0.00022800 sec

GPNAM[1]
Gpz1

P16

3.25440001

GRADIENT CHANNEL

SMSQ10.100
10.00

1000.00

usec

F1 - Acquisition parameters
D 128

sFo1
FIDRES
SW
FnMODE

sI
SF
WDW
ssB
1B
GB
PC

500.2018
34.265350

MHZ
Hz

8 ppm

oF

500.2000175
QSINE
0
0 Hz
0
1.40

F2 - Processing parameters
24

MHzZ

F1 - Processing parameters
sI 1024

Ph6 COSY ciia hop chat PH14

PL-105

OF
500.2000175
QSINE

0 Hz
0

MHZ



PH14-CDC13-NOESY

Date

SFO1
FIDRES
SW

FnMODE

SF
WDW
SsB
B
GB
PC

;RADIENT CHANNEL

C><)
BROKER

Current Data Parameters
NAME

110HOAI_PH14
6

1

F2 - Acquisition Parameters

20171227
11.18
spect

5 mm PABBO BB/

‘noesygpphpp
2048

cpcl3

8

32
4385.965 Hz

64.21
114.000 usec
6.50 usec

0

1.97132802 sec
0.30000001 sec
0.03000000 sec
0.00002000 sec
0.00020000 sec
0.00022800 sec

CHANNEL f1 =
500.2018166 MHz
1H
10.00 usec
20.00 usec

2500.00 usec
22.00000000 W
3.25440001 W

SMSQ10.100
.00 %
1000.00 usec

F1 - Acquisition parameters
D 256

500.2018 MHz
48.197418 Hz
8.768 ppm
States-TPPT

F2 - Processing parameters
sI 024

500.2000170 MHz
QSINE

0 Hz
0
1.00

' F1 - Processing parameters
4

4.5

T

T T T T T T T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Ph6 NOESY ciia hgp chat PH14

PH14-CDC13-NOESY

102
States-TPPT
500.2000170 MHZ

QSINE
2

0 Hz
o

C><)
BRUKER

Current Data Parameters
NAME

@)

PLW10

GPNAM[1]
GPz1
P16

sFo1
FIDRES

SH
FnMODE

SF
WDW
SsB
B
GB
PC

Mc2
SF

WDW
SsB
B
GB

Ph6 NOESY ciia hgp chat PH14
PL-106

110HOAI_PH14
6

1

F2 - Acquisition Parameters
Date.

20171227

= GRADIENT CHANNEL

cpe13
8

32
4385.965
2.141584
0.2334720

1

64.2
114.000
6.50
328.0
00010127
97132802
30000001
03000000
00002000
00020000
00022800

oooooko

CHANNEL £1
500.2018166
1H

22.00000000
3.25440001

SMSQ10.100
40.00
1000.00

500.2018
48.197418
8.768
States-TPPI

500.2000170
QSINE

0 Hz
0
1.00

States-TPPI
500.2000170

0 Hz
0

Hz
Hz
sec

usec
usec
K
sec
sec
sec
sec
sec
sec
sec

usec

F1 - Acquisition parameters
D 256

MHz
Hz
ppm

F2 - Processing parameters
SI 24

MHZ

F1 - Processing parameters
s1 1024

MHZ



PH14-CDC13-NOESY

Current Da
NAME

EXPNO
PROCNO

F2 - Acqui
Date.

Time
INSTRUM
PROBHD 5
PULPROG

F1 - Acqui
D

sFo1
FIDRES
SW

[FnMODE

C><)
BROUKER

ta Parameters
110HOAI_PH14
6

1
sition Parameters
20171227
spect
mm PABBO BB/
noesygpphpp
2048
cpc13
8

32
4385.965 Hz

97132802 sec
30000001 sec
03000000 sec
00002000 sec
00020000 sec
00022800 sec

cocooko

1000.00 usec
sition parameters
256

500.2018 MHz
48.197418 Hz
8.768 ppm
States-TPPT

F2 - Processing parameters
\ sI 4
H \ SF 500.2000170 MHz
H WDW QSINE
B \ SsB 2
. LB 0 Hz
H GB 0
H | PC 1.00
H F1 - Processing parameters
H ' sI 1024
H MC2 States-TPPT
H SF 500.2000170 MHz
WDW
T j T T T T T csn
2.2 2.0 8 1.6 1.4 1.2 1.0 0.8 ppm ] 0 a

PH14-CDC13-NOESY

C><)
BRUKER

Current Data Parameters
NAME 110HOAT PH14
EXPNO 6
PROCNO 1
F2 - Acquisition Parameters
Date_ 20171227
H "ime
: INSTRUM spect
: PROBHD 5 mm PABBO BB/
H P noesygpphpp
H D 2048
: SOLVENT cpc13
NS 8
DS 32
SWH™ ===y 4385965 Hz" """ """

Hz
sec

usec

TE
Do
D1
D8
D11
p12
D16
o
"HANNEL £1
10
500.
GRAD:

GPNAM[1]
Gpz1 %
P16
F1 - Acquisition parameters
D 256
sFo1
FIDRES
SW 7
FnMODE
F2 - Processing parameters
sI 1024
SF
WDW
ssB 2
B
GB
pC .
F1 - Processing parameters
sI 1024
mc2 PT
SF

50 usec

97132802 sec
30000001 sec
03000000 sec
00002000 sec
00020000 sec
00022800 sec

Sooooko

3.25440001

RADIENT CHANNEL
SMSQ10.100

40.00
1000.00 usec

500.2018 MHz
48.197418 Hz
8.768 ppm
States-TPPI

500.2000170 MHz
QSINE

0 Hz
0
1.00

States-TP]
500.2000170 MHz
T T T WDW QSINE
SSB 2
5.0 4.5 4.0 3.5 ppm 8 0 sz

Ph6 NOESY ciia hgp chat PH14
PL-107



Phu luc 3.10. Phé ciia hep chat PH5
(Geranyllinalool)

CTPT: CyH340
KLPT: 290,2610

- Phé 'H-NMR
- Phd 3C-NMR
- Pho HSQC

PH5-CDC13-1H

<)
BRUKER
(>

mor~ COVHNOWMAHANM I M= MO
@~ ~ NOWIMO®MOOE OGSO

oooo COOOOO00W©WVWVINIINWNLY Current Data Parameters
0w wnwn OANNNNNAAAAA A A AAAA NAME 110HOAI_PHS

EXPNO 1
M”%Ml PROCNO 1

F2 - Acquisition Parameters

Date, 20171221
Time 14.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 65536
SOLVENT cDC13
NS 16
DS 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
a0 3.2767999 sec
RG 127.68
bW 50.000 usec
DE 6.50 usec
TE 297.8 K
Dl 1.00000000 sec
TDO 1
CHANNEL f1

sFOl 500.2030889 MHz
NUC1 1H
Pl 10.00 usec
PLWL 22.00000000 W
F2 - Processing parameters
SI
SF 500.2000123 MHz
WDW EM
ssB 0
LB 0.30 Hz
GB 0
BC 1.00

M M]; 1/ ‘

T T T T T T T T T T T T
5 4 3 2 1
=l I=lelele 6 <le3|<Flail o3

Ph6 'H-NMR ciia hop chit PH5

PL-108



PH5-CDC13-1H

AN OINOOMHADVOEIAIDOMO™ FNMO
MMAOTNIINNAAOO DO ®® MM [~ [~ [~ 10 1)
ANNAAAAAAAAAAAAAOOOOOOOO OO OO
DD DD DD DO DO O OO D DD DD DO D O DO 1D

——5.944

—5.923

—5.910

—5.888
1

r A

|
UL AL

T T T T T T T T T T T T
.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0

N TR R

Ph6 'H-NMR ciia hop chit PH5

PH5-CDC13-1H

N0 OO0
oo ®r 0w w
© W0 W0 w W

o ©
© ©
oo
SEN

——2.051
—2.039
——2.000
—1.985
—1.969
—1.281

__-1.681
=~1.679
1
1
1
1
1

Ph6 'H-NMR ciia hop chit PH5

PL-109



PH5-CDC13-C13CPD Bmﬂ
(>

S o ~ oo amHooaama TN O
A : Noer drmoanmenwoo o Current Data Parameters
SRAnaAIIN o Sl Noaresnargs o NAME 110HOAT_PHS
oA o A o~ SN NN NN NN A EXPNO 2
NIV N4 NN ‘
F2 - Dcquisition Parameters
Date 20171222
Time 17.45
INSTRUM spect
PROBID 5 mm PABBO BB/
PULPROG 2gpg30
TD 65536
NT cDCl3
256
4
29761.904 Hz
= CHANNEL f1 == ==
125.7879670 M
13C
10.00 usec
88.00000000 W
=== CHANNEL f2 ========
5F02 500.2020008 MHz
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 ) usec
PLW2 W
PTW12 W
PLW13 W
F2 - Processing parameters
ST 32768
SF 125.7753884 MHz
WDW EM
sSB 0
LB 1.00 liz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Ph6 *C-NMR ciia hgp chat PH5

PH5-CDC13-C13CPD Bmﬂ
) ) (>
| 1 | |

-
\

I i
m-Wf!MWWW‘\MFMWWMWMWWMW*WWW\MMW"M A oA s \4‘*WMWMMW“‘M\W’M“'M‘.\MMMMNW\WWMWWM\‘\ﬁ!'rW e
T T T T T T T
145 140 135 130 125 120 115 ppm

Ph6 *C-NMR ciia hgp chat PH5

PL-110



PH5-CDC13-C13CPD B(;ggn
()
|
|
| | |
| | |
| )
hﬂ’.ﬁ,wy‘,v.wrLWWMWM\«‘;,}WM\WwV,"VWvlVWM\‘nWﬂ\WMJ‘d«W‘l\MnW\p‘h’iWWM/WM'JM\l-h)Ml,,WIW\)\hNAWl/WMMMMM,,‘M\,}WW‘,“W yw,uﬂvlhwl‘un,/mlhu‘w,// \vw,h.lwh,wﬂ,\ﬁ‘MMWWW\Vwﬂ,-‘wwnw,ww wl»f-w,ﬁty,‘,ﬁwli«mvwbw

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 ppm

wdd

Ph6 *C-NMR ciia hgp chat PH5
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] . =
9
T
Q
8
~
¥
i
2]
Lo)
Q
3 0
0 T e
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T T T T T T T T T T T T T T T
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(6 » w N = o o o] ~ o (84 » w N ko]
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Phé HSQC ciia hop chat PH5

PL-111



PH5-CDC13-HSQC
PH5-CDC13-HSQC c

ppm
Ll Ll ,
- U e N
¢
wn
L115 s 20
[~ 3
M k
< 22
=
(3]
~120 w.. |24
N
K-
] . 26
=]
=@ [P]
125
o G - 28
7}
! 3 30
130 <Q 3
m 3 32
w 34
135
36
38
140 o
QO
o
(=] 145
a4

T T T T T T T T T T T T T T T T T T T T T T T T
6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 ppm 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 ppm

/4

Pho HSQC cia hgp chat PHS

PL-112
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Phu luc 3.11. Phé cia hop chat PH17
(Stigmasterol)

CTPT: C9H40
KLPT: 412,7020

Ph6 'H-NMR
Pho BC-NMR

PH17-CDC13-1H

<)
BROKER
(>

Pho '"H-NMR ciia hop

PL-113

chat PH17

AT DNONTEINAMOANMIVIDNT IO AN D ANODONEOONMNENOTDENANSHOM o 1) O D
ON T I PMNINPB OB ONTMADIMNHORNDEODTNNNCRDDEDFOEDIAHOT M TN NS O
NN MNHAHHOONNORNPBDOEPIINDIDIDNTITITTIFTTANAAAAAOO OO OO NN DO DD~ Current Data Parameters
P P N TP N 0 O O S O O N O 0 N O N PSP Np S Nave 110HORL_pH17
%%’/ PROCNO 1
F2 - Acquisition Parameters
Date 20180108
Time™ 15.39
| INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG 2930
65536
SOLVENT CDC13
NS 16
DS 2
swH 10000.000 Hz
FIDRES 0.152588 Hz
a0 3.2767999 sec
RG 198.57
oW 50.000 usec
DE 6.50 usec
TE 303.0 X
D1 1.00000000 sec
DO 1
CHANNEL £1
SFOL 500.2030889 Mz
NUC1 18
21 10.00 usec
PLHL 22.00000000 W
F2 - Processing parameters
s1 65536
SF 500.2000123 MHz
WOW
ssB 0
LB 0.30 Hz
GB 0
| BC 1.00
|
| M
|
ARRYLIA
J Mlg A AW VWG )
T T T T T T T T
1 10 9 8 7 6 5 4
o< £
3ls|s ®
—|v|v =3



PH17-CDC13-1H <)

TOMOOMON T~ T 0 N © OISO =HN0OW®OMOON
DI TONDOINMTN A O < o~ © OO MOV MO ®
MOONAAAAOD OO O ~ 0w MONNNNNOOOOO
VOOV OOOOS ™ ™ m NN NN NN NN NN N A A

I I B b
I LA AN
‘ HH m A | Il i |
u\ [l [ [T | |/
e \J\.».../ \/ ‘L_,.,_,...// o Ul (N
T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 ppm

Pho 'H-NMR ciia hop chat PH17

PH17-CDC13-1H

‘

I

I | | I
! A VAL ‘ / , e "x‘ ! ‘

A VAL VNS A\ Moo AW W )

T T AR Sty

Phé 'H-NMR ciia hop chat PH17
PL-114
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PH17-CDC13-C13CPD Bmﬂ
(>

N
28 8 R DAoL TN NmOoNHan oSN
cw o o aeneaqaanaNEanoarasaades o Current Data Parameters
MmN N FrEOACOAONNON O AAAD I AN NAME 110HOAI_PH17
— —t —t OO TOOOOOONNNNNN A A A EXPNO 2
\/ ‘ l \‘\‘\\v‘\\ﬁ\\\y////’/ PROCNO 1
F2 - Acquisition Parameters
Date 20180109
Time™ 0
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 65536
SOLVENT cDC13
NS 2048
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 198.5
DW 16.800 usec
DE 6.50 usec
TE 303.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
SFOl 125.7879670 MHz
NUC1
Pl 10.00 usec
PLW1 88.00000000 W
CHANNEL f2
SFO2 500.2020008 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 22.00000000 W
PLW12 0.34375000 W
PLW13 0.22000000 W
F2 - Processing parameters
SI 32768
SF 125.7753900 MHz
WDW
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
Ph6 BC-NMR cia hop chat PH17
op
PH17-CDC13-C13CPD <)
BRUKER
wn — O T O O N [ W'} Mmoo o~ — O MO WO w o~
~ n " wn " T T ™ o ™M ™m MM o~ NN NN N e e o

h

o

60

T T T T
45 40 35 30

Phd 3C-NMR ciia hop chat PH17

75 70 65 55 50 25 20

PL-115
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ppm



