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LOI CAM POAN

Tbi xin cam doan day la cong trinh nghién citu cua riéng t6i dudi su huéng dan
khoa hoc ciia GS. TS Nguyén Thi Hoai va GS. TS Pham Thanh Ky.
Céc s6 lieu, két qua néu trong luan an 1a trung thyc va chua timg duoc ai cdng bd

trong bat ky céng trinh nao khac.

Tac gia

DPoan Thi Hudo'ng



LOI CAM ON

Trong qué trinh nghién ctru va hoan thanh luan an, to6i da nhan duoc su gitup do
v cling quy béau cua céc thay cd gido, cac nha khoa hoc thudc nhiéu linh vuc cing dong
nghiép, ban bé va gia dinh.

Trudc hét, tdi xin bay té 10ng kinh trong va biét on sau sic t6i GS. TS. Pham
Thanh Ky va GS. TS. Nguyén Thi Hoai, nhiing nguoi Thay, Co di truc tiép hudng
dan, hét long chi bao tan tinh va dong vién téi trong subt qua trinh hoc tap va nghién
ctru khoa hoc.

Trong qué trinh thuc hién luan an, t6i da ludén nhan dugc su gitp d& cua cac co
quan, don vi va ca nhan. Téi xin chan thanh cam on Ban lanh dao, cdc Khoa, Phong va
cac déng nghiép tai Vién Duoc liéu; Truong Dai hoc Y Duoc, Pai hoc Hué; Truong Dai
hoc Dugc Ha Noi; Khoa Sinh ly, Sinh ly bénh - Hoc vién Quéan Y, Vién Hoba hoc, Vién
Sinh thai va Tai nguyén sinh vat thuoc Vién Han 1am Khoa hoc va Cong nghé Viét Nam
da giup dd, tao diéu kién dé gilp toi trong sudt qua trinh thuc hién nghién cuu.

Toi xin bay to 16ng cam on chan thanh téi PGS. TS. Lé Van Quan - Hoc vién
Quan y, PGS. TS. Pham Thi Nguyét Hang - Vién Duoc liéu, TS. H6 Viét Buc - Trudng
Pai hoc Y Duoc, Pai hoc Hué, TS. Nguyén Thi Ha - Vién Duoc liéu di c6 nhitng dong
gop quy bau giup toi trong qua trinh nghién curu thuc nghiém va hoan thién luan an.

T6i xin chan thanh cam on ldnh dao Cuc, ldnh dao Phong va cac ddng nghiép tai
Cuc Y té - Bo Cong an, noi toi cong tac, da dong vién tinh than va tao diéu kién thuan
loi dé t6i hoan thanh luan an nay.

Cudi clng xin cam on sau sac téi nhitg ngudi than yéu trong gia dinh; cam on
nhitng ban bé than thiét da danh cho t6i nhiing tinh cam, sy dong vién, gitup d& trong
sudt thoi gian qua.

Xin tran trong cam on tt ca nhitng giup d& quy bau nay!
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DPAT VAN DE

Nam trong vanh dai khi hau nhiét d6i gi6 mua néng am va c6 dién tich rimg, doi
nui rong, Viét Nam la mét trong nhiing trung tam da dang sinh hoc véi khoang 12.000
loai thyc vat c6 mach. Trong d6, sé lwong loai thuc vat dung lam thuéc khoang 5.117
[16]. P4y 1a ngudn tai nguyén vo cuing quy bau dé nghién ctu, sang loc cac hop chat t
nhién c6 tac dung tri bénh, nham dinh hudéng phét trién cac san pham thuéc phuc vu stc
khoe con ngudi. Tuy nhién, d&én nay van con rat nhiéu cay thudc chua dwoc nghién ctu
day du vé thuc vat, thanh phan hoa hoc ciing nhu chua c6 bang chiang khoa hoc vé cac
tac dung sinh hoc d& minh chtrng cho cong dung cia ching.

Cay Thach tung dudi ngua (Huperzia phlegmaria (L.) Rothm.) thuoc chi
Huperzia Bernh., ho Thong dat (Lycopodiaceae), séng biéu sinh ¢ nhiéu viing nui thap
va trung binh [9]. Theo Y hoc ¢ truyén, toan cay co vi nhat, tinh mat, cé tac dung thanh
nhiét chi thong, thong kinh trir thap [4]. Cac nghién ctu trén thé gisi cho thay thanh
phan hoa hoc chinh cua loai Huperzia phlegmaria (L.) Rothm. bao gém cac hop chét
alcaloid va terpenoid [205]. Trong d6, mot s alcaloid phan 1ap tir loai nay va céc loai
thugc chi Huperzia Bernh. duoc chung minh 1a c6 tac dung uc ché enzym
acetylcholinesterase tot, trong d6 c6 huperzin A 13 hop chat dugc phan lap dau tién tur
loai Huperzia serrata di duoc tng dung trong diéu tri bénh Alzheimer [205], mot can
bénh dang khan hiém thudc va gay ton kém nhiéu chi phi diéu tri, dic biét & cac nudc

dang phat trién [43].

Tai Viét Nam, theo Pham Hoang H¢ (1999) [9] va V& Van Chi (2012) [4], nudc
ta c6 11 loai thudc chi Huperzia Bernh., cho téi nay méi ¢ mot sé cong bd vé loai
Thach tung rang cua (Huperzia serrata (Thunb.) Trevis.) va loai Thach tung than gap
(Huperzia squarrosa (Forst.) Trevis.), chua c6 cong bd ndo vé thanh phan héa hoc ciing
nhu tac dung sinh hoc cua loai Thach ting dudi ngua (Huperzia phlegmaria (L.)
Rothm.).

Tt thuc té trén, nham tao co so khoa hoc cho viéc khai thac va st dung hiéu qua

ngudn duogc liu sin c6 trong nudc theo hudng diéu tri bénh Alzheimer, luan &n tién



hanh thuc hién dé tai:“Nghién cttu thanh phan hoéa hoc va mét sé tac dung theo
huéng diéu tri bénh Alzheimer caa loai Thach tung dudi ngwa (Huperzia
phlegmaria (L.) Rothm.”

Muc tiéu 1. Phan 1ap va xac dinh cau triic hda hoc cua mot sé hop chat tir loai
Thach tung duéi ngua.

Muc tiéu 2. Panh gia doc tinh cip va mot sé tac dung theo hudng diéu tri bénh
Alzheimer cta cao chiét toan phan, cao chiét phan doan va cac hop chat phan lap duoc.

Dé dap tmg duoc cac muc tidu néu trén, luan an tién hanh thuc hién 3 ndi dung sau:

1. V& thuc Vat:

M6 ta dac diém hinh thai, giam dinh tén khoa hoc mau nghién ctu

Xac dinh dic diém vi hoc cua loai nghién ciu gop phan tiéu chuan hoéa duoc liéu

2. V& thanh phan héa hoc:

- Pinh tinh cac nhém chét trong dugc lidu bang phan &ng héa hoc

- Chiét xuat va phan lap khoang 15 hop chat theo dinh huéng tac dung sinh hoc

- Xéc dinh cu tric héa hoc cua cac hop chat da phan 1ap dugc

3. Vé ddc tinh va tac dung sinh hoc:

- Xac dinh doc tinh cap

- Panh gia tac dung e ché enzym acetylcholinesterase in vitro

- Panh gia tac dung cai thién hanh vi nhan thic va tri nho, tac dung tc ché enzym
acetylcholinesterase in vivo trén mé hinh gay suy giam tri nhé bai scopolamin.

- Panh gia tac dung chdng 140 suy trén md hinh gay 140 suy bai D-galactose.



CHUONG 1: TONG QUAN

1.1. VI TRi PHAN LOAI, PAC PIEM THUC VAT VA PHAN BO
CUA CHI HUPERZIA BERNH.

1.1.1. Vi tri phan loai

Sy phan nhom ddi véi ho Lycopodiaceae va chi Huperzia Bernh. cho dén nay van
chua hoan toan théng nhat. Trudc day, tat ca cac loai duoc xép trong chi 16n va da hinh
la Lycopodium L. chi trir mot ngoai 1€ Ia loai Phylloglossum drummondii Kunze [121].
Tuy nhién, xu huéng trong nhitng ndm gan day, dua trén cac két qua nghién cau vé phat
sinh loai, ddc diém hinh thai va phan tir da xac dinh chi Lycopodium L. hep hon va phan
chia thanh nhiéu chi nho véi quan diém khac nhau [124].

Theo hé thong phan loai thyuc vat cia @llgaard (1987), 1a hé théng phan loai duoc
chap nhan rong rai nhat trén thé gigi [23], [121], [137], [140], chi Huperzia Bernh. c6
vi tri phan loai nhu sau:

Gidi Thuc vat (Plantae)
Nganh Thong dat (Lycopodiophyta),
Lép Thong dat (Lycopodiopsida),
B6 Thong dat (Lycopodiales)
Ho Thong dat (Lycopodiaceae)
Chi Huperzia Bernh.

O Viét Nam, theo tac gia Pham Hoang Ho (1999) [9], ho Thong dit phan bd ¢
Viét Nam c6 3 chi gom: Lycopodiella Holub., Lycopodium L. va Huperzia Bernh.

1.1.2. Pic diém thuc vat

1.1.2.1. Péc diém chung cia chi Huperzia Bernh.

Cay thao moc trén mit dat, trén da hoac sdng biéu sinh trén cac cay g 16n trong
ring ram. R& thuong dam xuyén qua 16p vé than cy, 16p mun trén dat, d4, canh non
tap hop lai thanh chum, chia nhanh ludng phan déu hodc khong déu nhau, moc thing
dang hay budng théng. Giao gitta than va canh thuong c6 xuat hién cac hanh con sinh

dudng, day la dic diém dic trung cia mot s6 loai trong chi ndy. Trén canh c¢6 dinh nhiéu



14 don phan va ludng phan, cac 14 nay c6 thé xép chong nhau hoic khong, ddi khi co

mang cé4c bao tir hoic tat ca cac 14 chum lai thanh hinh hoa thi (Huperzia drummondii).

L& bao tir thuong rat giéng véi 14 dinh dudng hoac nho hon va co mau sic riéng, thudng

khong c6 chiy rd rang. L4 thiang hodc c6 hinh méac, mong, nguyén ven hoic c6 ring &

mép la. TUi bao tir dang hinh than hoac tron, moc don 1€ & nach 1a bao tu, khi v nat ra

thanh 2 manh. Bao tt ¢6 rdnh nho dang 18m vé phia trung tam [97], [141], [186], [219].
1.1.2.2. Déc diém cia céc loai thuge chi Huperzia Bernh. ¢ Viét Nam

Theo Pham Hoang Ho6 (1999) [9] va V6 Van Chi (2012) [4], chi Huperzia Bernh.
& nudc ta co 11 loai.

a) Huperzia cancellata (Spring) Trevis (Tén ddéng nghia: Phlegmariurus
cancellatus (Spring) Ching, Phlegmariurus cancellatus var. minor Ching, Urostachys
cancellatus (Spring) Herter ex Nessel)

Cay thao phu sinh, than thong, dai dén 40 cm, 2-4 lan ludng phan déu; than to
2mm, dugc 14 ndm phu. L& map, nhon, dai 3-4 mm, rong 0,75 mm. Chly & chét nhanh,
hep hon phan khong thy, 14 bao tir dai khoang 1,5 mm. Bao tir nang tron ng thanh hai
manh bang nhau [9].

b) Huperzia carinata (Poir.) Trevis (Tén ddng nghia: Lycopodium carinatum
(Desv. ex Pair.) Trevis., Phlegmariurus carinatus (Desv. ex Poir.) Ching, Urostachys
carinatus (Desv. ex Poir.) Herter ex Nessel)

Cay thao phu sinh. Than co ranh, treo théng, dai 35-50 cm, phan nhanh ludng than
1-4 1an. L& nguyén xép xoin 6c¢, khdng cudng, hinh dui, nhon, dai, huéng Ién trén. Bong
nam & ngon canh, khong phan nhéanh, cac 14 bao tir giéng véi 1a thuong, nhung ngan hon
va rong hon. Tai bao ttr hinh than, ng thanh hai manh bang nhau [4], [9].

c) Huperzia chinense (Christ.) Ching (Tén dong nghia: Lycopodium chinense
(Christ.) Ching)

Cay thao moc trén dat, thanh bui nho, cao 10-15 cm, 1-2 lan ludng phan, than to
1-1,5 mm, hinh try, 14 hep, moc vong, dai 4-7 mm, rong 1 mm, nhon, mép uén xudng,
gan diing vao than. TUi bao tir & nach 14 gan ngon, hinh than, na thanh hai manh bang
nhau [4], [9].



d) Huperzia fordii (Baker) R.D. Dixit (Huperzia fordii (Baker) Holub)

Cay thao phu sinh c6 than dai 30-40 cm, ludng phan, rong 2-3 mm, la dai 7-10
mm, rong dén 4 mm, mép udn xudng, khong cé ring, gan thang vao than. Bong 14 bao
tr & dau nhanh, hep, dai, tdi bao tir rong 1,7 mm, cao 1,2 mm. Loai nay rat gidng loai
Huperzia serrata vé dang cy, kich thudc va sinh thai, chi khac & mép 14 khong co ring
[4], [16].

e) Huperzia hamiltonii (Spring) Trevis (Tén dong nghia: Lycopodium hamiltonii
(Spring) Trevis., Phlegmariurus hamiltonii var. petiolatus (C.B. Clarke) Ching)

Cay thao phu sinh, than dang hay thdng, dai dén 50 cm, chia nhanh ludng phan,
to c& 1,5 mm. LA trai ra, dai 6-15 mm, rong 3-5 mm, béng. Phan sinh san & nia trén cua
than véi 14 bao tir giéng 14 thudng nhung hoi nho hon, tai bao tir hinh than, né thanh 2
manh bang nhau [4], [9].

f) Huperzia obovalifolia (Bon.) (Tén dong nghia: Lycopodium obovalifolium
(Bon.))

Cay thao phu sinh c6 than théng dai 20-30 cm, 2-3 lan ludng phan. L& xoan éc,
hinh xoan dai 1 cm, thudng nam vao than, gan giira rd. Chay dai 15 cm, 1-2 lan ludng
phén. Bao tu diép nho, tron, no thanh hai manh nhu nhau [9].

g) Huperzia phlegmaria (L.) Rothm. (Tén dong nghia: Lycopodium phlegmaria
(L.) Rothm., Phlegmariurus phlegmaria (L.) Holub, Phlegmariurus phlegmaria (L.) U.
Sen & T. Sen)

Cay thao phu sinh c6 than thdng, dai tir 30-100 cm, 1-4 lan ludng phan, to 3 mm.
L& xoan tam giac, rong nhat ¢ gbc, dai 6-13 mm gan thang vao than. Chly ¢ ngon nhanh,
dai ¢6 khi dén 16 cm, 14 bao ti nhé dai ¢ 1 mm, cung kich thudc vai tai bao ta. Tui
bao tir no thanh hai manh nhu nhau [4], [9].

h) Huperzia salvinoides (Herter.) Alston

Cay thao phu sinh c6 than ludng phan déu, to 1 mm. L4 nho, gin theo 4 hang,
hinh xoan dai 1 mm, day, cing, gan nhu khéng cudng, chia d6i & ngon nhanh, hep Voi

l4 bao tir nho, nang bao tir tron, tw mé hai manh bang nhau [9].



i) Huperzia serrata (Thunb.) Trevis. (Lycopodium serratum (Thunb.) Trevis.,
Huperzia serrata f. intermedia (Nakai) Ching, Huperzia serrata f. longipetiolata
(Spring) Ching)

Cay thao moc & dét, than diing cao 15-40 cm, don hay ludng phan 1-2 lan, duong
kinh khoang 2 mm, hinh try. L& hinh bau duc, mili méc, dai 15 mm, rong 3 mm, twong
dbi mong, gan gitra 13, mép c6 rang. Tai bao tr & nach 14 gidng 14 thuong, tdi bao tir
hinh than, mau vang tuoi [4], [9].

K) Huperzia squarrosa (Forst) Trevis. (Tén doéng nghia: Lycopodium
squarrosum (Forst.) Trevis., Phlegmariurus squarrosus (G. Forst.) A. Léve & D. Love,
Urostachys squarrosus (G. Forst.) Herter)

Cay thao phu sinh, than thdng, dai 30-70 cm, 1-2 lan ludng phan, to 4-5 mm. L4
hep, nhon, thudng ding, bia nguyén. Chlly dai c6 & chét nhanh, 1a bao tir khdng khac 14
thuong, chi hoi nhod hon, bao tir nang hinh than, ng thanh hai manh khéng bang nhau
[4], [16].

I) Huperzia subdisticha Mak.

Cay thao phu sinh co than dai 30-40 cm, ludng phan, rong 2-3 mm. L& dai 7-10
mm, rong dén 4 mm, bia 14 un xudng, gan thang vao goc than. Chiy & dau nhanh, hep,
dai, bao tir nang rong 1,7 mm, cao 1,2 mm [9].

1.1.3. Sinh thai va phan b

Chi Huperzia Bernh. c6 khoang hon 400 loai phan bé rong khap trén thé giéi tir
viing nhiét d6i dén Bac Cuc va can Nam Cuc [186]. Cha yéu la cac loai séng biéu sinh,
duoc tim thay trong rimg nai thudng xanh nhiét d6i caa chau My, ving ndi cao ¢ Bic
Cuc va ving ndi nhiét d6i am w6t & Pong Nam A va mot sé viing & Chau A. Mét sd
lwong l6n cac loai cling dugc tim thiy trong tham thuc vat Paramo thudc day nii Andes
[88], [142], [197], [198].

Viét Nam c6 11 loai thudc chi Huperzia Bernh. phan b hep ¢ do cao trén 1500 m
[4], [9]. Gan day, mot nghién ctru da tién hanh diéu tra hién trang phan b va dic diém hinh
thai cua loai Thach tung ring cua (Huperzia serrata (Thunb.) Trevis.). Theo két qua diéu

tra ciia Tran Manh Dat (2019), loai thach ting ring cua phan bd chii yéu & ving ven khe



suéi, sudn ndi véi do dée < 300, do tan che 70 - 80%, thude dai cao dia hinh 1.400 — 1.500
m S0 V&i mit nudehién & cac khu vic chan dong Pa Thién, ndi Voi Mep (xd Hudng Son)
va ntii La Rudng (xa Huéng Linh) cua tinh Quang Tri [8]. Piac diém sinh thai va ving phan
bd cac loai nay dugc trinh bay & Bang 1.1.

Bang 1.1. Pic diém sinh thai va viing phan bd cac loai thudc chi Huperzia

Bernh. & Viét Nam

Tén

Tén

TT khoa hoc | Viét Nam Sinh thai Vung phan bo TLTK

1 | Huperzia Thach tung | Ua am  va | Rat hep, chi méi thu | [10]
cancellata b6i, Thong | bong, moc | dugc mau & mot sb
(Spring) dat boi bam trén cdy | ving ndi thiap ¢ Lao
Trevis god trong rung | Cai, con gip & Nam

ram  thuong | Trung Quéc.
xanh

2 | Huperzia Thach tung | Ua am va | Kha rong, ¢ Ha Noi, | [4],
carinata la dui, | bong,  moc | Quang Tri, Pa Nang, | [10]
(Poir.) Thach ting | bd4m chu yéu | Lam Dong, Khénh
Trevis song trén cay gd | Hoa, Ninh Thuan. Cay

trong rung|cling c6 & An Do,
ram  thuong | Trung Qudc, Pai Loan,
xanh, & do cao | Nhat Ban va nhiéu
100-900 m. | nuwéc nhiét doi chau A
dén Malaica va cac
nudce chau Pai Duong.

3 | Huperzia Thach tung | Trung sinh va | Rat hep, chi ¢6 ¢ suoi | [4],
chinense nhiéu ua noi co it | Vangvungnuibalat, | [10]
(Christ.) bong, anh sng, moc | ciing gap o Trung
Ching Thong dét | trén  dat c6 | Qudc.

tau. nhiéu min ¢
ven rung ram
thuong xanh,
o do cao
1500-1800 m.

4 | Huperzia Thach ting | Ua  4am va | Rong, tir Lao Cai, Ha | [4],
hamiltonii Hamilton | bong, séng | Giang, Vinh Phac, Ha | [10]
(Spring) bam chi yéu | Noi dén Lam Pong va
Trevis trén cay go, | Khanh Hoa. Cay con

d6i khi trén | phan bdé o An D,
cac tang da |Trung Qudc, Dai
am c6 nhiéu | Loan, Nhat Ban va
réu va mun | Campuchia.




Tén Tén . . N A LA
TT khoa hoc | Viét Nam Sinh thai Vung phan bo TLTK
trong rung
ram thuong
xanh, & do cao
700-1500 m

5 | Huperzia Thach tung | Ua am, bong, | Rat hep, chi gap o mot | [4],
fordii Ford, song bam trén | viing ndi thap cua Ha | [10]
(Baker) R.D. | Thong dét | vo cay hay da | Ngi, con gap & An Do,

Dixit pho am, giau man | Trung  Quéc, Nhat
trong rung | Ban, bai Loan.
ram thuong
xanh trén nui
6 do cao
1000-1200 m.

6 | Huperzia Thach tung | Phu sinh Vung nui cao Quang | [9]
obovalifolia | xoan tri, Khanh Hoa, Pa
(Bon.) nguoc Lat.

7 | Huperzia Thach tung | Giap & do cao | Rong, & nhiéu vong | [4],
phlegmaria | dudi ngua, | 700-2000 m. | ndi thap va trung binh | [9],
(L) Rothm. | Thong dat|Ua am va|& Trung Bovaotsi Pa | [10]

rau, Rau | bong, thuong | Nang, Kién Giang,
cdy, M vi | sébng bam trén | Kon Tum, Gia Lai,
sam cdy gd hay|Pic Liac, Lam Pong,
cac tang da | Khanh HoOa, Ninh
am ¢ nhiéu | Thuan, Pong Nai. Con
réu va mon | gap nhiéu ¢ cac nudc
trong reng | thuoc xa hé thuc vat
ram thuong | c6 nhiét doi, Nam
xanh. Nhat Ban va Dai
Loan.

8 | Huperzia Thach tung | Phy sinh Phan bd hep, 6 mots6 | [9],
salvinoides | béo, Thong ving ndi thap, d6i khi | [10]
(Herter.) dat béo ca nai trung binh &
Alston Hoa Binh, Ha Tinh,

Lam Dong, Khanh
Hoa. Con gap ¢ mot sé
nudc nhiét déi thuoc
mién hé thuc vat An
Do - Ma Lai, Nhat Ban
va Dai Loan.

9 | Huperzia Thach tung | Thuong moc | Rat rong, gap ¢ nhieu | [4],
serrata rang, thanh  dam | ving nGi thap, doi khi | [9],

Thong déat | nho trén dat | ca nui trung binh tir | [10]




Tén Tén . . N A LA

TT khoa hoc | Viét Nam Sinh thai Vung phan bo TLTK
(Thunb.) rang, Chan | hay goc cay | Lao Cai, Cao Bang,
Trevis. sOi c6 nhiéu réu | Ha Noi, Hoa Binh, Ha

trong rung | Tinh, Kon Tum, Lam
ram  thuong | Pong, Ninh Thuan.
xanh, & d6 cao | Con gip phd bién ¢
300-1800 m. | Chau A, Xakhlin,
Nam Nhat Ban, Triéu
Tién, Nepal, Uc.

10 | Huperzia Rau rong, | Cay ua am,|Kha hep & mot s6| [4],
squarrosa Thach ting | bong, thuong | ving nai thap, ¢ khi | [9],
(Forst.) vay, Thach | séng trén cay | ca nui trung binh & | [10],
Trevis. ting than | g, cac tang | Cao Bang, Thanh | [16]

gap, Thong | d& am c6 | Hoéa, Lam Pong va

dat nham. | nhiéu réu mun | Khanh Hoa. Con gap o
trong  rung | Lao, Campuchia cling
ram  thuong | nhu nhiéu nuéc thuoe
xanh,  rung | xi hé thuc vat ¢6 nhiét
may mu, & d6 | doi, Pai Loan, Pong
cao 800-1800 | Himlalaya.
m.

11 | Huperzia Thach tung | Phu sinh Vinh Phuc [9]
subdisticha | song dinh
Mak.

1.2. THANH PHAN HOA HQC CUA CHI HUPERZIA BERNH.

Chi Huperzia Bernh. 1a chi I6n nhét trong ho Lycopodiaceae do d6 ¢6 kha nhiéu

nghién ctru vé thanh phan hda hoc cua chi nay da duoc thyc hién. Nhiing hop chat phan

lap duoc cé ciu tric hda hoc da dang, nam trong cac nhom chinh: alcaloid, triterpenoid,

flavonoid, glycosid va tanin. Trong do, alcaloid va triterpenoid c6 cau triic serratan la

thanh phan hoa hoc chiém wu thé trong cac loai thudc chi nay [36], [116], [205].

gom 16 carbon, doi khi nhiéu hon nhu 32 carbon (trudng hop dimer hda) hoic it hon 16

1.2.1. Nhém hep chat alcaloid

Nhirng alcaloid phan 1ap duoc tir chi Huperzia Bernh. thuong chira mot b khung

carbon (do su phan tach céc lién két). Cau tric phan tir ciia chiing thuoc vé cac khung

quinolizin, pyridin hoic a-pyridon véi hé thong vong dic biét, cong thirc phan ti thuong

la C16N hoac CisN2 véi 3 hodc 4 vong, Ayer W.A (1994) da chia cac lycopodium

alcaloid thanh bén 16p ciu trac: 16p lycopodin, I6p lycodin, 16p fawcettimin va céc
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alcaoid khéc [24]. Hé thdng danh sb carbon cho céc alcaloid di dwoc dia trén gia thuyét
di truyén hoc caa Conroy nam 1960. Trong gia thuyét nay cac alcaloid dugc tao thanh
tir hai don vi 2-propylpiperidin. Cau ndi gitta C-4 va C-13 tao thanh bo khung lycodan.
Trong hau hét cac hop chét thugc 16p nay, vong A bi oxy héa tao thanh vong pyridin
hoac vong pyridon. Sy chuyén dich C-1 tir Ny sang Np tao thanh khung lycopodin. Cudi
cuing, su chuyén dich lién két gitra C-4 véi C-13 sang C-4 véi C-12 tao thanh bo khung
fawcettimin [115]. Ngoai ra, mét s6 alcaloid v6i bo khung méi ciing duge phéan lap tir
cac loai thude chi Huperzia Bernh. trong cc cong bd gan ddy [115], [205].

1.2.1.1. Lop lycopodin

Pay 13 16p ¢6 s6 lugng 1on nhat va phan bé rong réi nhat trong sé cac lycopodium
alcaloid da biét. Lycopodin alcaloid 1-55 (Bang 1.2.) da dugc phan Iap tir cac loai H.
serrata, H. selago, H. miyoshiana, H. chinense, H. saururus, H. lucidulum, H.
phlegmaria, H. sieboldii, H. yunnanensis, H. fargesii, H. carinata, H. squarrosa, H.
tetrasticha va H. goebelii . Lép nay dugc dic trung boi bon vong séu canh lién két véi
nhau, vong A va C tao thanh hé théng vong quinolizidin, lién két C = C c6 thé ton tai ¢
vi tri C-11 va C-8. Cac vi tri C-5, C-6, C-8, C-10 va C-12 thuwong bi oxy hdéa thanh nhom
carbonyl va hydroxyl hoac bi este hoa boi acid acetic va acid dihydroferulic; nhém
carbonyl trong vong B thuong & vi tri C-5, tuy nhién né c6 thé duoc tim thay tai C-6,
chang han nhu trong huperzin E (14), F (15) va O (17) d duoc phan lap tir H. serrata
[115]. Ngoai ra, nguyén tir nito c6 thé bi oxy hda thanh N-oxid, nhu trong lycopodin N-
oxid va 15a-methyl lycopodin-54, 6-diol N-oxid [205].

Hinh 1.1. C4u trac héa hec khung ciaa alcaloid 16p lycopodin
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Bang 1.2. C4c alcaloid lép lycopodin phan Iap tir chi Huperzia Bernh.

STT Tén hop chat Loai TLTK
1. Acrifolin [A12 8-0xo0- H. selago [150]
dihydrolycopodin (545-OH)]
2. Anhydrodihydrolycopodin H. saururus [161]
H.phlegmaria
3. Annotinin H. selago [116]
4. Clavolonin (84-hydroxylycopodin) H. miyoshiana [181]
H. saururus [30]
H. serrata [161]
H. sieboldii [161]
5. Deacetylfawcettiin H. serrata [161]
6. Dihydrolycopodin (5a-OH) H. saururus [161]
7. 4,6a-Dihydroxylycopodin H. saururus [176]
[(6a,15R)-4,6-dihydroxy-15-
methyllycopodan-5-on]
8. 40,6a-Dihydroxyserratidin H. saururus [171]
9. 12-Epilycodolin (isolycodolin hoac H. miyoshiana [181]
pseudoselagin) H. lucidulum [25], [161]
H. selago [130]
10. 12-Epilycodolin N-oxid H. serrata [176]
11. Fawcettiin (5-lofolin,54-O-acetyl- H. saururus [30], [161]
8-hydroxydihydro-lycopodin)
12. Flabelliformin H. miyoshiana [181]
(4a-hydroxylycopodin) H. lucidulum [25], [161]
13. Gnidioidin H. phlegmaria [161]
14, Huperzin E H. serrata [190]
15. Huperzin F H. serrata [190]
16. Huperzin G H. serrata [189]
17. Huperzin O H. serrata [189]
18. 6a-Hydroxylycopodin H. serrata [213]
H. lucidulum [26]
19. 7-Hydroxylycopodin [(15S)-7- H. serrata [176]
hydroxy-15-methyllycopodan-5-on]
20. 4a-Hydroxyserratidin H. serrata [173]
21. 6a-Hydroxyserratidin H. serrata [173]
22. Lucidiolin (A*12-58 6a- H. serrata [166], [221]

11




dihydroxydihydro-lycopodin) H. lucidulum [25]
23. Lycoclavin (54-O-acetyl-6a- H. serrata [116]
hydroxy-dihydrolycopodin)
24. Lycodolin H. miyoshiana [181]
H. serrata [86], [116],
[128], [166],
[213]
H. lucidulum [25]
H. saururus [161]
H. selago [150]
25. Lyconesidin C H. chinense [69]
26. Lycopodin H. miyoshiana [181]
H. serrata [86], [166], [213]
H. lucidulum [25]
H. saururus [161]
H. selago [150]
217. Lycoposerramin G H. serrata [166]
28. Lycoposerramin H H. serrata, H. [166], [205]
yunnanensis
29. Lycoposerramin | H. serrata [166]
30. Lycoposerramin K H. serrata [166]
31. Lycoposerramin L H. serrata [166]
32. Lycoposerramin M H. serrata [166]
33. Lycoposerramin N H. serrata [166]
34. Lycoposerramin O H. serrata [166]
35. Miyoshianine A (=lycoposerramin F) H. miyoshiana [181]
H. serrata [166]
36. Miyoshianin B (=lycoposerramin J) H. miyoshiana [181]
H. serrata [166]
37. Sauroxin (7,8-dihydroxylycopodin) H. saururus [144]
38. Selagolin H. selago [162]
39. Serratezomin C H. serrata [128]
(6a,12/5-dihydrolycopodin)
40. Serratidin H. serrata [86], [166], [171]
(7a-hydroxyanhydrolycodolin) H. selago [162]
41. 8p-Acetoxy-124- H. squarrosa [205]
Hydroxyepidihydrolycopodin
42. 15a-Methyllycopodan- H. yunnanensis [205]

5,64-diol
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43. Malycorin C H. phlegmaria [205]
44, Lycopodin N-oxid H. fargesii [205]
45, 15a-methyllycopodan-54,64-Diol N-oxid | H. yunnanensis [205]
46. Malycorin B H. carinata [205]
H. phlegmaria
47. Lycopodatin C H. carinata [205]
48. 8,15-Dehydrolycopodin H. fargesii [205]
49. Lycotetrastin A H. tetrasticha [72]
50. Lycobelin A H. goebelii [73]
51. Lycobelin B H. goebelii [73]
52. Lycobelin C H. goebelii [73]
53. Huperminon A H. phlegmaria [74]
54. Hupermin A H. phlegmaria [75]
55. N-demethyl-sauroxin H. saururus [122]

serrata, H. selago, H. saururus, H. chinense, H. phlegmaria, H. lucidulum, H. carinata,
H. fordii, H. squarrosa, H. fargesii va H. henryi. Lép nay ciing c¢6 bon vong, trong do
vong B, C, D twong tu nhu lycopodin alcaloid, riéng vong A c6 bién doi tao thanh vong
pyridin hozc pyridon [115]. Huperzin A (59), huperzinin (64) 1a nhitng san pham cua
viéc tach lién két N/C-9 va loai bo C-9, cho mot khung CisN2 véi ba vong. Carinatin A
(77) ¢6 ciu trac dic biét, trong do6 lién két C-4 da bi pha va, C-4 lién két voi C-12 tao

1.2.1.2. Lop lycodin
Cac hop chat tir 56-81 (Bang 1.3.) 1a lycodin alcaloid phan Iap tir cac loai H.

thanh mot hé théng vong 5/6/6/6 méi [205].

Hinh 1.2. C4u trac héa hec khung cua alcaloid 16p lycodin
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Bang 1.3. Céc alcaloid Iép lycodin phan lap tir chi Huperzia Bernh.

STT Tén hop chat Loai TLTK
56. Des-N-methyl-f-obscurin H. serrata [213]
57. N,N-Dimethylhuperzin A H. serrata [82]
58. Himeradin A H. chinense [129]
H. serrata [110]
59, Huperzin A H. selago [27], [162]
H. phlegmaria [205]
H. squarrosa [39]
. H. serrata [110]
60. Huperzin B H. squarrosa [39]
61. Huperzin C H. serrata [109]
62. Huperzin D H. serrata [109]
Huperzin U 2,3-dihydro-12-
63. |y d'?oxyhuperzin B) ( y H. serrata [172]
- H. serrata [116]
64. Huperzinin H. squarrosa [39]
) H. serrata [116]
65. 64-Hydroxyhuperzin A
H. selago [27]
H. serrata [86], [161], [213]
66. Lycodin H. lucidulum [161]
H. phlegmaria [116]
67. N-Methyl-huperzin B H. serrata [161]
a-Obscurin
68. | (2,3-dihydro-g-obscurin) H. selago [150]
69. S-Obscurin H. selago [150]
70. Sauroxin (12-epi-a-obscurin) H. serrata [161]
71. 1-methyllycodin H. serrata [111]
79 8a-hydroxy-15,1_6-dehydro-des-N- H. serrata [111]
methyl-a-obscurin
73. N-methyl-16-hydroxyhuperzin B H. serrata [111]
74. N-methylhuperzin A H. serrata [111]
75. Fordimin H. fordii [205]
76. Isofordin H. fordii [205]
77. Carinatin A H. carinata [53]
78. 16-hydroxylycodin H. henryi [211]
79. 11p-Acetoxyl-N-methylhuperzin B H. squarrosa [205]
80. N-Methylhuperzin B H. fargesii [205]
81. Huperserin E H. serrata [87]

1.2.1.3. Lgp fawcettimin

Céc alcaloid 82-147 (Bang 1.4) thudc vé 16p fawcettimin, dugc coi 1a san pham
cua su di chuyén lién két C-4/C-13 thanh lién két C-4/C-12 tir cac tién chat 1a 16p
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lycopodin, C-13 thuong bi oxy héa dé tao nhém hydroxyl hoic tao thanh lién két C = C

véi C-14 [115], [205].

Hinh 1.3. C4u tric héa hoc khung cia alcaloid I6p fawcettimin

Bang 1.4. Céac alcaloid Iép fawcettimin phan lap tir chi Huperzia Bernh.

STT Tén hop chat Loai TLTK
82. 8-Deoxy-13-dehydro-serratinin H. serrata [161]
H. phlegmaria
83. 8-Deoxyserratinin H. serrata [86], [161]
84. 70,11a-Dihydroxy-phlegmariurin B H. serrata [173]
85. Fawcettimin H. serrata [171]
86. Fawcettidin H. squarrosa [205]
H. phlegmaria

87. Huperserratinin H. serrata [225]
88. Huperzin H H. serrata [116]
89. Huperzin | H. serrata [58]
90. Huperzin P H. serrata [170]
91. Huperzin Q H. serrata [171]
92. Huperzin R H. serrata [168]
93. Huperzin S H. serrata [170]
94. Huperzin T H. serrata [172]
95. Huperzin W H. serrata [116]
96. 7-Hydroperoxy-phlegmariurin B H. serrata [174]
97. 11a-Hydroperoxy-phlegmariurin B H. serrata [174]
98. 20-Hydroxyphlegmariurin B H. serrata [169]
99, 7o-Hydroxyphlegmariurin B H. serrata [175]
100. 8a-Hydroxyphlegmariurin B H. serrata [173]
101. 84-Hydroxyphlegmariurin B H. serrata [214]
102. 11a-Hydroxyphlegmariurin B H. serrata [175]
103. Lycoflexin H. serrata [86], [165]
104. Lyconesidin A H. chinense [69]
105. Lyconesidin B H. chinense [69]
106. Lycophlegmarin H. phlegmaria [161]
107. Lycoposerramin A H. serrata [164]
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108. Lycoposerramin B H. serrata [89]
109. Lycoposerramin C H. serrata [165]
110. Lycoposerramin D H. serrata [165]
111. Lycoposerramin E H. serrata [165]
H. phlegmaria [195]
112, Lycoposerramin P H. serrata [165]
113. Lycoposerramin Q H. serrata [165]
114, Lycoposerramin S H. serrata [165]
115. Lycoposerramin U H. serrata [165]
116. | Lycothunin (A*'2-fawcettimin) H. serrata [161]
117. Macleanin H. serrata [24]
118. Neohuperzinin H. serrata [212]
119. 2-Oxophlegmariurin B H. serrata [169]
120. 11-Oxophlegmariurin B H. serrata [169]
121. N-Oxyhuperzin Q H. serrata [175]
122. Phlegmariurin A H. serrata [165], [173]
123. Phlegmariurin B H. serrata [213]
124. Serratanidin (8a-hydroxy serratin) H. serrata [86], [161]
125. Serratezomin A H. serrata [128]
126. Serratezomin B (serratinine N-oxid) H. serrata [128]
127. Serratin H. serrata [116]
128. Serratinidin H. serrata [116], [161]
(5a-NHACc,8a-OH-fawcettidin)
129. Serratinin H. serrata [116]
130. 1-epi-malycorin A H. henryi [211]
131. 1-epi-17S-hydroxymalycorin A H. henryi [211]
132. 6a-hydroxyphlegmariurin A H. henryi [211]
133. | 25,4R-dihydroxyfawcettimin H. henryi [211]
134. 8/-Acetoxyfawcettimin H. squarrosa [205]
135. Lycojapodin A H. squarrosa [205]
136. 8a-Hydroxylycojapodin A H. squarrosa [205]
137. Acetyllycoposerramin U H. squarrosa [205]
138. 8-Acetyllycoposerramin U H. squarrosa [205]
139. N-Oxide-lycoflexin H. carinata [53]
140. Carinatin B H. carinata [53]
141, Malycorin A P. phlegmaria [205]
142, Huperserin A H. serrata [87]
143. Huperserin B H. serrata [87]
144, Huperserin C H. serrata [87]
145. Huperserin D H. serrata [87]
146. Lycosquarosin A H. squarrosa [39]
147. Acetylaposerratinin H. squarrosa [39]
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1.2.1.4. Céc alcaloid khac

Day 1a 16p gdom céc alcaloid khéng thudc 3 16p trén, dai dién cho nhém nay la
phlegmarin. Trong ciu tric cua céc alcaloid ndy, C-4 khong lién két voi C-12, C-13 va
thuong chi ¢6 3 vong trir huperzin V (154), lucidin A (156), oxolucidin A (161), lucidin
B (157), oxolucidin B (162) 1a ¢ cu tric khung C27N3 véi 6 vong [115].

NH

Hinh 1.4. Cau tric hoa hec khung céac alcaloid khac

Bang 1.5. C4c alcaloid khéc phéan 1ap tw chi Huperzia Bernh.

STT | Tén hep chat Loai TLTK
148. Cernuin (deoxylycocernuin) H. chinense [116]
149. Dihydrolucidulin (5a-OH) H. lucidulum [161]
150. Dihydrolycolucin (14,15,16, H. lucidulum [161]
17-tetradehydrolucidin B)
151. Huperzin J H. serrata [57]
152. | Huperzin K H. serrata [57]
153. Huperzin L H. serrata [57]
154. | Huperzin V H. serrata [116]
155. | Huperzinin H. serrata [116]
156. Lucidin A H. lucidulum [116]
157. Lucidin B (serratanin A) H. lucidulum, H. [116]
serrata
158. | Lucidulin H. lucidulum [161]
159. | Lucidulinon (9-ketolucidulin) H. lucidulum [116]
160. | Lycolucin (10,11,14,15,16, H. lucidulum [161]
17-hexadehydro-lucidin B)
161. | Oxolucidin A H. lucidulum [116]
162. | Oxolucidin B (serratanin H. serrata [161]
B,14-hydroxy-lucidin B)
163. | Phlegmariurin N H. serrata [116]
164. Senepodin A H. chinense [116]
165. Senepodin B H. chinense [70]
166. | Senepodin C H. chinense [70]
167. Senepodin D H. chinense [70]
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168. | Senepodin E H. chinense [70]

169. | Senepodin G H. chinense [130]

170. | Senepodin H H. chinense [130]

171. | A¥®N N,-methylphlegmarin- H. phlegmaria [195]
Ng-oxid

Ngoai cac alcaloid ké trén, cho téi nay c6 mot sé alcaloid khung méi da duoc
phan 1ap tir c4c loai thudc chi Huperzia Bernh. Cu thé, hai alcaloid phan lap tir loai H.
cunninghamioides la: hupercumin A (172) c6 cbéng thic phan tir CasNas véi 2 vong
octahydroquinolin, 1 vong decahydroquinolin va 1 vong piperidin; hupercumin B (173)
cong thirc phan tir C27Ns, cau trac khung twong tu hupercumin A véi sy vang mat cia 1
vong decahydroquinolin [76], 48-hydroxynankakurin B (174) phan lap tu loai H.
phlegmaria [195].

1.2.2. Nhoém hep chat terpenoid

Nhitng nghién citu vé cac phan doan khéac ngoai alcaloid (“non alkaloid”) cho
thay thanh phan triterpenoid c6 cau trlc serraten chiém wu thé trong céc loai thudc chi
Huperzia Bernh., ngoai ra ciing phan lap duoc mot so diterpenoid [158], [181].

1.2.2.1. Triterpenoid

Serraten 1a mot nhdm hop chét thue khung triterpenoid c6 5 vong véi 7 nhom
methyl gan véi carbon bac 3 va vong carbon 7 canh (thay vi 8 nhém methyl va vong C 6
canh trong cau tric cua cac triterpenoid khéc), thudng xuat hién lién két doi gitra C-14 va
C-15. Ngoai ra, vi tri C-3 va C-21 thuong bi oxy hoa thanh nhom hydroxyl hoac bi ester
hoa boi acid acetic va cinnamic. Doi khi, C-24, C-29, C-30 ciing c6 thé bi oxy hda thanh
cac nhom hydroxyl va C-24 ¢6 thé bi oxy héa hon nita dé tao acid cachoxylic. Bén canh
do, lién két C = C tai C-14 cd thé bj hydrat hoa thanh nhém hydroxyl. Nhém hop chat nay
duogc tim thiy dau tién ¢ cac loai duwong xi va cay 1a kim (ho thdng) [199], [205].

Serratenediol 1a mot triterpenoid c6 cau trdc serraten tiéu biéu véi vong 7 carbon
va 7 nhom methyl duoc phan lap dau tién tir lodi Thach tung ring cua (H. serrata) vao
nim 1964 [224]. Cac nghién ctu tiép theo di phat hién ra nhiéu triterpenoid trong céc
loai thuoc chi Huperzia Bernh., dac biét tir loai H. serrata [222], [224].
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Bang 1.6. Cé4c triterpenoid phéan lap dwoc tir chi Huperzia Bernh.

STT Tén hop chat Loai TLTK
175. | Serratenediol H. squarrosa [205]
H. yunnanensis [205]
H. phlegmaria [85]
176. | Serratenediol-3-acetat H. squarrosa [205]
H. yunnanensis [205]
H. phlegmaria [85]
177. | 21 p-hydroxyserrat-14-en-3 -0l H. squarrosa [205]
H. phlegmaria [158]
178. | 21p-Hydroxy-serrat-14-en-3a-yl acetat H. phlegmaria [199]
179. | 21p-Hydroxyserrat-14-en-34-ol H. phlegmaria [158]
H. serrata [223]
180. | 2la-Hydroxyserrat-14-en-34-ol H. phlegmaria [158]
181. | 21la-Hydroxyserrat-14-en-34-yl acetat H. phlegmaria [158]
182. | Phlegmanol A H. squarrosa [205]
H. phlegmaria [205]
183. | 2la-Hydroxyserrat-14-en-34-yl H. squarrosa [205]
propanedioic acid monoester H. serrata [223]
184. | Phlegmanol C H. phlegmaria [85]
185. | Phlegmanol B H. phlegmaria [85]
186. | Hydroxyserratenon H. phlegmaria [85]
187. | Serratriol H. phlegmaria [85]
H. yunnanensis [205]
188. | Serrat-14-en-34,21a,24-triol H. squarrosa [205]
189. | Lycophlegmariol A H. phlegmaria [199]
190. | Lycophlegmariol C H. phlegmaria [199]
191. | (3a,21a)-Serrat-14-en-3,21,24,29-tetraol | H. squarrosa [205]
(= lycocryptol) H. yunnanensis [205]
192. | Phlegmanol E H. phlegmaria [85]
193. | Lycophlegmariol B H. phlegmaria [199]
194. | (3a,21p)-Serrat-14-en-3,21,24,29-tetraol | H. squarrosa [205]
195. | (3a,21p)-Serrat-14-en-3,21,24,30-tetraol | H. squarrosa [205]
196. | Phlegmaric acid H. phlegmaria [85]
197. | 3a,21a-dihydroxyserrat-14-en-24-oic H. squarrosa [205]
acid
198. | (3a,14a,150,21a)-3,14,15,21,29- H. squarrosa [205]
Pentahydroxyserratan-24-oic acid
199. | Tohogenol H. phlegmaria [85]
H. miyoshiana [182]
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200. | Phlegmanol D H. phlegmaria [85]
201. | Lycophlegmarin H. phlegmaria [158]
202. | Lycophlegmariol D H. phlegmaria [199]
203. | a-Onocerin H. phlegmaria [205]
204. | 145 ,15p - epoxyserratan-34,214,29-triol | H. serrata [222]
205. | 14p,15p-Epoxy-34-hydroxyserratan-21a- | H. serrata [223]
ol
206. | 14p,15p-epoxy-3p-hydroxyserratan-21a- | H. serrata [223]
ol-3p-O-acetat
207. | 14p,15p-epoxy-3p-hydroxyserratan-215- | H. serrata [223]
ol
208. | 2la-hydroxy-serrat-14-en-34-yl H. serrata [224]
dihydrocoumarat
209. | 2la-hydroxy-serrat-14-en-34-yl p- H. serrata [224]
dihydrocaffeat
210. | 21a -hydroxyserrat-14-en-3o-yl H. serrata [224]
propanedioic acid monoester
211. | 3a,2la-dinhydroxy-serrat-14-en-24-oic H. serrata [224]
acid
212. | 16-0x0-3a,21p-dihydroxy-serrat-14-en- | H. serrata [224]
24-al
213. | 16-0x0-3a,21p-dihydroxy-serrat-14-en- | H. serrata [224]
24-oic acid
214. | 16-o0x0-21p-hydroxyserrat-14-en-3o-yl H. serrata [224]
acetat
215. | 3a,21p-dihydroxyserrat-14-en-16-on H. serrata [224]
216. | 16-o0x0-3a-hydroxyserrat-14-en-215-ol H. serrata [36]
217. | 16-oxo-diepiserratenediol H. serrata [36]
218. | 16-oxoserratriol H. serrata [36]
219. | 21-epi-serratenediol H. serrata [126]
220. | 21-episerratenediol-3- acetat H. serrata [126]
221. | 3-O-acetyltohogenol H. miyoshiana [182]
222. | 3a,21p-dihydroxy-serrat-14-en-24,29-diol | H. serrata [36]
223. | 3a,215-dihydroxy-serrat-14-en-24-ol H. serrata [36]
H. miyoshiana [182]
224. | 3p,2la-Dihydroxy-serrat-14-en-24-ol H. serrata [36]
225. | 3p,215-Dihydroxy-serrat-14-en-24-ol H. serrata [36]
H. miyoshiana [182]
226. | 34,14f3,21a,24-Serratanetetrol H. serrata [36]
227. | 3p,215-Dihydroxy-serrat-14-en-29-ol H. serrata [36]
H. miyoshiana [182]
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228. | 3p-Hydroxy-serrat-14-en-21-on H. serrata [36]
229. | Lycoclavanol H. serrata [36]
230. | Miyoshianol A H. miyoshiana [182]
231. | Miyoshianol B H. miyoshiana [182]
232. | Miyoshianol C H. miyoshiana [182]
233. | Serrat-14-en-34,215,29-triol H. serrata [222]
234. | Serrat-14-en-3a,21/,24,29-tetraol H. serrata [222]
235. | Serrat-14-en-34,21a,24-triol H. serrata [222]
236. | Serrat-14-en-34,215,24-triol H. serrata [222]
237. | Serrat-14-en-34,21a-diyl-acetat H. miyoshiana [181]
238. | Serratenediol-21-acetat H. serrata [224]

1.2.2.2. Diterpenoid

Cho dén nay, mét sé diterpenoid duoc phan 1ap tir cac loai thudc chi Huperzia
Bernh. bao gom: Margocilin (239) duoc phan lap tir loai H. phlegmaria [205], (15R)-
12, 16-epoxy-11, 14-dihydroxy-8, 11, 13-abietatrien-7-on (240) va acid 3p-
hydroxysandaracopimaric (241) dugc phén lap tu loai H. serrata [206].

1.2.3. Cac nhém heop chat khac

Ngoai cac hop chat alcaloid va terpenoid da duoc nghién ciu rong réi, cac hop
chét ty nhién khac nhu flavonoid, glycosid, duong kht, tanin,...[114], [123] ciing da
duoc chirng minh 1 ton tai trong cac loai thudc chi Huperzia Bernh. Nghién ciu cua
Yang Y.B. va cong su (2008) da chirng minh sy ¢6 mat caa moét flavon 5,5°-dihydroxy-
20,40-dimethoxyflavon-7-O-4-D-(6"’-O-Z-p-couma-royl)- glucopyranosid (242) trong
loai H.serrata [207].

Cau trdc hoa hoc cua cac hop chat tir 1-242 phan lap tir chi Huperzia Bernh. duoc
trinh bay ¢ Phu luc 02.

1.3. TAC DUNG SINH HOQOC CUA CHI HUPERZIA BERNH.

Cac nghién ctru duoc ly in vitro va in vivo cho thay cac alcaloid phan Iap tir cac
loai thugc chi Huperzia Bernh. c¢6 hiéu qua trong diéu tri cac bénh lién quan dén hé tim
mach, than kinh-co hodc c6 lién quan dén hoat tinh enzym cholinesterase. Nhitng
alcaloid nay ciing dugc ching minh 13 ¢ tac dong tich cuc dén kha nang hoc tap va tri

nhé [115]. Trong sb céc alcaloid nay thi huperzin A 1a hop chét cé tac dung ndi troi va
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duoc nghién ciru nhiéu nhat. Ngoai alcaloid, mot s6 hop chét terpenoid phan 1ap tir cac
loai thudc chi nay da dugc chirng minh c6 tac dung gay doc té bao [205].

1.3.1. Tac dung wc ché enzym acetylcholinesterase

Trong céc alcaloid phan lap duoc tir cac loai thugc chi Huperzia Bernh. thi I6p
lycodin c6 hoat tinh &c ché enzym acetylcholinesterase (AChE) tét hon trong khi cac
alcaloid khéc yéu hodc khdng cd tac dung. Cac hop chat c6 hoat tinh tc ché AChE dang
chd y ton tai trong céc loai thudc chi Huperzia Bernh. bao gom huperzin A, huperzin B,
N-methylhuperzin B, sieboldine A va huperzinin, trong d6 huperzin A c¢6 hoat tinh manh
nhat va dugc nghién cau nhiéu nhat [94], [108], [115], [116], [205]. Huperzin A duoc
coi 1a mot chat uc ché acetylcholinesterase manh, thuan nghich va c6 tinh chon loc (tac
dung &c ché butylcholinesterase yéu). So véi cac loai thudc tong hop nhu tacrin,
donepezil, rivastigmin va galantamin, huperzin A va chat ban tong hop cua né la ZT-1
c6 tac dung tc ché acetylcholinesterase tot hon, thoi gian tac dung dai, sinh kha dung
duong udng cao hon va it doc hai hon. Tac dung wc ché acetylcholinesterase (1Cso) cua
huperzin A so véi cac chat khac duoc xép theo tha ty: donepezil> huperzin A> tacrin>
physostigmin> galantamin> rivastigmin [116], [143], [218].

Ngoai cac nghién ciru vé tac dung e ché AChE cua cac chat tinh khiét, cac két
qua nghién ciu vé tac dung tc ché AChE cua cao chiét cac loai thuoc chi Huperzia
Bernh. ciing dd duoc céng bd. Két qua cua cac nghién ctu cho thay nhiéu loai cé tac
dung wrc ché AChE tbt da xac dinh gia tri 1Cso, duoc trinh bay ¢ Bang 1.7.

Bang 1.7. Tac dung wc ché enzym acetylcholinesterase ciia cao chiét mot so

loai trong chi Huperzia Bernh.

STT Tén loai Cao chiét Gia tri ICso TLTK

(Hg/ml)

1 | H. brevifolia Alcaloid 39,6 + 14,7 [22]

2 | H. compacta Alcaloid 62,4 + 16,6

3 | H. tetragona Alcaloid 09+0,1

4 | H. acerosa Alcaloid 55+0,9

5 | H. heterocarpon Alcaloid 25,6 +2,7 [95]

6 | H. quadrifariata Alcaloid 2,0+0,3

7 | H. reflexa Alcaloid 0,11 + 0,05
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STT Tén loai Cao chiét Gia tri ICso TLTK
(Hg/ml)

8 | H. cuernaquvacensis Methanol 532x0,8
Alcaloid 0,74 £ 0,05

9 | H. dichotoma Methanol 1411+21 [60]
Alcaloid 0,64 + 0,09

10 | H. linifolia Methanol 158,37 + 8,7
Alcaloid 4,2 +1,24

11 | H. saururus Alcaloid 0,58 [145]

12 | H. squarosa Ethyl acetat 23,44 £ 3,14
Butanol 50,11 + 2,45
Ethanol 112,20 £ 7,51 [184]
n-hexan 257,03 +£ 4,32

Tir két qua cua cac nghién ciru trén cho thay, cao chiét alcaloid toan phan cua cac
loai thudc chi nay c¢o6 tac dung uc ché AChE tbt hon cao chiét methanol hodc ethanol.
Nghién ctru cua Garcia va cong su (2017) cho théy, mac du hai loai H. cuernaquvacensis
va loai H. linifolia khong c6 huperzin A nhung cao chiét alcaloid cua cac loai nay van
cho tac dung wc ché AChE tét (twong ¢ng 12 0,74 + 0,05 va 4,2 + 1,24 pug/ml). Piéu ndy
chting t6 cac hop chat khac ngoai huperzin A ciing 1a ngudn céc chat ic ché AChE tiém
nang [60].

1.3.2. Tac dung bio vé té bao than kinh

D3 ¢6 nhiéu nghién ctiru vé anh hudng trén bo nhd va kha ning bao vé té bao than
Kinh cta huperzin A. Theo do, huperzin A gitp cai thién tri nhé trén chudt thi nghiém
bi suy giam nhan thtrc [112]. N6 lam giam su chét cac té bao than kinh gay ra boi doc
tinh cua glutamat [159], cai thién tri nhg, bao vé té bao than kinh vo ndo chong lai su
chét té bao theo chuong trinh (apoptosis) gy ra bai cac mang amyloid 25-53 va chong
lai tac dong gay doc té bao bai cac gbc tu do [17], [146], 1am yéu su suy giam nhan thic
va chan thuong sau khi bi thiéu oxy, thiéu mau cuc bo trén ndo o chudt [192]. Téc dung
bao vé té bao than kinh caa huperzin A théng qua tac dung hoat hda thu thé nicotinic
cua hé cholinergic. Théng qua thu thé nay, huperzin A hoat hoa yéu t6 NF-xB, do d6
lam giam qué trinh tong hop NO, enzym cyclooxygenase-2, thuc ddy kha niang sdng sot

ctia dong thé bao ung thu than kinh dém ¢ chudt. Ciing trén co ché nay, huperzin A 1am
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giam qué trinh ph& hay mach than kinh cho stress oxy héa va réi loan chirc nang mach
mau ndo, do d6 cai thién chtrc nang mach ndo & chudt sau khi ding liéu 0,1 mg/kg trong
8 tuan lién tuc [41]. Ngoai ra tac dung dbi khang ciia huperzin A trén thy thé N-methyl-
D-aspartat va dong kali c6 thé dong gop tot cho tac dung bao vé té bao than kinh [193].

Odorcyk F.K.va cong su (2017) da tién hanh nghién ciu tac dung bao vé té bao
than kinh cua cao chiét alcaloid loai H. quadrifariata. Két qua cho thay st dung cao
chiét alcaloid cua loai nay véi lidu 10 mg/kg trén chudt so sinh c6 thé ngin chian nguy
co gay ra suy giam nhan thic do thiéu méau ndo cuc bg, phan tich mé hoc cho thay viéc
lam giam ton thuong mé & hdi hai ma do 1am giam sy chét té bao va s luong té bao T
tham nhap [136].

1.3.3. Tac dung chdng oxi hoa

Ton thuong oxy hoa bai géc tu do 1a mot trong nhirg nguyén nhan trong co ché
bénh sinh cua cac bénh thoéi hoa than kinh nhu Alzheimer hay Pakinson [32]. Cac nha
khoa hoc cho réng chét chéng oxy hoa hoat dong nhu mdt tac nhan diét géc tu do, bao
vé ndo chong lai tac hai cta cac goc tu do nay. Nhiéu nghién ctiru da chimg minh lién
quan giita nguy co thoai hoa than kinh va tinh trang chdng oxy héa, goi y tim quan trong
ctia chit chong oxy hoa trong qua trinh ngin ngira cic tac nhan gay bénh [40].

Huperzin A dugc ching minh c6 tic dung chéng oxy hoa dua trén co ché 1am ting
hoat d§ cua cac enzym superoxid dismutase (SOD), catalase (CAT) va glutathion
peroxidase (GSH-Px), dong thoi 1am giam nong do malondialdehyd (MDA) tir d6 1am
tang kha nang séng sot cla té bao u wa crom & chudt khoi tac nhan oxy héa hydrogen
peroxid va cac mang peptid p-amyloid [201], [202]. Gao X. va cong sy (2009) da tién
hanh nghién ctru anh hudng ctia huperzin A ddi véi ty thé ndo chudt bi co 1ap. Két qua
cho thay, ngoai viéc rc ché cac mang peptid p-amyloid (tdc nhan lam giam ho hép ty thé,
giam tong hop adenosine 5'-triphosphate (ATP), giam hoat dong enzym va kha ning vén
chuyén mang té bao) & nong d6 40 uM, huperzin A (0,01 hodc 0,1 pM) c6 hiéu qua ngin
ngtra phong ti thé do cac mang peptid gay ra va sy gia ting cac phan tng oxy hoa [59].

Két qua nghién ctru cia Czapski G.A va cong su (2014) cho thidy mot sé phan

doan alcaloid dugc phan 1ap tir loai Huperzia selago c6 tac dung hiéu qua trong viéc bao
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vé cac dai phén tir khoi chin thuong do stress oxy hoa thé hién qua chi sé bt gbc tu do
tryc tiép (DPPH) 1én t6i 59% & ndng d6 25 pg/ml. Cac phan doan alcaloid nay ciing
dugc ching minh cé tac dung chdng lai sy oxy héa lipid va qué trinh oxy héa protein
trong mo ndo chudt dong, 1am giam 20% va 76% ton thuong do sat/ascorbat gay ra.
Bang phuong phap dinh tinh sir dung sic ky 16p mong (TLC), sic ky 16ng hiéu ning cao
(HPLC-DAD) va phuong phap phd khdi phan giai cao (HR-ESI-MS), nghién ciru nay
cho thdy, cac phan doan alcaloid c6 tac dung chéng oxy héa co chira lycodin,
lycoposerramin G va 84-hydroxylycoposerramin K, trong khi cac phan doan khac khong
chtra cac hop chit nay, diéu nay goi ¥ cac hop chit néu trén c6 thé 1a tac nhan chéng
oxy hoa. Nghién ctru nay ciing chi ra rang, tac dung chdng oxy hoa cua huperzin A
khong do tac dung bat gbe tu do truc tiép, ma co thé theo mot co ché khac [40]. Bui
Thanh Tung va cong sy (2017) nghién ctru tac dung chéng oxy hoa ctia cic phan doan
chiét loai H. squarrosa bang phuong phap dinh lugng DPPH, két qua cho thdy phan
doan ethylacetat cho tac dung chéng oxy hoa manh nhat véi gi tri ICso 12 9,35 + 1,68
Hg/ml, cac phan doan ethanol, n-hexan, butanol cho tic dung chong oxy hoéa yéu hon
v6i cac gia tri ICso twong mg 1an luot 1a 26,91 + 1,27 pg/ml, 83,70 + 1,12 pg/ml va
16,21 + 1,47 pg/ml. Phan doan ethylacetat dugc tiép tuc nghién ctru kha ning chéng
oxy hoéa trén in vivo, két qua cho thiy phan doan nay cé tac dung lam giam nong do
MDA, lam ting hoat d§ ciia cic enzym chong oxy hoa (SOD va GSH-Px) trong no
chudt [184].

1.3.4. Tac dung chdng viém

Stress oxy hoa 1a nguyén nhan chinh dan dén qua trinh viém man tinh dugc goi
1a “viém l3o héa”. Py 1a tinh trang viém nhe xay ra trong sudt qué trinh 130 hoa va c6
lién quan dén tudi tac. Trén thuc té, cac chit (rc ché AChE duoc chimg minh 1a ting
cuong dan truyén cholinergic va hoat dong nhu tac nhan chéng viém trong nhing truong
hop nay [19].

Wang va Tang (2007) da thir tac dung chong viém in vitro cua huperzin A trén
mé hinh thiéu méau cuc bd dua trén sy thiéu hut oxy-glucose & té bao u than kinh dém
ctia chudt. Két qua cho thdy, véi lieu 1 pg/L, huperzin A c6 tac dung trc ché viée kich

hoat su chuyén dich cia yéu té than kinh NF-xB, 1am giam cam @ng clia enzym tong
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xuc tac qua trinh tong hop nitric oxid, cyclooxygenase -2 (COX-2) va sy biéu hién qua
mirc cia nitric oxid. Tir d6 thuc ddy sy sdng sot cta té bao u than kinh dém bj thiéu hut
oxy-glucose [196]. Tac dung bao vé té bao than kinh, chdng lai ton thwong do thiéu mau
ndo cua huperzin A théng qua con duong chéng viém cholinergic trong dé thy thé
nicotinic a7 dong vai tro thiét yéu [191], [194]. Huperzin A tic ché yéu té gay hoai tir
khéi u TNF-a va qué trinh phosphoryl hoa béi c-Jun N-terminal va protein hoat hoa
mitogen p38. Do vay, huperzin A dugc sir dung dé giam viém cho cac trudng hop viém
kéo dai trong viém chat tring, 1am giam ton thuong va trc ché viém sau thiéu mau nio
cuc bo [194]. Huperzin A thé hién tac dung chong viém thong qua cac thu thé nicotinic,
lam giam giai phong cac cytokine, nhu IL-1p va TNF-o, va kich hoat NF-xB, cung cip
kha ning chéng viém va bao vé té bao khoi stress oxy hoa [41].

St dung dong thoi huperzin A (0,1 mg/kg, tiém dudi da) va D-galactose (300
mg/kg, tiém dudi da) trén chudt trong 8 tudn khong chi lam giam dang ké su suy yéu
churc nang gan, giam sy tao thanh cac loai oxy phan ung (reactive oxygen species-ROS)
va sy ton thuong oxy hoa, ma con trc ché qua trinh 130 héa do viém théng qua tre ché sy
130 hoa & gan, tc ché AChE, thoai hoa IkBa, yéu to kB p65 va dap ung viém. Hon nita,
co su giam muc do biéu hién cta tin hiéu tién viém (acid ribonucleic) va yéu t6 hoai tur
khdi u o, interleukin-1p va interleukin-6 va sy gia ting ndong do ctia cytokin interleukin-
10. Nhu vay, tac dung bao v¢ cta huperzin A 1a do trc ché AChE va viéc kich hoat con
duong chdng viém cholinergic [151].

Mot nghién ciru khac tién hanh diéu tri chudt Sprague-Dawley v&i huperzin A
tiém phac mac liéu 0,1 mg/kg/ngay trong 3 ngay da chimg minh 14 ¢6 lgi trong mé hinh
viém dai trang bang acid acetic trén chudt thong qua @c ché giai phong phan tng chat
chuyén hoa oxy va cytokin tién viém. Trong nghién ctru nay, huperzin A lam giam mirc
do ton thwong dai trang, ting nong d6 MDA dai trang, hoat dong cia enzym
myrloperoxidase va yéu té6 NF-«xB, giam ndng d¢ interleukin-1b trong huyét thanh do

viém dai trang [93].
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1.3.5. Tac dung giy déc té bao

Theo nghién ctu cua Wittayalai S. va cong su (2012), lycophlegmariol B, D va
21p-Hydroxy-serrat-14-en-3a-yl acetat dugc phan lap tir loai Huperzia phlegmaria co
tac dung gy doc cac dong té bao ung thu tir cung (HUCCA-1), ung thu phoi (A-549),
ung thu gan (HepG2) va bénh bach cau lympho cap tinh (MOLT-3). Phuong phap dinh
luong xac dinh gia tri ndng d6 wc ché 1Cso cho thy, 218-Hydroxy-serrat-14-en-3a-yl
acetat c6 tac dung gdy doc té bao HUCCA-1 va HepG2 véi ndng d6 ICso tuong tng 1a
2,62 uM va 2,42 pM, nhung khong c6 tac dung trén dong té bao A-549.
Lycophlegmariol B chi c¢6 tac dung wc ché sy phat trién cua té bao MOLT-3,
lycophlegmariol D ¢6 tac dung wc ché nhe dong té bao HUCCA-1, A549 va khong c6
tac dung trén dong té bao HepG2. Nong do tic ché dong té bao MOLT-3 cua 214-
Hydroxy-serrat-14-en-3a-yl acetat, lycophlegmariol D va lycophlegmariol B lan luot 12
2,9 UM, 3,0uM va 14,7 uM. Nhu vay, tc dung gay doc té bao cua 215-Hydroxy-serrat-
14-en-3a-yl acetat va lycophlegmariol D manh gap 5 lan lycophlegmariol B [199]. Theo
Shi H. va cong sy (2005), lycophlegmarin phan lap t Huperzia phlegmaria da dugc
chang minh c6 tac dung e ché in vitro su phat trién cia té bao gan nguoi (BEL-7402),
tuy nhién hop chét nay khong cé tac dung gay doc trén cac dong té bao bénh bach cau
(HL-60) va té bao ung thu phoi nguoi (A-549) [158], [205]. Ngoai cac hop chat
terpenoid thé hién tac dung gay doc té bao, hop chat hupermin A, mét lycopodium
alcaloid duoc phan lap tir loai Huperzia phlegmaria, c6 tc dung wc ché nhe su phat
trién cua cac té bao HL-60 voi ICso= 39 uM [75].

Ham Y.M. va cong su (2012) da nghién ctru tac dung gay doc té bao cua cao chiét
ethanol loai H. serrata trén mot sé dong té bao ung thu. Két qua cho thiy, ¢ nong do
100 pg/mL, cao chiét ethanol tc ché cac dong té bao ¢ cac mirc do khac nhau: SK-Hepl
(75,7%), HT-29 (71,7%), A549 (53,8%) va dic biét co tac dung tc ché dong té bao HL-
60 (89,2%) Vi tri s6 phan tram wc ché phu thudc ndng do, gié tri ICso dugc xac dinh 1a
29,0 pug/mL. Dé tiép tuc danh gia tic dung gay doc trén dong té bao HL-60, cac phan
doan chiét véi cac dung méi khac nhau dugc tién hanh, cho két qua 1a phan doan
methylen clorid c6 tac dung ¢ ché manh nhat vai gia tri phan tram @c ché & nong do

25 pg/ml la 70,9%. Hai triterpenoid dugc phén lap tir phan doan nay la 21-epi-
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serratenediol va serratenediol wc ché sy phéat trién cua dong té bao ung thu HL-60 tot
Véi gid tri ICso tuong tng 1a 15,9 va 12,9 uM. Bac biét, hop chat serratenediol khdng
gay tc ché su phét trién cua cac té bao thuong ¢ nong do kiém tra. Co ché giy doc té
bao ung thu dong HL-60 cua serratenediol dugc chitng minh la do tham gia vao qua
trinh chét ty nhién cua té bao (qua trinh apoptosis) [65].

1.3.6. Tac dung wc ché monoamin oxidase (MAO)

Armijos C. va cong su (2016) di tién hanh nghién ciru tac dung &c ché MAO-A
ciia mot sé loai thudc chi Huperzia Bernh., két qua nghién cau cho thay cao chiét
alcaloid nong do 10 pg/ml cia mot s loai dugc nghién ciu 6 tac dung tc ché MAO-
A dang ké: H. brevifolia (62%), H. columnaris (83%), H. compacta (83%), H. crassa
(84%), H. espinosana (75%) va H. tetragona (81%) [22].

1.3.7. Tac dung khang khuan

Nghién ctu gan day cua cac nha khoa hoc An Do cho thay cao chiét methanol
cua cac loai H. phyllantha, H. hamiltonii, H. squarrosa, H. nilgirica, H. macrostachys,
H. vernicosa, H. ceylanica, H. seratta cho hiéu qua khang khuan tét véi cac chung vi
khuan Pseudomonas aeruginosa, Salmonella enteritidis, Salmonella typhimurium,
Staphylococcus aureus, Bacillus subtilis va Bacillus cereus [123].

1.3.8. Tac dung trén bénh tam than phan liét

Cung véi cac nghién ciru vé tac dung caa huperzin A trén suy giam nhan thic ¢
bénh nhan Alzheimer, anh huong caa huperzin A trén rdi loan tri nhg & bénh nhan tam
than phan liét ciing da duoc nghién ciru boi mot sé tac gia. Trong tat ca cac nghién ciu,
chtrc nang bo nhé cua bénh nhan dwgc cai thién dang ké sau khi dwoc diéu tri bang
huperzin A [116]. Tiém ning cua huperzin A trong diéu tri bénh nhan tam than phan liét
khong dap ung véi diéu tri duoc tién hanh trong mot nghién ciu 1am sang nho (n = 19).
Nghién ctru nay da chirng minh tac dung ¢ loi ctia huperzin A trong diéu tri nhan thic
Va céc triéu chung cia tm than phan liét trong 12 tuan. Ngoai ra, mot thir nghiém 1am
sang giai doan IT dé danh gia tic dung ctia huperzin A trong cai thién nhan thtc caa bénh
nhan tdm than phan liét da duogc thyc hién tai My, tuy nhién chua c6 két qua nao dugc
cong bé [19].
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1.3.9. Tac dung trén chitng nhwoc co

Nhiéu tai liéu dé cap rang huperzin A c6 tac dung cai thién cac triéu ching bénh
nhuoc co, mot trudng hop hiém gap nhung nghiém trong trong bénh than kinh-co tu mién
[90], [115], [148]. Tuy nhién, chi tim thdy mét nghién ctu chang té huperzin A c6 tac
dung trong diéu tri nhugc co. Trong nghién ciru ndy, huperzin A tiém bap véi liéu 0,4
mg/ngay trong 10 ngay duoc so sanh véi nhém chimg diéu trj bang neostigmin tiém bap
0,5 mg/ngay. Két qua nghién ciu cho thay huperzin A thé hién thoi gian tac dung trung
binh (7 gi®) dai hon so véi neostigmin (4 gio) [90], [148].

1.3.10. Tac dung chéng co giat

Téc dung chéng co giat cua huperzin A dwgc ghi nhan trong mot sé nghién ciu
gan day lam cho hop chat ndy c6 tiém ning tré thanh thudc chéng dong kinh. Dung
huperzin A dudng udng véi liéu Img/kg trén chudt nhat chiung Swis-Webster cho thiy
huperzin A c6 tac dung bao vé dong vat chdng lai tic nhan pentylenetetrazole gay ra co
giat, hiéu qua chdng co giat dat cao nhat (bao vé 62,5%) sau 1 gio dung thubc. Tuy
nhién, huperzin A khéng co hiéu qua trong truong hop co giat do dién giat trén loai dong
vat nay [19], [156]. M6t nghién ciru khac trén md hinh sir dung dong dién tan s6 6Hz
cho két qua lidu c6 hiéu qua 50% (EDso) cuia huperzin A khi tiém mang bung 12 0,28;
0,34 va 0,78 mg/kg tuong tng V&i cac dong dién c6 cuong d6 22; 32 va 44 mA. Dix liéu
nay cho thay loi thé cd thé c6 cua huperzin A so véi céc loai thudc chdng co giat trén
thi truong nhu phenytoin, carbamazepin, lamotrigin va topiramat vi cac thuéc nay c6
hiéu qua han ché trong mé hinh 6Hz & liéu khong c6 doc tinh trén hanh vi [19]. Hon
nita, Schneider va cong su (2009) tién hanh nghién cau viéc sir dung huperzin A dé diéu
tri dong kinh trén cho, két qua cho thay str dung don doc hoat chat nay trong 6 thang c6
tac dung cai thién déng ké triéu chung co giat o ca tan sb va cuong do. Tur két qua nay,
C4cC tac gia dua ra khuyén cao huperzin A c6 thé 1a mét thudc thay thé cho thudc chéng
co giat thong thuong, dic biét trong cac con dong kinh khu tra 1anh tinh. Tuy nhién dé
xéc dinh t6t hon céc loai dong kinh c6 thé kiém soat bang huperzin A, can c6 thém céc
thir nghiém 1am sang dé danh gia kha ning dung nap va hiéu qua cua thudc trén bénh
nhan dong kinh [156].
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1.4. PQC TINH CUA CAC LOAI THUQC CHI HUPERZIA BERNH.

Két qua cac nghién ctru vé doc tinh cua hop chat huperzin A ¢ nhiéu loai dong
vat nhu chu6t, tho va ché cho thay huperzin A gay it tac dung phu trén hé cholinergic
hon cac chit e ché AChE khac nhu physostigmin va tacrin [81], [218]. Liéu LDso cua
huperzin A trén chuot 1 4,6 mg ddi voi duong udng, 3 mg di véi tiém dudi da, 1,8 mg
dbi vai tiem mang bung va 0,63 mg ddi véi tiém tinh mach. Nham xac dinh anh huong
cua huperzin A Ién su thay dbi thé tich gan, enzym gan va cau trdc md gan, nghién ciu
ciia Ma X.C va cong su (2003) st dung liéu don huperzin A trén chudt. Poc tinh té bao
cua thudc duge danh gia bang viéc xac dinh ham luong enzym lactat dehydrogenase
trong va ngoai té bao gan. Két qua nghién ciu cho thay, gidng nhu tacrin, huperzin A
1am tang thé tich gan va enzym gan (AST va ALT). Tuy nhién, khéng giéng véi tacrin,
huperzin A khong 1am thay d6i cau tric mé hoc caa gan [118]. Nghién ciru mé bénh
hoc cua tac gia Zangara va cong su (2003) ciing cho thay khdng c6 sy thay ddi ¢ gan,
than, tim, phoi hay ndo cua dong vat sau khi st dung huperzin A liéu 0,6 mg/kg tiém
bap ¢ cho va 1,5 mg/kg dudng udng & chudt trong 180 ngay. Khdng xuat hién bién doi
gen va quai thai vai liéu 0,019 dén 0,38 mg/kg tiém mang bung & chudt hay 0,02 dén
0,2 mg/kg tiém bap ¢ tho [218]. Ngoai huperzin A, mot s6 hop chat khac duoc phan lap
tir cac loai thuoc chi Huperzia Bernh. ciing duoc nghién ciru doc tinh cap. Theo két qua
nghién cau cua Henry M.L. va cong su (1945), liéu LDso caa lycopodin, obscurin,
annotinin dudng tiém tinh mach trén chuét da duoc xac dinh lan luot 14 27,58 * 1,16;
99,17 + 11,29 va 114,6 + 2,94 mg/kg [68].

Nguyén Duy Tai va cong su (2013) da nghién ctru va xac dinh duoc LDso cua
cao chiét ethanol cuia hai loai Thach tung rang cua (H. serrata) va Thach ting rau rong

(H.squarrosa) duong udng trén chudt trong wng lan luot 12 5,33 g/kg va 1,71 g/kg [14].

1.5. CONG DUNG TRONG Y HQC CO TRUYEN CUA CAC LOAI
THUQC CHI HUPERZIA BERNH.
Céc loai trong chi Huperzia Bernh. phan bé & nhiéu noi trén thé gisi, dic biét 1a ¢

cac nudc nhiét d6i va can nhiét déi véi nhiéu cong dung khac nhau da dugc cong bé.
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Tai Trung Quéc, cé4c loai thudc chi Huperzia Bernh. di c6 lich st sir dung 1au dai
trong dan gian dé diéu tri mot s6 bénh nhiém trung, cing thang, sung, tim than phan
liét, nhuge co, ngd doc phét pho hiru co [119], cdng dung cu thé caa céac loai duoc liét
ké trong Bang 1.8.

Bang 1.8. Cong dung trong y hec ¢é truyén Trung Qudc caa cac lodi thudc

chi Huperzia Bernh.

TT Tén loai Coéng dung trong y h?c co truyen TLTK
Trung Quoc
H [ llat . e 119
1. (S‘;F;fr:;')agﬁr:;e M| Toan cay dung didu tri sét thap khop. [119]
Huperzia carinata Tgan c.ay du:gc,dungcde chira Soﬂt thap khoAp, [119]
2. (Desv.) Chin dieu tri dau khop, that lung, chan, tay, chan
' g thuong, giai doc khi bi sung.
Huperzia chinense Puoc dung dé tri dau khép xuong, phong |  [4]
3. | (Herter ex Nessel) thap té liét, con bao tir ciia né thi dugc ding
Ching chtra 16 ngoai da.
H ia crispat . . 119
4. ( Cuhpiirgz)lilz?nsga 2 Toan cay dugc st dung dicu tri lao phoi. [119]
Huperzia delavayi . N L, [119]
. Toa lam th
5. | (Christ et Herter) oan ca;: du?C dung lam thuoc giam sung
. dau do ran can.
Ching
Huperzia fargesii ) e Ak [119]
: : Toa \ hap khap.
6 (Herter) Ching oan cay dung dieu tri sot thap khop
Huperzia fordii (Baker) Dufrc dung toa‘n Cay~df tri phong thap: V|erAn [4]
7. .. khdp xuong, don ngd ton thuong va viém c¢ot | [119]
R.D. Dixit X T 4 Ly iae an
song phi dai, ha sot, giai doc.
Huperzia [119]
8. | guangdongensis Toan cdy dung diéu tri sét thap khop.
(Ching) Holub
: o . .z N o [119]
9 Huperzia hamiltonii Duogc dung tri sot cao, dau dau, ho, ia chay,
" | (Spring.) Trevis. thiing doc, don nga ton thuong va ran can
10 Huperzia henryii Toan cay dugc dung ha sét, giai doc, giam | [119]
" | (Bak.) Holub dau tay chan, dau khop, dau do nga.
1 Huperzia herterana Toan cdy dugc dung lam thudc giam sung | [119]
" | (Kumm.) Sen et Sen dau do ran can.
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TT Tén loai Cong dung trong y h?c co truyen TLTK
Trung Quoc
12 Huperzia mingcheensis | Toan ciy duoc st dung ha sot, giai doc, | [119]
" | (Ching) Holub giam dau tay chan, dau khép, dau do nga.
Huperzia miyoshiana | Toan cdy dugc dung lam thudc diéu tri | [119]
13 . . =X < - N
(Makino) Ching nhiém trung, cang thang, sung dau.
14 Huperzia phlegmaria | Pugc dung 1am thudc tri dau hong, thuy | [9]
" | (L.) Rothm. thiing, don nga ton thuong.
Huperzi N ‘ 11
uDef a . Toan cay dugc dung lam thuoc chira don nga [119]
15. | quasipolytrichoides ton thuong, chan thuong gan va chay mau
(Hayata) Ching & 88 y
Huperzi I L. N . 11
uperzia selago (L) Toan cay dugc dung lam thuoc chira don nga [119]
16. | Bernh. ex Schrank et 2 £ AN aa
Mart ton thuong, chan thuong gan va chady mau.
Puoc sir dung rong rai cho cac bénh cé anh | [19],
huéng dén tim mach hoic hé thong than | [87],
kinh co, hoac cac hoat dong co lién quan | [218]
17 Huperzia serrata dén cholinesterase bao gom sdt, bam mau,
" | (Thunb.) Trevis. cang thang, tiéu tién ra mau va tam than
phan liét; cling duoc sir dung nhu mot chat
chbng viém va 1a mot thuée dy phong giai
doc trong ngd doc phospho hiru co.
Huperzia . . [119]
) Toan cay du ¢ tri bong, giai doc tron
18. | suthchueniana (Herter) ,Oan C?y dung de tri f) g‘g a ?Q g
i cac truong hop sung, con trung can.
Ching
Huperzi nnanensi . g 11
19, | UPCTAAYUNNANENSIS | 1 41 cay dung didu tri st thép khop. [119]
Ching
Huperzia G 119
P . Toan cay dugc st dung ha sot, giai doc, [119]
20. | cryptomerianus iam dau tay chan, dau khép, dau do ngd
(Maxim.) Dixit g y chan, op, ge

Tai An Do, Huperzia squarrosa (Forst.) Trevis. con duoc tron véi mat ong lam

thudc bo cho phu nir ngoai 40 tudi, hoac tron vaéi tam that cing ty 16 dé ting cudng sinh

ly, hoic bot cua cdy phoi kho dugc dung 1am thuc pham b sung c6 tac dung ting cudng

tri nhé, diéu tri chirng mét ngu [216]. Tai Nepal, Huperzia squarrosa (Forst.) duoc sir

dung dé gid dap tri dau lung [15]. O Argentina, loai Huperzia saururus (Lam.) Trevis.

duoc st dyng trong y hoc ¢o truyén dé tang cuong tri nhg [145]. O Ecuador, Peru va
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mét sé nuedc Nam My, cac loai Huperzia (spp.) duoc sir dung don doc hoic phdi hop
véi cac dugc lidu khac trong dan gian chira cac bénh lién quan dén gan, than, sét cao,

viém nhiém va cam lanh [22].

Tai Viét Nam, mot s6 loai thuoc chi Huperzia Bernh. di duoc sir dung theo kinh
nghiém dan gian 1am thudc. Cu thé, Thach tung ring cwa (Huperzia serrata (Thunb.)
Trevis. chira don nga ton thuong, cac vét thAm tim va sung dau, non ra mau, dai ra mau,
tri chady mau, mun nhot [15]. Rau rong (Huperzia squarrosa (Forst.) Trevis) duoc sir
dung toan cay trong diéu tri ngoai thuong xuat huyét, don ngi ton thwong [9]. Bao tir
loai Huperzia carinata (Desv.) Trevis dugc dung lam thuéc gay khé chira him k& ¢ da
tré em va cac bénh ngoai da khéac. Cay c6 thé dung gia véi rugu dip chira mun nhot &
cam, ngoai ra ciing c6 thé duge dung nhu cac loai Thach ting tri don nga ton thuong va
ngoai thuong xuét huyét [4]. Hién nay, c6 hai loai dugc sir dung trong bai thuée va da
duoc phét trién thanh san pham thyc pham chiic nang luu hanh trén thi trudng l1a san
pham Ho tri vwong (thanh phan: Cao Thach ting rang cua 65 mg, Cao Pinh ling 60 mg,
Cao Natto 50 mg, L-Carnitin fumarat 50 mg, Cao Thién ma 10 mg, Sulbutiamin 2 mg,
Boron 1 mg) va Lohha tri ndo (thanh phan: Cao Thach ting than gap 125 mg, 125 mg,
Cao Bach Phuyc Linh 115 mg, Cao Cau Ky Tt 100 mg, Cao Trach T4 75 mg, Cao Hoai
Son 75 mg, Cao Son Thu 60 mg, Cao La Dau 50 mg).

1.6. TONG QUAN CAC NGHIEN CUU VE CAY THACH TUNG
pUOI NGUA (HUPERZIA PHLEGMARIA (L.) ROTHM.)

1.6.1. Cac nghién ciru vé thanh phan héa hoc

Theo cac tai liéu thu thap duoc, ké tir naim 1971 dén nam 2016 ¢6 9 cong trinh
cong b vé thanh phan hoéa hoc cua loai Huperzia phlegmaria, da phan 1ap va xac dinh
cau tric hda hoc 39 hop chat trong d6 c6 16 alcaloid va 23 hop chat terpenoid. Céc
nghién ctiu vé loai nay duoc tién hanh chia yéu bai cac nha khoa hoc Nhat Ban va Trung
Quac.

Trong s 16 alcaloid phan lap duoc tir loai Huperzia phlegmaria c6:
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- Cac alcaloid thuoc 16p lycopodin: Anhydrodihydrolycopodin, Gnidioidin
[161], Malycorin B va Malycorin C [205]. Nam 2013 va 2014, Hirasawa va cOng su
phan 1ap dugc Huperminon A va Hupermin A thudc 16p nay [74], [75].

- Cac alcaloid thuoc lop lycodin: lycodin va huperzin A [116], [205];

- Céc alcaloid thuoc 16p fawcettimin: Nam 1982, nhom nghién ctru cua nha khoa
hoc Nhét ban d3 tién hanh chiét xuit va phan 1ip duoc 4 hop chat alcaloid 16p
fawcettimin tir loai Huperzia phlegmaria thu héi tai Nhat Ban, bao gdm: lycoflexin,
fawcettidin, lycophlegmarin va 8-deoxy-13-dehydro-serratinin [84]. Nam 2008,
Hirasawa va cong su ciing tiép tuc phan 1ap duoc 3 alcaloid trong dé c6 1 alcaloid 16p
fawcettimin 12 malycorin A [71]. Tiép d6, nam 2015, Wang Z.F. va cong sy phan lap

duogc lycoposerramin E cling 1a mot lycopodium alcaloid thudc 16p nay [195].

- Nam 2015, Wang Z.F. va cong su phan lap duoc 2 alcaloid méi véi cau tric
khung khéc 3 16p trén tir loai Huperzia phlegmaria la AN, N,-methylphlegmarin- Ng-
oxid va 44-hydroxynankakurin B [195].

Bén canh cac hop chat alcaloid, nhiéu nghién ctru trén cac phan doan khong phai
alcaloid cho thdy triterpenoid c6 cau trac serraten 13 nhém hop chét chiém uvu thé thi

hai dugc phan 1ap tir loai Huperzia phlegmaria.

Nam 1971, tr loai Huperzia phlegmaria thu hai tai Ceyon (Sri lanka), cac nha
khoa hoc Nhat Ban dd phan lap dugc 11 triterpenoid nhém serratenediol bao gom:
Serratenediol, serratenediol 3-acetat, serratriol, hydroxyserratenon, tohogenol,
Phlegmanol A-E (182, 184, 185, 192, 200) va acid phlegmaric [85]. C4c hop chat
triterpenoid: Serratenediol, serratenediol 3-acetat, serratriol, hydroxyserratenon,
tohogenol lan dau tién duoc phan lap tir lodi Huperzia serrata trude do [199], [205].
Trong khi d6, cac hop chat Phlegmanol A-E duoc phan lap lan dau tién tir loai Huperzia

phlegmaria [85].

Shi va cong su (2005) phan lap va xac dinh ciu tric cta mat triterpenoid méi 1a
lycophlegmarin va 4 hop chat triterpenoid khac bao gom 21a-Hydroxyserrat-14-en-34-
ol, 2la-Hydroxyserrat-14-en-35-yl acetat, 21p-Hydroxyserrat-14-en-3a-0l va 21p-
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Hydroxyserrat-14-en-3-ol tir phan doan ethylacetat cua cao chiét phan trén mat dat loai

Huperzia phlegmaria thu hai & Trung Quéc [158].

Pén nam 2012, tir phan doan diethyl ete cua cao chiét loai Huperzia phlegmaria,
nhom nha khoa hoc Thai Lan d3 phan lap duoc 9 triterpenoid bao gdm: lycophlegmarin,
21a-Hydroxyserrat-14-en-3p-ol, 21a-Hydroxyserrat-14-en-34-yl acetat, 21a-hydroxy-
serrat-14-en-34-yl dihydrocoumarat, 21a-hydroxy-serrat-14-en-34-yl p-dihydrocaffeat,
Lycophlegmariol A-D [199].

Ngoai céc triterpenoid ké trén, niam 2012, Wittayalai S. va cong su da phan 1ap
duoc 1 abietan diterpenoid la margocilin. Hop chat nay da dwugc phan lap tur loai
Azadirachta indica trudc do, tuy nhién, day 1a 1an dau tién phan lap duoc tir loai

Huperzia phlegmaria cling nhu tir chi Huperzia Bernh. [199].

Tai Viét Nam, ¢én nam 2019, Bang Kim Thu va cong su da cong bd phan lap va
xéac dinh cau tric hoa hoc cua 2 alcaloid tir loai Thach tung dudi ngua thu hai tai Tam
Pao (Vinh Phuc) la 12-epilycodolin N-oxid va fawcettidin [178]. Trong d6 hop chat

fawcettidin d3 dugc ching tdi cong bd & Tap chi Duoc liéu, S6 2, Tap 23 nam 2018.
1.6.2. Cong dung, dc tinh va tac dung sinh hoc

Loai Huperzia phlegmaria dugc sir dung trong y hoc ¢6 truyén ctia mot sé nudc
nhu Trung Quéc, An Do, Viét Nam va mot sb nudc Pong A. O Trung Quéc, toan cay
dugc ngdm voi rugu dung 1am thude tri dau hong, thuy thiing, don ngi t6n thuong, sot
thap khop [4], [119]. Ngoai ra, theo mdt s6 tac gia, loai Huperzia phlegmaria con duoc
str dung trong dan gian diéu tri cac bénh viém khop dang thip, mé day, mun nhot [158],
[194]. Tai Viét Nam, theo tac gia Vo Van Chi (2012), Thach tung dudi ngua dugc dung
toan cay (Herba Huperziae phlegmariae) c6 vi nhat, tinh mat, c6 tac dung thanh nhiét
chi thdng, thong kinh trir thip [4]. Hién nay, chua tim thay thém tai liéu nao ghi nhan

ve viéce st dung loai nay trong dan gian dé chira bénh.

Cho dén nay, chua tim thiy cong bd nao vé doc tinh va tac dung sinh hoc cia loai
Huperzia phlegmaria trén thé gidi ciing nhu tai Viét Nam. Tuy nhién, c6 kha nhiéu

nghién ctru vé doc tinh va tdc dung sinh hoc cua cac hop chat dugc ching minh 1a ton
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tai trong loai Huperzia phlegmaria nhu huperzin A, huperminon A, hupermin A,
lycophlegmariol B, lycophlegmariol D, 21p-Hydroxy-serrat-14-en-3a-yl acetat,
lycophlegmarin va serratenediol. Cac nghién ctru nay duoc trinh bay trong phan tong

quan vé chi Huperzia Bernh. & muyc 1.3. va 1.4.
1.7. TONG QUAN MOT SO THUOC PIEU TRI BENH ALZHEIMER

Hién nay, chi c6 5 loai thudc dd dugc Co quan Quan Iy Thire phim va Duoc pham
Hoa Ky (FDA) chép thuan gitp cai thién triéu chirng bénh Alzheimer bao gdom: 4 thubc
1a chat Grc ché enzym acetylcholinesterase va mot thudc 1a chat dbi khang thu thé N-

methyl Daspartat (NMDA\) [149].
1.7.1. Céc thuéc wc ché AChE

Cho dén nay, céc chat ac ché AChE van la mot liéu phap tét nhat dugc sir dung

trong diéu tri Alzheimer [49].

Thé hé dau tién cua cac chat wc ché AChE la tacrin (Cognex), mot dan xuat
aminoacridin. Tacrin 1a mot chat tc ché thuan nghich AChE, dugc FDA phé chuan luu
hanh vao nam 1993 nhu 13 mot loai thude dau tién trong diéu tri bénh Alzheimer. Sau do,
tacrin da duoc bao cdo gay doc cho gan va lam suy yéu hé thdng tim mach [49], nén da

duoc nging st dung & M§ vao nam 2013 do lo ngai Vé an toan doc tinh toan than [132].

Thé hé thir hai bao gdm donepezil, rivastigmin, va galantamin. Donepezil (Aricept)
la mét chat ic ché AChE c6 thé thuan nghich va khdng canh tranh. Hién nay, n6 la thuc
thuong xuyén dugc sir dung trong giai doan trung binh cua bénh Alzheimer. Bénh nhéan
ding donepezil it b kich thich hon, tdm trang tét hon, it bi trAm cam hon va khéng gay
doc cho gan [49]. Rivastigmin (Ekselon) 1a dan xuat ctia carbamat, mot chat wrc ché gan
nhu khong thé thuan nghich. Rivastigmine dwoc FDA phé chuan luu hanh vao nam 2000.
Rivastigmin khéng gay ra tac dung phu dang ké, khong gay doc cho gan. Thudc lam giam
dang ké tam trang rdi loan, cai thién chirc ning nhan thirc va kha ning dé thuc hién cac
hoat dong hang ngay [49]. Galantamin (Reminyl) Galantamin 1a mot alcaloid dugc phan
lap tir cac loai Galanthus spp., duoc FDA phé chuan luu hanh vao nim 2001 [20].

Galantamin 1a mét chét tc ché canh tranh, chon loc va cd thé thuan nghich di véi AChE.
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Ngoai lam tang acetylcholin, galantamin con lam tang mirc d6 caa axit glutamic va acid
gamma-amino butyric trong hé thdng than kinh trung wong. Str dung galantamin cai thién

chirc nang nhan thirc va su suy giam cac hoat dong hang ngay [49].

Trong cac hoat chat néu trén, cac thudc hda tong hop da duoc bao céo 1a c6 tac
dung phu bao gdom réi loan tiéu hda va cac van dé gan lién vaéi sinh kha dung [132]. Do
do, viéc tim kiém chét e ché AChE tdt hon tir tai nguyén thién nhién van dang 1a moi

quan tam cua cac nha khoa hoc [18], [179].
1.7.2. Thudc d6i khang thu thé NMDA

Memantin 12 mot chat déi khang thu thé NMDA khong canh tranh di duoc FDA
phé chuan dé diéu tri bénh Alzheimer vao nim 2003. Memantin dugc ké cho bénh nhan
Alzheimer dung thubc khang cholinergic khéng hiéu qua. Co mot sé dit liéu cho thay
viéc két hop cac thudc uc ché AChE va memantin c6 thé c6 loi hon so véi dung liéu
phap riéng 1é. Mot sé thube dbi khang thu thé NMDA da duoc tim thay c6 hiéu qua

trong Alzheimer tir trung binh dén nang nhu neramexan, ifenprodil [149].

Nhu véy, hién nay trén thé giéi méi c6 mot s6 nghién ctru vé thanh phan hoa hoc
ctia loai Huperzia phlegmaria. Tai Viét Nam, cho dén khi luan 4n tién si duoc thyc hién
(nim 2016), chua c6 cong bd nao vé thanh phan héa hoc va tac dung sinh hoc cta loai
Thach ting dudi ngya. Vi vay, dé tai :“Nghién ciru thanh phan héa hec va mét sé tac
dung theo hwéng diéu tri bénh Alzheimer cia loai Thach ting dudi ngwa (Huperzia
phlegmaria (L.) Rothm.” Ia can thiét. Két qua nghién ctru cua dé tai sé cung cap nhiing
tu liéu vé thanh phan hoa hoc cua chi Huperzia Bernh. néi chung va loai Huperzia
phlegmaria thu hai & Viét Nam néi riéng; dong thoi ciing gop phan xac dinh doc tinh
cdp va tac dung sinh hoc theo hudng e ché enzym acetylcholinesterase ctia loai

Huperzia phlegmaria thu hai & Viét Nam.
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CHUONG 2: NGUYEN VAT LIEU, POI TUQONG VA
PHUONG PHAP NGHIEN CUU

2.1. NGUYEN VAT LIEU NGHIEN CUU

2.1.1. Nguyeén liéu

Nguyén liéu nghién curu la than va 14 ciaa cdy Thach tung dudi ngua thu hai tai xa
Hudng Son, huyén Hudng Hoa, tinh Quang Tri (Toa dg: 16°47'37.0"N 106°43'44.0"E)
vao thang 5 nam 2016. Tén khoa hoc duogc xac dinh boi Tién si Nguyén Thé Cuong,
Vién Sinh thai va tai nguyén sinh vat, Vién Han lam Khoa hoc va Cong nghé Viét Nam
la Huperzia phlegmaria (L.) Rothm. (Phiéu giam dinh ngay 04/8/2016 caa Vién Sinh
thai va Tai nguyén sinh vat, Vién Han lam Khoa hoc va Cong nghé Viét Nam - Phu luc
1). Mau tiéu ban c6 di co quan sinh dudng (than, 14, ré) va co quan sinh san (bao tir)
duoc luu trir tai Khoa Duoc, Truong Pai hoc Y Dugc - Pai hoc Hué vai s6 hiéu mau la
HPO1 va tai Phong Tiéu ban cua Khoa Tai nguyén Duoc liéu - Vién Duoc liéu véi sd
hiéu Ia DL-020120.

Cay Thach tung dudi ngua tuoi dugc su dung dé nghién ctru dac diém thuc vat
(ddc diém hinh thai va vi hoc). Nguyén liéu duoc thu hai, rira sach, thai nho, siy kho o
50-60°C, xay thanh bot thd va bao quan & noi kho thoang dé tién hanh cac nghién ctru
vé thanh phﬁn hoa hoc, doc tinh cép va tac dung sinh hoc.

2.1.2. Hoa chat

- C4c hda chat va thudc thir dat tiéu chuan phan tich theo quy dinh cua Duoc dién
Viét Nam V (methanol, ethanol, n-butanol, ethylacetat, cloroform, n-hexan, DMSO,
acetylthiocholin iodid (ACTI), 5,5’-dithiobis-nitrobenzoic acid (DTNB), hydrochloric
acid (HCI), kali dihydrophosphat (KH2PO4), natri hydroxid (NaOH), natri bicarbonat
(NaHCO3)...). Cac dung mdi dat tiéu chuan sir dung cho may HPLC: methanol, nuéc

cat 2 lan, acetonitril dugc mua tir hang Merck — Bic.

- Enzym acetylcholinesterase (AChE): Pugc cung cap boi hang Sigma-Adrich
(M4 san pham: C3389-500UN, s 16: SLBV 7012; hoat do: 245 unit/mg).

- Céc chat chuan duoc dung trong cac nghién cau tac dung sinh hoc:
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+ Galantamin, donepezil, vitamin E, scopolamin chuan duoc cung cp bai hang
Sigma-Adrich (M4 san pham lan luot 1a: Y0001279; D6821; 58-95-7 va S1013).

+ D-galactose: dugc mua tir hdng Mym Biological Technology (M4 san pham:
0625). Bo kit dinh luong cic enzym lién quan dén hoat tinh chdéng 140 suy:
malondialdehyd (MDA), glutathion peroxidase (GSH-Px), superoxid dismutase (SOD) va
c4c hoa chat di kém theo b kit ciia hdng Melsin Medical Co., Limited (Trung Quéc).

2.1.3. Pong vat thuc nghiém

- Chuét nhit trang ching Swiss albino trudng thanh (trong luong tir 20-25g) duoc
sir dung trong nghién ctru nay do Hoc vién Quan y cung cap. Chudt dugc nudi trong phong
thoang mat véi ché do sang/tdi 1a 12 gio, khong han ché vé thirc an va nudc udng.

- Moi qui trinh thi nghiém tuan thi1 chit ché theo hudng dan chim soc va sir dung
dong vat trong phong thi nghiém ctia Hoc vién Quan y.

2.1.4. Trang thiét bj, dung cu

2.1.4.1. Trang thiét bi, dung cu sir dung trong nghién ciru thuec vit, héa hoc

- Kinh 1ap soi néi: Krussoptroni (Buc).

- May anh k¥ thuat sé Canon (Nhat Ban).

- Dung cu cat vi phau cam tay.

- Sac ky ban mong (TLC) duoc thyc hién trén ban méng trang san DC-Alufolien
60 F254 (Merck 1.05715) va RP-18 F254s (Merck).

- Sic ky cot dugc tién hanh véi chat hap phu 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).

- Sic ky long hiéu niang cao diéu ché (p-HPLC) duoc trién khai trén hé thng
may Agilent Technologies 1260 Infinity Il, serial DEAEWO01659 (Agilent
Technologies, M), cot Zorbax SB—-C18 (¢& hat 5 um; 9,4 x 250 mm), dau do DAD,

Truong Pai hoc Y Dugc, Pai hoc Hué.
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- Biém néng chay duoc do trén may Buchi B-545. Phd hdng ngoai (IR) dugc do
trén may FT-IR Prestige spectrometer (Shimadzu, Japan). Phé tir ngoai (UV) dugc do
trén may UV-1800 spectrophotometer (Shimadzu, Japan) tai Khoa Hoa, Trudong Pai hoc
Su pham Hué.

- Goc quay cuc ([a]p) dugc do trén may JASCO DIP-1000 KUY polarimeter
(Kich thuéc cell 1dm). Phd nhi sic tron (CD) dwgc do trén may Jasco J-805
spectropolarimeter (Jasco, Tokyo, Japan) tai Vién Hoa sinh bién, Vién Han 1am Khoa
hoc va Céng nghé Viét Nam.

- Phd khéi phan giai cao (HR-ESI-MS) dugc do trén may micrOTOF-Q 10187
(Bruker, Massachusetts, USA) tai Khoa Hoa, Pai hoc Khoa hoc tu nhién, Dai hoc Quéc
gia va Vién Haa sinh bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

- Ph6 cong huong tir hat nhan mat chiéu (*H-NMR, C-NMR, DEPT) va hai chiéu
(HSQC, HMBC, COSY, NOESY) duogc do trén may Bruker AMS500 FT-NMR
Spectrometer (véi TMS 1a chat chuan noi) tai Vién Hoa hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam va may Varian 400Hz wide-bore NMR Spectrometer, Nhat Ban.

2.1.4.2. Trang thiét bi, dung cu sir dung trong nghién citu tic dung sinh hoc

- May do quang ELISA Micropate Reader EMR 500 (Hoa Ky).

- Bé siéu &m ELMASONIC S100H (Pirc), dia 96 giéng (Puc).

- Can phan tich HR — 250AZ (Han Qudc) d6 chinh xac 0,1 mg.

- Micropipette (RAININ — Nhat) va Multi Channel Pipette (CAPP — bc).

- M@ 16 nuéc Morris, mé 16 chit Y, cac do vat Al, A2, B.

- Phan mém phan tich két qua ANY maze (Stoelting-USA), camera ndi véi may tinh.

- Dung cu: coc ¢ mé, binh nén, ng nghiém, binh dinh mc nhiéu thé tich, dia
96 giéng, pipete, effendorf, giay tham,...

2.2. PHUONG PHAP NGHIEN CUU

2.2.1. So dd thiét ké nghién ctru

Luan an duoc thiét ké nghién ciu theo so @6 Hinh 2.1.
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Pic diém thuc vat Thach tang dudi ngua

Giam dinh tén KH | (Huperzia phlegmaria)
v v
MUC TIEU 1 MUC TIEU 2
Thanh phan hoéa hoc Tac dung sinh hoc

DPinh tinh cac nhém
chat hiru co

In vitro

Chiét xuat cao phan
doan

I

Phan doan c¢ tac dung In vivo
in vitro manh

A

v

Tac dung (-) AChE

\ 4

A\ 4

v

Doc tinh cép, thir nghiém
hanh vi, tac dung (-)

A

AChE in-vivo, tac dung
Phan 1ap hop chat chong lao suy

\ 4

Hinh 2.1. So @6 thiét ké nghién ctu

2.2.2. Phuong phap nghién ciru thuc vat

2.2.2.1. Phan tich, mé td hinh thdi thuc vit

- Quan sat, md ta dac diém hinh thai caa mau nghién cau tai thuc dia theo phuwong
phap ghi tai cac tai lieu [2], [3]. Chup anh, thu hai va lam tiéu ban mau khé.

- Phan tich bao tu trén kinh 1dp soi ndi va chup anh bang may anh ki thuat sb.

2.2.2.2. Giam dinh tén khoa hoc

Giam dinh tén khoa hoc bang phuong phap so sanh dic diém hinh théi, dic diém
bao tir, d6i chiéu vai cac tai lieu va khoa phan loai thyuc vat [4], [9], [10], [217], [219],

ddng thoi so sanh véi cac tiéu ban luu gitr tai Vién Sinh thai va Tai nguyén sinh vat,
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Vién Han 1am Khoa hoc va Céng nghé Viét Nam cung véi su gitp do cua cac chuyén
gia phan loai thuc vat.

2.2.2.3. Nghién civu dic diém vi hoc

Lam vi phiu 14 va than theo phuong phap cit ngang, cit doc, nhuém kép [1],
[12]. Quan st ciu tao giai phau va dic diém bot duoc liéu dudi kinh hién vi, mé ta va
chup anh bing may anh k§ thut sb.

2.2.3. Phwong phap nghién ciru thanh phan héa hoc

2.2.3.1. Phuwong phdp dinh tinh cdc nhém hop chit bang phén iing héa hoc

Dinh tinh cac nhdm chat hitu co chinh trong dich chiét methanol toan phan theo
cac tai liéu [1], [13].

2.2.3.2. Phuwong phdp chiét xudt, phan Idp, tinh ché cdc hop chit

Mau nghién ciu thu hai tai huyén Huéng Hoa, tinh Quang Tri dugc rira sach, thai
nho, say khod & 50-60°C, sau d6 xay thanh bot thd, duoc chiét xuat bang cac phwong phap
khéc nhau lay cao chiét toan phan va cao chiét phan doan dé danh gia hoat tinh tc ché
enzym acetylcholinesterase in vitro. Két qua thu dugc 1a co s¢ dé tién hanh chiét xuat,
phan 1ap cac hop chét, cy thé nhu sau: Tién hanh chiét theo phuong phap chiét acid thu
dugc cao chiét alcaloid toan phan (ky hiéu HC). Ngoai ra, phan can con lai sau khi chiét
alcaloid toan phan duoc chiét bang etylacetat thu duoc cao ethylacetat (ky hiéu HE).

Phan 1ap cac hop chat tir phan doan HC va phan doan HE bing sic ky cot va hé
thdng sac ky long hiéu niang cao diéu ché. Cac phan doan trong qué trinh phan lap duoc
theo ddi bang sic ky 16p mong.

2.2.3.3. Phwong phdp xdc dinh ciu triic héa hoc ciia cdc hop chit

Cau tric hoa hoc cua cac hop chit duoc xac dinh dyua vao cac hing sé vat Iy
(diém chay, goc quay cuc [o]p) cac dit kién phd nhu phd hong ngoai (IR), phé tir ngoai
(UV), phd khéi lugng phan giai cao (HR-ESI-MS), phd cong huéng tir hat nhan mot
chiéu (*H-NMR, 8C-NMR, DEPT) va hai chiéu (HMBC, HSQC, COSY, NOESY), ph

nhi sac tron (CD) va so sanh véi cac dir liéu pho da cong bb trong tai lidu tham khao.
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2.2.4. Phwong phap nghién ciru ddc tinh cip va tac dung sinh hoc

Tur két qua sang loc danh gia hoat tinh e ché enzym acetylcholinesterase in vitro
cua cao chiét toan phan, cao chiét phan doan. Cao chiét c6 tic dung Gc ché enzym
acetylcholinesterase in vitro manh nhat duoc tiép tuc tién hanh nghién ctru doc tinh cap trén
dong vat thuc nghiém dé xac dinh liéu LDso va cac nghién cau tac dung sinh hoc in vivo.

2.2.4.1. Chudn bi mdu thi

a) Mau thir dé sang loc tac dung tc ché enzym AChE in vitro:

- Chiét cao toan phan: cho khoang 50 g duoc liéu da xay tho vao binh nén, thém
300 ml methanol tuyét ddi vira du ngap duoc liéu. Siéu am trong thoi gian 3 gio ¢ nhiét
d6 phong sau d6 loc thu lay dich chiét, chiét 2 1an, gop dich chiét roi dem c6 chan khong
dén kiét dung méi thu duoc cao toan phan (3,0 g).

- Chiét cac cao phan doan véi cac dung méi c6 do phan cuc ting dan: Cao toan
phan (3,0 g) dugc phan tan vao 30 ml nudc cat roi tién hanh chiét phan doan lan luot
véi n-hexan, chloroform va ethyl acetat. Vi mdi loai dung méi duoc chiét 1ap lai 3 lan,
mdi 1an 30 ml. Sau khi lic xong, dé yén cho phan I6p hoan toan, gan riéng Iép dung moi
roi tién hanh cat thu hoi dung moi dén kiét dudi ap suat giam, thu duoc cc cao twong
{rng v&i mdi phan doan la n-hexan (0,51 g), chloroform (0,72 g), ethyl acetat (0,90 g) va
cao chiét nude con lai (0,57 ).

- Chiét cao alcaloid: Cao methanol toan phan (3,0 g) duoc phan tan vao acid
tartaric 3%, siéu am 10 pht va loc dé tach riéng phan can. Dich loc acid duoc diéu chinh
dén pH 10 véi dung dich bdo hoa Na,COs, sau d6 lic véi dichloromethan (CH2Cl,) 3
lan, gop dich chiét dichloromethan, loai bo hoan toan dung maéi dudi &p suat giam thu
dugc cao chiét alcaloid toan phan (0,36 g).

b) Mau thir doc tinh cdp va nghién ctu tac dung sinh hoc in vivo:

L4y 1,5 kg than va |a cay Thach ting dudi ngua kho (twong duong véi 6 kg dugc
liéu twoi) cho vao binh chiét, d6 methanol ngap dugc liéu (khoang 6 lit), ngdm & nhiét do
phong trong 24 gio, sau d6 rat 1ay dich chiét, chiét 3 1an, gop dich chiét va c6 quay dudi
&p suat giam dé loai bo dung mai thu duoc cao chiét methanol toan phan (75 g). Phan tan

cao methanol toan phan trong dung dich acid tartaric 3% (diéu chinh dé dat pH 1-2), gan
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lay dich loc. Dich loc sau d6 duoc Iac véi ethylacetat (dé loai tap), sau d6 duoc kiém hoa
bang dung dich Na,COs bio hoa (diéu chinh dé dat pH 10). Dung dich sau khi kiém hoa
duoc lic véi dichloromethan 3 Ian, gop dich chiét dichloromethan, ¢ quay dudi 4p suat
giam thu duogc cao chiét alcaloid toan phan (8 g). Lap lai quy trinh chiét 3 lan, thu duoc
24 g cao chiét alcaloid toan phan (d6 am 8,2%).

2.2.4.2. Phwong phdp nghién ciru dpc tinh cap

Nghién ctru doc tinh cap va xac dinh liéu LDso trén chudt nhat trang bang dudng
udng theo phuong phép Litchfied — Wilcoxon [107].

- Phuong phap do liéu: Cho 2 chudt nhat dau tién udng cao chiét nong do 0,5
g/mL vdi liéu 0,2 ml/20 g can nang chudt, 1 1an trong 24 gio. Theo ddi trong 72 gidy, néu
ca hai chudt chét, pha loang dan va cho céc cap 2 chuot khac uéng cho dén khi x4c dinh
duoc liéu dung chi gay chét 1 trong 2 chudt trong vong 72 gio [6].

- Phuong phap danh gia doc tinh cap: Sau khi xac dinh dugc lidu ciia cao chiét
chi gay chét 1 trong 2 chudt. Tir liéu nay pha thanh 5 liéu (2 liéu cao hon va 2 liéu thip
hon) v&i budc nhay liéu nam trong khoang 30% nong do cia cao chiét. Chudt duoc chia
lam 5 16 udng cao chiét twong tmg voi 5 liéu dd duoc xac dinh, mdi 16 10 con. Theo dbi
tinh trang chung va s chudt chét trong vong 72 gio. Lap bang xac dinh ty 1& chudt chét
& céc lidu va tir 46 xac dinh LDso caa cao chiét dugc liéu theo phuong phéap Litchfield
— Wilcoxon. Panh gia thé trang chudt trong qua trinh thir nghiém. Nghién ctru doc tinh
cap duoc tién hanh tai Khoa Sinh Iy hoc, Hoc vién Quan y.

2.2.4.3. Pdnh gid hoat tinh trc ché AChE in vitro

Hoat tinh trc ché AChE in vitro duoc dénh gia theo phuong phap Ellman va cong su
(1961) [48] dua trén nguyén tic: Co chét acetylthiocholin iodid (ATCI) bi thuy phan nho
xUc tac cia AChE tao thanh thiocholin va acid acetic. Thiocholin phan tng véi thudc
thir Ellman (5,5’-dithio-bis-nitrobenzoic — DTNB) tao thanh hop chat acid 5-thio-2-nitro
benzoic c6 mau vang. Luong hop chit mau tao thanh ty Ié thuan véi hoat d6 caa AChE.
Dua vao xac dinh d6 hap thy (cudng do mau) ciia mau thir & budc song 405 nm dé danh

gia hoat tinh caa AChE.
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Céch tién hanh nhu sau: Thém lan luot cac dung dich gom 140 pL dung dich dém
phosphat pH 8,0, 20 pL dung m6i DMSO 10% hoic mau thir va 20 pL dung dich enzym
(0,25 1U/mL) vao tung giéng cua dia 96 giéng. Hon hop cac dung dich nay duogc tron
déu va u & 25°C trong 15 phut. Sau dé, 10 pL dung dich thudc thir (2,4 mM) va 10 pL
dung dich co chat (2,4 mM) lan lugt dugc thém vao hdn hop va tron déu. Tiép tuc u hdn
hop trong 15 phit & 25°C va do do hap thu & budc song 405 nm. Mai thir nghiém 1am
lap lai 3 1an, mdi 1an trén 3 giéng.

Chi tiéu danh gia:

Phan tram hoat tinh AChE bi trc ché bai mau thir (1) dugc tinh theo cong thuc:

AAth

| (%) = 100 - x 100

AAch
Trong do:

I: Phan tram hoat tinh AChE bi @c ché

AAw 12 hiéu d6 hap thu cua mau thir va mau trang cia mau thir

AAch 13 hiéu do hap thu cia mau d6i ching va mau trang caa mau ddi ching.

Gia trj 1Cso duoc xac dinh tir phuong trinh hdi quy tuyén tinh gitra phan trim tc
ché enzym AChE va nong do caa mau thir: Cac mau thir duoc sang loc hoat tinh & ndng
d6 100 pg/ml, sau d6 tiép tuc pha & 5 ndng do khac nhau, xac dinh phan trim tc ché
ciia mdi ndng do. Xay dung duong hoi quy tuyén tinh thé hién méi twong quan giira log
nong d6 mau thir va phan trim &c ché AChE bang phan mém Excel 2007.

I (%) =algC +b

Gia tri 1Cso duoc xac dinh tir phuong trinh hoi quy tuyén tinh gitra phan tram e
ché (1%) va logC. Bé c6 co s danh gia hoat tinh wc ché AChE in vitro cua mau nghién
clru, galantamin duoc st dung lam chét ddi chimg dwong. Nghién ctru duoc thuc hién
tai Khoa Dugc, Truong Pai hoc Y Dugc, Pai hoc Hué.

2.2.4.4. Danh gia tdac dung cdi thién hanh vi nhdn thiec va tri nho

a) Phan 16 nghién ctru va bé tri thi nghiém
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Chuét nhit trang chung Swiss albino dugc chia ngau nhién thanh 6 nhém nghién
ctiru, mdi nhém 10 con, cu thé:

1. Nhém chirng sinh 1y: udng nuéc mudi sinh 1y 1idu 0,01 ml/g thé trong

2. Nhom chtng bénh 1y: tiém scopolamin liéu 1,5 mg/kg (0,01 ml/g thé trong)

3. Nhom udng miu thir lidu 50 mg/kg: udng cao chiét alcaloid toan phan tir loai
Thach ting dudi ngua véi lidu 50 mg/kg (Ky hiéu: T1, twong tng véi pha ndng do 5
mg/ml, thé tich cho chudt udng 0,01 ml/g thé trong).

4. Nhém ubng mau thir liéu 100 mg/kg: udng cao chiét alcaloid toan phan tir loi
Thach tung dudi ngua vai lidu 100 mg/kg (Ky hiéu: T2, twong tng véi pha ndng do 10
mg/ml, thé tich cho chudt udng 0,01 ml/g thé trong).

5. Nhém uéng mau thir lidu 150 mg/kg: ubng cao chiét alcaloid toan phan tir loai
Thach tung dudi ngua vai liéu 150 mg/kg (Ky hiéu: T3, twong tng véi pha nong do 15
mg/ml, thé tich cho chudt udng 0,01 ml/g thé trong)

6. Nhom ching duong: udng donepezil 5 mg/kg, thé tich cho chudt udng 0,01
ml/g thé trong.

Céac nhom chudt dugc tién hanh theo quy trinh thi nghiém nhu sau: 14 ngay trudc
khi tién hanh thir nghiém hanh vi, cac nhdm chudt duoc cho udng nudc mudi sinh Iy
(nhém chang sinh ly va nhdm chang bénh ly), cao alcaloid thach tung dubi ngua voi
lidu 50, 100 va 150 mg/kg (twong wng véi nhdm T1, T2, T3), donepezil 5 mg/kg (nhém
chiimg duong). Trong cac ngay thir nghiém hanh vi, cdc nhdm chuét twong tung dugc
udng nudc mudi sinh ly, cao chiét alcaloid thach ting dudi ngua hoic donepezil tuong
tu nhu ngay 14. Sau 30 phat nhém chung sinh Iy duoc tiém nudc mudi sinh 1y véi licu
0,01 ml/g thé trong, cac nhém con lai duoc tiém scopolamin 1,5 mg/kg, tiép d6 30 phut
tién hanh thar nghiém hanh vi. Cac thir nghiém hanh vi duoc tién hanh céch nhau 4 ngay.
Quy trinh thi nghiém dugc tém tat nhu Hinh 2.2. Nghién cau tién hanh tai Khoa Sinh ly

hoc, Hoc vién Quan Y.
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Uobng nude mudi sinh 1y, Mau thue T1, T2, T3, Donepezil

Tiém Scopolamin Tiém Scopolamin Tiém Scopolamin
| | l Y l | |
N1 NI14 N15 N19 N20N21 N25 s N32 N33
Pha
Lam Pha kiém LAm L
quen mMau tra quen Mo
Y L . ) tach
Meé 16 chir Y Nhién dién do vit Mé 16 Morris niio

Hinh 2.2. So @6 quy trinh thwc hién cac thir nghiém hanh vi

b) Panh gia trén thu nghiém mé 16 chir Y

Mo hinh thir nghiém mé 16 chit Y duoc thuc hién theo phuong phap duoc mo ta
boi Wolf A. va cong sy (2016) [200]. Mé 16 hinh chit Y dugc lam bang gd va son den,
gom 3 céanh (A, B, C) véi gdc bang nhau giira cac canh. M&i canh c6 chiéu dai 35 cm,
rong 5 cm va thanh cao 10 cm. Muc dich cua thi nghiém nay nham danh gia tac dung
cai thién tri nhé 1am viéc ngan han (working memory), mét trong nhitng chitc ning cua
hoi hai mé [125], [200] cua cao chiét alcaloid toan phan cua loai Thach ting dudi ngua
trén dong vat thuc nghiém.

Trong thi nghiém nay, chudt duoc dit & mot canh bat ky caa mé 16 va duoc van
dong va khdm pha trong ca ba canh cia mé 16 hinh cht Y vai thoi gian 10 phat. Moi
hanh vi cua con vat dugc ghi lai va phan tich bang phan mém ANY maze (Stoelting,
Hoa Ky). Cac canh cua mé 16 duoc 1am sach bang ethanol 70% giita cc lan thuc hién
thir nghiém dé loai bo mui va chat thai caa chudt.

Chi tiéu déanh gia:

- Van dong luan phién duoc xac dinh dua vao sé lan thanh cong di vao 3 canh
khac nhau lién tiép (vi du ABC, CAB, BCA). Gia tri phan tram van dong luan phién cao
duoc coi 1a mot tri nhé 1am viéc tét, vi diéu nay chi ra rang chudt da nhé lai nhitng canh
tay no da truy cap. Viéc di vao cac canh duoc xac dinh khi chuét dat ca 4 chan vao gioi
han pham vi cua cac canh. Phan trim van dong luan phién cua chudt dugc xac dinh theo
cong thuc [96], [200]:
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S6 van dong luan phién
Ty 1€ van dong luan phién (%) = x 100
Téng sé lan vao céc canh - 2
- Tong s6 1an vao cac canh duoc sir dung 12 mot chi s6 vé& hoat dong van dong

cua chuot.
c) Panh gia trén thir nghiém nhan dién db vat

M6 hinh nhan dién d6 vat lan dau tién duoc thir nghiém bgi Ennaceur va
Delacour (1988), dwa trén sy kham pha khac nhau giira cac dd vat quen thuoc va do
vat méi [50]. Thir nghiém dugc thuc hién trong moi truong mo (1a hop vudng thanh cao
kich thuéc 45 x 45 x 50 cm). Cac budc tién hanh nhu sau:

- Pau tién, chudt duge cho vao méi truong mé khdng chira d6 vat va duogc tu do
kham phé trong vong 5 phut.

- Pha luyén tap: 24 gio sau khi chudt lam quen vaéi moi truong, chuot dugc cho
thuc hién thir nghiém trong pha luyén tap. O pha nay, chudt duoc dat trong mai truong
mé véi 2 @6 vat gidng hét nhau Al va A2 duoc dat ddi xang nhau va cach thanh cua
moi truong mo khoang 10 cm. Chuét duoc tu do kham pha trong vong 5 phdat.

- Pha kiém tra: dugc tién hanh sau khi chuot két thac pha luyén tap 24 gio. O pha
nay, mot trong hai do vat dugc thay bang db vat méi. Con vat dugc ty do kham phé
trong mdi trudng mo véi do vat cii A (vat Al hoic A2) va do vat méi (vat B) trong vong
5 phat.

Tat ca dd vat c6 cung két cau va kich thudc nhung khac nhau vé hinh dang. Sau
mdi lan tap, tt ca déi twong duoc lau bang ethanol 70% dé loai bo mui va chit thai.
Thoi gian kham pha dugce xac dinh 1a thoi gian chudt cham vao do vat bang miii va/hoac
bang hai chan trudc. Thoi gian khdm phé cia chudt déi vai timg dd vat duoc ghi va phan
tich bang phan mém ANY maze (Stoelting, Hoa Ky).

Chi tiéu danh gia:

Ty 18 thoi gian kham phé cuaa chudt ddi véi timg d6 vat & pha luyén tap va pha
Kiém tra duoc tinh theo cong thirc:

Ty 1& thoi gian kham pha Thaoi gian kham pha vat A hoac B (s)

vat A hoac B (%)

7 x 100
Tong thoi gian kham pha vat A va B (s)
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d) Panh gia trén thir nghiém mé 16 nudc Morris

Thir nghiém mé 16 nude Morris dugc thuc hién theo phuong phap caa Morris
c6 sira ddi [106]. Mé 16 1a mot thang tron mau den (duong kinh 80 cm va chiéu cao 35
cm) véi bé mit bén trong dugc son den. Thung duoc d6 ddy nude va dugc cho bot thude
tim (KMnOa) khong doc dé 1am tdi mau nudc, nhiét dd nude thay doi trong khoang
20°C + 1°C. Bé nuéc dugc chia thanh 4 géc phan tu phan bang nhau. Mét cai bén dd
nhé trong subt (dudng kinh 4 cm va chiéu cao 18 cm) dugc dit ¢ trung tdm cua mot
trong 4 goc phan tu cta thung nudc va ngap dudi bé mat nuéc 1 cm dé khdng nhin thay.
Thung nude duge dat trong phong thi nghiém yén tinh véi cac mbc duoc dit xung quanh
chau nude cho con vat ¢d thé dinh hudng. Vi tri cia bén d6 va cac méc xung quanh
khong thay d6i trong toan bo thi nghiém. Quing duong ciia mdi chudt boi tir vi tri bat
dau dén vi tri cua bén dd dugc ghi lai bang may quay va dugc phan tich bang phan mém
ANY maze (Stoelting, Hoa Ky).

Thi nghiém duoc tién hanh nhu sau:

+ Ngay dau tién (Ngay 0): Trudc thi nghiém, chudt duge cho boi 60 gidy trong
bé khong dugc dit bén dd dé lam quen moi trudng.

+ Bay ngay lién tiép sau d6 (Ngay 1 dén ngay 7): Cho mdi chuét thuc hién 4 lan
tap hang ngay, thoi gian gitra cac lan tap 1a khoang 2 phat. Trong mdi lan tap, chudt duoc
dat vao nudc, mat husng vé thanh bé & mot trong bon goc phan tu cia bé nuéc. Chudt
dugc cho boi mdi 1an téi da 1a 1 phat. Néu sau 1 phdt chudt khong ding duoc trén bén dd
thi bat chuot dit 18n bén dd trong vong 10 gidy. Néu chudt dimg 1én duoc trén bén dd, thi
cho chuét duy tri & vi tri d6 khoang 10 gidy dé ghi nhé vi tri an toan, sau d6 chudt duoc
nhéc ra dé tiép tuc 1an tap tiép theo. Thoi gian va khoang cach chudt boi tir diém bat dau
dén bén dd duoc xac dinh.

+ Ngay tha tam, chudt duoc thuc hién thir nghiém ma trong bé khong duoc dat bén
db. Thoi gian chudt boi trong goc phan tu dit bén dd trude d6 duge xac dinh.

Chi tiéu danh gié:
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+ Thoi gian tiém né tranh (gidy) 1a gia tri trung binh cua thai gian chudt boi dén
bén d6 tir 4 xuat phat diém khac nhau. Néu sau 60 gidy chudt khong tim dugc bén db thi
tinh thoi gian tiém 12 60 giay.

+ Quang duong chudt boi tdi dich (m) la gia tri trung binh cua khoang cach chuét
boi tir 4 diém bat dau dén vi tri dat bén do.

+ Thoi gian chuét boi trong géc phan tu dit bén dd trude d6 & ngay thi 8 (gidy)
la thoi gian chudt boi & goc phan tu dit bén dd trude d6 tir diém xuat phét trong bé boi.

2.2.4.5. Pdnh gid hoat tinh trc ché enzym acetylcholinesterase in vivo

Sau khi hoan thanh thtr nghiém hanh vi, tat ca chudt duogc tién hanh cét dau, boc
tach hoi hai ma (hippocampus), cAn trong luong viing ndo nay, thém 10 1an thé tich dung
dich dém phosphat c6 bd sung 1% triton, nghién dong nhat. Ly tdm 15.000 vong/phut
trong 20 phut & 4°C. Hut 1ay dich ndi va stir dung nhu nguén enzym trong phuong phap
dinh luong cua Ellman va cong su (1961) [48].

- Chuan bi trén hdn hop vao trong dia 96 giéng: Thém lan luot ting dung dich
gbém 160 pl dung dich dém phosphat pH = 8 va 50 pl dung dich enzym vao ting giéng
cta dia 96 giéng. Hon hop cac dung dich nay dugc tron déu va 1t ¢ 25°C trong 15 phut.
Sau d6, thém lan luot 20 pl dung dich thude thir DTNB 10 mM va 20 ul dung dich co
chat acetylthiocholin iodid 30 mM véo hdn hop va tron déu. Tiép tuc ¢ hdn hop trong
15 phut & 25°C. Lac déu bang may lac, do ngay & budc song 412 nm. Mdi ndo chudt
duoc tién hanh lap lai 3 lén, mdi 1an trén 3 giéng.

- Chi tiéu danh gia: Hoat d0 ctia enzym acetylcholinesterase (mmol/mg/phtt)
duoc tinh toan dua trén do hép thu ¢ budc song 412 nm theo cong thirc ciia Ellman [91]:

Hoat do AChE (mmol/mg/min) = [AOD x mM x Vp.tt (ml)]/[Phtt x 13,6 x Vmau
(ml) x trong lugng mo ndo (mg)].

Nghién cuu tién hanh tai Khoa Sinh 1y hoc, Hoc vién Quan Y va Khoa Dugc ly

sinh hoa, Vién Duoc liéu.

50



2.2.4.6. Pdnh gid hoat tinh chéng lio suy

a) Phan 16 nghién ctru

Chudt dugc chia ngau nhién thanh 6 nhém, méi nhém 10 con nhu sau:

- Nhom ching sinh 1y: tiém dudi da nuéc mudi sinh 1y (liéu 0,01 ml/g thé trong)
trong 4 tudn, sau d6 udng nude mudi sinh 1y trong 4 tuan tiép theo.

- Nhom ching bénh ly: Tiém dudi da D-galactose 100 mg/kg lién luc trong 4
tuan, sau d6 udng nude mubi sinh 1y trong 4 tuan tiép theo.

- Nhom dung méu thir: Tiém duéi da D-galactose 100 mg/kg lién tuc trong 4 tuan,
sau d6 udng cao chiét alcaloid toan phan cua loai Thach ting dudi ngua liéu 50 mg/kg
(T1), 100 mg/kg (T2) va 150 mg/kg (T3) trong 4 tudn tiép theo.

- Nhom chtng duong: Tiém dudi da D-galactose 100 mg/kg lién tuc trong 4 tuan,
sau d6 udng Vitamin E liéu 50 mg/kg trong 4 tuan tiép theo.

b) Xac dinh néng do cac enzym lién quan dén hoat tinh chéng ldo suy

Tién hanh nghién ctru tic dung chéng 130 suy ctiia mau thir trén chudt gy ldo suy
bang mo hinh st dung D-galactose [77], [209].

Sau 4 tuan udng mau nghién ctru, tién hanh 1y mau chudt tir héc mét, chong dong
bang EDTA. Mau sau khi 1y duoc ly tim véi tbe d6 3000 vong/phit x 10 phat. Thu huyét
twong vao 6ng nghiém va bao quan trong ta lanh - 80°C cho dén khi sir dung.

Phuong phép dinh lwong nong do cac enzym duoc tién hanh nhu sau:

* Nguyén ly:

Xét nghiém hap thu mién dich lién két voi enzym (ELISA) cho phép dinh luong
néng do MDA, GSH-Px, SOD cua chudt trong huyét twong, huyét thanh va cac chat
long sinh hoc khéac trén in vitro.

B0 kit sir dung 13 kit ELISA kiéu Sandwich, trong d6 khang thé tinh sach MDA,
GSH-PX, SOD cuia chudt gin phu 1én bé mit cac giéng cua timg kit riéng r& tao 16p
khang thé pha rin. Sau d6 cho mau chta cac chét can dinh luong vao cac giéng, tiép
theo cho khang thé dic hiéu véi cac chit can dinh lugng c¢6 gian cac enzym phan Gng tao

mau (Horseradish peroxidase — HRP) tao thanh phirc hop “khang thé - khang nguyén -
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khang thé gin enzym”. Sau khi rira sach nhitng thanh phan khong gin dic hiéu, cho cht
nén c6 phan tmg héa hoc véi enzym gin véi khang thé vao trong giéng, chat nén sé
chuyén thanh mau xanh dudi xuc tac cua enzym HRP, do dam mau sic sé tuong Ung voi
lwong chét co trong mau can dinh luong. Két thuc phan Gng bang cach cho thém mot
luong acid sulfuric vira du, dung dich trong giéng s& chuyén mau va tién hanh do mat
d6 quang (OD — Optical Density) ¢ cac budc song 532 nm (MDA), 415 nm (GSH-Px)
va 450 nm (SOD). Nong d6 chat quan tAm c6 trong cac miu thir sau d6 dugc xac dinh
bang cach so sanh OD ctia miu thtr voi dudng chudn.

* Chudn bi mdu:

Mau méu chudt duoc cho vao ng chéng dong bang EDTA. Li tdm voi téc do
3000 vong/phit trong 10 phut, tién hanh tach l1dy huyét twong. Thyuc hién thi nghiém
ngay sau do6 hoac luu mau & nhiét d6 - 20°C hodc hon trong truong hop chua thyuc hién.
Néu luu mau phai tién hanh li tAm lai mau thu dich noi sau khi tién hanh ra dong roi
thuc hién thi nghiém theo cac budc sau:

* Cdc budc tién hanh:

Céc budc tién hanh duoc tuan theo hudng din ciia nha san xuat.

* Tinh két qua:

Ve duong chuan v6i truc hoanh 1a néng dd chuan, truc tung la gia tri do hép thu
& budc song 532 nm, 415 nm va 450 nm cta chat chuan MDA, GSH-Px va SOD tuong
mg. Tir d6 quy ra ndong d6 cic chat can quan tim tuong Ung theo gia tri OD cuia cic
mau can xac dinh dua vao dudng cong chuan sau d6 nhan véi hé sd pha lodng ciia mau
dé ra ndng d6 cudi cting. Nghién ciru tién hanh tai Khoa Sinh 1y hoc, Hoc vién Quan Y.

2.3. PHUONG PHAP PHAN TiCH, XU LY SO LIEU

Cac s6 lidu thu thap duoc xir 1i bang phuong phap thong ké y sinh hoc, st dung phan
mém SPSS 22.0 va phan mém Excel 2007.

S6 liéu hanh vi trong thu nghiém mé 10 hinh chit Y, thoi gian chudt boi trong
vung bén dd & ngay thir 8 trong thir nghiém mé 16 nudc Morris, hoat do cua enzym
AChE, néng d6 cac enzym trong dénh gia hoat dong 30 suy duoc phan tich bang phuong
phap so sanh phuong sai mot nhan t6 (One-way ANOVA), sir dung kiém dinh Tukey

52



cho phén tich siu (Post-Hoc) khi so sanh tig nhom nghién ctru; S6 liéu vé thoi gian
tiém va quing duong boi dén bén dd trong thir nghiém mé 16 nudc Morris duge phan
tich bang phuong phap so sanh phuong sai hai nhan t6 c6 lip (Repeated Two-way
ANOVA); S6 liéu hanh vi vé thoi gian kham pha trong pha luyén tap va pha kiém tra
trong thir nghiém nhan thic d6 vat dugc phan tich bang phuong phap so sanh cip

(paired-sample t—test).
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CHUONG 3: KET QUA NGHIEN CUU
3.1. KET QUA NGHIEN CUU VE THUC VAT
3.1.1. Pic diém hinh thai cdy Thach tung dudi ngua

Dang song: Ciy c6, phu sinh, moc thanh bui, ra xudng, dai khoang 30 — 100 cm,
canh phan chia theo kiéu ludng phan 4 — 6 1an, dai 30 — 50 cm (Hinh 3.1).

Hinh 3.1. Anh ciy Thach tung dudi ngua do nghién ciru sinh chup tai xa Huéng
Son, huyén Huéng Héa, tinh Quang Tri

Than chinh ¢6 duong kinh & géc khoang 5 mm, ¢6 canh rd chay doc than, mau
tim nau & phan gbc, xanh & phan than trén. Cac 14 & phan gbc nho, hinh elip hep, kich
thudc khoang 5 x 2 mm, ¢ gan chinh rd, mép 1a nguyén, dinh nhon; cic 1a & phan trén
hinh trirng hoac tam giac, kich thudc khoang 8 x 5 mm, dang thit, c6 gan chinh r6, mép
l4 nguyén, dinh 14 nhon, goc 14 tron; cudng 14 ngan khoang 0,5 — 0,6 mm, bi vin xoan
90° ¢ nhitng 14 gan trén dinh 1am cho cac 14 nay nhin nhu xép doc ¢ than. Bong 14 bao
tir & dinh canh, ludng phan 2 — 4 1an, hinh tru, dudng kinh 2 mm, dai 4 — 8 cm. L& bao
tir sip xép ddi chéo chit thap, hinh trimg hoidc tam giéc, kich thude khoang 2 x 1,4 mm,

mép nguyén, dinh nhon. Tuai bao t&r mau vang nhat, hinh than, cé chan, nirt doc chia ra

54



hai manh bing nhau. Hat bao tir hinh khéi tam giac 16i ba canh, kich thuéc khoang 30
um (Hinh 3.2).

Hinh 3.2. Pic diém hinh thai caa loai Thach ting dudi ngwa thu hai tai tinh
Quang Tri, Viét Nam
a. Ca cay; b. Géc mang 14 dang vay; c¢. Mat cét than; d. L4 & phan than
dudi; e. L4 & phan than trén; f. L& (2 14 ngoai cing ¢ goc than); g - h. Bong 14 bao
tir; i. Bong 14 bao tir cat doc; j. L& bao tir (mat trong va ngoai); k: Tui bao tir;
I. Hat bao tur nhin tir mat lung va mat bung.
3.1.2. Két qua giam dinh tén khoa hoc
Sau khi quan sat, phan tich cac dic diém hinh thai cia mau cay nghién ctru, doi
chiéu voi cac tai liéu, khoa phan loai va mau tiéu ban luu ¢ Vién Sinh thai va Tai nguyén
sinh vat, Vién Han Iam Khoa hoc va Cong nghé Viét Nam, tién si Nguyén Thé Cuong
da giam dinh tén khoa hoc cua cdy Thach tung du6i ngua la Huperzia phlegmaria (L.)
Rothm. thudc ho Lycopodiaceae, tén dong nghia: Phlegmatiurus phlegmaria (L.) Holub,
Lepidotis phlegmaria (L.) P.Beauv., Urostachys phlegmaria (L.) Herter ex Nessel,
Lycopodium phlegmaria L. (Phiéu giam dinh ngay 04/8/2016 cua Vién Sinh thai va Tai
nguyén sinh vat, Vién Han 1am Khoa hoc va Cong nghé¢ Viét Nam - Phu luc 1). Mau

tiéu ban c6 du co quan sinh dudng (than, 14, ré) va co quan sinh san (bao tir) duoc luu
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trit tai Khoa Duoc, Trudng Dai hoc Y Dugc - Dai hoc Hué vai s6 hiéu mau 1a HPO1 va
tai Phong Tiéu ban ciia Khoa Tai nguyén Dugc liéu - Vién Duoc liéu véi s6 hiéu la DL-
020120.

3.1.3. Céu tao giai phiu

3.1.3.1. Céu tao vi phéu ld

Mit cit ngang 14 ciy c6 hinh dai, hoi 161 & mat dudi. Quan sat dudi kinh hién vi
vat kinh 40 cho thay ciu tao gdm biéu bi trén (1) va biéu bi dudi (7), cau tao boi mét 16p
té bao hinh tron xép déu dan nhau, phu 16p cutin diy & phia ngoai. M6 mém (2, 6) gdbm
cac té bao hinh da giac, kich thudc 16n, xép 16n x0n, dé ho cac khoang gian bao 16n. Mo
cting (3), gdm céc té bao xép thanh vong tron kin & gitta vi phau. Bo libe gd ¢ bén trong
md cimg, bo gd (5) gdm cac mach gd nho kich thudc déu nhau xen k& véi cac té bao libe

(4) c6 kich thudc rat nhé (Hinh 3.3).

Ghi chu:
1. Biéu bi trén
2, 6. M6 mém

3. M6 cung

4. Té bao libe
5.B6 gd
7. Biéu bi dudi

Vi phau cat ngang 14

Hinh 3.3. Pic diém vi phiu I cay
3.1.3.2. Céu tao vi phéiu thin
M3t cat ngang qua than cay co tiét dién hinh udn luon. Quan sat dudi kinh hién
vi vat kinh 40 cho thay cdu tao tir ngoai vao trong gdm c6: Biéu bi (1), gom cac té bao
hinh tron xép déu din nhau, mang ngoai pha 16p cutin mau xanh dam. M6 cang (2),

gom 5-8 16p té bao co véch rat day bat mau xanh dam, tap trung & mot vai khac luon
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cua vi phau. M6 mém vo (3), gom céc té bao hinh tron xép xen ké nhau dé ha cac khoang
gian bao. M6 cung (4) gdm céc té bao cd vach rat day tap trung thanh dam xép rai rac
trong mé mém vo va xép thanh vong tron khép kin (5). B libe (6), gdm cac té bao c6
kich thuéc rat nho, hinh thu da dang. B6 gd (7), gom cac mach gé Ién & phia trong nho
& phia ngoai, xép thanh hinh tam giac xung quanh b libe (Hinh 3.4).

Ghi cha:

1. Biéu bi

2,4,5. M6 cung

3. M6 mém vo

6. BO libe

7.B6gd

Hinh 3.4. Pic diém vi phiu ciat ngang than cay
3.1.3.3. Pic diém bjt than va la
Bot mau xanh luc nhat. Soi trén kinh hién vi vat kinh 40 cho thay cac dic diém
sau: Manh biéu bi dudi (1) gom cac té bao hinh nhiéu canh xép sat nhau. Manh biéu bi
mang 16 khi (2). Manh md mém (3) gém céac té bao dai, thanh té bao mong. Manh mach
vong (4) va manh mach hinh thang (5). Cac bao ti phén thanh ba nh&nh hinh tam giac
16i ba canh (6,7,8) (Hinh 3.5).
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Ghi chl: 1. Manh biéu bi duéi; 2. Manh biéu bi c6 chia 16 khi: 3. Manh mo mém:;
4. Manh mach vong; 5. Manh mach thang; 6,7,8. Bao tu
Hinh 3.5. Pic diém bét than va l&

3.2. KET QUA NGHIEN CUU VE THANH PHAN HOA HQC

3.2.1. Két qua dinh tinh cic nhém hop chit bﬁng phan wng hoa hoc

Két qua dinh tinh cic nhom chét chinh trong dich chiét methanol ciia than va 1a
cay Thach tung duoi ngua dugc trinh bay ¢ Bang 3.1.

Bang 3.1. Két qua dinh tinh cic nhém chit bang phén wng héa hoc

TT | Nhom chat Phan tng dinh tinh Kétqua | Kétluan

1 | Glycosid tim | Phan (ng Liebermann-Burchard - Khong cé
Phan tng Baljet -
Phan tng Legal -
Phan tng Keller-Kiliani -

2 Flavonoid Phan tng Cyanidin + Co
Phan tng vai dung dich NaOH
10%
Phan trng véi hoi amoniac +
Phan trng vai dung dich FeClz 5% ++

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

4 Coumarin Phan trng dong md vong lacton ++ Co
Phan tng Diazo hoa +
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TT | Nhom chat Phan tng dinh tinh Kétqua | Kétluan
Phan &ng chuyén dong phan cis +
sang dong phan trans dudi tac
dung cua tia tr ngoai
5 Tanin Phan wng vai dung dich FeClz 5% ++ Co
Phan trng vai chi acetat
Phan ung véi dung dich gelatin
1%
6 Anthranoid | Phan (rng Borntraeger - Khoéng ¢o
Thutr nghi¢m vi thang hoa -
7 Alcaloid Phan ung voi TT Mayer ++ Co
Phan tng véi TT Bouchard +++
Phan ung véi TT Dragendorff +++
8 Chatbéo | Vét mo trén giay loc +++ Co
9 Steroid Phan trng Liebermann + Co
10 | Carotenoid | Thuodc thiar H.SO4 dam dic + Co
11 | Acid httu co | Phan tng vai Na.COs - Khoéng co
12 | Puong khir | Thudc thir Felling A,B ++ Co
13 | Acidamin | Thudc thir Ninhydrin 0,1% + Co
14 | Polysaccharid | Thudc thir Lugol + Co

Ghi chl: (-) dm tinh, (+) dwong tinh, (++) dwong tinh ré, (+++) duwong tinh rdt ré

ngua gém: Flavonoid, saponin, coumarin, tanin, alcaloid, chat béo, steroid, carotenoid,

duong kht, acid amin va polysaccharid.

duoc chuan bi mau thir & muc 2.2.3.1 va danh gia hoat tinh wc ché AChE in vitro theo

phuong phap ghi & muc 2.2.3.3. Két qua duoc trinh bay & Bang 3.2.
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Bang 3.2. Hoat tinh wc ché AChE ciia c4c mau cao chiét

M4au nghién ciru ICs0 + SD (ug/ml)
Cao chiét MeOH 97,44 + 2,33
Cao chiét n-hexan >1000
Cao chiét dicloromethan 433,07 + 7,16
Cao chiét ethyl acetat >1000
Cao chiét nuéc 49,81 + 0,80
Cao chiét alcaloid 1,54 +0,10
Galantamin (Chirng duong) 0,33+0,01

Tir Bang 3.2 cho thay, cac mau cao phan doan chiét bang phuong phap thuong
quy Véi cac dung méi co d6 phan cuc ting dan cho hoat tinh ac ché AChE véi gié tri
ICso tir 49,81 + 0,80 dén 433,07 + 7,16 pg/ml hoic khéng c6 hoat tinh. Mau cao chiét
alcaloid toan phan c6 hoat tinh manh nhét véi gia tri ICso 1,54 + 0,10 pg/ml, chi yéu hon
hoat tinh cta chat ddi ching dwong galantamin 4,67 1an trong cung diéu kién thu
nghiém. Do d6, quy trinh chiét xuat duoc lya chon 1a phuong phap chiét xuat alcaloid
dé nghién ctu thanh phan hda hoc cua loai Thach tung dudi ngua. Phan doan alcaloid
duoc lya chon dé tién hanh nghién ciru doc tinh cap va cac nghién ciu tac dung sinh hoc
in vivo.

3.2.3. Chiét xuat va phan lap cac hop chat

Than va |4 cua cay Thach tung dudi ngya duoc rira sach, thai nho, say khd ¢ 50°C
(1,5 kg) sau d6 tan thanh bot tho, chiét bang MeOH (3 lan, mdi lan 5,0 L) & nhiét do
phong. Gop dich chiét va tién hanh cat thu hoi dung méi dudi ap suat giam thu dugc 759
cao toan phan. Cao toan phan duogc hoa tan bang acid tartaric 3% (1,0 L), loc, thu duoc
dich loc (phan doan alcaloid) va phan cin (57g) (Hinh 3.6).

60



Ngam MeOH

Bot duoc liéu Co t°,P giam - Cao MeOH
(1,5 kg) g (75,0 9)
- dd acid tartaric 3% (diéu
chinh dat pH 1-2)
- Loc Buchner
A 4
A 4
Dich loc Can (57 g)
Léc voi ethylacetat - Hoa trong MeOH
(loai tap) - Loc Buchner
v
Dich nudc acid Dich loc

- dd Na2COs3 bdo hoa
(pH 10)
- Lic vé6i CHClI,

Dich CH:Cl:

- Lic v6i Ho0 l

Thu dich CH2Cl;

t°, P giam l

Cao alcaloid toan phan
(HC, 89)

Co t° P giam

A

y

Cao MeOH (51 g)

- Phan tan trong H20

- Lic véi ethyl acetat

L

Dich ethyl acetat

Co t° P giam i

Cao phan doa

n ethyl acetat

(HE, 38 g)

a) Phan 1ap cac hop chat tir cao phan doan alcaloid (HC)

Dich loc acid lic véi ethyl acetat dé loai tap, sau d6 dugc diéu chinh dén pH 10 v6i
dung dich b&o hoa Na:COs, tiép tuc lic véi dichloromethan (CH2Cl2), gop dich chiét
dichloromethan, lic voi nude dé loai bo kiém du, sau d6 loai bé dung méi dudi &p suat
giam thu duoc can alcaloid toan phan (HC, 8 g). Cin HC duoc dua 1én cot sic ky pha
thuong véi hé dung méi CH.Cl>-MeOH (40:1->10:1, v/v) thu dugc 6 phan doan (HC1-

HC6) (Hinh 3.7).
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+ Phan doan HC1 (0,51 g) dugc dua 1én cot Sephadex LH-20 véi hé dung moi
CH2Cl>-MeOH (4:1, v/v) thu dugc 5 phan doan (HC1.1-HC1.5). Phan doan HC1.2 (0,39
g) duoc tién hanh qua cot sic ky pha dao RP-18 voi hé dung méi Aceton-MeOH-H20
(1:1:0,1, v/v), sau d6 tiép tuc cho qua cot Sephadex LH-20 véi dung moéi MeOH thu
dugc hop chat HP1 (7,2 mg).

+ Phan doan HC3 (1,32 g) duoc dua 1én cot Sephadex LH-20 vdi hé dung moi
CH2Cl>-MeOH (9:1, v/v) thu dugc 4 phan doan (HC3.1-HC3.4). Phan doan HC3.3 (0,66
g) dugc phan 1ap trén cot sac ky pha dao véi hé dung moi ACN-Aceton-H20 (5:5:1, v/v)
thu dugc 6 phan doan (HC3.3.1-HC3.3.6). Tiép tuc trién khai phan doan HC3.3.2 (0,30
g) trén cot Sephadex LH-20 v61 dung méi MeOH thu dugc 4 phan doan (HC3.3.2.1-
HC3.3.2.4). Phan doan HC3.3.2.3 (0,21 g) dugc tinh ché trén hé thong HPLC diéu ché
(cot Zorbax SB-C18 9,4 x 250 mm, 5 um) véi pha dong 1a h¢ dung méi MeOH-H20
(45:55, v/v) trong 12 phut, sau d6 tang dan ti 16 MeOH 1én dén 100% trong 30 phut tiép
theo, toc d6 dong 2 ml/phut, thu dugc hop chat HP12 (10,2 mg) tuong tmg véi pic co
thoi gian luu 1a 17,32 phit trén sac ky do.

+ Phan doan HC5 (2,87 g) duoc trién khai trén cot sic ky Sephadex LH-20 véi
dung mé1 1a MeOH thu dugc 5 phan doan (HC5.1-HC5.5). Phan doan HC5.2 (1,02 g)
duogc trién khai trén sic ky cot pha thuong voi hé dung moéi CH2Cly-aceton-MeOH
(8:1:0,5, v/v) thu dugc 4 phan doan (HC5.2.1-HC5.2.4). Phan doan HC5.2.4 (0,69 g)
dugc dua 1€n cot Sephadex LH-20 véi hé dung moi MeOH-H20 (3:1, v/v) thu duoc 3
phan doan (HC5.2.4.1-HC5.2.4.3). Tiép tuc tinh ché phan doan HC5.2.4.2 (0,38 g) trén
hé thong HPLC diéu ché v6i pha dong 1a hé dung moéi MeOH-H,O-ACN (4:5:1, v/v)
trong 30 phdt, téc do dong 2 ml/phut, thu dugc hop chat HP13 (7 mg) tuong tmg véi
pic c6 thoi gian luu 1a 14,46 phut trén sic ky do.
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Cin alcaloid toan phﬁn (HC, 8 g)
1)

V y

HC1 (0,51 g) HC3 (1,32 g) HCS (2,87 g)
@ o r ©
HC1.2 (0,39 g) HC3.3(0.66
(066 ¢) HC5.2 (1,02¢) HC5.3 (1,64 g)

3
o] [ it o
23(027¢) HC3.32(03¢) HC5.2.4 (0,69 g) HC5.3.4 (0,79 g)

I"'gli/ """ 0 \l/ (11) \l/ (14) \l/

1
L HP1 (7,2mg) 1| HC3.3.2.3 (021 g)

___________ u i HC5.242(0380) || HC5.3.4.3 (038 g)
®)
N R e Ty BToor
L P2 (1028 1 1 HP13 (7,0 mg) | HC5.3.4.3.3(0.,189)
1
I""E""I l""i/""‘
| HPIIA !l HPUB
1 (38,0mg) 11 (21,0 mg)
b o o e e L e il
KH Pha tinh Pha déng
Q) Silica gel Gradient CH>Cl,-MeOH (40:1 -10:1, v/v)
(2)  Sephadex LH-20  CH,Clo-MeOH (4:1, viv)
3) YMC RP-18 Aceton-MeOH-H-0 (1:1:0,1, v/v)

4) Sephadex LH-20 MeOH
5) Sephadex LH-20 CH.,CI>-MeOH (9:1, v/v)

(6) YMC RP-18 ACN-Aceton-H,0 (5:5:1, v/v)

(7 Sephadex LH-20 MeOH

(8) HPLC MeOH-H:0 (45:55, v/v) trong 12 phat, 100% MeOH trong 30
phat tiép theo

9) Sephadex LH-20 MeOH

(10)  Silica gel CH.Cl,-aceton-MeOH (8:1:0,5, v/v)

(11)  Sephadex LH-20 MeOH-H0 (3:1, v/v)

(12) HPLC MeOH-H,0-ACN (4:5:1, v/v) trong 30 phut

(13) YMCRP-18 Aceton-MeOH-H0 (1:3:1, v/v)

(14)  Silica gel CH>Cl,-ACN-ethylamin (10:1:0.1, v/v)

(15)  Sephadex LH-20 MeOH-H0 (4:1, viv)

(16) HPLC MeOH-H:0 (60:40, v/v)

Hinh 3.7. So' 6 phan 1ap cac hop chit tir cao alcaloid
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+ Phan doan HC5.3 (1,64 g) duoc dua trén cot sic ky pha dao YMC RP-18 véi
hé dung moi khai trién 13 aceton-MeOH-H.O (1:3:1, v/V) thu dugc 7 phan doan
(HC5.3.1-HC5.3.7). Phan doan HC5.3.4 (0,79 g) duoc tiép tuc trién khai trén cot sic ky
pha thuong véi hé dung moi CH2Cl>-ACN-ethylamin (10:1:0,1, v/v) thu dugc 5 phan
doan (HC5.3.4.1-HC5.3.4.5). Phan doan HCS.3.4.3 (0,38 g) duoc dua 1én cot Sephadex
LH-20 v6i1 hé dung méi MeOH-H20 (4:1, v/v) thu dugc HC5.3.4.3.3 (0,18 g), sau do
dugc tinh ché bang hé thong HPLC diéu ché véi pha dong 14 hé dung moéi MeOH-H20
(60:40, v/v), tbc do dong 2 ml/phut, thu dugc 2 hop chét tinh khiét 1a HP11A (38,0 mg)
va HP11B (21,0 mg) twong tng véi cc pic ¢6 thoi gian luu lan luot 13 19,94 va 22,51
phut trén sac ky do.

b) Phan lap cac hop chét tir cao ethyl acetat (HE)

Phan cin (57g) duoc rira voi nude cat dén khi trung hoa, sau d6 hoa tan cin trong
methanol, loc léy dich loc methanol, thu hoi dung moi dudi ap sudt giam thu duoc can
(51 g). Phan tan can trong nudc roi lac véi ethylacetat 3 1an thu duoc dich EtOAc, ¢o
quay thu hoi dung moi dudi ap suat giam thu duge cao EtOAc (HE, 38,0 g). Can HE
dugc dua 1én cot sic ky pha thuong voi hé dung mdi CH2Cl.-MeOH (100:0 - 0:100,
v/v) thu duoc 3 phan doan HE1(12,36 g), HE2 (4,92 g) va HE3 (14,60 g).

+ Phan doan HE1 (12,36 g) dugc dua 1én cot sic ky pha thuong véi hé dung méi
n-hexan-aceton (20:1,v/v) thu dugc 8 phan doan (HE1.1-HE1.8). Phan doan HE1 .4
(1,27 g) duoc tién hanh trén cot sic ky pha ddo YMC RP-18 véi hé dung modi MeOH-
aceton-H20 (1:2:0,2, v/v) thu dugc 5 phan doan (HE1.4.1 - HE1.4.5). Phan doan
HE1.4.2 (0,36 g) tiép tuc dugc dua 1én cot Sephadex LH-20 v6i hé dung moi khai trién
CH:Cl2- MeOH (4:1, v/v) thu dugc hop chat HPA (6,5 mg) va hop chat HPB (7,9 mg).
Phan doan HE1.4.5 (0,49 g) duoc trién khai trén cot Sephadex LH-20 véi hé dung méi
CH.Cl, - MeOH (9:1, v/v) thu dugc hop chat HPD (30,3 mg). Phan doan HE1.7 (0,67
g) dugc dua lén cot Sephadex LH-20 dung dung moi rira gidi 1a MeOH thu dugc 3 phan
doan (HE1.7.1-HE1.7.3). Phan doan HE1.7.2 (0,46 g) duoc trién khai trén cot sic ky
pha ddo YMC RP-18 véi h¢ dung moi rua giai MeOH-aceton-Hz20 (10:5:1, v/v), sau do
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duoc tiép tuc qua cot Sephadex LH-20 dung hé dung méi MeOH-H0 (4:1, viv) thu
dugc hop chat HPH (4,3 mg) (Hinh 3.8)

Cin EtOAc (38 g)

(0)

HE1 (12,36 g)

HE2 (4,92 g)

HE3 (14,6 g)

2

HE1.4 (1,27 g) HE1.7 (0,67 g)
(3)i, (6)
i HEL7.2 (0,46 g)
HE1.4.2 (0,36 g) HE1.4.5 (0,49 g) @)
@) ® HE1.7.2.2 (0,31 g)
i/ i/ i HPD | ®)
------ " [m—————— 1 (30,3 mg) 1 I
HPA | I pgpp | tem——ee- 1 HPH !
(65mg) | 1 (79mg) ! L (I me)
KH Pha tinh Pha dong
Q) Silica gel Gradient CH2Cl,-MeOH (100:0 - 0:100, v/v)
2 Silica gel n-hexan-aceton (20:1,v/v)
3 YMC RP-18 MeOH-aceton-H,0 (1:2:0,2, v/v)
(G)) Sephadex LH-20 CH.CI,-MeOH (4:1, viv)
(5) Sephadex LH-20 CH,CI>-MeOH (9:1, v/v)
(6) Sephadex LH-20 MeOH
@) YMC RP-18 MeOH-aceton-H20 (10:5:1, v/v)

(8) Sephadex LH-20 MeOH-H,0 (4:1, viv)

Hinh 3.8. So' @6 phan Iap cac hop chat tir cao phan doan HE1

+ Phéan doan HE2 (4,92 g) dugc dua 1én cot Sephadex LH-20 dung hé dung moi
rira giai CH2Cl>-MeOH (9:1, v/v) thu dugc 5 phan doan (HE2.1-HE2.5). Phan doan
HE2.2 (1,81 g) duoc trién khai trén cot sic ky pha dao véi hé dung moéi ACN-aceton-
H20 (5:5:1, v/v) thu duoc 4 phan doan (HE2.2.1-HE2.2.4). Phan doan HE2.2.1 (80 mg)
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duoc dua 1én may HPLC diéu ché v6i pha dong 1a hé dung moéi MeOH-H,0 (45%:55%,
v/v trong 15 phut, téc do dong 2 ml/phat, detector DAD) thu dugc hop chat HP10A (3,4
mg) va hop chat HP10B (5,7 mg) twong tmg vai 2 pic ¢6 thoi gian luu 1an luot 13 6,075
ph(t va 9,766 phut trén sic ky d6. Phan doan HE2.2.3 (0,49 g) dugc phan lap trén cot
Sephadex LH-20 véi hé dung méi rira giai MeOH-H20 (3:1, v/v) thu dugc 4 phan doan
(HE2.2.3.1-HE2.2.3.4). Phan doan HE2.2.3.3 (0,16 g) duoc tinh ché trén cot sic ky pha
dao dung hé dung mdi aceton-MeOH-H,0 (1:1:1, v/v) thu dugc hop chat HP10D (4,5
mg) (Hinh 3.9).

HE2 (4,92 g)
e))
HE2.2 (1,81 g)
(2)
HE2.2.1 (0,08 g) HE2.2.3 (0,49 g)
3) C))
i HE2.2.3.3 (0,16 g)
I Hp10A | I HpioB T )
LGAme 1 L_GIm9 & i Twpwop |

KH Pha tinh Pha dong

Q) Sephadex LH-20 CHCl>-MeOH (9:1, viv)

(2 YMC RP-18 ACN-aceton-H,0 (5:5:1, v/v)

3) HPLC MeOH-H,0 (45%:55%, v/v trong 15 phut
4) Sephadex LH-20 MeOH-H:0 (3:1, v/v)

(5) YMC RP-18 aceton-MeOH-H,0 (1:1:1, v/v)

Hinh 3.9. So' @6 phan Iap cac hop chat tir cao phan doan HE2

+ Phan doan HE3 (14,6g) duoc dua 1én cot sic ky pha thuong voi hé dung moi
rira giai CH2Clz-aceton (60:40 = 1:1, v/v) thu duogc 12 phan doan (HE3.1-HE3.12).
Phéan doan HE3.2 (0,17 g) dang tinh thé, duoc loc rira voi MeOH thu dwoc hop chat HPI
(50,0 mg). Tuong tu, phan doan HE3.4 (0,08 g) dang tinh thé duoc loc rira nhiéu 1an voi
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MeOH thu dugc hop chat HPJ (17,1 mg). Phan doan HE3.8 (1,02 g) duoc dua 1én cot
Sephadex LH-20 véi hé dung moéi CH2Clo:MeOH (1:1, v/v) thu duge 5 phan doan
(HE3.8.1-HE3.8.5). Phan doan HE3.8.3 (0,46 g) duoc trién khai trén cot sac ky pha déo
YMC RP-18 véi hé dung méi MeOH:H20 (5:1, v/v) thu dugc 4 phan doan (HE3.8.3.1-
HE3.8.3.4). Phian doan HE3.8.3.2 (0,31 g) duoc dua vao tach trén hé thong HPLC diéu
ché (cot Zorbax SB-C18 9,4 x 250 mm, 5 pm) véi pha dong 1a hé dung méi MeOH-H,0
(90:10, v/v) trong 20 phut, sau d6 tang dan ti 1¢ MeOH 1én dén 100% trong 20 phut tiép
theo, toc do dong 1,5 ml/phut, detector DAD thu duoc hop chat HPP (15 mg) tuong tng
v6i pic thoi gian luu 1a 25,51 phut trén sic ky d6 (Hinh 3.10).

HE3 (14,6 g)
1)
HE3.2 (0,17 g) HE3.4 (0,08 g) HE3.8 (1,02 g)
® | ) @
| wp1 | |  HPJ | HE3.8.3 (0,46 g)
1 1 1 1
(50 mg) 1 (17,1 mg)
A | ———————aa 5)
HE3.8.3.2 (0,31g)
©® |
|  wep |
| (15mg) |
KH Pha tinh Pha dong
Q) Silica gel Gradient CH2Cl,-aceton (60:40 - 1:1, v/v)
2 Loc rira tinh thé
3) Loc rira tinh thé
4) Sephadex LH 20 CH2Cl>:MeOH (1:1, viv)
(5) YMC RP-18 MeOH:H20 (5:1, v/v)
(6) HPLC MeOH-H,0 (90:10, v/v) trong 20 pht, sau d6 ting dan ti I¢

MeOH 1én dén 100% trong 20 phut tiép theo

Hinh 3.10. So' @6 phan lap cac hop chat tir cao phan doan HE3

67



3.2.4. Xac dinh céu tric cic hop chat phan lap dwoc

3.2.4.1. Xdc dinh cdu tricc cdc hop chét phén lgp dwoc tiv cao alcaloid

Tur cao alcaloid toan phan da phan Iap duoc 5 alcaloid, ky hiéu: HP1, HP11A
(Chéat méi), HP11B (Chat méi), HP12 va HP13.

*) Hop chdt HP1: Fawcettidin

Hop chat HP1 thu duoc duéi dang bot mau trang.

Phé tH-NMR chi ra céc tin hiéu dic trung cta 1 proton olefin tai dn 5,74 (d, J =
5,2 Hz); 1 nhdm methyl bac hai tai 64 1,08 (d, J = 6,8 Hz).

Phd 3C-NMR va HMQC chi ra 16 tin hiéu carbon bao gdm 1 nhdm methyl, 8
nhoém methylen, 4 nhdm methin va 3 carbon khong lién két véi hydro. Trong do, su hién
dién 1 nhom carbonyl duoc ghi nhan tai 8¢ 220,5 (C-5), lién két d6i 3 1an thé tai dc 146,7
(C-13); 128,7 (C-14). Céc dix lieu pho trén goi ¥ hop chat HP1 l1a mét lycopodium
alcaloid loai C16N [101], [115].

Céc tuong tac COSY H-1 (Sn 2,94; 3,12)/H-2 (0w 1,33; 1,80)/H-3 (du 1,80;
2.23)/H-4 (0w 2,22): H-6 (0n 1,99; 2,03)/H-7 (5u 2,20)/H-8 (on 1,22; 1,41)/H-15 (5n
2,34)/H-14 (5n 5,74); H-9 (0w 3,03)/H-10 (9w 1,60; 2,00)/H-8 (Sn 1,22; 1,41)/H-11 (o1
1,60; 2,10) cho phép xay dung hé théng 4 vong ngung tu. Tuong tac HMBC gitra H-16
(9n 1,08) va C-8 (9c 35,1)/C-15 (dc 29,1)/C-14 (dc 128,7) ciing twong tac COSY H-15/H-
16 khang dinh nhém methyl bac hai tai C-15 va nbi doi A. S6 liéu phd caa hop chat HP1
duoc trinh bay & Bang 3.3. Tur cé4c 1ap luan trén, két hop vai viéc so sanh véi s6 liéu phd
cta hop chat tham khao o tai liéu [101], hop chat s6 HP1 duoc xac dinh 1a fawcettidin,
cd CTPT la C16H23NO.

Hinh 3.11. Cau trdc héa hec va twong tic HMBC (—), COSY (—) chinh
cia hop chat HP1
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Bang 3.3. S6 liéu phé NMR cia hep chiat HP1 va hep chat tham khao

Vi tri & [101] 2P &+¢ (mult., J (Hz))
C/H
1 60,5 61,5 2,94 m; 3,12m
2 29,0 29,9 1,33 m; 1,80"
3 30,9 31,6 1,80%; 2,23"
4 56,2 56,9 2,22"
5 218,7 220,5 -
6 44,2 449 1,99%; 2,03"
7 37,3 38,4 2,20"
8 34,1 35,1 122m;1,41m
9 52,2 53,1 3,03"
10 23,5 24,3 1,60%; 2,00
11 39,0 39,9 1,60%; 2,10
12 | 461 473 ;
13 | 1453 146,7 i
14 [127.8 1287 5,744 (5,2)
15 |278 29,1 234 m
16 20,9 21,0 1,08 d (6,8)
2 Po trong CD30D, 100 MHz, €400 MHz
*&c cua fawcettidin do trong CDCl3 [101]

*) Hop chdt HP11A va HP11B (Chdt méi): Huperphlegmin A, B

Hop chat HP11A thu duoc dudi dang dau mau vang, goc quay cuc riéng [a]%p =
- 65 (c 0,01, MeOH). Phé IR cho thay cac dinh hap thy ¢ 3439 va 1701 cm™ twong wng
vé6i cac nhom chie hydroxyl va carbonyl. Phd UV cho thdy su c6 mit cia vong thom &
Amax 347 nm. Pho HR-ESI-MS xuat hién pic ion gia phan tir tai m/z 397,2122 [M+H]*
twong ng véi cong thirc phan tir C2sH2004N; (tinh theo Iy thuyét 1a 397,2127), do do,
cong thirc phén tir caa hop chat HP1A 1a Ca3H2s04N2, két hop véi dit ligu phd NMR goi
y rang hop chat HP11A c6 11 vi tri khéng bao hoa.

Phé 'H-NMR (Bang 3.4) chi ra tin hiéu dic trung cta proton cua nhém methin
olefin [on 7,09 (d, J = 1,5 Hz, H-1")], hai nhém methin thudc di vong [on 6,88 (d, J =
3,5 Hz, H-3"), 6,52 (d, J = 3,5 Hz, H-4")], mdt nhom oxymethylen [on 4,60 (2H, s, H-
6")], mot nhom N-methyl [dn 2,51 (3H, s, H-17)], mot nhdm methyl bac 2 [6+ 1,24 (3H,
d, J=7,0 Hz, H-16)], cung véi 5 nhdm methin va 5 nhom methylen.
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Phé 3C-NMR (Bang 3.3) va HSQC cua hop chat HP11A chi ra 23 tin hiéu carbon
bao gom 2 carbon cua nhém carbonyl [dc 213,8 (C-14), 210,5 (C-5)], 2 carbon sp? bac
4 mang oxy [éc 160,1 (C-5"), 152,2 (C-2")], mot carbon sp? bac 4 [éc 138,9 (C-6)], mot
carbon sp? nhém methin [dc 120,9 (C-17)], hai carbon sp? nhém methin thuoc di vong
[6c 120,5 (C-3"), 111,5 (C-4")], hai carbon sp® bac 4 [éc 81,6 (C-13), 63,6 (C-12)], 5
carbon sp® nhém methin [éc 66,2 (C-9), 64,7 (C-3), 61,3 (C-4), 46,9 (C-7), 43,5 (C-
15)], 1 carbon mang oxy cua nhdm methylen [dc 57,6 (C-6")], 1 carbon cua nhom N-
methyl [6c 47,0 (C-17)], 5 carbon cua nhdm methylen [Jc 46,5 (C-1), 37,1 (C-2), 36,7
(C-11), 34,7 (C-8), 20,5 (C-10)], 1 carbon cua nhém methyl (Jc 18,6 (C-1)), tin hiéu
proton cua 5 nhém methylen [on 3,16 (dt, J = 12,5; 3,5 Hz, H-1a), 2,56 (tin hiéu chap,
H-1b), 2,27 (2H, m, H2-8), 2,19 (m, H-10a), 1,79 (m, H-10b), 2,09 (m, H-11a), 1,58 (dt,
J=13,0, 10,5 Hz, H-11b), 1,99 (m, H-2a), 1,70 (m, H-2b)] va 5 nhém methin [+ 4,26
(dd, J=9,5; 6,5 Hz, H-9), 3,67 (q, J = 3,0 Hz, H-3), 3,44 (dt, J = 9,0, 2,0 Hz, H-7), 2,59
(d, J = 3,5 Hz, H-4), 2,40 (m, H-15)].

Bang 3.4. So liéu phoé NMR cuaa hep chat HP11A

Vitri | 8c2¢ dHaP HMBC COSY NOESY
C/H (H>C) (H> H) (H> H)
1 | 46,5 [2,56%; 3,16 dt C-2,C-9,C-17 [H-2 H-2, H-3, H-
(12,5; 3,5) 10
2 | 371 [1,70m; 1,99 m H-1,H-3  |H-1,H-2
3 | 64,7 [3,67q(3,0) C-1,C-13 H-2,H-4 |H-1, H-2, H-
4, H-8

4 | 61,3 [2,59d(3,5) C-3,C-5,C-6, C- |H-3 H-3, H-10,
7,C-12 H-11

5 |2105 |-

6 | 1389 |-

7 | 469 [3,44dt(2,0;9,0) |C-1°,C-4,C-6, |[H-8 H-3°, H-8, H-
C-5, C-8, C-12 11, H-15

8 | 34,7 [227Tm C-6,C-7,C-12, |H-7,H-15 |[H-3’,H-3
C-14, C-15, C-16

9 | 66,2 [4,26dd(9,5;65) |C-1,C-12,C-13, |H-10 H-10, H-17
C-14, C-17

10 | 205 [1,79m;2,19m  [C-9, C-11,C-12, |H-9,H-11 |H-4, H-9, H-
C-13 11, H-17

11 | 36,7 |1,581td (13,0, C-4,C-9,C-10, [H-10 H-4, H-7

10,5); 2,09 m C-12, C-13
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Vitri | 8c2¢ OHaP HMBC COSY NOESY

C/H (H>C) (H> H) (H2> H)

12 | 63,6 |-

13 | 81,6 |-

14 | 2138 |-

15 | 435 [2,40m C-7,C-8,C-14, |H-8,H-16 |[H-7,H-16
C-16

16 | 18,6 |1,24d(7,0) C-8,C-14,C-15 |H-15 H-8, H-15

17 | 47,0 [251s C-1,C-9 H-9, H-10

1" | 120,9 [7,09d (1,5) C-2’,C-3’, C-5,
C-6,C-7

2" 1152,2 |-

3 |120,5(6,88d(3,5) C-1’,C-2’,C-4’, |H-4 H-7, H-8, H-
C-5’ 4

4 |111,5(6,52d(3,5) C-2’,C-3’,C-5 |H-3’ H-3’, H-6’

5 |160,1 |-

6 | 57,6 [4,60s C-4’,C-5 H-4’

2 Do trong CD30D, P500 MHz, ©125MHz

Trén pho COSY xuét hién cac twong tac H-1a/H-2b, H-1b/H-2a, H-2b/H-3/H-4,
H-7/H,-8/H-15/H3-16, H-9/H-10a/H-11a, H-10b/H-11b va H-3'/H-4’ (Hinh 3.14). Cac
tuong tac HMBC gitra H-3' véi C-1'/C-2'/C-4'/C-5', H-4' véi C-2'/C-3'/C-5' va H2-6'
v6i C-4'/C-5' (Hinh 3.14) goi ¥ su xuat hién cua hop phan dihydrofuran thé tai vi tri 2
va 5 vai nhom olefin va hydroxymethylen trong cau trdc caa hop chat HP11A. Su xuat
hién vong 16-methyl-Bicyclo [4.3.0] nonan bao géom C-7 - C-16 duoc xac dinh théng
qua cac twong tac HMBC gitra H-9 vai C-13/C-14, H-11a véi C-12/C-13, H-7 voi C-12
va Hs-16 vai C-8/C-14/C-15. Ngoai ra, cac twong tac HMBC gitra H-4 vaoi C-5/C-6/C-
12, H-7 véi C-5/C-6, H2-8 voi C-6 va H-1" vai C-5/C-6/C-7/C-2'/C-3' cho thiy khong
chi cau trdc vong cyclopentanon gom C-4, C-5, C-6, C-7 va C-12, ma con cho thay c6
lién quan gitra vong nay véi hop phan 6-hydroxymethylen dihydrofuran théng qua lién
két doi A tai C-1'. Tuong tac COSY giira H-9/H-10/H-11 va cac tuong tic HMBC gitra
H-10 véi C-9; H-9 véi C-13 va H-11 vai C-12 goi y su hién dién vong cyclopentan
thudc vong bicyclo [4.3.0] nonan. Ngoai ra, cac tuong tac COSY gitra H-1a/H>-2/H-
3/H-4 va H-1b/H-2a va cac twong tac HMBC cua H-17 véi C-1/C-9 va H-4 vai C-3 chi
ra rang nguyén tir nito gan nhom methyl lién két vai C-9 caa vong cyclopentan va C-3

lien két voi C-4 cua vong cyclopentanon. Piéu nay goi y su c6 mat caa vong N-
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methylazonan dwgc hinh thanh bai lién két gitra nguyén tir nito, C-1-C-4 va C-9—C-12.
Trén co so cdng thic phan tir va céac dit liéu phd NMR néu trén, cho phép xac dinh
nguyén tir nito 1 nhom amin bac 2 va mot vong nira can dugc thiét 1ap dé dat trang thai
bido hoa. Do d6, hop phan amin gin véi C-3 va C-13, diéu nay duoc xac dinh bang tuong
tdc HMBC gitra H-3 v6i C-13 va vong pyrrolidin vai nhém amin bac 2, C-3, C-4, C-12
va C-13 hinh thanh ciu trac cua hop chit HP11A.

Céc tuong quan cAu tric khdng gian caa hop chit HP11A duoc giai thich théng
qua dit liéu phd NOESY (Hinh 3.14). Cac tuong tic NOESY giita H-7/H2-8 véi H-3',
cia H-1' (on 7,06)/H-3'(6n 6,85), chi ra cau hinh E tai vi tri ndi d6i A®. Céc tin hiéu
tuwong tac gita H-4/H-10b, H-4/H-11a va H-7/H-11b trén phd NOESY goi ¥ dinh hudng
a gitra H-4 va H-7, gitra C-10 va C-11. Nguoc lai, cac twong tac NOESY gitra H-3/H-
8a va sy vang mat cua cac tuong tac gitta H-3/H2-10 va H-3/H2-11 chi ra rang H-3 va
C-8 trong nhém methylen dinh huéng S. Hon nira, phd NOESY cua HP11A thay xuat
hién twong tac gitta H-15 va H-7, ma H-7 & vi tri a, do d6, H-15 cling ¢ vi tri a, C-16
dinh huéng f. Mot sé twong tac NOESY quan trong khac do su gan giii vé mat khdng
gian cua cac nguyén tu ciing dugc phat hién nhu H-1/H-2/H-3, H-1/H-10, H-7/H-8, H-
10/H-11, H-9/Hs-17, H-3’/H-4/H,-6’. Nhu vay, tir cac 1ap luan trén cho phép dé nghi
cau tric cua hop chat HPI1A nhu Hinh 3.12, voéi cédu hinh tuong d6i Ia
3S",4R",6E,7R",9R",125",135",15S". Hop chat HP11A la hop chat méi dugc dat tén la
huperphlegmin A.

Hinh 3.12. Céu trac hda hec cia hop chat HP11A va HP11B
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Hinh 3.14. Twong tac NOESY chinh ciia hgp chat HP11A

Hop chat HP11B thu duogc dudi dang dau mau vang, goc quay cuc riéng [0]%%p =
-162 (c 0,01, MeOH). Phé IR cua hop chat HP11B c¢6 hai cuc dai hap thy tai 3402 va
1699 cm™, twong ung vai nhom hydroxyl va carbonyl trong cau trdc phan tir. Pho UV
cho thay sy xuat hién cta vong thom & Amax 349 nm, tuong tu nhu hop chat HP11A. Phé
HR-ESI-MS cua hop chat HP11B cho két qua gidng nhu hop chat HP11A véi cong thirc
phén tir 14 C23H2804No.

Bang 3.5. S6 liéu phé NMR cia hep chit HP11B

Vitri| oc*° drab HMBC COSY NOESY
C/H (H>C) (HOH) | (HDH)
1 | 46,6 |2,607;3,18 dt C-2,C-9,C-17 |H-2 H-2, H-10
(12,5; 3,0)
2 | 37,0 |[1,71m;2,00m H-1,H-3 |H-1,H-3
3 | 648 |3,76q(3,0) C-1, C-13 H-2,H-4 |H-2,H-8
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Vitri | 8c?° dHaP HMBC COSY NOESY
C/H (H>0) (H> H) (H> H)
4 61,1 |2,57d(3,0) C-3, C-5, C-6, C- H-10, H-11
7, C-11
5 210,3 |-
6 139,3 |-
7 435 |3,51ddd (12,0; C-1°,C-4,C-5,C- |H-8 H-8, H-11,
5,5; 1,5) 6, C-8, C-12 H-16
8 34,6 [2,00%2,80m C-7,C-12,C-14, |H-7,H-15 |H-3,H-7
C-15, C-16
9 65,8 |4,35dd (9,5;6,0) |C-1,C-10, C-13, |H-10 H-17
C-14, C-17
10 20,7 [1,79m; 2,20 m C-9, C-11, C-13 |H-9,H-11 |H-1, H-4, H-
11
11 36,4 |1,49td (13,5; C-4, C-10, C-12, |H-10 H-4, H-7, H-
10,5); 2.07 m C-13 10
12 65,7 |-
13 81,8 |-
14 | 2154 |- C-14
15 40,0 2,77 m C-8,C-14,C-16 |H-8, H-16
16 16,5 [1,32d(7,5) C-8, C-14, C-15 H-6°
17 471 [2,52s C-1,C-9 H-9
1" | 1204 |7,06d(1,5) C-5, C-2’, C-6, C- H-3°
7,C-8
2" | 152,3 |-
3 | 120,6 |6,85d(3,5) C-1°,C-2’,C-4’, |H-4’ H-1°, H-4’
C-5°
4 | 1115 |6,52d (3,5 C-3’,C-2°,C-5" |H-3 H-6°
5 | 160,1 |-
6’ 57,7 |4,60s C-4’, C-5' H-4’, H-16

2 Po trong CD30D, 500 MHz, ©125MHz

Cac dir lieu phd *H va BC-NMR cua hop chat HP11B tai Bang 3.5 kha twong
ddng véi hop chat HP11A, ngoai trir nhém methin & vi tri C-7 (Su 3,51, dc 43,5), nhdm
carbonyl tai C-14 (dc 215,4), nhom methin tai C-15 (Jn 2,77, oc 40,0) va nhém methyl
tai C-16 (du 1,32, dc 16,5). Tuy nhién, dit liéu pho 2D-NMR chi ra hop chat HP11B ¢6
cau trdc hai chiéu twong ty nhu hop chat HP11A, cho phép gia thiét hop chat HP11B la

mot ddng phan lap thé cua hop chat HP11A.
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Hinh 3.15. Twong tac NOESY chinh ciia hgp chiat HP11B

Pé lam sang to gia thuyét ndy, cau hinh twong d6i cuia HP11B duoc xac dinh
thong qua sé liéu pho NOESY (Hinh 3.15). Pang chu ¥ 1a trai nguoc voi dir lidu pho
NOESY cua HP11A, H-7 (on 3,51) twong tac vdi Hz-16 (0w 1,32), nhung khong twong
tac vai H-15 (du 2,77), ngoai ra tuong tac cua H-1" (on 7,06)/H-3'(dn 6,85), chi ra cau
hinh E tai vi tri ni doi A®. Biéu nay goi y hop chat HP11B 1a mot ddng phan 15-epimer
cua hop chat HP11A. Bé nghi nay ciing dugc ching minh bai su khac biét dang ké céac
gia tri chuyén dich hoa hoc caa C-7 giira hai hop chat nay do hiéu ung che chin cua
nhom methyl C-16 Ién vi tri C-7. Ngoai ra, khong c6 twong tic Ho-8/H-3' quan sat thay
trong pho NOESY cua HP11A, thay vao d6, xuat hién mdi twong quan cua H-1' (on
7,06)/H-3'(0n 6,85) trén phd NOESY cua HP11B. Ngoai ra, phé NOESY chi ra twong
tac gitra Hs-16 va H-6' (du 4,60), diéu nay khdng xuat hién & hop chat HP11A. Bing
chung nay cho thay nguyén tir oxy trong vong furan cia hop chat HP11B huéng vé
phia C-8. Tur cac 1ap luan trén, cau tric caa hop chat HP11B duoc xac dinh nhu Hinh
3.13, v6i cau hinh twong ddi 1a 35", 4R*,6E,7R*,9R*,12S*,13S",15R". Hop chit nay ciing
la hop chat méi va duoc dit tén 1a huperphlegmin B.

*) Hop chdt HP12: Phlegmariurin B

Hop chat HP12 thu dugc dudi dang diu mau vang nau.

Pho khdi lugng phan giai cao HR-ESI-MS xuét hién pic ion gia phan tir tai m/z
262,1800 ([M+H]") twong &tng vai cng thirc phan tir 1a C1sH24NO; (tinh theo ly thuyét
14 262,1729), do d6, cdng thirc phan tir ca hop chat HP12 12 C1sH23NO..
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Ph6 H-NMR caa HP12 chi ra tin hiéu dic trung caa 1 nhém methyl doublet tai
on 1,10 (d, J = 7,0 Hz).

Phé 3C-NMR va HSQC chi ra 16 tin hiéu carbon bao gom 1 nhom methyl (8¢
26,7), 9 nhom methylen (oc 20,8; 23,0; 26,4; 29,8; 39,5; 41,4; 41,4; 51,9; 52,1), 2 nhém
methin (dc 28,3; 42,7) va 4 carbon khong lién két vai hydro (dc 142,3; 176,3; 177,2;
210,8) (Bang 3.6). Trong do, su hién dién 1 nhom carbonyl tai dc 210,8 va 2 nhém
methylen lién két N tai 8¢ 51,9, 52,1 ciing dwoc ghi nhan.

Tuong tac HMBC gitra H-6 (0w 2,17; 2,40) vai C-5 (¢ 210,8)/C-7 (oc 42,7)/C-8
(6¢c 41,4)/C-12 (5c 177,2) xé&c nhan sy c6 mat caa vong cyclopentenon thé 2,3,4 trong
cau truc cua HP12. Cac twong tac HMBC tir H-1 (dn 3,04; 3,95)/H-9 (dn 3,03; 4,02) dén
C-13 (dc 176,3) cho phép dinh vi nhom amid tai C-13. Ngoai ra, vi tri cia nhom methyl
bac hai tai C-15 duoc thiét 1ap qua tuong tac giita Hs-16 (84 1,10) va C-8 (3¢ 41,4)/ C-
14 (oc 41,4)/C-15 (oc 28,3). Tuong tu, cac twong taic HMBC gitra H-3 (on 2,50; 2,59) va
C-4 (6c 142,3)/C-5/C-12, gitra H-8 (dn 1,81; 2,08) va C-6 (8¢ 39,5)/C-7 (dc 42,7)/C-12,
gitta H-11 (dn 1,94; 2,80) va C-4/C-12 cho phép két néi C-3, C-8, C-11 vao céc vi tri C-
4, C-7, C-12 twong rng cua vong cyclopentenon.

Tir c&c 1ap luan trén két hop so sanh véi s6 lieu pho cua chat phlegmariurin B ¢

tai liéu tham khao [169], hop chat HP12 duoc xac dinh 1a phlegmariurin B.

Hinh 3.16. Cau trac héa hec va twong tic HMBC chinh (—) cia hop chit HP12
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Bang 3.6. S6 liéu phé NMR ciia hop chat HP12 va hep chat tham khao

Vitri | oc" [169] S b o (mult., J (H2))
C/H

1 51,1 51,9 3,04 ddd (12,5; 12,0; 4,5);
3,95 ddd (12,0; 5.0: 2,0)

2 19,7 20,8 2,33 m; 1,42 m

3 23,4 23,0 2,59 dt (13,0; 2,0); 2,50 m

4 141,7 142,3 -

5 207,6 210,8 -

6 389 39,5 2,40 dd (15.5; 7.0):
2,17 dd (15,5; 1,5)

7 41,2 42,7 2,88 m

8 41,0 41,4 2,08 m; 1,817

9 50,98 52,1 4,02 m; 3,03 m

10 25,8 26,4 2,80

11 28,9 29,8 2,80 1,94 m

12 171,7 177,2 -

13 173,3 176,3 -

14 40,8 41,4 2,66 dd (9,5; 3,5);
1,81"

15 27,1 28,3 2,00 m

16 26,6 26,7 1,10d (7,0)

2 trong CD30D, *125 MHz, 500 MHz.
dc* cua phlegmariurin B do trong CDCls [169], “tin hiéu chong chip

*) Hop chat HP13: Huperzin A

Hop chat HP13 thu duoc dudi dang dau mau vang.

Phé 'H-NMR cua hop chat HP13 chi ra cac tin hiéu dic trung cua 1 nhém methyl
tai on 1,48 (S); 1 nhém methyl tai on 1,61 (d, J = 7,0 Hz) va 4 proton olefin tai on 5,39
(brd, J = 4,5 Hz), 5,49 (g, J = 7,0 Hz), 6,13 (d, J = 9,5 Hz) va 7,79 (d, J = 9,5 Hz).

Pho 3C-NMR ctia HP13 cho thay phan tir c6 15 carbon. Pho HSQC cho phép nhan
biét 15 carbon nay c6 2 nhém methyl, 2 nhém methylen, 5 nhém methin va 6 carbon khéng
lien két voi hydro. Tin hiéu carbon dac trung cua 4 lién két doi (6c 110,7; 116,9; 122,0;
124,5; 133,6; 139,7; 142,0; 142,3), 1 nhém amid (5c 162,7) ciing duoc ghi nhan.

Tuong tac HMBC giita H-2 (1 6,13) véi C-1 (6c 162,7)/C-4 (6c 122,0); giira H-3
(0n 7,79) v6i C-1/C-5 (5 142,3) cho phép thiét 1ap cu tric vong &lactam khong bdo hoa.
Céc tuong tic HMBC giita Hs-10 (04 1,61) v6i C-11 (dc 110,7)/C-12 (9c 142,0); giira Ha-
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16 (J+ 1,48) Vi C-8 (Jc 124,5)/C-14 (5c 48,8)/C-15 (5c 133,6) gitp dinh vi cAc lién két
d6i con lai tai A% L. C4u truc vong bicyclo [3.3.1] nonan duoc thiét 1ap qua cac tuong tac
HMBC gitra H-6 vai C-4/C-5/C-7/C-8; gitra H-7 véi C-8/C-12/C-13/C-15; gitra H-14 vai
C-4/C-8/C-12/C-13/C-15. Ngoai ra, su ngung tu cua vong nay véi o-lactam tai C-4/C-5
duoc xac nhan qua twong tac HMBC tir H-6 (dn 2,47; 2,60) dén C-4/C-5, tir H-3 dén C-
13 (6c53,7). Cac phan tich trén két hop vai viéc so sanh vai hop chat tham khao & tai liéu
[221] cho phép két luan hop chat HP13 12 huperzin A, c6 CTPT 1a CisH1sN20.
Bang 3.7. S6 liéu phé NMR cia hop chat HP13 va hep chat tham khao

VitriC/H | oc”[221] oc*P on® ¢ (mult., J (Hz))
1 165,4 162,7 -
2 116,9 116,9 6,13 d (9,5)
3 140,2 139,7 7,79d (9,5)
4 122,8 122,0 -
5 143,1 142,3 -
6 35,2 34,9 2,60 dd (17,0, 5,0);

247"
7 32,8 32,3 3,52 m
8 1242 1245 5,39 brs (4,5)
9 - - -
10 12,3 12,1 1,61 d (7,0)
11 1112 110,7 5,49 q (7,0)
12 142 .4 1420 -
13 54,3 53,7 -
14 49,1 48,3 2,06 d (17,0);
1,97 d (17,0)

15 134,0 133,6 -
16 22,6 22,4 1,48s

2 trong DMSO, *125 MHz, 500 MHz, “tin hiéu chdp

oc” cua huperzin A do trong CDCl3 [221]

10

16

HoN

Hinh 3.17. Céu trdc hdéa hec va twong tac HMBC chinh (—) cia hep chit HP13




3.2.4.2. Xdc dinh cdu triic cdc hop chét phén ldp dwoc tir cin ethylacetat

Tir can phan doan ethylacetat (HE) phan lap duoc 10 hop chat, ky hiéu: HPA
(Chat méi), HPB, HPH (Chat méi), HPD, HPI, HPJ, HPP, HP10A, HP10B va HP10D.

*) Hop chdt HPA (Chdt méi): Huperphlegmarin A

Hop chit HPA thu duoc dudi dang bot mau vang nhat. Phd UV (MeOH) cho
cac dinh hap thu cuc dai tai Amax 299, 355 nm goi ¥ su ¢6 mat caa hé vong thom lién
hop trong phan tir. Phé HR-ESI-MS ctia hop chat nay cho pic ion gia phan tr tai m/z
345,1697 [M-H] tuong (ng vai cdng thirc phan tir 1a Ca0H2s0s (tinh theo ly thuyét
la 345,1702). Két hop véi dix kién pho 13C-NMR, DEPT, cdng thtc phan tir ciaa HPA
dugce xac dinh la C2oH260:s.

Ph6 H-NMR cho thay su c6 mit caa 3 nhdm methyl bac ba tai & 1,23, 1,24,
1,53; 1 nhdm methyl bac hai tai & 1,36 (d, J = 6,5 Hz). Ngoai ra, con xuat hién tin
hi¢u ctia 1 proton nhdm methin mang oxy tai s 4,59 (d, J = 13,5 Hz) va 2 proton cua
nhom methylen lién két vai oxy tai & 4,27 (d, J = 9,0; 6,5 Hz) va 4,80.

Pho 3C-NMR, DEPT va HSQC ciia HPA xuat hién tin hi¢u cua 20 carbon,
bao gom 4 nhdm methyl, 4 nhém methylen, 3 nhdm methin va 9 carbon khéng mang
hydro, trong d6 c¢6 1 carbon carbonyl tai dc 205,5 (C-7), 1 carbon cua nhém
oxymethylen tai dc 81,7 (C-16) va 1 carbon cua nhém oxymethin tai oc 73,4 (C-6).
Céc dir kién trén goi y hop chat HPA 1a mot abietan diterpenoid.

Cac tuong tac HMBC gitra H-18 (on 1,23)/H-19 (on 1,24) va C-3 (¢ 43,8)/C-
4 (oc 35,0)/C-5 (¢ 56,2) cho phép xac dinh vi tri nhém gem-dimethyl tai C-4. Tuong
tw, twong tic HMBC tir H-20 (dn 1,53) d&én C-1 (¢ 38,1)/C-5/C-9 (dc 141,7)/C-10
(dc 42,9) khang dinh nhém methyl bac ba con lai tai C-10. Nném methyl bac hai (C-
17) tai C-15 duoc xac dinh qua cac tuong tac HMBC gitta H-17 (0w 1,36) va C-13
(oc 117,3)/C-15 (oc 36,4)/C-16 (oc 81,7). Ngoai ra, twong tac gitta H-16 (s 4,27,
4,80) va C-12 (dc 159,2) chiing to C-16 lién két vai C-12 qua cau oxy goi ¥ su cO
mat cua 1,2,3-trisubstituted dihyfrofuran. Twong tac HMBC gitta H-5 (dn 1,79)/H-6
(01 4,59) va C-7 (dc 205,5) khang dinh vi tri cia nhdm carbonyl tai C-7. Céc lap luan
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trén cho phép xac dinh ciu trGc cua hop chat HPA 1a 12,16-epoxy-6,11,14-
trihydroxy-8,11,13-abietatrien-7-on.

Ph6 CD cua hop chat HPA cho thay hiéu tng cotton (-) tai 237 nm va 255 nm,
cotton (+) tai 218 nm va 312 nm, twong tu nhu hop chat cyrtophyllon B [133], [180].
Hang s6 tuong tac 16n gitra H-5 va H-6 (Js6= 13,5 Hz) khang dinh vi tri trans-diaxial
gitta chung va dinh huéng o caa nhom 6-OH [204]. Piéu nay duoc khang dinh qua
twong tac gitta H-5/H-6 va H-6 v&i H-19/H-20 ciing nhu viéc khdng quan sat thay
tuong tac H-5/H-20 trén phd NOESY. Ngoadi ra, dua vao quy tic CD keton cho nhém
C=0 [104], lién két n-™ duoc chia lam 8 phan bai cac mat phing duoc tao bai cac truc
X, Y, Z. Xét mat phang chia lién két C=0, khi chiéu cac nhom thé CHs-20 va H-5, OH-
6 & C4c Vi tri twong tmg nhu sau: Nhom thé CH3-20 6 vi tri  do d6 s& nam phia bén phai
phia dudi, cho hiéu ang cotton (-) va c6 cau hinh S, véi H-5 & vi tri a-axial do d¢6 nam
& phia bén trai phia trén, ¢é hiéu tng cotton (-) va c6 cau hinh S, twong tu st dung quy
tac nay ddi véi nhom thé OH-6 & vi tri a-axial, do d6 s& nam ¢ phia bén trai phia dudi,
cho hiéu tng cotton (+) va cé cdu hinh R. Tuong tu, hing s6 tuong tac giita H-15 va
H-16a (J15,16 = Jaa = 9,0 Hz) cho thay vi tri trans-diaxial gitra H-15 va H-16a. Do d0,
CHs-17 ¢ vi tri axial so v&i H-15 va dinh hudéng o cuia CH3-17. Thém vao do, trén
phd NOESY con thay sy xuat hién twong tac gitta H-18 (1,23 s) véi H-5 (1,79; d
(13,5)), H-6 (4,59 d (13,5)) voi H-20 (1,53 s), do d6 dugce vi tri tuong ddi ciia H-5,
H-18 va H-20 nhu Hinh 3.19.

Nhu vay, tir cac 1ap luan trén, cu tric héa hoc cua hop chat HPA duoc thiét lap
la (5S,6R,10S,15R)-12,16-epoxy-6¢,11,14-trihydroxy-8,11,13-abietatrien-7-on, dugc
dat tén la huperphlegmarin A.

Bang 3.8. S6 liéu phé NMR cia hep chat HPA

Vi tri C/H oc®? | DEPT on? ¢ (mult., J (H2))
1 38,1 | CH» 1,37" (Ha); 3,40" (Hp)
2 20,0 | CH2 1,54" (Ha); 1,75 m (Hp)
3 43,8 | CH> 1,33" (Hp); 1,517 (Ho)
4 350 | C -
5 56,2 | CH 1,79 d (13,5)
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Vi tri C/H oc®? | DEPT on® ¢ (mult., J (H2))
6 73,4 | CH 4,59 d (13,5)
7 205,5 | C -
8 109,2 | C -
9 1417 |C -
10 429|C -
11 1335 | C -
12 159,2 | C -
13 1173 |C -
14 156,0 | C -
15 36,4 | CH 3,68 m
16 81,7 | CH. 4,27 dd (9,0; 6,0); 4,80"
17 18,9 | CHs 1,36 d (6,5)
18 36,6 | CHs 1,235
19 23,0 | CHs 1,24 s
20 19,5 | CHs 1,53 s

2 Po trong DMSO, 125 MHz, 500 MHz, *tin hiéu chong chdp

Hinh 3.19. Twong tac NOESY chinh ciia hgp chat HPA

81




*) Hop chat HPB: Lycoxanthol

Hop chat HPB thu dugc dudi dang bot mau vang nhat.

Phé UV (MeOH) cho cac dinh hép thu cuc dai tai Amax 295, 335, 381 nm goi
¥ su ¢ mit cua hé lién hop trong phén tir. Phd khéi HR-ESI-MS cua HPB cho pic
ion gia phan tir tai m/z 345,1697 [M+H]* twong ing v4i cong thirc phan tir C20H250s
(tinh theo 1y thuyét 1a 345,1702). Do dé, cong thic phan tir ciia hop chat HPB 1a
C20H240s.

Pho 'H-NMR xuét hién céc tin hiéu proton dic trung ctia 1 nhém oxymethylen
tai on 4,28 va 4,80; 3 nhom methyl bac ba tai o4 1,45; 1,48; 1,68 va 1 nhom methyl
bac hai tai o4 1,38 (d, J = 7,0 Hz).

Phé 13C-NMR, DEPT va HSQC cua hop chat HPB cho thay tin hiéu caa 20
carbon, gdm 4 nhém methyl, 4 nhdm methylen, 1 nhém methin va 11 carbon khéng
lién két voi hydro; trong d6 ¢ 1 carbon carbonyl tai 5c 185 (C-7), 1 carbon ciia nhém
oxymethylen tai Jc 81,5 (C-16). Cac dir kién trén goi y HPB la mot abietan
diterpenoid.

Cac twong tac HMBC gitra H-18 (on 1,45)/H-19 (0w 1,48) va C-3 (¢ 37,4)/C-
4 (5¢c 37,5)/C-5 (dc 144.,9) cho phép dinh vi nhém gem-dimethyl tai C-4 va lién két
boi tai C-5. Tuong tu, tuong tic HMBC tir H-20 (01 1,68) dén C-1 (dc 30,8)/C-5 (dc
144,9)/C-9 (dc 142,0)/C-10 (dc 43,2) khang dinh nhém methyl bac ba con lai tai C-
10. Nhém methyl bac hai (C-17) tai C-15 dugc xac dinh qua cac twong tac HMBC
gitta H-17 (0 1,38) va C-13 (dc 117,1)/C-15 (5c 36,5)/C-16 (5c 81,5). Ngoai ra,
tuong tac gitra H-16 (on 4,28, 4,80) va C-12 (oc 157,5) ching té C-16 lién két vai
C-12 qua cau oxy, tao thanh vong tetrahydrofuran thé 1,2,3. Cac Iap luan trén cho
phép xac dinh cau trdc cua hop chat HPB 1a 12,16-epoxy-6,11,14-trihydroxy-
5,8,11,13-abietatetraen-7-on.

Ph6 CD cuaa hop chat HPB ¢6 hiéu ing cotton (-) tai buéc sng 305 nm, dwa vao
quy tic CD Kketon ddi véi hop chat HPB, nhdm CHs-20 & vi tri bén trai phia trén (goc

phan tu thir nhat) va ¢ hiéu ang cotton (-), vi vay cau hinh tuyét ddi tai vi tri C-10 12 S
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tuong tu coleon C [152], mandaron A [51], (10S)-12, 16-epoxy-17 (15->16)-abeo-
3,5,8,12,15-abietapentaen-2,7,11,14-tetraon [203], 16 (S), 12,16-epoxy-11,14-dihydroxy-
6-methoxy-17(15-16)-abeo-abieta-5,8,11,13-tetraen-7-trihydroxy-abieta-8,11,13  trien-7-
on [174]. Tuong tw nhu d6i véi hop chat HPA, hang s6 twong tac giita H-15 va H-16a (J15.16
= Jaa = 9,0 Hz) cho thdy vi tri trans-diaxial gitta H-15 va H-16a, hing s6 twong tic cua
CHz-17 (1,36; d (J = 7 Hz), vi vay CHs-17 ¢ vi tri axial so vai H-15 va dinh hudng « cua
CHs-17. Dya vao céc gitr Kién trén, dong thoi so sanh voi phd cua HPA va tai liéu tham
khao [121], x4c dinh dugc vj tri trong dbi cia H-17 va H-18 (Hinh 3.20). Tir nhitng phan
tich trén, cu tric hda hoc cua hop chat HPB dugce xac dinh 1a (10S, 15R)-12,16-epoxy-
6,11,14-trihydroxy 5,8,11,13-abietatetraen-7-on hay con goi la lycoxanthol.

Bang 3.9. S6 liéu phé NMR cia hep chat HPB

VitriCIH|  oc*b DEPT o ¢ (mult., J (H2))
1 30,8 CH2 1,62 m; 3,25m
2 18,6 CH2 1,72m; 1,87 m
3 37,4 CH2 1,43%2,08 m
4 37,5 C -
5 144.9 C -
6 143,2 C -
7 185,0 C -
8 108,1 C -
9 142,0 C -
10 43,2 C -
11 133,0 C -
12 157,5 C -
13 117,1 C -
14 155,0 C -
15 36,5 CH 3,70m
16 |8l5 CHz 4,28 dd (9,0; 6.0); 4,80°
17 | 189 CHs 138d (7.0)
18 28,5 CHs 1,45s
19 27,6 CHs 1,48 s
20 27,6 CHs 1,68 s
2 Po trong DMSO, P125 MHz, °500 MHz, *“tin hiéu chong chdp
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Hinh 3.20. Céu truac héa hec va cac twong tic HMBC (—) chinh caa HPB

*) Hop chdt HPH (Chdt méi): Huperphlegmarin B

Hop chat HPH thu dugc dudi dang bot mau vang nhat.

Pho HR-ESI-MS cuia hop chat nay cho pic ion gia phan tir tai m/z 329,1747 [M-
H] twong mg v&i cong thic phan tir CooHzs04 (tinh theo Iy thuyét la 329,1753), m/z
331,1925 [M+H]* tuong tng v6i cong thirc phan tir C2oH2704 (tinh theo Iy thuyét Ia
331,1909). Két hop vai dir kién pho BC-NMR, DEPT, c6ng thirc phan tir cia HPH duoc
dé nghi 12 C20H2604, d6 bét bao hoa phan tur 12 8.

Pho 'H-NMR chi ra dic trung cua 3 nhom methyl bac ba tai on 1,17; 1,29, 1,30;
1 nhém isopropyl tai 64 1,21 (6H, d, J = 7,0 Hz) va 3,35 (1H, m); 1 proton thom tai o
7,23; 2 nhom carbinol tai 4 3,97 va 4,54 & ving trudng thap.

Phé 13C-NMR, DEPT va HSQC cua HPH chi ra 20 tin hiéu carbon, gém 5 nhém
methyl, 2 nhém methylen, 5 nhém methin va 8 carbon khong lién két hydro. Tin hiéu
dac trung cua 1 carbon carbonyl tai dc 200,0 (C-7) va 2 carbon cua nhém oxymethin tai
5¢c 98,9 (C-1), 76,0 (C-6) ciing duoc quan sat. Cac dir kién 1D-NMR goi ¥ hop chat HPH
la mot abietan diterpenoid.

Céc dir kién phé HSQC va HMBC cho thay cau trdc cua hop chat HPH twong tu
nhu cau tric cua 6a-hydroxydemethylcryptojaponol [55], [163], ngoai trir su thay thé 1
carbon nhém methylen trong cau tric cua 6a-hydroxydemethylcryptojaponol bai 1
carbon ctia nhém oxymethin trong phan tir caa hop chat HPH. Sy c6 mit caa nhoém
carbinol (C-1) dugc xac dinh thong qua cac tuong tac HMBC gitra H-20 (on 1,29) va H-
5 (0w 1,98) vai C-1, gitra H-1 (01 3,97) vaéi C-5 (dc 58,3)/C-9 (dc 148,5)/C-10 (5c 42,6).
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Ngoai ra, cau ndi oxy giita C-1 va C-11 dugc dé nghi nham hoan thién cong thirc phan
tir cia HPH. Pé nghi nay dugc cung cb bdi gia tri hang sé chuyén dich hoa hoc tai H-1
(61 3,97) va C-1 (dc 98,9) twong tu nhu cau tric (1R,55,10S)-1, 11-oxyferruginol (:
3,71 (H-1) va 98,5 (C-1)) [220].

CAu trac 1ap thé caa hop chit HPH duogc xac dinh turong ty nhu hop chat HPA va
HPB. Phd CD cua HPH cho hiéu tng cotton (+) tai vi tri 327 nm (Ae +16,19) va hiéu
tng cotton (-) tai vi tri 301 nm (Ae -4,27), theo quy tic CD keton cho nhém
xyclohexenon, khi chiéu cac nhém thé H-6, H-5, CH3-20 va OH s& & c4c vi tri nhu sau:
Nhom thé CHs-20 & vi tri 8 do d6 s& nam phia bén phai phia trén, cho hiéu tng cotton (-)
va 6 cau hinh S, véi H-5 & vi tri a-axial do d6 nam & phia bén trai phia dudi, cé hiéu tng
cotton (-) va ¢ cau hinh S, twong ti véi nhém thé OH-6 & vi tri a-axial do d6 s& nam &
phia bén phai phia dudi, cho hiéu (ng cotton (+) va c6 cau hinh R. Piéu nay ciing dugc
cung cb bai thuc té 12 dix liéu phd NMR cua hop chat HPH pha hop véi cau trac (1R,5S,
6R,10S)-1,11-oxyferruginol & vong A [220]. Cin clr vao cac gia tri hang s twong tac
vicinal l16n gitra H-1 va H-28 (61 2,35), gitta H-5 va H-6 (61 4,54) (J1,25 = Js6 = 12,5 Hz)
va twong tic NOESY giita H-1 véi H-5, gitra H-6 v6i H-20 cho phép xac dinh ciu tric
dinh huéng a cho H-1 va H-5 ciing nhu dinh hudng £ cho H-6 va cau hinh tuyét dbi cho
H-1. Tt nhitng 1ap luan trén, ciu tric hoa hoc cua hop chat HPH dwoc thiét 1ap 1a (1R,
5S, 6R, 10S5)-1p,11-epoxy-6¢,12-dihydroxy-8,11,13-abietatrien-7-on. Pay 1 hop chat

mai, duge dat tén l1a huperphlegmarin B.

Bang 3.10. S liéu pho NMR cia hep chat HPH

VitriC/H | oc®P DEPT on? ¢ (mult., J (Hz))
1 98,9 CH 3,97 dd (12,5; 3,5)
2 25,4 CH; 2,04 m (Hy); 2,35 dq (12,0; 4,5) (Hp)
3 43,4 CH. 1,59 m (He); 1,82 m (Hp)
4 36,5 C -
5 58,3 CH 1,98 d (12,5)
6 76,0 CH 4,54 d (12,5)
7 200,0 C -
8 1447 C -
9 148,5 C -
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VitriC/H| oc®P DEPT o ¢ (mult., J (Hz))
10 |42,6 C -
11 - C -
12 1510 |C -
13 1406 |C -
14 1180 | CH 7,235
15 28,2 CH 3,35m
16 23,7 CHa 1,21d (7,0)
17 23,3 CHs 1,21d (7,0)
18 |358 CHa 117 s
19 24,3 CHs 1,30
20 16,0 CHa 1,29

2 Po trong DMSO, 125 MHz, °500 MHz, “tin hiéu cho”‘ng chap

Hinh 3.22. Twong tac NOESY chinh ciia hgp chat HPH
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*) Hop chdt HPD: 214-hydroxyserrat-14-en-34-yl acetat

Hop chat HPD thu dugc duéi dang bot mau trang. Phd H-NMR chi ra cac tin
hiéu dac trung cua 1 proton olefin tai on 5,33; proton cia 2 nhom carbinol tai on 4,46
(dd, J =11,5; 5,0 Hz; H-3), 3,45 (brs, H-21); proton cua nhom acetyl methyl tai on 2,04
(s). Ngoai ra, tin hiéu caa 7 nhom methyl singlet tai on 0,69; 0,82; 0,84 (6H); 0,85; 0,87
va 0,93 cling duoc ghi nhan.

Pho **C-NMR, DEPT va HSQC chi ra 32 tin hi¢u carbon, thuoc vé 8 nhom
methyl, 10 nhém methylen, 7 nhém methin va 7 carbon khong lién két hydro. Trong d6
c6 mot sb tin hiéu dic trung nhu carbon nhém carboxyl tai dc 171,00 (C-1'), 2 carbon
olefin tai oc 122,2 (C-15), 138,5 (C-14), 2 carbon cua nhdm oxymethin tai dc 80,9 (C-
3), 76,26 (C-21). Cac dir kién trén dé nghi hop chat HPD 1a mat triterpenoid khung
serratan.

Céc tuong taic HMBC gitra H-23 (o 0,85)/H-24 (Jn 0,84) va C-3 (Jc 80,9)/C-4
(oc 38,32)/C-5 (dc 55,87), gitra H-25 (Jn 0,82) va C-1 (dc 38,13)/C-5/C-9 (oc 62,81)/C-
10 (6c 37,47), gitta H-26 (on 0,84) va C-7 (dc 45,08)/C-8 (dc 37,17)/C-9/C-27 (dc 56,21),
gitra H-28 (on 0,69) va C-13 (dc 56,9)/C-17 (oc 43,45)/C-18 (dc 35,98)/C-19 (dc 31,24),
gitra H-29 (6 0,87)/H-30 (dn 0,93) va C-17/C-21 (dc 76,26)/C-22 (dc 37,93) d& nghi vi
tri cua cac nhom methyl lan luot tai C-4, C-8, C-10, C-18 va C-22 ciing nhu cdc nhoém
hydroxy lan luot tai C-3 va C-21. Ngoai ra, twong tac giita H-16 (Jn 1,88, 1,67)/H-27
(0n 2,23, 1,70) va C-14 (5c 138,5)/C-15 (dc 122,2) khang dinh vi tri cua lién két doi tai
A, Tuong ty, vi tri caa nhém acetoxy tai C-3 duoc thiét lap qua tuong tic HMBC giita
H-3vaC-1'.

Hoa lap thé caa hop chat HPD duoc thiét 1ap chi yéu qua phan tich hang sé tuong
tac (J) ciing nhu so sanh gia tri do chuyén dich hoa hoc véi céc gia tri twong wng cua
chat tham khao. Cu thé, H-3 (du 4,46) twong tac vai 2 proton H-2a (du 1,79), H-2b (J
1,18) véi cac gia tri J1 = Jaa = 11,5 Hz, J2 = Jae = 5,0 Hz goi y dinh hudng a-axial cua
H-3 trong cau dang ghé cua vong A. Trong khi d6, dinh huéng cua nhém 21-OH dugc
xac dinh la g théng qua viéc so sanh gié tri dc cua C-17 (43,45), C-21 (76,26) véi gia tri
tuong tng ctia 2 dong phan 21-epimer [21a-OH: dc 50,2 (C-17), 78,4 (C-21); 215-OH:
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dc 43,9 (C-17), 75,3 (C-21)] [157]. T céc lap luan trén, cau trdc hoa hoc cua hop chat
HPD duoc thiét lap 1a 218-hydroxyserrat-14-en-3g-yl acetat hay con duoc goi la 21-
episerratenediol-3-O-acetat [22], c6 CTPT la Cz2H520s.

Bang 3.11. S6 liéu phé NMR ciia hep chat HPD va hep chat tham khao

Vitri C/H | 6c*[157] | oc*® DEPT o™ (mult., J (Hz))
1 38,5 38,13 | CH; 1,79 dt (13,5; 4,0); 1,18"
2 28,8 2387 | CHz 1,985 1,62"

3 78,1 809 | CH 4,46 dd (11,5; 5,0)
4 39,7 3832 |C -

5 56,5 5587 | CH 0,86"

6 195 18,82 | CH; 147

7 45,7 4508 | CH; 1,405, 1,20°

8 38,1 3717 |C .

9 63,1 62,81 | CH 0,80°

10 |39,2 3747 | C .

11 25,6 2521 | CHs 1,725 1,07

12 27,6 2722 | CH; 1,98%; 1,15 br,d (12,5)
13 57 4 569 | CH 1,85

14 139,1 1385 |C -

15 122,8 122,2 | CH 5,33 br,s

16 24.6 2404 | CHz 1,885 1,67

17 439 4345 |CH 1,697

18 36,5 3598 |C -

19 31,9 31,24 | CHs 1557, 1,44"

20 | 26,6 2547 | CH; 1,931,627

21 75,3 76,26 | CH 3455

22 37,5 3793 | C -

23 28,8 28,12 | CHs 0,85 s

24 16,1 16,58 | CHs 0,84s

25 16,5 1582 | CHs 0,825

26 20,2 1981 | CHs 0,84s

27 56,8 56,21 | CHs 2,23 br,d (14,5); 1,70*
28 13,9 13,32 | CHs 0,69 s

29 22,2 218 | CHs 0,87 s

30 | 285 2773 | CHs 0,935

1 - 171 C -

2" 21,33 | CHs 2,045

2 Po trong CDCI3, b125 MHz, 500 MHz, “tin hi¢u chong chdp.
#oc cua 21B-hydroxyserrat-14-en-3p-ol do trong pyridin-ds [157]
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Hinh 3.23. Cau truc héa hec va twong tic HMBC (—) chinh ciia hep chat HPD

*) Hop chdat HP1: 21a-hydroxyserrat-14-en-3-yl acetat

Hop chat HPI thu dugc dudi dang bot trang. Pho *H-NMR chi ra céc tin hiéu dac
trung cua 1 proton olefin tai dn 5,33; proton cua 2 nhom carbinol tai én 4,46 (dd, J =
12,0, 5,0 Hz, H-3), 3,23 (dd, J = 11,5, 4,5 Hz, H-21); proton cua nhom acetyl methyl tai
on 2,04 (s). Ngoai ra, tin hiéu cta 7 nhém methyl singlet tai on 0,67; 0,83 (9H); 0,84;
0,85 va 0,96 cling dugc quan sat.

Phé 3C-NMR, DEPT va HSQC chi ra 32 tin hiéu carbon bao gom 8 nhém
methyl, 10 nhém methylen, 7 nhém methin va 7 carbon khong lién két hydro. Trong d6
c6 mot s tin hiéu dic trung nhu carbon carboxyl tai dc 171,00 (C-1'), 2 carbon olefin
tai oc 122,3 (C-15), 138,1 (C-14), 2 carbon cta nhém oxymethin tai Jc 80,84 (C-3),
79,16 (C-21).

Céc dit kién phd 1D-NMR cua hop chat HPI nhin chung rét giéng véi céac gia tri
tuong ng cua hop chat HPD, goi ¥ su twong dong vé mit cau tric giita ching. Su chénh
léch 16n gid tri 5c cua C-17, C-19, C-21, C-29 giita hai hop chit nay goi ¥ su khac biét
cau hinh tai C-21. Hon nira, gia tri dc cua C-17 (49,51), C-21 (79,16) dé nghi cau hinh
21a-OH ddi véi hop chat HPL Diéu nay ciing dugc cang ¢b thém bang cac hing sé
twong tac gitta Hpaxia-21 (Sn 3,23) va H-20 (1 1,63) [J1 = Jaa = 11,5 Hz, Jo = Jae = 4,5
Hz][224]. Su gan ghép chi tiét cho cac proton va carbon ciing dugc thuc hién bang viéc
phan tich phé HMBC, tuong tu nhu d6i véi hop chat HPD. Do vay, cau tric hda hoc
ctuia hop chat HPI duoc két luan 1a 21 a-hydroxyserrat-14-en-3p-yl acetat hay con dugc
goi la serratenediol-3-O-acetat [22], c6 CTPT la C32Hs20:s.
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Bang 3.12. S6 liéu phé NMR ciia hep chat HPI va hep chat tham khao

Vitri C/H | 6c*[157] | oc*P DEPT on? ¢ (mult., J (Hz))
1 39,3 38,29 | CH; 1,79 dt (14,5; 5,0); 1,25
2 28,7 23,85 | CH; 1,63
3 78,1 80,84 | CH 4,46 dd (12,0; 5,0)

4 39,7 381 |C -

5 56,3 55,82 | CH 0,86

6 19,6 18,79 | CH: 1,47

7 45,7 45,01 | CH; 1,40%; 1,20"

8 37,6 37,15 |C -

9 63,1 62,7 |CH 0,80

10 39,2 379 |C -

11 25,7 25,26 | CH; 1,70%: 1,07"

12 27,7 27,24 | CH; 1,97 1,12"

13 57,8 57,18 | CH 1,73

14 1388 [1381 |C -

15 122,8 [122,3 |CH 5,33 br,s

16 24,8 24,07 | CH; 2,09 dm; 1,90"

17 50,2 49,51 | CH 1,23

18 38,6 36,13 |C -

19 30,1 37,12 | CH; 1,87 dt (14,0; 5,0); 1,25
20 30,1 27,69 | CH; 1,63

21 78,4 79,16 | CH 3,23 dt (11,5; 4,5)
22 39,6 38,88 | C -

23 28,5 28,1 | CHs 0,855

24 16,3 16,57 | CHs 0,84s

25 16,5 15,81 | CHs 0,83s

26 20,2 19,81 | CHs 0,83s

27 56,7 55,99 | CH; 2,22 br,d (14,5); 1,73
28 13,9 13,43 | CHs 0,67 s

29 15,6 14,63 | CHs 0,83s

30 28,8 27,57 | CHs 0,96 s

1’ - 171,00 | C -

2’ - 21,31 | CHs 2,04s

230 trong CDCl3, 125 MHz, °500 MHz, “tin hiéu chong chdp.
#oc cua 21 a-hydroxyserrat-14-en-3p-ol do trong pyridin-ds [157]
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Hinh 3.24. Céu trdc hoa hec va twong tac HMBC (—) chinh cia hep chit HPI

*) Hop chdt HPJ: 21a-hydroxyserrat-14-en-34-ol

Hop chat HPJ thu dugc dudi dang bot trang. Pho khéi lugng phan giai cao HR-
ESI-MS cua hop chat xuat hién pic ion gia phan tu tai m/z bang 477,3503 ([M+CI]") cho
M = 442,3803 twong ung Vvoi cong thiac phan tir CaoHsoO2 (tinh theo ly thuyét 1a
442,3811).

Phé 'H-NMR chi ra c4c tin hiéu dic trung caa 1 proton olefin tai 5u 5,33; proton
cua 2 nhém carbinol tai 6n 3,17 (dd, J = 10,5; 5,5 Hz, H-3), 3,21 (dd, J = 11,0; 5,0 Hz,
H-21), 7 nhém methyl singlet tai o 0,67; 0,76; 0,81; 0,82; 0,83; 0,95 va 0,96.

Phé 3C-NMR, DEPT va HSQC chi ra 30 tin hiéu carbon bao gom 7 nhém
methyl, 10 nhém methylen, 7 nhém methin va 6 carbon khong lién két hydro. Trong d6
c6 mot sd tin hiéu dic trung nhu 2 carbon olefin tai dc 122,00 (C-15), 138,10 (C-14), 2
carbon ciia nhdm oxymethin tai Jc 78,49 (C-3), 78,80 (C-21).

Cac dir kién phd 1D-NMR goi y hop chat HPJ ¢6 cau trac trong tu hop chat HPI
ngoai trir su ving mat nhdm acetoxy tai C-3. Diéu nay c6 thé nhan thay qua su dich
chuyén vé truong cao cua C-3 (78,49 so voi 80,84) va theo chiéu nguoc lai caa C-2
(27,16 so véi 23,85). Su gan ghép chi tiét cho cac proton va carbon dugc thuc hién bang
viéc phan tich phd HMBC. Do vy, cau tric hoa hoc caa hop chat HPJ duoc két luan 1a

21a-hydroxyserrat-14-en-3f-ol hay con dugc goi la serratenediol [22].
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Hinh 3.25. Cau trac héa hec ciia hgp chat HPJ

Bang 3.13. S6 liéu phé NMR cia hep chat HPJ va hep chat tham khao

Vitri C/H [ 6c*[157] | oc*P DEPT o ¢ (mult., J (Hz))
1 39,3 3850 |CH; 0,957 1,79 dt (13,5; 3,5)
2 28,7 2716 | CH. 1,615 1,12°
3 78,1 7849 | CH 3,17 dd (10,5; 5,5)

4 39,7 38,76 |C -

5 56,3 5561 | CH 0,77

6 19,6 1874 | CH. 1,45

7 45,7 4500 | CHz 1,18% 1,39 dt (13,0; 3,0)
8 37,6 36,93 |C -

9 63,1 62,71 | CH 0,80"

10 39,2 38,00 |C -

11 25,7 2513 | CH; 1,065 1,72°

12 27,7 2705 | CH, 2,00 m; 1,617

13 57,8 57,04 | CH 175"

14 1388 | 13810 |C -

15 122,8 [122,00 |CH 5,33 br,s

16 24.8 2389 | CH; 2,09 dm (18,0); 1,93 m
17 50,2 49,73 | CH 1,24 dd (12,0; 5,5)

18 38,6 3592 |C -

19 30,1 37,03 |CH, 1,85 dt (13,5; 3,5); 1,117
20 30,1 2701 | CH. 1,617

21 78,4 78,80 | CH 3,21dd (11,0; 5,0)

22 39,6 38,66 |C -

23 28,5 2784 | CHa 0,96 s

24 16,3 1522 | CHs 0,76 s
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Vitri C/H | 6c*[157] | oc*P DEPT on? ¢ (mult., J (Hz))
25 16,5 15,52 CHs 0,81s
26 20,2 19,59 CHs 0,83s
27 56,7 55,90 CH. 2,21 brs, d (14,0); 1,76"
28 13,9 13,18 CHs 0,67 s
29 15,6 14,40 CHs 0,82s
30 28,8 27,29 CHs 0,955

2do trong CDCL&CD30D, Y125 MHz, ©500 MHz, “tin hiéu chéng chdp.
*& cua 21 a-hydroxyserrat-14-en-3p-ol do trong pyridin-ds [157].

*) Hop chdt HPP: Lycophlegmariol A

Hop chat HPP thu dugc duéi dang bot mau trang.

Phé khéi lwong phan giai cao HR-ESI-MS xuat hién pic ion gia phan ta m/z
621,4156 ([M-H]") twong ung véi cong thic phan tir CagHs70s (tinh theo Iy thuyét 1a
621,4155). Do d6, cong thirc phan tir cia hop chat HPP 12 CagHsgOs.

Ph6 'H-NMR cua hop chét nay chi ra 3 proton thom ciia hé spin ABX tai dn 6,55
(1H, dd, J;: =8,5, J> =2,0 Hz), 6,66 (1H, d, J =2,0 Hz) va 6,68 (1H, d, J=8,5 Hz). Tin
hiéu cua 1 proton olefin tai 815,35 (S) goi Y su hién dién cta nbi doi ba 1an thé. Hai tin
hiéu singlet tai on 3,46 va 5,02 thudc vé hai nhém carbinol. Tin hiéu tai ou 3,38 (1H, d,
J =11,5 Hz) va 3,71 (1H, d, J =11,5 Hz) duoc gan cho nhém oxymethylen. O ving
truong cao, tin hiéu singlet caa 6 nhom methyl bac ba tai on 0,76; 0,82; 0,86; 0,88, 0,91
va 0,93 cling duoc ghi nhan.

Ph6 13C-NMR va HSQC chi ra 39 tin hiéu carbon gom 6 nhém methyl, 13 nhém
methylen, 10 nhém methin va 10 carbon khong lién két hydro. Mot sé tin hiéu dé dang
gan ghép thong qua gia tri dc dic trung gdm 1 carbon thuéc nhom carboxyl (5c 174,7),
8 carbon olefin (6c 116,4 — 146,3), 3 carbon sp* mang oxy (Jc 65,3; 75,4; 77,0). Cac dir
licu pho trén cho phép du doan hop chat HPP 13 mot triterpen ester.

Cac tuong tac gitra Hz-23 (Jn 0,88)/H-24 (Jn 3,38 va 3,71) v6i C-3 (dc 75,4)/C-4
(0c 43,6)/C-5 (dc 52,5) cho phép xac dinh nhém carbinol (C-3) cua vong A va nhém
oxymethylen (C-24) tai C-4. Twong tac HMBC gitta H3-29 (01 0,91)/H3-30 (61 0,93) vai
C-17 (6c 44,6)/C-21 (6c 77,0)/C-22 (¢ 38,4) cho phép dinh vi nhom carbinol con lai tai
vi tri 21 ctua vong E. Tin hiéu HMBC tir H-27 (0n 2,32; 1,74) dén C-8 (6c 38,4)/C-9 (dc
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64,2)/C-13 (Jc 58,3)/C-14 (5c 139,9)/C-15 (dc 123,4) gitip dinh vi lién két doi tai A
cling nhu goi y cau tric vong 7 canh cua vong C (Hinh 3.28). Dwa vao cac phan tich
trén, hop phan triterpen caa HPP dugc dé nghi ¢ bd khung serratan. Cac twong tac
HMBC cua cac nhém methyl khéc, tir He-25 dén C-1/C-5/C-10, tir H3-26 dén C-7/C-
8/C9/C-27, tir H3-28 dén C-13/C-17/C-18/C-19 gilp cang cb dé nghi trén. Hon nita, cac
twong tac HMBC tir H-2' (0n 2,62) dén C-1' (5¢c 174,7)/C-3" (dc 31,7)/C-4' (dc 133,3); tir
H-3' (0n 2,82) dén C-1' /C-2' (d¢ 37,3)/C-5' (6c 116,4)/C-9’ (dc 120,5) chung t6 hop phan
acyl 1a dihydrocaffeoyl. Sy dich chuyén manh vé phia truong thip cua H-3 (Jn 5,02)
chirng t6 nhom OH tai C-3 bi ester hda bai dihydrocaffeoic acid.

Vé mat hda lap the, tin hiéu singlet caa H-3 va H-21 chitng to hai proton nay dinh
huéng equatorial trong cau hinh dang ghé caa vong A, E twong ng. Ngoai ra, tuong tac
NOESY gitra H-24a (61 3,71) v&i Hga-2 (dn 1,85)/Hpe-3/H3-25 (on 0,82), gitra Hpe-3 V6i
H-2 (0n 1,85; 1,54)/Hs-23 (dn 0,88) cho phép khang dinh hudng a-axial cua 3-OH, g-
axial cua 4-CH>OH. Tuong tu, dinh hudng S-axial cua 21-OH duoc xac lap thdong qua
tuwong tic NOESY Hz-29 (61 0,91)/H-21 (61 3,46) (Hinh 3.28).

T cac lap luan trén két hop véi so sanh sé liéu phd cua hop chat tham khao trong
tai lieu [199], hop chat HPP duoc xac dinh 1a 21,24-dihydroxyserrat-14-en-3a-yl
dihydrocaffeat, con goi la lycophlegmariol A (Hinh 3.26).

Hinh 3.26. Cau trdc héa hec ciia hop chat HPP
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Bang 3.14. S6 liéu phé NMR cia hep chat HPP va hep chat tham khao

Vitri | oc’[199] oca P or® ¢ (mult., J (Hz))
C/H

1 [338 34,9 1,485 1,03 m
2 |266 237 1,857 1,54"
3 |698 75,4 5,02 brs
4 42,4 43,6 -
5 [500 52,5 1,35
6 |195 19,8 1,48's
7 [457 46,5 1,395 1,23 m
8 |384 38,4 -
9 |629 64,2 0,90°
10 [376 39,1 -
11 | 254 26,3 1,81 m; 1,18
12 [276 28,5 2,045 1,18"
13 |574 58,3 1,94°
14 [139,1 139,9 -
15 | 122,8 1234 5355
16 | 246 251 2,02 1,95
17 [438 44,6 1,74°
18 | 364 37,1 -
19 [319 32,4 1,605 1,52
20 |265 26,5 1,975 1,60°
21 | 753 77,0 3,46 brs
22 | 380 38,4 -
23 | 234 227 0,88 s

3,71d (11,5)
24 |68,2 65,3 3.98.d (LL5)
25 |16,3 16,6 0,825
26 | 20,0 20,3 0,86 s
27 | 56,7 57,5 2,32d (14,5); 1,74"
28 | 138 13,9 0,76s
29 | 22,2 22,4 0,91
30 |287 28,4 0,935
1 1733 174,7 ]
2 [368 37,3 2,621 (7,0)
3 [310 31,7 2,82 m
4 [1326 133,3 -
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Vitri | oc?[199] Oca P or® ¢ (mult., J (Hz))
C/H

5 1169 116,4 6,66 d (2,0)

6 | 147,3 146,3 -

7 |145,7 1447 -

8 |1166 116,4 6,68d (8,5)

9 [1197 120,5 6,55 dd (8,5, 2,0)

230 trong CD30D, 125 MHz, ©500 MHz, “tin hiéu chong chdp
5c* ciia hop chdt tham khdo do trong pyridin-d5 [199]

Hinh 3.27. Twong tac HMBC (—) chinh ciia hop chat HPP

V4 OH IR

Hinh 3.28. Twong tac NOESY chinh ciia hop chat HPP
*) Hop chat HP10A: 5-hydroxymethyl-2-furaldehyd

Hop chat HP10A thu duoc ¢ dang dau, mau vang.
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Ph6 'H-NMR chi ra cac tin hiéu dic trung cua 1 proton nhoém carbonyl tai dn 9,56 (s);
2 proton thom tai én 7,40 va 6,60 (d, J = 3,5 Hz) va 2 proton ciaa nhdm oxymethylen tai
on 4,63 (s).

Phé 13C-NMR chi ra 6 tin hiéu carbon. Trong d6 c6 mot s tin hiéu dic trung nhu
carbon carbonyl (6c 179,5), 2 carbon sp? mang oxy tai (5c 153,9; 163,2) va 1 carbon
thuoc nhdm oxymethylen (dc 57,6). Két hop véi viéc so sanh dir liéu phd cua hop chat
tham khao & tai liéu [44], hop chit HP10A duoc xac dinh la 5-hydroxymethyl-2-
furaldehyd, c6 CTPT la CsHeO:s.

Bang 3.15. S6 liéu pho NMR ciia hop chat HP10A va hop chat tham khao

VitriC/H | oc*[44] oc?P on® ¢ (mult., J (Hz))
1 179,5 179,5 9,56s
2 153,91 153,9 -
3 124.8 1248 7.40d (3,5)
4 110,9 110,9 6,60 d (3,5)
5 163,2 163,2 -
6 57,6 57,6 4,63s

8o trong CD30D, 125 MHz, °500 MHz

#oc cua 5-hydroxymethyl-2-furaldehyd do trong CDCls [44]
O

0]
HO \ /
4 3
Hinh 3.29. Cau trdc héa hec ciia hop chat HP10A
*) Hop chdt HP10B: renmanon C
Hop chat HP10B thu duoc dudi dang dau mau vang nhat. Phd khéi luong phan
giai cao HR-ESI-MS cua hop chat HP10B xuat hién pic ion gia phan tir tai m/z bang
189,0513 ( [M+Na]*) cho M = 166,0613 tuong utng vai cong thirc phén tir CoH1003
(tinh theo ly thuyét 12 166,0630).
Ph6 *H-NMR chi ra tin hiéu dic trung cua lién két doi voi cdu hinh (E) tai &
7,43 va 6,60 (d, J =16,0 Hz). Tuong ty nhu hop chat HP10A, hai tin hiéu doublet khac

tai o4 6,81 va 6,47 (J = 3,5 Hz) goi V¥ su hién dién cua di vong 5 canh trong cau tric cuaa
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hop chit HP10B. O vung truong cao, tin hiéu singlet tai on 4,58 dwoc gan cho nhom
oxymethylen, tin hiéu tai on 2,35 1a déc trung cho nhém acetylmethyl.

Ph6 13C-NMR va HSQC cua hop chit nay chi ra 9 tin hiéu cong huéng cua
carbon, bao gdm: 1 nhém methyl, 1 nhém methylen, 4 nhém methin va 3 carbon khong
lien két hydro. Thong qua gia tri 6 chuyén dich hoa hoc ¢6 thé dy doan su c6 mit caa
mot s6 nhom dic trung nhu 1 nhém carbonyl (dc 200,8), 2 carbon sp? mang oxy (dc
163,3 va 151,9). Tuong tic HMBC giita Ha-1 (Sn 2,35)/H-3 (3w 6,60)/H-4 (51 7,43) va
C-2 (¢ 200,8) khang dinh manh cau trdc but-2-on-3-en-4-yl. Hop phan nay dugc gan vao
vong furan tai C-5 théng qua cac tuong tac HMBC gitra H-3/H-4 véi C-5 (oc 151,9), gitra
H-4 véi C-6 (dc 118,6). Tuong tur, nhom oxymethylen dugc dinh vi tai C-8 dua trén cac
twong tic HMBC tai Ha-9 (3 4,58) Vi C-8 (dc 163,3)/C-7 (5c 111,2). Dua vao céc dit liéu
phd va so sanh vai tai lidu tham khao [45], cau tric ciia hop chat HP10B duoc xac dinh 1a
(E)-4-[5-(hydroxymethyl) furan-2-yl] but-3-en-2-on, con cé tén la rehmanon C.

Bang 3.16. S6 liéu pho NMR ciia hop chat HP10B va hop chat tham khio

Vi tri C/H oc"[45] o™ P o ¢ (mult., J (Hz))
1 28,1 272 2,355
2 198,4 200,8 -
3 124,3 124,7 6,60 d (16,0)
4 129,7 131,8 7,43 d (16,0)
5 150,9 151,9 -
6 117,0 118,6 6,81 d (3,5)
7 110,6 111,2 6,47 d (3,5)
8 1573 163,3 -
9 57,7 575 458's

3do trong CD30D, ?125 MHz, 500 MHz
# & cua (E)-4-[5-(hydroxymethyl) furan-2-yl] but-3-en-2-on do trong CDCl3[45]

HO /(EA‘D\
=AY

O

Hinh 3.30. Cau truac héa hec va twong tic HMBC (—) chinh ciia hop chat HP10B
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*) Hop chdt HP10D: Loliolid

Hop chat HP10D thu dugc ¢ dang dau, mau vang. Phé khéi lugng phan giai cao
HRESI-MS xuét hién pic ion gia phan tir tai m/z 197,1171 ([M+H]*) tuong tng Voi
cdng thire phan tir C11H1703 (tinh theo Iy thuyét 1a 197,1099). Do d6, céng thirc phan tir
ctua hop chat HP10D 1a C11H160s.

Phé 'H-NMR chi ra céc tin hiéu dic trung cta 1 proton olefin tai du 5,77 (8), 1
nhom carbinol tai on 4,24 (tt, J1 = 4,0, J2 = 3,0 Hz) va 3 nhém methyl singlet tai on 1,30;
1,49 va 1,78.

Ph6 3C-NMR va HSQC chi ra 11 tin hiéu carbon, gém c6 3 nhém methyl, 2
nhom methylen, 2 nhém methin va 4 carbon khong mang hydro. Trong dé tin hi¢u
carbon carbonyl (é6c 174,4), 2 carbon olefin (6c 185,7; 113,3) va 2 carbon sp® mang oxy
(5c 89,0; 67.,2) duoc ghi nhan dé dang thong qua gia tri &c ciia chiing.

Cac twong tac HMBC giira Hz-10 (o 1,30)/H3-11 (oH 1,49) va C-4 (dc 185,7)/C-
5 (dc 37,2)IC-6 (oc 48,0) ching to nhém gem-dimethyl dinh vi tai C-5. Trong khi do,
tuong tic HMBC tir Hs-12 (Su 1,78) dén C-4/C-8 (dc 46,4)/C-9 (dc 89,0) giup khang
dinh nhdm methyl con lai tai C-9. Proton cia nhdm carbinol tai dn 4,24 ¢ twong tac
HMBC véi C-5 (oc 37,2), C-9 (dc 89,0) nhung khong twong tac vai C-4 cho phép xac
dinh nhém hydroxyl tai C-7. Sy hién dién caa vong y-lacton véi ndi ddi & vi tri a, 8 duoc
khiang dinh qua twong tac tir H-3 (du 5,77) dén C-2 (dc 174,4)/C-4/C-5/C-9 trén pho
HMBC. Piéu nay ciing giai thich cho sy chuyén dich manh vé phia truong thip mot
cach bat thuong cua C-4 (5¢c 185,7). Hon nita, tin hiéu cua H-7 (0w 4,24) xuat hién dudi
dang triplet triplet (tt) voi cac gié tri hang s6 twong tac nhé (J1 = 4,0, J2 = 3,0 Hz) goi y
proton nay dinh huéng equatorial. Tir cac phan tich trén két hop so sanh véi sd liéu phd
& tai liéu tham khao [28], [147], hop chat HP10D duoc nhan dang 1a loliolid.

Bang 3.17. S6 liéu pho NMR ciia hep chat HP10D va hep chat tham khao

VitriC | oc' [27] o> P or° (mult., J (Hz))
1
2 174.4 174.4 i
3 113,3 113,3 5775
4 | 1856 185,7 i
5 371 37,2 i
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Vitri C oc” [27] ocP on® ¢ (mult., J (Hz))
6 48,0 48,0 1,55 dd (4,0; 14,0); 2,01 td (3,0; 14,0)
7 67,2 67,2 4,24 1t (3,0; 4,0)
8 46,4 46,4 1,76%; 2,44 td (3,0; 14,0)
9 88,9 89,0 -
10 31,0 31,0 1,30s
11 26,9 26,9 1,49s
12 27,4 27,4 1,78s
2 trong CD30D, 125 MHz, 500 MHz, * tin hié¢u chdp.
oc* cua loliolid do trong CD30D [27]

Hinh 3.31. Céu truc hda hec va twong taic HMBC (—) chinh cia hep chat HP10D

3.3. KET QUA NGHIEN CUU VE PQC TINH CAP VA TAC DUNG

SINH HOC

3.3.1. Két qua nghién ciru doc tinh cap

Mau thtr duoc chuén bi theo muc 2.2.4.1, tién hanh thir doc tinh cap theo phuong

phéap ghi 6 myc 2.2.4.2.

Két qua do liéu ddc tinh cap theo phuong phap do liéu véi viée sir dung timg cip

2 chudt cho thay liéu 1250 mg/kg gay chét 1 trong 2 chudt, day 13 lidu co so dé tién hanh

pha thanh 5 liéu dé xac dinh lidu gay chét 50% dong vat thuc nghiém (LDso) [6].

Bang 3.18. S6 chudt chét sau 72 gio udng cao chiét & 5 lidu khac nhau

Lo Liéu (mg/kg) | SO0 chudt(n) | So6chudtchét | Ty 1é chét (%)
1 1667 10 10 100

2 1429 10 10 100

3 1250 10 8 80

4 1110 10 3 30

5 1000 10 0 0
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Tir két qua Bang 3.18, sir dung phuong phap xac dinh LDso cua Litchfield —
Wilcoxon [6], [107], xac dinh duoc liéu LDso ctia cao chiét alcaloid toan phan loai Thach
ting dudi ngua dudng uéng trén chudt nhit trang 12 1170 mg/kg (khoang tin cay 95%
cua LDso 1a 1148 mg/kg — 1192 mg/kg), tuong duong 219,38 g duoc liéu khd/kg thé
trong chudt.

Cac biéu hién cua chudt duoc ghi nhan trong 72 gid nghién ctru doc tinh cap bao
gom: sau khi udng cao chiét alcaloid toan phan cua loai Thach tung dudi ngwa, & ngay
thir nhat chudt ¢ hién tuong giam hoat dong, di lai cham chap. O ngay th hai, chuot it
an udng, I dtr, giam van dong, da va niém mac nhot nhat, 16ng hoi dung, mét s6 chuét
bat dau xuat hién tiéu chay. O ngay tha ba, chudt bo dn, nam co cum lai mot chd, tiéu
chay, mot s6 chudt chét. Sau 72h, cac chudt con séng déu hoat dong, an udng binh
thuong tro lai.

3.3.2. Két qua nghién ciru vé tic dung sinh hoc

3.3.2.1. Tdc dung tic ché enzym acetylcholinesterase in vitro

Tir loai Thach tung dudi ngua da phan lap dugc 15 hop chat sach. Trong d6 ¢6 5
hop chat duoc phan lap tir phan doan chiét alcaloid va 10 hop chit duoc phan lap tir
phan doan ethyl acetat (phan doan “non-alcaloid”). Két qua danh gia hoat tinh tc ché
AChE cua cac hop chét duoc trinh bay tai Bang 3.19.

Bang 3.19. Hoat tinh tic ché AChE in vitro ciia cac hop chat tinh khiét

STT Tén hop chat Ky hiéu ICso + SD (uM)
1 Fawcettidin HP1 -
2 Huperphlegmin A HP11A 65,50 + 1,83
3 Huperphlegmin B HP11B 73,55+1,94
4 Phlegmariurin B HP12 -
5 Huperzin A HP13 0,74 £ 0,04
6 Huperphlegmarin A HPA -
7 Lycoxanthol HPB -
8 21B-hydroxyserrat-14-en-3p3-yl acetat HPD -
9 21a-hydroxyserrat-14-en-3B-yl acetat HPI -

10 21a-hydroxyserrat-14-en-33-ol HPJ -

11 Huperphlegmarin B HPH -
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STT Tén hop chat Ky hiéu ICso + SD (uM)
12 Lycophlegmariol A HPP -
13 5-hydroxymethyl-2-furaldehyd HP10A -
14 Rehmanol C HP10B -
15 Loliolid HP10D -
16 Galantamin (Chung duong) 1,15+ 0,04

Ghi chu: “-*: khong cé hoagt tinh.

Két qua Bang 3.19 cho thay mét sé alcaloid c6 tac dung tc ché AChE véi gia tri
ICso tot. Bac biét hop chat huperzin A (HP13) c6 hoat tinh wc ché AChE in vitro manh

V6i ICsp = 0,74 + 0,04 uM, manh hon chting duong galantamin ¢ cung diéu kién thir

nghiém. Hai alcaloid m¢i la huperphlegmin A (HP11A) va huperphlegmin B (HP11B)
c6 hoat tinh ¢ ché AChE véi gié tri 1Cso lan lwot 12 65,50 + 1,83 va 73,55 + 1,94 uM.
Cac hop chat khac chua thé hién hoat tinh Gc ché AChE trong diéu kién thir nghiém nay.

3.3.2.2. Tac dung cdi thi¢n hanh vi nhan thirc va tri nho

Céc thi nghiém duoc thuc hién theo phuong phap ghi & muc 2.2.4.4.

a) Két qua tht nghiém mé 16 chix Y

Két qua danh gia hanh vi trong thir nghiém mé 16 chit Y ctia cac nhém nghién

ctru dugc thé hién ¢ Bang 3.20.

Bang 3.20. Két qua danh gia hanh vi trong thir nghiém mé 16 chir Y

Nhém nghién ciru Tong s6 l?ul di vao Ph?m tr{}{n van dong
cac canh (X SD) luan phién (X + SD)
Nhom ching sinh 1y (1) 16,00 + 4,37 85,21 + 17,60
Nhom scopolamin (2) 51,10 + 25,02 55,70 + 19,92
T1 (50 mg/kg) (3) 36,30 + 24,96 64,29 + 23,03
T2 (100 mg/kg) (4) 18,80 + 13,59 76,48 + 24,13
T3 (150 mg/kg) (5) 23,50 £ 6,11 86,33 £ 11,84
Donepezil (5 mg/kg) (6) 24,40 £ 13,18 80,23 £ 14,65
p(1-2)<0,001 p(1-2)<0,05
p p(6-2)<0,1
p(4,5,6-2)<0,05 p(5-2)<0.01

Két qua & Bang 3.20 cho thay:

- Tong sb 1an di vao cac canh ciia mé 19 chir Y: Str dung phuwong phép so sanh
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phuong sai mot nhan t6 (One-way ANOVA) cho thdy c6 su khac biét co y nghia thong
ké vé tong s6 1an di vao cic canh & cac nhém nghién ciru [F(5,59) = 6,226, p = 0,000].
Phan tich sau (post-hoc) cho thay téng s6 1an di vao cac canh & nhém tiém scopolamin
tang c6 ¥ nghia thong ké so voi nhém ching (Tukey test, p <0,001). Nguoc lai, khi sir
dung mau nghién ciru véi lidu 100 mg/kg va 150 mg/kg ciing nhu diéu tri bang donepezil
lidu 5 mg/kg, tong s 1an di vao cac canh déu giam c6 y nghia thong ké so voi nhom
tiém scopolamin (Tukey test, p<0,05).

- Phan trim vén dong ludn phién & cac nhom nghién ctiru: Phuong phéap phan tich
phuong sai mot nhan té cho thiy c6 sy khac biét c6 y nghia thong ké vé phan traim van
dong luan phién ¢ cdc nhom nghién ctru [F(5,59) = 4,135, p = 0,003]. Phan tich sau
(post-hoc) cho thiy phan trim van dong luan phién ¢ nhom tiém scopolamin 1a thap hon
¢ y nghia thong ké so véi nhom chung (Tukey, p<0,05). Khi sir dung mau nghién ciru
va donepezil, phan trim van dong luan phién ting dan. Tuy nhién, chi c6 phan trim van
dong luan phién & nhom chudt udng mau nghién ctiru véi lidu 150 mg/kg 1a co su khéac
biét c6 ¥ nghia théng ké (Tukey test, p<0,01) va donepezil liéu 5 mg/kg 1a tién t6i ¥
nghia thong ké (Tukey test, p<0,1) so véi nhom tiém scopolamin.

b) Két qua o thir nghiém nhan thirc d6 vat

*) Ty 1¢ phan tram thoi gian khdam phd do vit ¢ pha luyén tap:

Bang 3.21 thé hién két qua vé ty 18 thoi gian kham pha cac dd vat cta chudt &
pha luyén tap. Phuong phéap thong ké so sanh gia tri trung binh str dung kiém dinh paired-
sample t-test cho thay khong c6 su khac biét c6 ¥ nghia thdng ké vé thoi gian kham pha
giira hai d6 vat ¢ tit ca cdc nhom nghién ctru (p>0,05).

Bang 3.21. Thoi gian kham pha do vat ¢ pha luyén tap

, A Ty 1€ % thai gian kham pha (%)

Nhom nghién cau Vat Al Vat A2 p
Nhom ching sinh ly 49,63 + 11,62 50,37 + 11,62 0,922
Nhom scopolamin 50,11 + 19,68 49,89 + 19,68 0,986
T 1 (50 mg/kg) 47,74 £ 9,53 52,26 + 9,53 0,473
T 2 (100 mg/kg) 46,73 + 19,57 53,27 + 19,57 0,610
T 3 (150 mg/kg) 48,63 + 10,36 51,37 + 10,36 0,685
Donepezil (5 mg/kg) 55,68 + 20,45 44,32 + 20,45 0,403
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*) T I¢ phén trdm thoi gian khdam phd dé vat 6 pha kiém tra:

Bang 3.22. Ty 1¢ phén trim thoi gian kham pha dé vit ¢ pha kiém tra

Ty Ié¢ % thei gian kham pha (%)

Nhom nghién ciru Vit cii (A) Vat méi (B) p
Nhém chirng sinh ly 39,24 + 21,48 60,76 + 21,48 0,025
Nhom scopolamin 46,59 + 11,52 53,41 + 11,52 0,373
T 1 (50mg/kQ) 42,67 + 12,36 57,33+ 12,36 0,094
T 2 (100mg/Kkg) 38,75 + 22,98 61,25 + 22,98 0,033
T 3 (150mg/kg) 33,95 £ 20,49 66,05 £ 20,49 0,035
Donepezil (5 mg/kg) 34,16 + 20,18 65,84 + 20,18 0,035

Két qua vé ty 1& phan tram thoi gian kham pha dd vat & pha kiém tra thé hién ¢

Bang 3.22 cho thay, & nhém chtng sinh 1y chudt c¢6 xu huéng tang thoi gian kham pha

vo1 d6 vat méi, cao hon c6 ¥y nghia thong ké so voi thoi gian kham pha do vat ci

(p<0,05). O nhom tiém scopolamin, thdi gian kham pha giita hai d6 vat cii va d6 vat mai

1a khong khac biét co y nghia thong ké (p>0,05). Khi st dung mau nghién ctru, thoi gian

kham pha d6 vat mdi cao hon cé ¥ nghia thong ké so v&i do vat cii duoc thiy & nhém

str dung mau nghién ctru liéu 100 mg/kg, 150 mg/kg va donepezil liéu 5 mg/kg (p<0,05).

¢) Két qua & thir nghiém mé 16 nugc Morris

*) Thei gian tiém (théi gian chuét boi dén bén dé):

Bang 3.23 thé hién thoi gian tiém (thoi gian chudt boi dén bén dd) & cac nhom

nghién ctru trong cac ngay tir ngay 1 dén ngay 7.

Bang 3.23. Thoi gian tiém tir ngay 1 dén ngay 7

Nhom Théi gian tiém (X  SD, gidy)
Chung | Scopol- T1 T2 T3 Donepezil
. - . 50 100 150
Théi gian sinh ly amin me/kg me/kg me/ke S mg/kg
Ngay 1 4795+ | 4794+ | 4936+ | 50,09+ | 4831+ 44,89 +
14,93 13,15 6,56 7,92 10,73 15,53
Ngay 2 4109+ | 4580+ | 4887+ | 42,72+ | 4330 39,46 +
17,61 10,61 8,52 11,03 12,44 12,90
Ngay 3 40,39+ | 46,16 £ | 47,72+ | 4252+ | 36,68 = 39,84 £
11,14 12,46 7,33 9,80 10,90 10,49
Ngay 4 3252+ | 4754+ | 36,15+ | 34,98+ | 30,04+ 29,39 +
16,17 9,69 10,76 11,77 9,52 11,53
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Nhom Theoi gian tiém (X £ SD, gidy)
Ching | Scopol- T1 T2 T3 Donepezil
. , . 50 100 150
Théi gian sinh ly amin mg/kg me/kg mg/kg 5 mg/kg
Ngay 5 2650+ | 4293+ | 3563+ | 3793+ | 31,89+ 26,62 +
15,21 8,51 11,42 10,58 14,66 12,13
Ngay 6 2484+ | 4445+ | 4061+ | 32,83+ | 2290+ 21,15+
15,96 15,12 15,95 10,70 8,08 7,86
Ngay 7 2444+ | 43,83+ | 39,92+ | 3521+ | 18,06 23,69 +
16,48 10,97 10,42 14,55 11,40 8,92

Két qua & Bang 3.23 thé hién thoi gian tiém (thoi gian boi dén bén ) & cac
nhém nghién cizu trong 7 ngay thir nghiém. Phan tich bang phuong phéap so sanh phuong
sai hai nhan t6 c6 lip (repeated two way ANOVA) cho thay cd su khéc biét vé thoi gian
tiém gitta 6 nhém nghién cau [F(5,54)=10,154, p<0,001]. Phan tich sau (post-hoc) cho
thay thoi gian tiém caa nhém chudt duge tiém scopolamin cao hon c6 ¥ nghia thong ké
so v&i nhém ching sinh ly (Tukey test, p<0.001). G nhdm chudt uéng mau nghién cau
licu 150 mg/kg, thoi gian tiém ngan hon c6 y nghia théng k& so v&i nhom tiém
scopolamin (Tukey test, p<0,001). Khi diéu tri bang donezepil liéu 5 mg/kg, thoi gian
tiém ciing ngan hon c6 ¥ nghia thong ké so véi nhom tiém scopolamin (Tukey test,
p<0,001). Cu thé & tirng ngay thi nghiém nhu sau:

- O nhém chung sinh ly, thoi gian tiém ¢ ngay tha 4, ngay thir 5, ngay tht 6
va ngay tha 7 giam c6 ¥ nghia thong ké so véi ngay thir nhét (p<0,05 va p<0,01).

- O nhém tiém scopolamin, khdng cé su khac biét vé thoi gian tiém giira cac
thoi diém nghién ciu (p>0,05).

- 0 nhém T1 (sir dung mau nghién cau liéu 50 mg/kg), khong co su khac biét
vé thoi gian tiém giita cac thoi diém nghién cau (p>0,05).

- 0 nhém T2 (st dung mau nghién cau lidéu 100 mg/kg), thoi gian tiém & ngay
thit 6 giam c6 ¥ nghia théng ké so vai ngay tha nhat (p<0,05).

- O nhém T3 (str dung mau nghién ctu liéu 150 mg/kg), thoi gian tiém & ngay
thir 4, ngay thir 6 va ngay thi 7 giam c6 y nghia théng ké so véi ngay thir nhat (p<0,01).

- O nhém ching duong (st dung Donezepil licu 5 mg/kg), thoi gian tiém & ngay
thtr 4, ngay thir 6 va ngay thi 7 giam co ¥ nghia théng ké so véi ngay thir nhat (p<0,05).
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*) Quing dwong chugdt boi dén bén dé:

Bang 3.24. Quing dwong chudt boi dén bén dd

Nhom Quing duwdng chudt boi dén bén d§ (X + SD, m)
) T1 T2 T3 .
Chirng | Scopol- (50 (100 (150 Donepezil
Thoi gian inh Iy i 5 mg/k
Sy amm mg/kg) | mg/kg) | mg/kg) S me'ke)
Ngay 1 786+ | 8,75 9,20 + 9,08 + 9,23 +
8,98 + 3,67
2,21 2,54 2,16 1,54 1,43 ’ ’
Ngay 2 6,73+ | 7,98+ 9,46 + 7,63 + 8,39 +
+3/4
2,72 1,37 1,68 1,81 2,36 8,:30£3,40
Ngay 3 741+ | 8,48+ | 844+ 8,07 + 7,50 +
+
2,34 1,90 1,14 1,55 2,26 8,35£2%0
Ngay 4 566+ | 956 7,07 = 7,42 + 7,04 +
1+154
3,12 2,63 2,22 2,37 1,91 6.0 -
Ngay 5 462+ | 815+ 6,49 + 7,20 = 6,72 +
5,87 2,32
2,76 2,44 2,05 2,95 2,64 ’ ’
Ngay 6 464+ | 905 7,00 £ 5,96 + 541+
5,15+1,35
3,14 2,86 2,78 2,39 2,44 ’ ’
Ngay 7 420+ | 8,73+ 7,36 + 6,49 + 4,32 +
19+ 222
2,40 1,83 1,27 2,69 2,49 619x2,

Bang 3.24 thé hién két qua vé quang dudng chudt boi dén bén dd. Phan tich bang
phuong phép so sanh phuong sai hai nhan t6 c6 lap (repeated two way ANOVA) cho
thdy c6 su khac biét vé quing duong boi dén dich gita 6 nhoém nghién cau
[F(5,54)=7,58, p<0,001]. Phan tich sau (post-hoc) st dung kiém dinh Tukey cho thay
quing duong boi dén bén dd & nhdm chudt tiém scopolamin dai hon ¢6 ¥ nghia thong
ké so véi nhom ching sinh 1y (Tukey test, p<0,001). Quing duong boi dén dich & nhém
chudt dugc udng mau nghién ciu lidu 150 mg/kg va donepezil 5 mg/kg ngan hon cé y
nghia thong ké so vai nhom tiém scopolamin (Tukey test, p<0,01 va p<0,05). Cu thé &
ting ngay thi nghiém nhu sau:

- O nhém chimg sinh 1y, quing dudng boi dén chan dé ¢ ngay thir 7 giam ¢ y nghia
thdng ké so vai ngay thir nhat (p<0,05).

- O nhém tiém scopolamin, khong c6 su khac biét co ¥ nghia thong ké vé quang
duong boi dén chan dé gitra cac ngay thuc hién bai tap (p>0,05).
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- O nhém T1 va T2 (sir dung mau nghién ciu liéu 50 va 100 mg/kg): khdng co su
khéc biét c6 ¥ nghia thong ké vé quing dudng boi dén chan dé giira cac ngay thuc hién
bai tap (p>0,05).

- O nhém T3 (str dung mau nghién ciu lidu 150 mg/kg): quing dudng boi dén chan dé
& ngay 6 va ngay thir 7 giam co ¥ nghia thdng k& so vai ngay thir nhat (p<0,05).

- O nhém ching duong, quing dudng boi dén chan dé & ngay 4 va ngay tha 6 giam
c¢6 ¥ nghia thong ké so vai ngay thu nhat (p<0,05).

*) Thoi gian chugt boi 6 goc phdn tw dit bén dé trwée dé 6 ngay thir 8:

Bang 3.25. Thoi gian boi & goc phan tw dit bén d6 trwée d6 6 ngay 8

Nhom nghién ctru Thoi gian chudt boi trong goc phan tw dat
bén dd truéce dé & ngay 8 (X + SD, giay)
Nhém chung sinh ly (1) 32,17 + 14,86
Nhém scopolamin (2) 11,34 £ 5,05
T 1 (50 mg/kg) (3) 17,63 + 11,56
T 2 (100 mg/kg) (4) 36,37 + 13,46
T 3 (150 mg/kg) (5) 33,74 +7,88
Donepezil (5 mg/kg) (6) 35,61 +7,16
p(1-2) < 0,001
P 0(4,5,6-2) < 0,001

Bang 3.25 thé hién ty 18 thoi gian chudt boi ¢ goc phan tu dit bén dd trude d6 o
ngay thir 8. Str dung phuong phap so sanh phuwong sai mot nhan tb cho thay c6 su khac
biét co ¥ nghia théng ké vé thoi gian chudt boi & goc phan tu dit bén db trude do gitra
cac nhom nghién ctu [F(5,59) = 10,019, p = 0,000]. Phan tich sau (post-hoc) sir dung
kiém dinh Tukey cho thay thoi gian chudt boi & géc phan tu dat bén db trude d6 & nhom
tiém scopolamin giam c6 ¥ nghia théng ké so véi nhém chang sinh Iy (p<0,001). Sau
khi str dung mau nghién ciu, thoi gian boi ¢ viing dat bén dd trude do ting c6 ¥ nghia
théng ké so véi nhom tiém scopolamin dwoc thidy & nhém chuét st dung mau nghién
ctru véi lieu 100 mg/kg va lidu 150 mg/kg, twong dwong véi donepezil vai liéu 5 mg/kg
(p<0,001).

107



3.3.2.3. Tdc dung iic ché hoat dpng AChE in vivo
Thi nghiém duoc tién hanh nhu muc 2.2.4.5. Két qua nghién ctru duoc ghi ¢
Bang 3.26.
Bang 3.26. Hoat d9 ciia AChE & hdi hai ma

, A, Hoat @9 AChE
Nhom nghién ctru - ,
(X + SD, mmol/mg/phat)
Nhom chuang sinh ly (1) 39,53 + 16,69
Nhom scopolamin (2) 60,94 + 17,20
T 1 (50 mg/kg) (3) 57,41 + 16,11
T 2 (100 mg/kg) (4) 42,74 + 14,28
T 3 (150 mg/kg) (5) 37,41+ 10,19
Donepezil (5 mg/kg) (6) 40,23 £ 14,98
p(1-2)<0,05
P 0(5,6-2)<0,05

Bang 3.26 thé hién hoat do cua AChE & hoi hai ma ctia chudt thi nghiém. Str dung
phuong phap so sanh phuong sai mot nhan té cho thiy c6 su khac biét c6 ¥ nghia thong
ké vé hoat 46 cia AChE ¢ hoi hai ma giira cac nhom nghién ciru [one way ANOVA,
F(5,59) = 4,468, p = 0,002]. Phan tich sau (post-hoc) bang kiém dinh Tukey cho thay
hoat d6 ctia AChE héi hai ma & nhom tiém scopolamin 14 cao hon ¢6 y nghia thong ké
so v6i nhém chimg (p<0,05). Khi sir dung mau nghién ctru, hoat d6 ciia AChE hdi hai
mi giam ¢ ¥ nghia thong ké so v4i & nhom tiém scopolamin dugc thiy & nhom ding
lidu 150 mg/kg (p<0,05) va tién tdi ¥ nghia thong ké & nhom dung mau nghién ctu lidu
100 mg/kg (p<0,1). Két qua diéu tri bang donepezil liéu 5 mg/kg ciing 1am giam hoat

d6 cia AChE ¢ hoi hai ma so véi nhom tiém scopolamin (p<0,05).

3.3.2.4. Két qua vé hoat tinh chéng lio suy

Thi nghiém dugc thuc hién theo phuong phap ghi & muc 2.2.4.6.

a) Nong ¢6 MDA huyét tuong

Két qua do ndng d6 MDA huyét twong & cac nhém chudt dugc trinh bay ¢
Bang 3.27.
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Bang 3.27. Nong d9 MDA huyét twong

, e Nong dd MDA huyét twong

Nhom nghién ctru (X +SD, mmol/L)
Nhém chung sinh Iy (1) 1,65 + 0,07
Nhém D-glactose (2) 1,96 + 0,23
T 1 (50 mg/kg) (3) 1,56 £ 0,08
T 2 (100 mg/kg) (4) 1,74 £0,16
T 3 (150 mg/kg) (5) 1,73+0,12
Vitamin E 50 mg/kg (6) 1,60 £ 0,20
p(1-2)<0,01

P 0(3,4,5,6-2)<0,05

Béng 3.27 thé hién su thay d6i nong ¢ MDA huyét twong & cac nhom nghién
ctru. Str dung phuong phap so sanh phuong sai mot nhan td cho thay c6 su khéc biét co
y nghia théng ké vé nong do MDA huyét twong gitta cdc nhom nghién ctru [F(5,59) =
8,325, p = 0,000]. Phan tich sau (post-hoc) str dung kiém dinh Tukey cho thiy nong do
MDA huyét trong & nhom tiém D-glactose 1a cao hon c6 ¥ nghia thong ké so v6i nhém
chung sinh 1y (p<0,01). Diéu tri bang Vitamin E lam giam néng d6 MDA huyét tuong
¢ y nghia théng ké so v6i nhom tiém D-galactose (p<0,001). Su giam nong do MDA
huyét twong so voi nhém tiém D-galactose ciing thiy & ca ba nhom chudt st dung mau

nghién ctru véi lidu 50, 100 va 150 mg/kg (p<0,05 va p<0,001).
b) Nong d6 SOD huyét twong

Sy khac nhau vé ndong d6 SOD huyét trong & cac nhom nghién ciru dugc thé

hién & Bang 3.28.
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Bang 3.28. Nong d6 SOD huyét twong

. A Nong d9 SOD huyét twong
Nhom nghién ctru (X « SD, ng/ml)
Nhém chung sinh ly (1) 79,18 + 10,73
Nhém D-glactose (2) 64,70 = 8,15
T 1 (50 mg/kg) (3) 73,18 +7,80
T 2 (100 mg/kg) (4) 75,67 £ 5,94
T 3 (150 mg/kg) (5) 81,32 £ 13,40
Vitamin E 50 mg/kg (6) 78,63 + 13,41
p(1-2)<0,05
P n(5,6-2)<0,05

St dung phuong phéap so sanh phuong sai mot nhan t6 cho thay cé su khac biét
c¢6 ¥ nghia thong ké vé ndng d6 SOD huyét twong giita cac nhom nghién ctru [F(5,59) =
3,375, p = 0,010]. Phan tich sau (post-hoc) sir dung kiém dinh Tukey cho thay nong do
SOD huyét twong & nhom tiém D-galatose giam c6 ¥ nghia théng ké so v6i nhém chimg
(p<0,05). Piéu tri bang vitamin E, ndng d6 SOD huyét tuong ting c6 y nghia thong ké
so v6i nhom tiém D-galactose (p<0,05). Sir dung mau nghién ctru lidu 150 mg/kg, nong
d6 SOD huyét turong ting véi su khac biét co ¥ nghia thong ké so v6i nhém tiém D-
galactose (p<0,01)

¢) Nong do GSH-Px huyét twong

Bang 3.29. Nong d6 GSH-Px huyét twong

. L Nong 0 GSH-Px huyét twong
Nhém nghién ciru (X £ SD, pg/ml)
Nhom ching am (1) 71,30 £ 4,56
Nhém D-glactose (2) 63,60 + 3,87
T 1 (50 mg/kg) (3) 67,14 + 5,68
T 2 (100 mg/kg) (4) 73,24 + 2,88
T 3 (150 mg/kg) (5) 71,69 + 8,23
Vitamin E 50 mg/kg (6) 69,60 + 6,60
0(1-2)<0,05
P p(4,5-2)<0,05

Bang 3.29 thé hién sy khac biét vé nong d6 GSH-Px huyét twong giira cac nhém
nghién ciru. Két qua cho thay co su khac biét co y nghia théng ké vé nong d6 GSH-Px
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huyét tuong gitta cac nhom nghién ctru [F(5,59) = 3,987, p = 0,004]. Phén tich siu (post-
hoc) st dung kiém dinh Tukey cho thiy nong d6 GSH-Px huyét twong & nhém tiém D-
Galactose thap hon c6 y nghia thong ké so v6i nhoém chimg (p<0,05). Nguoc lai, & nhém
stt dung mau nghién ctru lidu 100 mg/kg va lidu 150 mg/kg, ndng d6 GSH-Px huyét
tuong ting c6 ¥ nghia thong ké so véi nhom tiém D-Galactose (p<0,01 va p<0,05).
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CHUONG 4: BAN LUAN

4.1. VE PAC PIEM THUC VAT LOAI HUPERZIA PHLEGMARIA
(L.) ROTHM.

Chi Huperzia Bernh. ¢ khoang hon 400 loai, phan bé rong khip trén thé gii.
Ké tr nim 1986, khi Liu va cong sy phat hién ra kha ning Gc ché enzym
acetylcholinesterase cua huperzin A va huperzin B phéan Iap tir cdy Thach tung rang cua
(Huperzia serrata) thi cac loai thuoc chi Huperzia Bernh. da thu hat sy quan tdm cua
nhiéu nha khoa hoc [36], [110], [116], [183], [205]. CAy Thach tung dudi ngya Ia mot
loai thuoc chi Huperzia Bernh., phan bé rong ¢ nhiéu khu vyc trén thé gigi nhu Pong
Nam A, An D9, Chau Phi, Trung Quéc, Nhat Ban va Dai Loan, Nepal, Nam My [217],
[219]. Cay c6 vi nhat, tinh mat, cd tac dung thanh nhiét chi théng, théng kinh trir thap,
duoc dung 1am thudc tri dau hong, thity thiing, don ng ton thuong, sét thap khop [4],
[119]. Trén thé gidi da c6 mot s6 nghién ciu vé thanh phan héa hoc cua cay Thach ting
dudi ngya, tuy nhién tai Viét Nam cho téi nay chua c6 nghién ciru nao vé loai nay. Do
d6, Thach tung dudi ngya 1a dugc liéu tiém ning, can duoc nghién ciru sau va day da vé
thanh phan héa hoc ciing nhu tac dung sinh hoc nham tao co s cho viéc khai thac va sir
dung ngudn duoc liéu sin co trong nude theo hudng diéu tri bénh Alzheimer. Luan an

la céng trinh nghién ciru dau tién vé cay Thach tung dudi ngwa tai Viét Nam.

Sy phan nhom ddi véi cac loai thudc ho Lycopodiaceae dua vao dic diém khac
nhau vé dang song, thé giao tir va dic diém bao tir [79], [138-140], [142]. Tuy nhién,
cho dén nay, quan diém vé phan nhom d6i véi cac taxon thudc ho nay van chua dat duoc
sy théng nhat véi nhiéu quan diém phan loai khac nhau [124]. Mot s6 quan diém phan
loai thuong duoc st dung trong cac cong bd khoa hoc nhu: Hé théng phén loai cua
Ching (1978) [38], hé théng phan loai cua Holub (1985) [80], hé théng phan loai cla
@llgaard (1987) [140], [142], hé théng phén loai ciia Wagner va Beitel (1992) [188], va
hé théng phén loai ho Lycopodiaceae dé xuat boi nhom PPG (2016) (The Pteridophyte
Phylogeny Group) [26]. Trong dé, hé thong phan loai cua @llgaard (1987) 1a hé thong
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phan loai dwgc chip nhan rong réi nhat trén thé gigi [23], [121]. Do quan diém vé phan
loai chura thong nhat nén khéa phan loai cic loai trong chi Huperzia Bernh. & cac quc
gia, khu vuc cling khac nhau: Thuc vat chi Trung Quéc dua theo hé théng phan loai ciia
Ching (1978) [219]. Thuc vat chi Dai Loan, Thai Lan, Uc theo hé thng phén loai cua
@llgaard (1987) [227], [229], [230]. Thuc vat chi Bic My va mét sé nudc chau Au theo
hé théng phén loai cia Wagner va Beitel (1992) [228].

Tai Viét Nam chua tai liéu nao dé cap dén khoa phan loai céac loai thudc ho
Lycopodiaceae. Theo tac gia Pham Hoang HO (1999) va V6 Vian Chi (2012), ho nay
phan bd ¢ Viét Nam c6 3 chi gém: Lycopodiella Holub., Lycopodium L. va Huperzia
Bernh, trong d6, loai Huperzia phlegmaria thugc chi Huperzia Bernh (theo hé théng
phan loai cua @llgaard (1987)). Su chua thong nhét vé quan diém phan loai nhu trén gay
ra khé khin nhét dinh trong viéc dinh tén khoa hoc cua loai nghién ciu. Trén thuc té,
qua trinh giam dinh tén khoa hoc cua loai nghién citu cha yéu dua vao tham khao théng
tin trong céc tai liéu ctia Vo Van Chi (2012) [4], Pham Hoang H6 (1999) [9], thuc vat
chi Trung Quédc (2013) [219] va két qua nghién ctru cua tac gia Yumkham S.D va cong
su (2011) [217].

Thuc vat chi Trung Quéc (2013) mé ta loai Phlegmariurus phlegmaria (L.)
Holub) (tén dong nghia 1a Huperzia phlegmaria (L.) Rothm): Loai thong dat
(Phlegmariurus phlegmaria (L.) Holub) ¢6 kich thudc trung binh. Than dai, manh, moc
thanh bui, budng théng, chia nhanh 4-6 lan, nhanh chinh dai 20-40 cm, dudng kinh
khoang 3 mm. L& va than tao thanh mat phang hoic gan nhu phang (khéng tao thanh
hinh xoén 4c¢), 14 d& bién doi hinh dang. La dinh dudng moc xién gan thang vao than,
bong, hinh trimg, kich thudc dai 5-10 mm, réng 3-5 mm, hinh tim hoic gan nhu hinh
tim, gan rd, cudng ngan dé thay, bia l4 nguyén. Bao tir moc & nhéanh bao tir, thang, dai
€ 9-14 cm. L& bao tor moc thua, hinh trimg, kich thudc 1,2 x 1 mm, gan rd, bia nguyén,

dinh nhon. Bao tir mau vang, hinh than, no thanh hai manh [219].
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Niam 2011, Ymkham S.D va cong su di tién hanh nghién ciru dic diém hinh thai
bao tur cuia loai Huperzia phlegmaria va so sanh véi diac diém loai Huperzia squarrosa
thu hai tai Manipur, An Dd. Theo mé ta cAc tac gia nay, lodi Huperzia phlegmaria cé than
thdng, dai khoang 80 cm, chia nhanh Iudng phéan. La xoan tam giac hoac hinh trirng, kich
thudc 1,5 X 2 cm, trai rong, mau xanh 14 dam, ¢ cudng ngan, bia nguyén. Bao tir nam &
ngon nhanh, nhanh bao tir ¢6 thé ludng phan, nhé va mém, tap hop thanh cum. L& bao tu
khéng cd cudng. TGi bao tir hinh tron hay hinh qua I8, c¢6 thé phan biét duoc cudng Véi
than tai bao tir, khi chin co thé nat theo dudng ndam ngang. Bao tir ¢o kich thude 37 x 35

um, hinh khéi t& dién 4 goc, mdi goc khdng qué 130°, mau trang hoi vang [217].

Tai liéu Cay co Viét Nam cia Pham Hoang Ho (1999) [9] va Tur dién cay thudce
Viét Nam ciia V3 Van Chi (2012) [4] m6 ta dic diém thyc vat loai Thach ting dudi ngua
(Huperzia phlegmaria (L.) Rothm.): Cay thao phu sinh co than théng, dai tir 30-100 cm,
1-4 lan ludng phan, to 3 mm. L& hinh xoan tam giac, rong nhat ¢ goc, dai 6-13 mm gan
thang vao than. Chly & ngon nhanh, dai dén 16cm, 14 bao tir nho, dai ¢ 1 mm, cing ¢&
vai tdi bao tu. Tui bao tir no thanh hai manh nhu nhau.

Mo ta vé thyc vat cho thdy hau hét cac dic diém hinh thai cua loai nghién ctru
pht hop véi cac tai liéu di cong bd. Mau ciy nghién ciru ¢6 mot sé dic diém hinh thai
noi bat gilp nhan biét dé phan biét vai cac loai khac thuoc chi Huperzia Bernh. nhu: 14
hinh tring hoi tam giac, ¢6 gan chinh rd, mép 14 nguyén, dinh I1a nhon, gdc 14 tron hoi
cut, cudng 14 ngan. Bong 14 bao tir & dinh canh, 14 bao tir sap xép d6i chéo chit thap, hinh
tuong tu nhu 14 sinh dudng nhung kich thuéc nho hon nhiéu lan, dinh nhon; hat bao tir
phan ba nhanh 15i hinh khéi tam giac. Mau nghién ciu duoc Tién si Nguyén Thé Cuong,
Vién Sinh thai va tai nguyén sinh vat, Vién Han 1am Khoa hoc & Cong nghé Viét Nam
giam dinh tén khoa hoc la Huperzia phlegmaria (L.) Rothm.

So voi nhimg dic diém néu trong tai liéu tham khao, nghién ctru ndy di mo ta
day di va chi tiét hon vé dic diém hinh thai caa cay Thach tung dudi ngua (Huperzia

phlegmaria). Ngoai ra, luan an 13 tai liéu dau tién mo ta dic diém giai phau vi hoc cua
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than, 14 va dic diém bot 14 va than cua loai nghién ciru gbp phan nhan biét va tiéu chuén
hoa duoc licu.

Viéc dinh danh tén khoa hoc ciing nhu cac mo ta chi tiét vé dic diém hinh thai
ctia loai Thach ting dudi ngua (Huperzia phlegmaria) khing dinh cac cong bd vé hoa
hoc va tac dung sinh hoc c6 ngudn gbc 16 rang. Cac két qua nghién ciru vi hoc cung cép
thong tin khoa hoc gop phan xay dung co sé dir liéu cho viéc phan loai va hd tro cong

tac tiéu chuan hoa duoc lidu.

4.2.VE THANH PHAN HOA HQOC LOAI HUPERZIA PHLEGMARIA
(L.) ROTHM.

Nhu da tong hop tai liéu & phan tong quan, cho dén nay c6 kha nhiéu nghién cau
vé thanh phan hoéa hoc cua cac loai thuoc chi Huperzia Bernh. Mic du véi s6 lugng
khoang hon 400 loai, cac nghién citu chu yéu dugc thuc hién trén 16 loai, bao gom: H.
serrata, H. selago, H. miyoshiana, H. chinense, H. saururus, H. lucidulum, H.
phlegmaria, H. sieboldii, H. yunnanensis, H. fargesii, H. carinata, H. squarrosa, H.
tetrasticha, H. goebelii, H. fordii va H. henryi., d3 phan 1ap va xac dinh ciu tric hoa
hoc cua khoang 242 hop chat thuéc cac nhom chinh nhu alcaloid, terpenoid va
flavonoid. Riéng d6i véi loai Huperzia phlegmaria, tir nim 1971 dén nam 2016 c6 9
cong trinh cdng bé vé thanh phan hda hoc, di phan 1ap va xac dinh cau trdc hda hoc cua
39 hop chat thuoc cac nhom alcaloid (16 hop chat) va terpenoid (23 hop chat). Céc
nghién ctiu vé loai nay duoc tién hanh chia yéu bai cac nha khoa hoc Nhat Ban va Trung
Quéc. Tai Viét Nam chua c6 nghién ciru nao vé thanh phan héa hoc cua loai Huperzia
phlegmaria, vi vay, két qua ciia luan an 1a nhitng cong bd dau tién vé thanh phan hoa
hoc cua loai nay thu hai tai Viét Nam.

Hién nay, trong linh vyc nghién cttu hoa thyuc vat, phuong phap nghién ctru phéan
lap hop chat ty nhién theo dinh huéng tac dung sinh hoc dwoc st dung kha pho bién.
Phuong phap nay c6 uu diém Ia tim kiém cac hop chét c6 hoat tinh véi xac suat thanh
cong cao hon ddng thoi tiét kiém duoc chi phi va thoi gian nghién ciu. Khi p dung
phuong phap nay, dua trén két qua sang loc tac dung rc ché AChE in vitro cua cac cao

phan doan, luan &n di dinh hudéng qua trinh nghién ctru thanh phan hoéa hoc cua phan
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doan alcaloid (1a phan doan cho tac dung wc ché AChE in vitro manh nhit). Ngoai ra,
v6i mong mubn nghién ctiu tim kiém cac chat méi ngoai alcaloid (“non alcaloid”) cua
loai Thach tung dudi ngua, luan &n tién hanh phan 1ap cac hop chat tir phan cao chiét
alcaloid toan phan va ca phan can sau khi da chiét alcaloid.

4.2.1. Vé két qua dinh tinh

Két qua dinh tinh cho thiy thanh phan héa hoc cic nhom chét co trong dich chiét
methanol ctia loai Thach ting dudi ngwa gdm c6: Flavonoid, saponin, coumarin, tanin,
alcaloid, chat béo, steroid, carotenoid, dudng khir, acid amin va polysaccharid. Nném
glycosid tim, anthranoid va acid hitu co khong tim thay trong thanh phan héa hoc cua
loai ndy. Cac nhom hop chat trén déu phu hop véi cac cong bd vé thanh phan héa hoc
ctiia mot so loai thuoc chi Huperzia Bernh. [36], [123], [205].

4.2.2. V& két qua phén 1ap va xac dinh ciu tric cac hop chit

Tir than va 14 cua loai Thach tung dudi ngua, bang cac phuong phap sac ky, luan
an da phan 1ap duoc 15 hop chét sach ky hiéu la HP1, HP11A, HP11B, HP12, HP13,
HPA, HPB, HPH, HPD, HPI, HPJ, HPP, HP10A, HP10B va HP10D. Dya vao cac hing
s6 vt ly, phd khédi lugng (ESI-MS), phd khéi lugng phan giai cao (HR-ESI-MS), phé
cong huang tir hat nhan mot chiéu, hai chiéu (NMR) va d6i chiéu véi cac tai liéu tham
khao, dd xac dinh duoc cau tric cua 15 hop chat (Hinh 4.1).

e
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Huperphlegmin A (HP11A) Huperphlegmin B (HP11B)
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Hinh 4.1. C4u trac héa hec cia 15 hep chat phan lap dwoc tir
cay Thach tung dudi ngua

Trong 15 hop chat phan lap duoc c6 5 hop chat thuoc nhom alcaloid (fawcettidin,
huperphlegmin A, huperphlegmin B, phlegmariurin B, huperzin A), 3 hop chat thudc
nhom diterpenoid (huperphlegmarin A, huperphlegmarin B, lycoxanthol), 4 hop chat 1a

117



triterpenoid (21p-hydroxyserrat-14-en-35-yl acetat, 21a-hydroxyserrat-14-en-34-yl
acetat, 21a-hydroxyserrat-14-en-34-ol, lycophlemariol A) va 3 dan chit furan (5-
hydroxymethyl-2-furaldehyd, rehmanon C, loliolid). Nhu vay nhém hop chat chinh c6
trong cay Thach ting dudi ngyua 12 nhém alcaloid (5 hop chat) va nhém terpenoid (7 hop
chat). Két qua nay ciing phu hop véi cac két qua nghién ciru cdng bd vé céc 16p chit
thugc chi Huperzia Bernh. da thong ké trong phan tong quan.

4.2.2.1. Vé cac hop chat alcaloid phan ldp duwoc:

- Fawcettidin va phlegmariurin B la hai alcaloid thugc 16p fawcettimin. Lop nay
duoc coi 1a san pham cua sy di chuyén lién két C-4/C-13 thanh lién két C-4/C-12 tir céc
tién chat 1a 16p lycopodin. Trong cau tric cua fawcettidin, lién két C-12/C-13 con ton
tai va C-13 tao thanh lién két d6i voi C-14. Hop chat nay lan dau tién duoc phan 1ap tur
loai Lycopodium fawcettii boi Burnell R.H. nam 1959 [115], sau d6 ciling dugc phan lap
tir loai Huperzia phlegmaria béi Inubushi Y. va cong su (1982) [84] va mot sé loai khac
nhu Lycopodium alopecuroides, Lycopodium annotinum, Huperzia squarrosa (tén dong
nghia Phlegmariurus squarrosus) [115], [205]. P4 c6 mét vai nghién ctu tién hanh thir
tac dung wc ché acetylcholinesterase va butylcholinesterase in vitro cua hop chat
fawcettidin, tuy nhién két qua cho thiy fawcettidin chua thé hién cac tac dung nay [101],
[177]. Trong cau truc hop chat phlegmariurin B, lién két C-12/C-13 bi pha v va C-13
bi oxy héa dé tao nhom carbonyl. Phlegmariurin B lan dau tién dugc phan lap tir loai
Phlegmariurus fordii (Tén dong nghia: Huperzia fordii) béi Tong S.H. va Xiang G.Q.
nam 1984 [115], sau do6 cling dugc phén lap tir loai Huperzia serrata, Phlegmariurus
carinatus (Tén dong nghia: Huperzia carinata) va loai Phlegmariurus squarrosus (Tén
ddng nghia: Huperzia carinata) [169], [205]. Két qua cua luan &n 1a cong bd dau tién
phan lap dugc hop chat phlegmariurin B tir loai Huperzia phlegmaria.

- Huperzin A 1a mét alcaloid thuoc 16p lycodin vai cau tric khung CisN2 chaa
nhom ethylien, 1 vong pyridon ndi véi hé théng vong d6i co gan nhém amin bac 1. Céac
dic diém ciu trac nay dong vai trd quan trong trong mdi lién quan cu trdc va tac dung
sinh hoc cuaa huperzin A [19], [115]. Trong s céc alcaloid 16p lycodin thi huperzin A la

hop chat c6 nhiéu tac dung ndi troi va dugc nghién ciu nhiéu nhat. Tir khi duoc phan
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lap boi Liu va cong sy nam 1986 [110], hop chit nay da duoc cac nha khoa hoc Trung
Quéc danh gia vé hoat tinh sinh hoc, dic biét 1a tic dung trc ché AChE manh, it doc tinh
va it tac dung phu trén hé cholinergic [19], dd dugc tng dung trong diéu tri cac hoi
chung bénh Alzheimer [205]. Ngoai ra, huperzin A con thé hién mét sé tac dung duoc
ly khac bao gom: bao vé té bao than kinh, chdng oxy héa, chdng viém, chéng co giat,
du phong ngd doc phospho hitu co, diéu tri chimg nhuoc co, tim than phan liét. Mic do
huperzin A dugc biét dén cha yéu dé diéu tri bénh Alzheimer, hop chét nay con duoc
st dung trong treong hop mat tri nhd do bénh mach ndo [19]. Hién nay, huperzin A
duoc phé duyét 1a thuéc & Trung Quéc va 1a thuc pham hd trg diéu tri bénh Alzheimer

o Hoa Ky [205].

Cac két qua nghién ciru vé hoat tinh cuaa huperzin A thu hit sy chd y cta céc nha
khoa hoc trong nhiéu nam trd lai day, dan dén nhiéu nd lyc nghién ciu tim kiém nguén
cung cap huperzin A trong tu nhién. Két qua nhiéu nghién ciu cho thay, ngoai loai
Huperzia serrata, huperzin A con ton tai & nhiéu loai thuoc chi Huperzia Bernh. nhu
Huperzia selago, Huperzia squarrosa, Huperzia phlegmaria [119]. Theo két qua dinh
lwong ham lwong huperzin A bing phuong phap sac ky long hiéu ning cao cia Ma X. va
cong su (2005) cho thiy ham lwong huperzin A trong loai Hupezia phlegmaria thu hai tai
Van Nam, Trung Qudc dat 345,23 + 0,18 pg/g duoc liéu kho, cao hon ham luong huperzin
A trong loai Huperzia serrata (dat 148,30 + 0,21 pg/g) thu héi tai cing thoi diém va vi tri
[117]. Tai Viét Nam, Nguy@n Ngoc Chuong va cong su (2016) di tién hanh dinh luong
huperzin A trong mét s6 loai thuoc chi Huperzia Bernh ¢ ¢ Viét Nam bang phuong phap
sac ky long hiéu niang cao. Két qua cho thiy ham lwong huperzin A trong loai Huperzia
phlegmaria dat 47,549 pg/g, trong khi ham luong hop chit nay trong lodi Huperzia
serrata dat 181,644 ug/g [5]. Két qua nghién ctu cua luan 4n ciing da phan 1ap duoc
huperzin A tir loai Thach tung du6i ngua thu hai tai Huong Hoa, Quang Tri.

- Huperphlegmin A va huperphlegmin B la cac lycopodium alcaloid c6 b khung
carbon mai, véi cau triic gom hé thdng 5 vong: 2,5-disubstituted dihydrofuran, vong 16-

methyl-Bicyclo [4.3.0] nonan, vong cyclopentan, vong N-methylazonan va vong
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pyrolidin. Hai chat nay cé cu tric gan vai Lycopalhin A [46]. So véi Lycopalhin A,
hai hop chat HP11A va HP11B c6 thém lién két méi C-9/C-13 thay cho C-9/N-2° ddng
thoi mat di lién két C-6/C-16 dé tao ra 2 dong phan 1ap thé tai C-15. Biém mai khac cua
HP11A va HP11B la su hién dién cua vong furan thé tai C-1°. Ngoai ra, trong cac
lycopodium alcaloid phan lap duoc tir cac loai thuoc ho Thach tung (Lycopodiaceae),
hop chat obscurinin H phan 14ap tir loai Lycopodium obscurum [115], c6 lién két C-9/N-
2 tao bo khung CisN2 gan tuong ty nhu trong ciu tric cua huperphlegmin A, B. Tuy
nhién, day 1a lan dau tién phan Iap cac lycopodium alcaloid véi bo khung CisN2 gom
nim vong Vai lién két C-9/C-13 méi. C6 thé huperphlegmin A, B dugc tao ra tir
obscurinin thdng qua qua trinh oxy hda tai C-14 dé tao thanh hop chat trung gian A, sau
d6 hydro hoa va oxy hoa hop chét trung gian A dé chuyén thanh hop chét trung gian B,
tiép d6 xay ra phan ang Polonovski cia B tao ra hop chét trung gian C, va dong vong
dé tao thanh hop chat trung gian D. Hop chét trung gian nay ngung tu véi rhemanon C
(HP10B) ciing duoc phan Iap trong nghién ciru nay, sau d6 dehydroxyl hda dé két néi
hop phan 2,5-disubstituted dihydrofuran tao ra cac hop chat huperphlegmin A, B (Hinh
4.2). Qua tra ctru tai liéu cho thay hop chat huperphlegmin A va huperphlegmin B 12 hai

hop chat mai, lan dau tién dugc céng bd.
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Hinh 4.2. Gia thiét qué trinh sinh tong hep huperphlegmin A, B
4.2.2.2. Vé cac hop chat diterpenoid:
- Lycoxanthol 1a mét hydroquinon diterpenoid Ian dau tién duoc phan lap tir loai

Lycopodium lucidulum Michx. (tén dong nghia: Huperzia lucidula) nam 1971 [33]. Két
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qua cua luan an 1a cdng bd dau tién phan 1ap duoc hop chat nay tir loai Thach ting duodi
ngua (Huperzia phlegmaria (L.) Rothm).

- Huperphlegmarin A va huperphlegmarin B 1 2 abietan diterpenoid c6 cAu tric
tuong tu CAu trdc cua hop chat lycoxanthol. Lién két do6i C-5/C-6 trong cau tric
lycoxanthol dugc alkan hoa tao thanh hop chat huperphlegmarin A. Trong cau trdc caa
hop chat huperphlegmarin A, nhém OH & C-11 va C-1, dong thdi nhdm OH & C-12 va
C-16 bi dehydro héa tao lién két epoxy C-1/C-11 va C-12/C-16 twong ung hinh thanh
cau trdc hop chat huperphlegmarin B. Qua cac tai lidu da thu thap duoc, cho thiy su
xuat hién lién két epoxy trong cau tric cua huperphlegmin B 1a truong hop hiém gap
trong cac abietan diterpenoid dugc biét dén. Két qua tra ctru tai liéu da xac dinh hai hop
chat huperphlegmarin A va huperphlegmarin B 1 hai hop chat méi.

4.2.2.3. Vé céc hop chdt triterpenoid:

Ngoai nhom hop chét alcaloid, nhiéu nghién ctru cho thay triterpenoid loai
serraten 13 nhom hop chat chiém wu thé tht hai duwoc phan lap tir loai Huperzia

phlegmaria.

- Hop chat 21p-hydroxyserrat-14-en-3f-yl acetat dugc phan 1ap lan dau tién tir
loai Lycopodium megastachyum Baker. bai Miller N. va cong s nam 1971 [126], sau
d6 ciing duoc phan lap tir loai Huperzia miyoshiana va Huperzia crassa [22], [182]. Két
qua cua ludn 4n 13 cong bd dau tién phan lap hop chat 214-hydroxyserrat-14-en-3p-yl

acetat tur loai Huperzia phlegmaria (L.) Rothm.

- Hop chét 21 a-hydroxyserrat-14-en-34-yl acetat dugc phan 1ap tir loai Huperzia
miyoshiana nim 2003 [182]. Sau d6, ciing dugc phéan lap duoc tir dich chiét phan doan
ethylacetat loai Huperzia phlegmaria nam 2005 [158] va loai Huperzia crassa nam 2016

[22]

- Hop chét 21 a-hydroxyserrat-14-en-38-o0l dugc phén lap tir nhiéu loai thudc chi
Huperzia Bernh. nhu Huperzia serrata [65], [222], Huperzia crispate [36], Huperzia

crassa [22] va Huperzia phlegmaria [158]. Két qua nghién ciru ctia Ham Y.M.va cong
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su (2012), 21 a-hydroxyserrat-14-en-34-ol (serratenediol) e ché su phat trién caa dong
té bao ung thu HL-60 v&i gié tri ICso 12 12,9 pM. Dic biét, hop chat nay khéng gay trc
ché su phat trién ciia cac té bao thudng & ndong do kiém tra. Co ché gay doc té bao ung
thu dong HL-60 cua serratenediol dugc chitng minh 1a do tham gia vao quéa trinh chét

tu nhién cua té bao (qué trinh apoptosis) [65].

- Hop chat lycophlemariol A 1an dau tién dugc phan 1ap tir phan doan diethyl ete
cua loai Huperzia phlegmaria bdi nhém nha khoa hoc Thai Lan nam 2012 [199]. Cho
dén nay, chua c6 cong bd nao vé tac dung sinh hoc ctia hop chat duge cong bd. Tuy
nhién, nhitng hop chit c6 cdu tric khung twong tu lycophlegmariol A nhu
lycophlegmariol B, lycophlegmariol D va lycophlegmarin da dugc chirng minh c6 tac
dung gy doc té bao [158], [199].

4.2.2.4. Céc dan chdt furan:

- 5-hydroxymethyl-2-furaldehyd 13 mot hop chat vong furan dugc hinh thanh tur
qua trinh dehydrat hoa dudng trong moéi truong acid. 5-hydroxymethyl-2-furaldehyd co6
vai trd quan trong trong tong hop vat liéu polymer, cac hop chat macrocyclic va cac chat
trung gian khéc trong cong nghiép [44]. Hop chét nay c6 thé duoc hinh thanh trong qua
trinh ché bién céc thuc pham giau carbonhydrat ¢ nhiét d6 cao. Cac nghién ctru da ching
minh riang 5-hydroxymethyl-2-furaldehyd & nong d6 cao c6 tac dung gay dot bién gen,
doc té bao, kich (tng mat, duong hd hap trén, da va niém mac [37]. Trong ty nhién, 5-
hydroxymethyl-2-furaldehyd ton tai ¢ mot sé thuc vat nhu vé qua leu (Punica
granatum), ho Punicaceae [154], 14 cdy bach ddng nit (Clerodendrum viscosum), ho
Verbenaceae [62], hoa cua loai Callistemon viminalis, ho Myrtaceae [47]. Két qua cua
luan &n 1a cong bb dau tién phan 1ap duoc hop chat 5-hydroxymethyl-2-furaldehyd tir

chi Huperzia Bernh.

- Rehmanon C dugc phan 1ap tir ré cu cay dia hoang (Rehmannia glutinosa), ho
Orobanchaceae [103] va ré cay dan sam (Salvia miltiorrhiza) ho Lamiaceae nim 2005
[45]. Két qua nghién ctu cua luan an 1a cong bd dau tién phan lap duoc hop chat

rehmanon C tir chi Huperzia Bernh. Cac nghién cau vé hoat tinh sinh hoc caa hop chat
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nay con han ché. Trong mot nghién ctiu vé su tac dong caa rehmanon C trén hé théng
mién dich cua chudt thi nghiém, cac nha khoa hoc da chi ra rang ¢ nong do 10 pg/mL
rehmanon C c6 tac dung ting cudng hoat dong mién dich, nguoc lai ¢ ndong d6 100
ug/mL hop chat nay gay wc ché hoat dong mién dich. Cac nghién ctu vé doc tinh cho
thay rehmanon C khéng thé hién doc tinh & nong d6 1 ug/mL, 10 pg/mL va 100 pg/mL
[103].

- Loliolid 1a mat monoterpen lacton dwoc phan Iap lan dau tién tir cay lGa mach
den (Lolium perenne) nim 1964 [78], sau d6 ciing dugc phan lap tir nhiéu loai thyc vat
(Ba gac (Rauvolfia yunnanensis Tsiang), Rong dudi chon (Hydrilla verticillata (L. f)
Royle), Veronica persica Poir., dong vat nhu Kién do (Solenopsis invicta) & trén can va
mot s6 l0di & dudi nude nhu tao, san hd. Cac nghién ciu trén thé gigi ching minh hop
chat loliolid c6 nhiéu tac dung sinh hoc nhu chéng ung thu, khang khuan, khang nam va
chéng oxy hoa [64]. Két qua cua luan an 1a cong bd dau tién phan lap dugc hop chat

loliolid tr chi Huperzia Bernh.

Nhu vay, két qua nghién ciru cta luan an da phan 1ap dugc 15 hop chat, gilp bo
sung tu liéu cho nganh hda hoc cac hop chat thién nhién néi chung ciing nhu chi
Huperzia Bernh. va loai Huperzia phlegmaria noi riéng, trong do:

- 4 hop chat moi, bao gom 2 alcaloid dat tén 1a huperphlegmin A, huperphlegmin
B va 2 abietan diterpenoid dat tén Ia huperphlegmarin A va huperphlegmarin B.

-3 hop chat lan dau tién phan lap duoc tir chi Huperzia Bernh., bao gom 5-
hydroxymethyl-2-furaldehyd, rehmanon C va loliolid.

- 3 hop chit lan dau tién phan lap duoc tir lodi Huperzia phlegmaria, bao gom

phlegmariurin B, lycoxanthol va 215-hydroxyserrat-14-en-34-yl acetat.
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43. VE POC TINH CAP VA TAC DUNG SINH HQC LOAI
HUPERZIA PHLEGMARIA (L.) ROTHM.

4.3.1. Vé dgc tinh cap

Poc tinh cip 1a doc tinh xdy ra sau khi dung mau thir mét 1an hodc vai ba lan
trong ngay. Nghién ctru doc tinh cAp nhdm cung cip théng tin cho viéc xép loai mirc d6
doc cta mau thir, du doan triéu ching va du kién bién phap diéu tri ngd doc cip, thiét
1ap mirc lidu cho nhitng thir nghiém doc tinh va tac dung ciing nhu pham vi an toan cia
mau nghién ctru tiép theo. LDso 1a mot thong sd quan trong dé danh gia doc tinh cua
mAau nghién ctru, ciing nhu can ctr dé tham do lidu o tac dung dugc 1y [6].

Két qua nghién cau da xac dinh duoc lidu LDsp cua cao chiét alcaloid toan phan
cua loai Thach tung dudi ngua bang duong udng la 1170 mg/kg (khoang tin cay 95%
cua LDso 12 1148 mg/kg — 1192 mg/kg), twong duong 219,38 g duoc liéu kho/kg thé
trong chudt. Pay la cong bd dau tién vé doc tinh cap cua loai Huperzia phlegmaria thu
hai ¢ Viét Nam.

Cho t&i nay, céc cong b vé doc tinh cua cao chiét tir cac loai thuoc chi Huperzia
Bernh kha han ché. Nguy&n Duy Tai va cong su (2013) da nghién ciru va xac dinh dugc
L Dso cuia cao chiét ethanol cia hai loai Thach ting ring cua (H. serrata) va Thach ting
rau rong (H.squarrosa) duong udng trén chudt twong wng lan luot 14 5,33 g cao/kg va
1,71 g cao/kg [14]. Céc nghién ciru vé doc tinh cha yéu tién hanh trén hop chat huperzin
A (mot hop chat phan lap tir loai Huperzia serrata va 1 sé loai thudc chi Huperzia
Bernh.). Két qua cho thay, huperzin A it gy tac dung phu trén hé cholinergic hon cac
chat (¢ ché AChE khac nhu physostigmin va tacrin. Liéu LDso cua huperzin A trén
chuot 1a 4,6 mg/kg ddi véi duong ubng, 3,0 mg/kg ddi véi tiém dudi da, 1,8 mg/kg ddi
véi tiém mang bung va 0,63 mg/kg ddi véi tiém tinh mach [116]. Ngoai ra, mot s6 hop
chat khac duoc phan I4p tir cac loai thude chi nay ciing dwgc nghién ciru doc tinh cap va
xac dinh liéu LDso duong tiém tinh mach trén chudt nhu: lycopodin (27,58 + 1,16
mg/kg), obscurin (99,17 + 11,29 mg/kg), annotinin (114,6 + 2,94 mg/kg) [68]. Nhu vay,
so véi cac hop chat alcaloid sach thi cao chiét alcaloid toan phan cia Thach ting dudi

ngua c6 doc tinh thap hon. Gia tri LDso ndy 1a co s¢ dé ngoai suy lidu trong cac nghién
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ctru in vivo tiép theo dé danh gid tac dung sinh hoc ctia mau nghién ciru theo hudéng didu
tri bénh Alzheimer.

Theo tac gia S Trung Pam (2015), khi lya chon liéu dé danh gia tac dung cua
thudc chua dung cho ngudi, “néu xac dinh duoc lidu LDso thi liéu ding thudng xoay
quanh 1/5-1/10 cua liéu LDso” [7]. Luan &n da lua chon 3 liéu cao chiét alcaloid toan
phan cua loai Thach tung dudi ngua dé tién hanh cac nghién ctu in vivo 1a 50 mg/kg,
100 mg/kg va 150 mg/kg.

4.3.2. V& tac dung sinh hoc

Tt khi huperzin A, mét chat @c ché AChE manh, thuan nghich, cé chon loc va
duoc hira hen 1a mot loai thude day tiém ning cho viée diéu tri c4c triéu ching cia bénh
Alzheimer dugc phéat hién tir loai Thach tung rang cua (Huperzia serrata), da thu hat su
quan tdm cua nhiéu nha khoa hoc véi nhiéu nghién ctiu tac dung khac nhau dugc cong
b6 nhu: tac dung &rc ché AChE, tac dung bao vé té bao than kinh, tdc dung chéng viém,
khang khuan, chéng oxy hoa va tac dung giy doc té bao cua nhiéu loai trong chi

Huperzia Bernh.

Cho dén nay, chua tim thay cong bd nao vé tac dung sinh hoc cua loai Huperzia
phlegmaria. Luan &n tién hanh nghién cau tac dung tc ché AChE in vitro, tac dung cai
thién hanh vi nhan thac va tri nhg trén chudt gay suy giam tri nhé bai scopolamin, tac
dung wc ché AChE in vivo va tac dung chéng I30 suy trén mé hinh gay I3 suy bgi D-

galactose cua loai Thach tung dubi ngua.

4.3.2.1. Vé tic dung irc ché AChE in vitro

Gia thuyét cholinergic cho rang, su suy giam tri nhd & cac bénh nhan Alzheimer
la két qua cua sy suy giam chirc niang cholinergic trong ndo, dic biét 1a s giam chat dan
truyén than kinh acetylcholin ciing nhu ndéng d6 cua cic enzym tong hop
(acetyltransferase) va thuy phan (acetylcholinesterase) chat dan truyén nay [29]. Nhu
vay, cac chat trc ché AChE c6 thé phuc hdi mirc d acetylcholin bang cach we ché cac
enzym nay [94].

Luén an da ap dung mé hinh thir nghiém danh gia hoat tinh tc ché AChE in vitro

theo phuong phap do quang ctia Ellman, 1a mé hinh dugc sir dung phé bién nhét va duoc
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xem nhu tiéu chi “vang” dé danh gia sang loc hoat tinh tc ché AChE cua duoc lidu ciing
nhu cac hop chat tinh khiét [20], [155]. Tuy nhién, so véi phuong phap gbc da duoc
cong b ciia Ellman, nghién ciru da ap dung phuong phap nay voi mot vai hiéu chinh
nho vé hoat d6 ciia enzym, dung dich dém st dung, nong d6 dung dich co chit va thude
thir ciing nhu ty 1& phéi hop caia ching vao hdn hop phan tng dé pht hop véi diéu kién
phong thi nghié¢m.

Khi tién hanh tha nghiém in vitro, bén canh viéc xac dinh cac diéu kién thir nghiém
phu hop, viéc lya chon chat d6i chimg dwong c6 vai trd quan trong trong nghién cau,
gitip dinh lugng twong ddi tac dung cia cac mau nghién ciru khi so sanh véi cling mot
chat chuan. V&i nghién ciu sang loc hoat tinh wrc ché AChE in vitro, 3 hop chat thuong
duoc sir dung 1am mau di chimg duong 13 galantamin, tacrin va berberin chlorid [20],
[127], [210]. Trong s6 3 hop chat nay, galantamin va tacrin da duoc st dung trén 1am
sang dé diéu tri bénh Alzheimer. Trong nghién cau nay, luan an di chon galantamin lam
chat d6i chung duong.

Cho dén nay, chua c6 quy chuan quy dinh muc do uc ché AChE. Theo nghién
ctru ciia Santos T.C va cong su (2018) danh gia tac dung wrc ché AChE trén 54 duoc liéu
thudc 29 ho va 36 hop chat tinh khiét, tac gia da dé xuat mac do tc ché AChE cua cao
chiét dugc liéu va cac hop chat tinh khiét dua vao cac khoang gié tri 1Cso [155], duoc
trinh bay ¢ Bang 4.1.

Bang 4.1. Panh gia mire d9 e ché AChE dwa vao
cac khoang gia tri 1Cs0 [155]

Panh gia mire d Gia tri I1Cso
kha niing rc ché AChE | Cao chiét dwgc liéu | Hep chit tinh khiét
(Hg/ml) (HM)
Manh I1Cs0 < 20 I1Cs0 < 15
Trung binh 20 < 1Cs0 < 200 15<1Cs0 <50
Yéu 200 < ICso < 1000 50 < I1Cs0 < 1000
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Két qua nghién ctru cho thay, cao chiét methanol, cao phan doan chiét n-hexan,
phan doan dicloromethan, phin doan etylacetat, phan doan chiét nuéc con lai va cao
chiét alcaloid toan phan c6 tac dung &c ché AChE vai gia tri 1Cso duoc ghi ¢ Bang 3.17.
Trong d6, mau cao chiét alcaloid toan phan c6 tac dung tc ché AChE manh véi gié tri
ICs0 1,54 + 0,10 pg/ml. Trén thé giéi chua c6 cdng bd ndo vé hoat tinh wc ché AChE
ciia cao chiét toan phan ciing nhu cao chiét alcaloid toan phan tir loai Huperzia
phlegmaria. Két qua nghién ciu nay 13 mot dong gop méi caa luan an, dong thoi cling
phu hop véi két qua cac nghién ciru cua nhiéu tac gia khac vé tac dung tc ché enzym
acetylcholinesterase cuia cao chiét mot s loai trong chi Huperzia Bernh di duoc trinh
bay & Bang 1.7. Nhu vay, cao chiét alcaloid toan phan cua lodi Thach ting dudi ngua co
tac dung trc ché AChE t6t hon cao chiét methanol va cac cao phan doan khac. Do do,
luan &n da lya chon cao chiét alcaloid toan phan cua mau nghién ciru dé phan lap cac
hop chat va tién hanh cac nghién ciu tac dung in vivo theo hudng dé diéu tri bénh
Alzheimer.

Trong cac hop chat phan 1ap duoc, chi c6 mot sb alcaloid thé hién tac dung tc
ché AChE t4t 1a huperzin A véi gia tri ICso 12 0,74 + 0,04 uM, va hai hop chat alcaloid
lan dau tién phan 1ap trong tu nhién (Huperphlegmin A va Huperphlegmin B) ciing ¢6
tac dung trc ché AChE véi gié tri ICso lan luot 12 65,50 + 1,83 va 73,55 + 1,94 uM. Cac
hop chit khac chua thé hién hoat tinh @c ché AChE & nong do nghién ciu. Chét ddi
chimg dwong galantamin hoat dong 6n dinh trong diéu kién thi nghiém véi gié tri 1Cso
la 1,15 + 0,04 uM.

4.3.2.2. Vé tic dung cdi thién hanh vi nhén thirc va tri nhé

Céac mo hinh suy giam tri nhé trén dong vat 13 mot phan khong thé thiéu trong
viéc danh gia phwong phap tri liéu va dong vai trd trong viéc phat hién va phat trién
thudc diéu tri Alzheimer. Scopolamin 1a mot chat d6i khang cholinergic dién hinh, hoat
dong dya trén ddi khang canh tranh v&1 ACh trén thu thé muscaric, tir d6 ngan chan dan
truyén cholinergic [135]. M hinh gay sa sit tri nhé bang scopolamin ngay nay dugc ap
dung rong rdi khong chi bdi mé hinh nay c6 thé mé phong dugc qua trinh sinh bénh hoc
dic trung ciia sa sut tri tué¢ ma con c6 nhimng wu diém trong thyc hanh nhu don gian, dé

ap dung va do 1ap lai cao [226]. Mot yéu t6 quan trong dé trién khai mé hinh nay 13 lya

127



chon liéu scopolamin phu hop. Nghién ctru cua Flood J.F. (1986) di chi ra rang lidu
scopolamin it nhét tir 0,1 mg/kg cin ning méi bat dau co kha ning giy ra sy khiém
khuyét trong chirc nang nhén thirc va ghi nhé [54]. Trén thyc té c6 sy khac biét 1on giira
cac tac gia vé liéu scopolamin dugce st dung, dao dong tir 0,1 — 3 mg/kg cén ning [11],
[134], [184]. Vi nhiing 1y do trén, luan an lya chon moé hinh gy sa sit tri nh& béng
scopolamin véi lidu 1,5 mg/kg dé danh gia tic dung cai thién tri nhé va nhan thic cia
cao chiét alcaloid toan phan tir loai Thach ting dudi ngua.

Dé kiém chimg mo hinh c¢6 dugc trién khai thanh coéng hay khong, ddng thoi dé
so sanh tuong d6i cac chi s nghién ctru véi nhom sir dung miu thir can sir dung thude
d6i chimg duong. Trén thuc té, liéu phap diéu tri dau tay cho bénh nhén sa sut tri tué 1a
cac thude e ché acetylcholinesterase. Nhitng chat nay gitp giam qua trinh thiiy phan
AChE, 1am ting dan truyén tin hi¢u cholinergic, cai thién tri nh¢ cho bénh nhan. Hién
nay c6 3 loai thudc rc ché AChE trén thi truong 1a donepezil, galantamin, rivastigmin.
Trong d6, donepezil thé hién tinh chon loc cao hon ddi v&i AChE do lam tang kha nidng
dung nap. Trong nhiéu nghién ciru, donepezil ciling thudng duoc sir dung 1am thube ddi
chirng duong trong mé hinh gay suy giam tri nhd [100], [105], [185]. Do do, luan an
Ira chon donepezil 1am thube dbi chimg duong. Liéu 5 mg/kg duoc lya chon trén co so
khao sat cac nghién ciru gan day co twong dong vé loai thir nghiém hanh vi va mirc lidu
scopolamin dp dung [92], [102], [215].

Tri nhé 13 kha ning céc sinh vat sdng co thé luu giir nhitng thong tin quan trong
dé st dung khi can. Tri nh¢ dugce chia thanh 3 loai: tri nhé cam giac, tri nho ngén han
va tri nhé dai han. Thong tin tir thé gidi xung quanh ching ta duoc luu trit dau tién boi
tri nhé cam giac, do d6 cho phép luu trit va twong lai sir dung thong tin d6. Tri nhé ngin
han gitip xir Iy thong tin trong mot khoang thoi gian ngan. Bo nhé dai han cho phép
ching ta luu trit thong tin trong thoi gian dai, bao gom thong tin c6 thé dugc 1dy mot
cach c6 y thuc hodc vo thuc [35].

DPé danh gia kha nang hoc tap, nhan thic, ghi nhd cua dong vat bi gy sa sut tri
nh¢ bang scopolamin, ¢6 nhiéu thir nghiém hanh vi da dugc ap dung. Trong pham vi
nghién ctru nay, luan an lya chon mé hinh mé cung chit Y, nhéan di¢n dd vat va mo hinh

mé cung nudc Morris. Pay 1a cac thir nghiém hanh vi dugc nhiéu tac gia st dung dé
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danh gia tac dung cai thién tri nhé va nhan thirc cia mau thir trén dong vat gam nham
[187], [200]. Trong qué trinh thir nghiém, ap dung hé thong dinh vi chudt va phan mém
phan tich két qua ANY maze (USA) dé thu thap, xir 1y s6 liéu cho két qua chinh xac,
don gian, han ché sai s6 do ngudi lam. M6 hinh va bd tri thi nghiém 4p dung trong ludn
an cling da dugc nhom nghién ctru ciia Hoc vién Quén y st dung nham danh gia tac
dung cai thi¢n hanh vi, nhan thire trén chuot gay suy giam tri nhd boi scopolamin, dugc
cong bd trén cac tap chi khoa hoc qubc té [106], [120].

a) V& tac dung cai thién hanh vi trong thir nghiém mé 16 chir Y

M6 hinh mé 16 chit Y dugc st dung dé danh gia tri nhé ngén han & chudt, dua
trén ddc tinh tu nhién la thich khdm pha moéi truong mai cua chudt. Sau khi lam quen
voi mé 19, chudt dugc phép tu do khdm pha ba canh tay cia mé 19. Chuot s€ ghi nhé cac
canh tay da truy cap trude do va c6 xu huéng di vao canh tay it truy cip gan day. Trong
qua trinh chudt di chuyén vao cac canh tay ciia mé 19, ghi lai s6 1an chudt di vao timg
canh tay va s6 1an chudt di vao to hop ca ba canh tay dé tinh toan phan trim van dong
luan phién. Gia tri phﬁn tram nay cao thi dugc coi 1a mét tri nhd lam viéc tbt, vi diéu
nay chi ra rang chudt di nhé lai nhimg canh tay né da truy cap [96], [200]. Pay 1a mé
hinh thir nghiém kha don gian va dé tién hanh.

Trong thir nghiém mé 16 hinh chit Y, két qua nghién ciru cho thy sau khi tiém
scopolamin, ty 1& phan trim van dong luan phién ctia chudt giam c6 nghia théng ké so
v6i nhom chimg. Nguoc lai, khi st dung mau nghién ciru lidu & 150 mg/kg, ty 1& van
dong luan phién ting co ¥ nghia théng ké so véi chudt & nhom tiém scopolamin va &
liéu 100 mg/kg su ting nay 14 tién ti c6 ¥ nghia thong ké. Takuya O. va cong su (2015)
cling tién hanh nghién ctru tac dung cua cao chiét alcaloid loai thach ting ring cua sir
dung mo hinh twong tu, cho thay cao chiét alcaloid ctia loai Thach ting ring cua véi
lidu 30 mg/kg/ngay co tac dung lam tang phan trim van dong luan phién so v6i nhom
chung [167]. Két qua nghién ctru cua ludn an cho thiy cao chiét alcaloid toan phan tir
loai Thach ting dudi ngua véi lidu 150 mg/kg co tic dung cai thién su suy giam tri nhé
va tang kha nang kham pha trén chuot.

V& chi s6 tong s6 1an chudt di vao cac canh ctia mé 16: sau khi tiém scopolamin,

tong so lan chudt di vao cac canh tdng so voi nhém chig sinh 1y va gia tri nay giam
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dan vé gia tri trén chudt binh thuong sau khi ubng méiu nghién ctru lidu 100 va 150
mg/kg. O chudt tiém scopolamin, nhiéu nghién ctru da chimg minh ¢ hién tugng ting
van dong, giam kham pha [34], [200]. Vi vy, két qua néi trén c6 thé lién quan dén rdi
loan vén dong trén chudt gdy mo hinh suy giam tri nhd bang scopolamin. Két qua luan
an tuong ty nghién ctru gan day cua Harada va cong sy (2012) ciing thay hién tuong
ting van dong va giam phan trim van dong luan phién & nhom tiém scopolamin va khi
diéu trj béng ASP2535 thi théy biéu hién nguoc lai, giam sb 1an di véao cac canh va tdng
phan trim van dong luan phién [66]. Két qua cua luan an ciing cho thiy sy ting van
dong khong anh hudng dén két qua danh gia kha nang ghi nhé cia chudt.

b) Vé tac dung cai thién hanh vi trong thir nghiém mé 16 nue Morris

M@ 16 nuéc Morris lan dau tién duogc tién hanh bai Morris (1981) 1a mot thir
nghi¢m vé hoc tap khong gian cho cac loai gam nhdm dua vao tin hiéu xa lam diém
tham chiéu gitip con vt xac dinh vi tri né dang boi va vi tri bén dd trong chu vi clia bé
boi tron dé thoat hiém. Vi vay, thoi gian tiém va quing dudng tir vi tri bit dau dén vi tri
an toan cang ngan, tri nhd clia con vat cang tét. Pay duoc xem 1a mot trong nhiing thir
nghi¢m hanh vi chu chét dé danh gia tri nhé trén dong vat gam nhdm nhu chudt nhat
[31], [131], [187].

Trong nghién ctru nay, & nhom chimg sinh 1y, thoi gian tiém va quang duong boi
dén dich cta chudt giam dan tir ngdy tht nhat dén ngay thir bay. Day 13 két qua thé hién
qua trinh hoc tap va kha niang ghi nhd mdc khong gian & chudt binh thuong. O nhém
tiém scopolamin, thoi gian tiém va quing dudng boi dén dich hau nhu khong khéac biét
tir ngay thir nhat dén ngay thtr bay. Hai gia tri nay & nhém chudt tiém scopolamin 13 16n
hon ¢6 ¥ nghia théng ké so voi nhém chung. Két qua ndy cho thiy chudt tiém
scopolamin cé su suy giam kha ning hoc tap va ghi nhd khong gian. Két qua nghién ciru
ctia luan an ciing twong ty nhu két qua ctia Yasushi va cong sy (2016), & nhém ching
sinh 1y, thoi gian tiém giam tir ngdy thir nghiém thir 3, thoi gian tiém cua nhom chudt
tiém scopolamin cao hon & nhoém ching ¢ ngay thur 3 va tha 5 [208].

Khi dugc str dung mau nghién ctru, két qua cho thdy c6 xu hudng giam dan thoi
gian tiém va quing duong boi dén dich twong ty nhu & nhom ching, hai gia tri nay &

nhom chudt sir dung miu nghién ctru lidu 150 mg/kg giam c6 ¥ nghia thong ké so véi
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nhom tiém scopolamin. Dé khiang dinh rd hon két qua, nghién ctru tiép tuc danh gia
budc tiép theo trong thir nghiém mé 16 nude. O ngay thir tam, bén dd duoc 1ay ra khoi
mé 16 nude. Tri nhd cia chudt duoc danh gia bang thoi gian chudt boi trong goc phan
tur c6 bén dd trude d6. Thoi gian chudt boi trong ving bén db ting thé hién kha ning ghi
nhé mée khong gian tdt hon [31]. Két qua cho théy, ¢ nhom chudt dugc tiém scopolamin,
ty 16 thoi gian chudt boi & goc phan tu dit bén dd trude d6 giam. Két qua nay phan anh
su suy giam tri nh khong gian trén chuot tiém scopolamin. Khi dugc sir dung mau cao
chiét alcaloid toan phan tir Thach ting dudi ngya véi lidu 100 mg/kg va 150 mg/kg, thoi
gian chudt boi & goc phan tu dat bén dd trude d6 ting dan va cao hon ¢ ¥ nghia thong
ké so voi nhém scopolamin. Nhirng két qua nay cho thay chudt duoc str dung mau cao
chiét alcaloid toan phan tir loai Thach ting dudi ngua c6 tac dung cai thién sy suy giam
tri nhé 1o rét trén mo hinh dong vat thyc nghiém.

¢) Vé tac dung cai thién suy giam nhan thtc trong thir nghiém nhan dién do vat

Thtr nghi€ém nhan dién dd vat 1a thtr nghiém danh gia kha ndng nhan thuc, ghi
nhd ngan han khong lién quan dén vi tri va khong gian lam viéc. Thir nghiém dugc xay
dung dya trén dac tinh chudt c6 xu hudéng kham pha dd vat méi hon 1a dd vat cii, thoi
gian kham pha timg d6 vat trong mdi pha 1a chi s6 dénh gia kha nang nhan thirc cua
chudt [99], [113]. M6 hinh thir nghiém nay dugc sur dung rong rdi trong viéc danh gia
kha ning cai thién trf nhd ngin han cua chuot ma khong can cac tac dong bén ngoai,
khong can “phan thudng” (thirc dn) cho chudt [21].

Thtr nghi€ém nhan di¢n dd vat duge chia thanh 2 pha: pha luyén tap va pha kiém
tra. Trong pha luyén tap, chudt dugc cho kham pha hai do vat giéng nhau. O pha nay,
hai d6 vat déu 1a nhirng d6 vat mai véi con vat. Vi vay, thoi gian kham pha 1a nhu nhau
d6i v6i hai d6 vat. Két qua nay da dugc ching minh trong két qua thir nghiém & pha
luyén tap, khong cé su khac biét c6 ¥ nghia théng ké vé ty 1¢ thoi gian kham pha hai d6
vat & cac nhom nghién ctiru. O pha kiém tra, khi mot trong hai do vat duoc thay bang
mot d6 vat méi. Su khac biét vé nhan thire dugc théy khaé 10 rét & cdc nhém nghién ctru,
cu thé: & nhom chimg sinh 1y, thoi gian chudt kham pha ¢ d6 vat méi 13 1au hon c6
nghia thong ké so v&i thoi gian kham pha db vat cii. Pay 1a biéu hién binh thudng cta

chudt. O nhom tiém scopolamin, khong ¢ sy khac biét c6 ¥ nghia thong ké vé thoi gian
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chudt kham pha dd vat cii va do vat méi. Piéu nay cho thdy duédi tac dung cua
scopolamin, mot chit tc ché chon loc thu cam thé hé cholinergic, da lam suy giam tri
nhd nhan thire cta chudt [135]. Con vat khéng con nhan thire duge do vat cii va do vat
moi.

Khi dugc st dung mau nghién ctru, kha nang nhan thic cia con vat dugc cai
thién 5 rét. Thoi gian chudt kham phd ¢ d6 vat méi 1a 14u hon c6 ¥ nghia thong ké so
v6i thoi gian khdm pha dd vat cii duoc thidy & nhém chudt udng liéu 100 mg/kg va 150
mg/kg.

Nhu vay, két qua tir cac thar nghiém hanh vi néi trén cho thiy cao chiét alcaloid
toan phan tir lodi Thach tung dudi ngua c6 tac dung cai thién suy giam tri nhg va nhan
thizc phu thugc liéu trén mé hinh gay suy giam tri nhé boi scopolamin, cu thé: Mau
nghién ciru thé hién tac dung cai thién tri nhé 1am viéc trén mé hinh mé 16 chix Y, tac
dung cai thién tri nhé khong gian dai han trén mé hinh mé 16 nudc Morris & lieu 150
mg/kg va cai thién nhan thic trén mé hinh nhan dién d6 vat & muac liéu thir nghiém 100
mg/kg va 150 mg/kg. Két qua nay phi hop véi két qua nhan duoc tir viéc danh gia hoat
tinh tc ché AChE in vitro cao chiét alcaloid toan phan tir loai Thach tung dudi ngua.
Diéu nay mét lan nita khang dinh, cac chat ac ché AChE c6 y nghia trong viée diéu tri

cac triéu chiing suy giam nhan thuec, tri nhé.

4.3.2.3. Ve tic dung tkc ché AChE in vivo

Gia thuyét cholinergic cho riang acetylcholin c6 vai trd rat quan trong trong hoc
tap, nhan thuc va tri nhd [67]. Sy suy giam tri nhé trong bénh Alzheimer dugc cho la co
lién quan dén sy suy giam nong do acetylcholin & cic synap than kinh [56]. Binh thuong,
sau khi gy ra tic dung & mang sau synap, acetylcholin bi phan huy bd1 AChE thanh
acid acetic va cholin. Do d6, chit c6 vai trd (rc ché hoat tinh cia AChE, dan dén ting
ndéng do acetylcholin & khe synap, c6 tac dung cai thién suy giam tri nhé [94]. Trén
chudt, hoat dong cua AChE chu yéu & hoi hai ma va vung vé nao trudce [98]. Trong do,
hdi hai ma duoc cho 1a c6 lién quan dén tri nhG nhan thue, dinh hudéng dua trén khong
gian va bdi canh trong cac nghién ctru trén mo hinh dong vat thyc nghiém [63].

Tac dung cai thi¢én tri nhd va nhan thirc trén cac thir nghiém hanh vi néu trén goi

¥ cao chiét alcaloid toan phan tir loai Thach ting dudi ngua co thé c6 tac dung e ché
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hoat tinh cia AChE trén ndo bo. Dé ching minh gia thiét nay, sau khi két thuc cac thir
nghiém hanh vi, chudt duge giét va boc tach ving hoi hai ma dé tién hanh dinh luong
hoat tinh AChE in vivo. Két qua ctia nghién ctru cho thay hoat tinh AChE & nhom tiém
scopolamin cao hon ¢6 ¥ nghia théng ké so véi nhom chimg, pht hop voi su suy giam
tri nhd trén cac thir nghiém hanh vi cia chudt. Két qua nay ciing phu hop véi két qua
nghién ctru cia Kwon S.H. va cdng su (2010), hoat tinh cua AChE tang cao & nhom
tiém scopolamin so véi nhom chimg [98]. Hoat tinh AChE ¢ nhom sir dung cao chiét
alcaloid toan phan tir loai Thach ting dudi ngua thdp hon nhém tiém scopolamin véi su
khac biét c6 y nghia thong ké duoc thy & lidu 150 mg/kg va tién téi ¢ ¥ nghia thong
ké & lidu 100 mg/kg. Két qua ndy ciing phi hop vai két qua trong céac thir nghiém hanh
vi 14 cao chiét alcaloid toan phan loai Thach ting dudi ngua & céac licu 100 mg/kg va
150 mg/kg c6 tac dung cai thién sy suy giam tri nh¢d va nhan thic. Tuy nhién, muc lidu
c6 tac dung 1o rét 1a 150 mg/kg 1a tuong ddi gan vai lidu gy chét 50% dong vat thir
nghi¢m (xép X1 béng 1/8 liéu LDso d3 xac dinh dugc), do do, can can nhic xac dinh mirc
liéu phu hop trong céc nghién ciru tiép theo trén 1am sang.

Nhu vay, két qua nghién ctru ctia luan 4n di chimg minh cao chiét alcaloid toan
phﬁn tur loai Thach tung dudi ngya co6 tac dung trc ché hoat tinh ctia AChE trén dong vat

thue nghiém gy suy giam tri nhé bang scopolamin.

4.3.2.4. Ve tic dung chong ldo suy

Trong co ché chdng oxi hoa, co thé dong vat c6 cac enzym dong vai tro rat quan
trong trong viéc loai bo cac gbc tu do, gilp bao vé co thé nhu superoxide dismutase
(SOD) va glutathion peroxidase (GSH-Px). Vi vay, ndng do cac enzym ndi trén ting cao
thé hién kha niang chéng oxi hda hiéu qua cua co thé [83]. Malondialdehyd (MDA) la
mét trong nhitng san pham cudi cuing cua qué trinh peroxy hda acid béo khdng b&o hoa
trong céc té bao. Su gia ting cac gdc tu do gay ra su san xuat qua mac cia MDA. Nong
d6 MDA tang cao trong mau la mot dau hiéu thé hién su tang qua trinh oxi hoa [42].

D-galactose Ia mot loai duong khur, phan tng véi amino acid trong phan tir
protein va cac peptid trén ca in vitro va in vivo dé tao thanh san pham glycat hoa bén

viing (Advanced glycation endproducts-AGESs). Nong d¢6 AGEs ting 1én trong sudt qua
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trinh 140 hoa va c6 lién quan dén sinh ly bénh 140 héa ndo trong bénh Alzheimer [160].
Céc nghién ciru cho thay, md hinh gay l40 suy bang D-galactose trén dong vat gam nham
mo ta duoc nhiéu dic diém sinh Iy bénh va dugc ap dung rong rai dé nghién ciru cac co
ché bénh sinh cua céc triéu chung 140 héa ndo, giam kha ning hoc, nhé va nhan thuc
[160], ting nong ¢ MDA va giam hoat d6 cua cac enzym SOD va GSH-Px. Liéu D-
galactose duoc str dung trong cac nghién cau tir 0-1250 mg/kg, trong do6 liéu 100-125
mg/kg duoc sir dung khé phd bién [153]. Trong mé hinh gay |0 suy bang D-galactose,
vitamin E thudng dugc sir dung véi vai tro 1a thudc ching duong véi liéu hay duoc sir
dung la tir 20-200 mg/kg [52], [61].

Dua trén két qua nhiéu nghién ctu cho thay hop chat huperzin A (hop chat ciing
da duoc phan 1ap tir cay Thach tung dudi ngya trong nghién ciu nay) va mot sé loai
thugc chi Huperzia Bernh. ¢6 hoat tinh chong oxi héa nhu di trinh bay & phan tong
quan. Trong nghién ctu nay, luan an danh gia tac dung chéng oxi hoa cua cao chiét
alcaloid toan phan tir loai Thach ting dudi ngya trén md hinh dong vat thuc nghiém gay
140 suy boi D-galactose thong qua danh gia sy thay d6i ndng do cua SOD, GSH-Px va
MDA huyét twrong. Vitamin E (50 mg/kg) dugc lua chon la thude ddi chiung dwong trong
nghién cuau.

Két qua nghién ciu cho thdy & nhom tiém D-galactose, 6 su ting nong 46 MDA
huyét twong trong khi giam néng do6 SOD va GSH-Px huyét tuong so vi nhém ching.
Két qua nay cho thay ¢ nhom tiém D-galactose c6 hién tuong ting qué trinh oxi hoa.
Nhu vay, md hinh gay stress oxi hoa biang D-galactose thanh cong va cd thé sir dung dé
danh gia hoat tinh chong I30 suy cua cao chiét alcaloid toan phan tir loai Thach ting
dudi ngua. Khi dugc st dung cao chiét alcaloid toan phan tir Ioai Thach ting dudi ngua
véi liéu 100 mg/kg va liéu 150 mg/kg cho thay co tac dung lam ting c6 y nghia thong
ké nong d6 GSH-Px huyét twong so véi nhém chiing bénh (chi tiém D-galactose), voi
liu 150 mg/kg c6 tac dung lam ting SOD huyét twong so voi nhém ching bénh (chi
tiém D-galactose). Trong khi d6, ca ba liéu 50 mg/kg, 100 mg/kg va 150 mg/kg mau
nghién ciru déu c6 tac dung lam giam cé y nghia thong ké nong do MDA huyét tuong,

khi so sanh v&i nhdm chi tiém D-galactose. Véi két qua ndy, cé thé khang dinh cao chiét
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alcaloid toan phan tir Thach tung dudi ngua véi lidu da st dung cé hoat tinh chéng I30
suy tét & dong vat thuc nghiém trén md hinh gy l30 suy bing D-galactose.
4.4. VE MOI LIEN QUAN GIUA THANH PHAN HOA HOQC VA TAC
DUNG SINH HQC

Céc nghién ctru tic dung sinh hoc in vitro va in vivo cho thy cac alcaloid phin
1ap tir cac loai thudc ho Thong dét c6 hiéu qua nhét dinh trong diéu tri cac bénh co lién
quan dén hé tim mach, than kinh-co hodc c6 lién quan dén hoat tinh enzym
cholinesterase (AChE). Nhiing alcaloid nay cling dugc chirng minh 14 cé tac dong tich

cuc dén kha ning hoc tip va tri nhd [115].

Theo cac nghién ctu vé mdi lién quan giita cu tric va tac dung sinh hoc, hau hét
cac hop chat c6 tac dung uc ché AChE déu thudc nhom alcaloid. Co duoc hoat tinh nay
la do c4u trac nito phuc tap trong phan tir cac alcaloid. Hop phan cau trdc ndy gan voi
vi tri hoat dong “anionic” trong cau trdc cua phan tir AChE [155]. Trong céc alcaloid
phan 1ap tir cac loai thuoc ho Thong dat, Huperzin A c6 tac dung manh noi troi. Hop
chat nay da thu hit s quan tdm nghién ciu nhidu nhat vé cau tric hoa hoc ciing nhu tac

dung sinh hoc.

Co ché tac dung uc ché AChE cua huperzin A da dugc chirng minh théng qua
cac nghién ctru vé dong hoc, nghién ctu Iap ghép véi su hd tro cua may tinh (docking
study) va nghién ctu tinh thé théng qua tia X. Két qua cac nghién ctu cho thay, huperzin
A uc ché AChE bang céach lién két truc tiép véi vi tri hoat dong cua enzym nay, do d6
ngan chan tiép can vi tri hoat dong cua enzym véi chat nén. Kozikowski va dong nghiép
d3 dua ra gia thuyét ring cdu trac ciu ba carbon ctia huperzin A 1 cu trac tién quyét
cho hoat dong trc ché AChE, hoat tinh @c ché nay sé giam xudng néu lién két d6i bi loai

khoi phan nay cta phan tir [19].

Cac nghién ctiru v& méi lién quan giira cu tric va tac dung sinh hoc cua huperzin
A cho thay hop chat nay s hitu cau trac kha twong dong véi cau tric caa AChE (Hinh

4.3). Su twong ddng cau trac nay duoc tim thiy gitta cac nhém N, O va carbonyl cua
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phan te ACh, va tuong ung véi N nhom amino va nhém carbonyl cta huperzin A.
Khoang céch tir nguyén tir N nhom amino dén nhém carbonyl cia vong pyridin trong
phan tir hop chat huperzin A twong dong véi khoang cach tir nguyén tir N bac 4 dén
nhom carbonyl ester trong phan tir cia AChE, do d6 hop phan 5-aminomethyl-2(1H)-
pyridon duoc cong nhan 1a phan ciu tric tao ra tdc dung sinh hoc cua hop chat nay. Su
hién dién dong thoi cua cac nhém amin, vong a-pyridon, nhém ethyliden, cau néi 3
carbon véi ndi ddi ctia N6 va nhom methyl & cau ndi nay dwgc chieng minh 1a can thiét
cho hoat tinh tc ché AChE manh caa huperzin A. Vi vy, viéc loai bo hoic thay thé mot
trong nhitg dic diém cau tric nay s& lam giam manh tac dung tc ché AChE cua

huperzin A [19].

Hinh 4.3. Cau truc héa hec ciia huperzin A va AChE [19]

Thuce té, két qua nghién ciru cua luan &n cho thay hop chat huperzin A phan lap
duoc tir phan doan alcaloid loai Thach tung duéi ngua thé hién tac dung uc ché AChE
manh véi gia tri 1Cso = 0,74 + 0,04 uM. Hai hop chat alcaloid méi huperphlegmin A va
huperphlegmin B ¢6 tac dung tc ché AChE vai gié tri 1Cso lan luogt 12 65,50 + 1,83 va
73,55 + 1,94 uM. Cao chiét phan doan alcaloid cua loai Thach ting dudi ngua c6 tac
dung trc ché AChE in vitro manh nhét (so véi cac phan doan chiét khac) véi gid tri 1Cso
1,54 pg/ml. Phan doan nay ciing thé hién tac dung cai thién hanh vi nhan thtrc va tri nhd,
dong thoi giam hoat tinh cia AChE & hoi hai ma ¢ chudt trén mo hinh gdy suy giam tri

nh¢ boi scopolamin.
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Ngoai tac dung wc ché AChE, mét sé nghién cau ching minh riang huperzin A
c6 tac dung chdng oxy hda dua trén co ché 1am ting hoat d6 ciia cac enzym superoxid
dismutase (SOD), catalase (CAT) va glutathion peroxidase (GSH-Px), dong thoi 1am
giam ndng d6 malondialdehyd (MDA\) tir d6 1am ting kha ning séng sot cua té bao u ua
crém ¢ chuot khoi tac nhan oxy hda hydrogen peroxid va cac mang peptid p-amyloid
[201], [202]. Két qua nghién ctru caa luan &n cho thay cao chiét phan doan alcaloid cua
than va 14 Thach tung duoi ngua c0 tac dung lam ting hoat do SOD va GSH-Px, giam

nong d6 MDA trén chudt gay 4o suy boi D-galactose.
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KET LUAN VA KIEN NGHI
KET LUAN
1. Vé dic diém thuc vat loai Huperzia phlegmaria (L.) Rothm.

- P43 mo ta chi tiét kém theo anh chup dac diém thyc vat cta loai Thach tung
dudi ngya va giam dinh tén khoa hoc 1a Huperzia phlegmaria (L.) Rothm., ho Thong
dat (Lycopodiaceae).

-Pi mé ta dic diém vi phau 14, than va dic diém bot than va 1a cia 10di Thach

ting dudi ngua, gop phan tiéu chuan héa duge licu.
2. V& thanh phan héa hec ciia loai Huperzia phlegmaria (L.) Rothm.

- B3 x4c dinh cac nhom hop chét co trong loai Huperzia phlegmaria (L.) Rothm.
gém: Flavonoid, saponin, coumarin, tanin, alcaloid, chit béo, steroid, carotenoid, duong

khtr, acid amin va polysaccharid.

- Ttr than va 14 loai Huperzia phlegmaria (L.) Rothm. da phan lap va xac dinh
céu trac hoa hoc ciia 15 hop chat bao gdm: 5 alcaloid (fawcettidin, huperphlegmin A,
huperphlegmin B, phlegmariurin B, huperzin A), 3 diterpenoid (huperphlegmarin A,
huperphlegmarin B, lycoxanthol), 4 triterpenoid (214-hydroxyserrat-14-en-34-yl acetat,
21 a-hydroxyserrat-14-en-34-yl acetat, 21 a-hydroxyserrat-14-en-34-ol, lycophlemariol
A) va 3 dan chét furan (5-hydroxymethyl-2-furaldehyd, rehmanon C, loliolid).

-Trong 15 hop chat phan 1ap duoc, c6 4 hop chiat méi, bao gom 2 alcaloid
(huperphlegmin A va huperphlegmin B) c¢6 dang khung 5 vong lan dau tién phan lap
trong ty nhién; 2 abietan diterpenoid (huperphlegmarin A va huperphlegmarin B) lan
dau tién phan 1ap trong ty nhién; 3 hop chit 1an dau tién phan lap duoc tir chi Huperzia
Bernh. (5-hydroxymethyl-2-furaldehyd, rehmanon C va loliolid) va 3 hop chét lan dau
tién phan lap dugc tu loai Huperzia phlegmaria (L.) Rothm. (phlegmariurin B,
lycoxanthol va 215-hydroxyserrat-14-en-34-yl acetat).

3. Vé ddc tinh cip va tac dung sinh hoc loai Huperzia phlegmaria (L.) Rothm.

- Pi xé4c dinh duoc lidu LDso cua cao chiét alcaloid toan phan loai Huperzia
phlegmaria (L.) Rothm. bang dudng udng trén chudt nhat trang 1a 1170 mg/kg (khoang
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tin cay 95% cua LDso la 1148 mg/kg — 1192 mg/kg), tuwong duong 219,38 g duoc liéu
kho/kg thé trong chuét.

- V& tac dung uc ché AChE in vitro:

+ Cac mau cao chiét nudc, methanol, dicloromethan ¢ tac dung tc ché AChE
yéu véi gia tri 1Cso tir 49,81 + 0,80 dén 433,07 + 7,16 pg/ml. Mau cao chiét alcaloid
toan phan cé hoat tinh manh véi gia tri 1Cso 1,54 + 0,10 pg/ml.

+ Hai alcaloid méi 12 huperphlegmin A va huperphlegmin B c6 hoat tinh tc ché
AChE véi gia tri 1Csp lan luot 12 65,50 + 1,83 va 73,55 + 1,94 uM. Hop chat huperzin
A ¢6 hoat tinh trc ché AChE in vitro manh véi ICso = 0,74 + 0,04 uM, manh hon chtng

duong galantamin & cung diéu kién thir nghiém.

- Vé tac dung cai thién hanh vi nhan thac va tri nhé trén mo hinh chuét gay suy
giam tri nhé boi scopolamin: Cao chiét alcaloid toan phan thé hién tac dung cai thién tri
nhd 1am viéc trén mo hinh mé 16 chit Y & liéu 150 mg/kg, cai thién tri nhé khdng gian
dai han trén md hinh mé 16 nuéc Morris & lidéu 150 mg/kg va cai thién nhan thic trén
md hinh nhan dién d6 vat & muc lidu 100 mg/kg va 150 mg/kg. Véi lidu 150 mg/kg, cao
chiét alcaloid toan phan tir loai Thach ting dudi ngua cé tac dung tc ché hoat tinh cua
AChE in vivo trén dong vat thuc nghiém.

- V& tac dung chéng 140 suy: Cao chiét alaloid Thach ting dudi ngua véi liéu 100
mg/kg va liéu 150 mg/kg c6 tac dung lam ting ndng do GSH-Px, lidu 150 mg/kg cd tac
dung 1am tang SOD; ca ba mac lidu 50 mg/kg, 100 mg/kg va 150 mg/kg cé tac dung
lam giam nong d6 MDA huyét tuong trén mo hinh gay l4o suy bang D-galactose & chuot
thi nghiém.

KIEN NGHI

- Nghién ctru doc tinh ban truong dién cua cao chiét alcaloid toan phan (sir dung
dung mdi ethanol) tir loai Thach ting dudi ngua; Xay dung tiéu chuin co s& cao chiét
alcaloid toan phan va nghién ctru dang bao ché thich hop dé c6 thé thir nghiém trén 1am
sang theo hudng hd tro diéu tri bénh Alzheimer.

- Tiép tuc nghién ctru cac tac dung sinh hoc ctia cdy Thach tung dudi ngua trén
cac dich tac dung khac trong diéu trj bénh Alzheimer nhu: bao vé té bao than kinh khoi

t6n thuong béi protein beta amyloid, tac dung chdng viém.
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Phu luc 3.2. Phé caa hep chat HP11A
(Huperphlegmin A)
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- Phd BC-NMR
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Spectrum Peak Pick Report

C7f21/2018 03:25:33 Pk

Data Sel: HP 11A_151847.spc - RawData

1.00000 T T T T T T T
B -
= 0.50000 A

//Jx\
I / N 1
e - \\\E
0.00000 I | i | ¥ I e —
250.0 350.0 450.0
nm.

Mezsuremen; Properties No. PV Wavelength Abs. Dascription
Wavelength Range (nm.): 190.0 to 700.0 =
Scan Spesd: Medium | [ 346.5 0.45181
Sampling Interval: 0.5
Auto Sampling Interval: Dizabled
Scan Mode: Ao
Instrument Properties
Instrument Type: UW-1800 Sevies
Mezsuring Mode: Absorbance
Slit Width: 1.0 nm
Ligkt Source Change Wavelangth: 340.8 nm
S/R Exchanga: MNormal
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Phé HSQC ciia hep chit HP11A
0P
HP11A-MeOD-COSYGP mﬂ
Current Data Parameters
NAME 110ECAI EPIIA
EXPNO - s
PROCNO 1
pm F? - Acguisition Parametars
El A Date_ 20180411
Time 3.09
0.5 INSTRON
5 == PASBO B3/
PULPROG o= 3
YIPEPT:
Z0d8
1.0 SOLVENT =0D
e NS 2
b G5 &
—_ SWE 3649.635 Hz
1.5 FIDRES 1.752048 H=
LJ £ 0.2805760 sec
= RG .21
e oW 137.000 usec
2.04 ar DE .50 usec
. = 3050 K
[ ] Do 0.00000300 sec
D1 1187261403 zec
2.5 ' *a D11 0.03000000 sec
. D12 0.00002000 sec
. D13 0.00000400 sec
D1 000020000 sec
3.0 - 1N 0.00027400 sec
n L) [
- [ ] ==—=== CHANNEL fl ========
f 500.2019644 MEz
3.5 2 - ® 1m
a - . 10.00 uses
. . g 10.00 uses
2500.00 uses
4.0+ 22.00000000 N
3125440001 W
- -
. .. =—==— GRADIENT CHANNEL =====
4.5+ P GPNAM[1] SMSp10.100
ezl 10.00 %
o P16 100000 usec
5.0 F1 - Acquisition parameters
i) 128
sFo1 500.202 ME=z
FIDRES 28.512774 Hx
5.5 W 7.296 ppm
FoMODE or
6.0 F? - Processing parameters
-U sI 1024
Sr 500.2000000 MHz
WOW OSINE
£5B o
6.5 - — 18 0 Hz
. =] o
o BC 1.40
7.0+ - - S Fl - Processing parameters
sI 1024
Mc2 oF
7.5 sF 500.2000000 ME=z
- WOW OSINE
T T T T T T e o
7 6 5 4 3 2 1 Ppm = 0 8=

Pho COSY ciia hop chat HP11A
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HP11A-MeOD-COSYGP

Ppm

7.0 6.9 6.8 6.7 6.6 6.5 6.4 Ppm

HP11A-MeOD-COSYGP

1.0+

hi

3.5 3.0 2.5 2.0 1.5 pPpm

Pho COSY ciia hop chat HP11A
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Co><)
BRUOKER

Current Data Parameters
NAME I110E0AT EPI1A
- 5

EXPNO

PROCKO 1

F2 - Acguisition Parameters

Date 20150411

Time 309

INSTRUM spect

PROBED 5 mm PABBO BB/

FULPROG cosygppPgl

™ g

SOLVENT M=0D

NS 2

s g

e 3649 635 Hz

FIDRES 1.762048 Hz

a0 0.2805760 sec

RE -1

o 137_000 wsee

E £.50 usec

= 3030 K

oo 0.00000300 sec

o1 1.§7261403 sec

D11 0.03000000 sec

D12 £.00002000 s=c

D13 0.00000400 sec

D16 0.00020000 sec

1ND 0.00027400 sec

== CEANNEL £l

sFo1 500.2019644 ME=

NUCI 18

EO 10.00 usee

P1 10.00 wsee

E17 2500.00 usec

ELWI 22.00000000 W

PIN1O 3.25¢40001 N
IENT CHANNEL

GPNAM[1] SMSD10_100

&PEl 10.00 &

P16 1000.00 usee

F1 - Acquisition paramcters

sFo1 500_202 MEz
FIDRES 25512774 Hz
£ 7.296 ppm
FnMODE oF

E2 - Processing parameters
sT 03.

sF 500.2000000 ME=
DN QSINE
558 0

18 0 Bz

= 0

BC 140

F1 - Processing paramecers
ST 1024

NC2 oF
sF 500.2000000 MEz
WDN QSINE

5858 o

5 0 Hz

=] [

C><)
BRUKER

Current Data Parameters
NANE 110804

I EP11a
EXPNO - 5
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180411
Fime 3. 09
INSTRUN spect
PROEHD 5 =m PABBO EB/
PULEROG cosygpppaf
™ 2048
SOLVENT M=0D
¥S 2
Ds 8
SWE 3649635 Hz
FIDRES 1.782048 Hx
a0 0.2805760 sec
RE 57.21
oW 137.000 usec
E 6.50 usec
TE 303.0 K
o 0.00000300 sec
D1 1.87261403 sec
b11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
D1& 0.00020000 sec
IND 0.00027400 sec
== CHANNEL £I =
500.2019644
1E
10.00 usec
10.00 usec
250000 usec
22.00000000 N
3.25440001 W
IENT CEANNEL
SMSQ10.100
10.00 &
P16 1000.00 usec

Fl - Acquisition parameters
m 128

SFO1 500.202 MHz
FIDRES 2§.512774 Hz
ES 7.296 pp=
FnMODE oF

F2 - Processing parameters
s 1oz

sF 5002000000 MH=z
HOW QSINE
558 ]

15 ¢ Hz

=] ]

B 1.40

F1 - Processing parameters
ST 1024

Nc2 oF

SF 5002000000 MEz
WOW QSINE
ssB 0

15 ¢ Hz

=] ]




HP11A-MeOD-NOESY

o<
BROKER

Current Data Parameters
NAME 110B0AT EPIIA
- &

EXPNO

FPROCKO 1

F? - Acquisition Parameters
Date 20180411

Time 3.21
INSTROM spect
PROBHD 5 mm PASBO BB/
PULPROG noesygpphpp

] 2048
SOLVENT M=0D

NS 8

s 32

SWE 3649635 Hz
FIDRES 1.762048 Hz
Ap 02805760 sec
RE 57.21

oW 137.000 usec
oE 6.50 usec
= 303.0 K
oo 0.00012427 sec
DI 192422402 zec
D& 0.30000001 sec
DIl 0.03000000 sec
D12 0.00002000 sec
D6 0.00020000 sec
1N 0.00027400 sec
———a £1 S—
sro1 5002019644 MEz
NvCI ig

P1 10.00 usec
P2z 20.00 usec
P17 250000 usec
PLRI 22.00000000 W
PLKIO 3.25440001 W
====== GRADIENT CEANNEL
GPNAM[1] SM5010.100
GPZI 40,00 &
P16 1000.00 usec

FI - Acquisition parameters
o] 256

sFo1 500.202 MEz
FIDRES 28.512774 Hz

£ 7.296 ppm
FnMODE States-TPPI

F2 - Processing parameters
1024

I
, P 500.1999996 MH=z
l ' . WDW QSINE
| S— 3.
[ \ 18 0 Bz
. ' &8 a
. .| - _— B 1.00
N ' | — Fl - Processing parameters
¥ 5T 1024
H . MC. Staces-TPFI
L Sr 500.19959965 MHz
T T T T T T e
6 5 4 3 2 1 pm 18 o &
P = o
HP11A-MeOD-NOESY

Co><)
BROKER

Current Data Parameters
NAME 110B0AI EP11A
- 3

EXPNO
PROCNO 1
pPpm F2 - Acquisition Parameters
Date_ 20180411
Time 3.21
6.45 INSTRUM spect
' b o PROBED 5 mm PABSO BB/
FULEROG aoesygpEhEn
SOLVENT M=OD
6.50 3 NS H
o s 32
SWH 3649 635 Ex
. FIDRES 1.782048 Ex
6 '55 AQ 0.2805760 sec
RE 57.21
e o 137.000 usec
- DE 6.50 usec
6.60 E 303.0 K
Do 0.00012427 sec
D1 1.92422402 sec
6.65 -] ‘ D8 0.30000001 sec
D11 0.03000000 sec
D1z 0.00002000 sec
D16 0.00020000 sec
6. 704 IND 0.00027400 sec
CHANNEL £1
SFOI 5002019644 ME=z
6.75 - NUC1 11
P1 10.00 usec
P2 2000 usec
P17 2500.00 usec
6.80 PLNI 22.00000000 N
FIN1D 3.25440001 N
——=—— GRADIZNT CHANNEL =
6.85 - GPNAN[1] SNSQ10.100
GPZ1 40.00 #
P16 1000.00 usec
&
6.90 4 FI - Acquisition paramcters
]
SFOI 500.202 ME=z
FIDRES 28.512774 Ex
6.95 £ 7.296 ppm
[} States-TPPI
F2 - Processing parameters
7.00 - 4 ¥ g 5
Sr 500.1999996 MHz
=S =
7.05 s o 5
- -
0
FC 1.00
-
7.10-P @ .
F1 - Processing parameters
s 102¢
['] MEZ2 Staces-TPFT
. SF 5001999985 MEz
7.15 = T T T T T T N QSINE
7.1 7.0 6.9 6.8 6.7 6.6 6.5 ppm = 9 8=

Pho NOESY ciia hop chat HP11A
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HP11A-MeOD-NOESY

C><)
BRUKER

Current Data Parameters
NAME 110H0AI EFIIA
&

EXPNO
PROCND 1
F2 - Acquisition Paramcters
Date 20180411

137.000 usec
6.50
303.0
0.00012427 sec
1.92422402 sec
sec
sec

| Easawi%%égaa'ga%égg
| AR
g

g w
. gl
b soy B
o LR
e 83 g
EH i%n, EEEN
EH EERPR - Lo

mEg wEm
ii 8

D1z 0.00002000 sec
D16 0.00020000 sec
IND 0.00027400 sec
======== CHANNEL £l ======:
SFOI 500.2019644
NUCI 18
F1 10.00 usec
F2 20.00 usec
F17 2500.00 usec
ELWI 22.00000000
PLWIO 3.25440001 W
TENT CHANNEL =
SMSQ10.100
40.00 %
P16 1000.00 usec

F1 - Acquisition parameters
™ 256

sFO1 500.202 ME=z
FIDRES 28.512774 Bz
£ 7.296 ppm
FnMODE States-TPPI

F2 - Processing parameters
5T 4

sF 500.1999996 MEz
WDW OSINE
558
) 05z
= 0
PC 1.00
F1 - Processing parameters
sI 1024
Mcz States-TPPI
sF 500.1999985 ME=z
WOW OSINE
SSB 2
ppm 18 0 5=
=] @

HP11A-MeOD-NOESY <)
BRUKER

Current Data Parameters
NAME 110HCAT EP113

EXPNO 5
ProcNo 1
Ppm F2 - Acquisition Parameters
Daze 20180411
. Time 321
INS t
PROSED 5 == PASEO BE/
PULPROG noesygppkpp
2048
SOLVENT Me0D
NS ]
bs 32
1.5+ SWE 3649.635 Hz
FIDRES 1782048 Ex
a0 0.2805760 zec
] 57.21
" 137.000 usec
oE 550 usec
= 303.0 K
Do 0.00012427 zec
2.0+ D1 1192422402 sec
ba 0130000001 zec
D11 0.03000000 sec
] 0100002000 zec
b1 0.00020000 sec
INo 0.00027400 zec
——————- CHANNEL £1 ===—==-
2.5+ sFoL 500.2019644 MEz
NuC1 1E
Pl 10.00 usec
Pz 20000 usec
P17 2500.00 usec
PRI 22.00000000 W
PLRIO 3.25440001 W
3.04 = IENT CHANNEL
cenaNr1] SMSQ10.100
az1 0.00 &
P16 100000 usec
F1 - Acquisition parameters
m 256
sFo1 500.202 MEz
3.5+ FIDRES 28.512774 Hz
el _29¢ ppm
FnMoDE States-TPPI
E2 - Processing parameters
sI 4
sF 500.1999996 Mz
WOW QSINE
4.0+ 558
1B 0 Bz
= ¢
PC 1.00
Fl - Processing parameters
sI 1024
a2 States-TPRI
4.5+ sF 5001995985 MEz
oW
1 1 1 1 I 1 I 558
4.5 4.0 3.5 3.0 2.5 2.0 1.5 pPpm B 082

Pho NOESY ciia hep chat HP11A
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Phu luc 3.3. Phé caa hep chat HP11B

Phd HR-ESI-MS
Phé UV

Phé IR

Phd 'H-NMR
Phé 13C-NMR
Phé HMBC

Pho HSQC

(Huperphlegmin B)

17

\N

OH

Pho HR-ESI-MS ciia hop chat HP11B

Counts vs. Mass-to-Charge (m/z)

PL 36

N
A N
- Pho COSY :
<
N
It =
-  Pho NOESY 3

+ Scan (i 1.0791 min) DHH_HP11B.d
397.2122
276.1959
121.0509 2921907 383.1965
i 2201329 262.“1‘827“‘ > 1907 3451815 o L aes22m0 583.3737
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660




Spectrum Peak Pick Report

07/21/2018

03:43:12 PM

Data Set: HP 11B_153153.spc - RawData

0.25800 ¥

bs.

2 012000

T

0.00000
250.0 350.0 450.0
nm.
h‘l&as;mmﬁrapmpe:[rﬁas} 180.0 10 700.0 No. PV Wavelength Abs. Description
avelength Range (nm.): .0 to 1 =
Scan Speed: Medium ® 348.5 0.09315
Sampling Interval: 0.5 . 261.5 0.02936
Auto Sampling Interval: Digabled [ 253.5 0.02814
Scan Mode: Auto
Instrument Properties
Instrument Type: UV-1800 Series
Measuring Mode: Absorbance
Slit Width: 1.0 nm
Light Source Change Wavelength: 340.8 nm
S/R Exchange: Mormal

Pho UV caa hep chat HP11B
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T.0867
7.064

HP11B-MeOD-1H (><)

T HONOMO-HOEMOFEMEUESMOF NSO @ AN ONMNM AN TOMO TGN GW M mom
TN N T O NN N AR IO YOO TN R A DBNNOR SO o Naes Dapemec
R e B e e B B B e e e e e R e === RN = F - R e e e el - RV R R rent Data Parameters
e e e e e ww e e aiaaaaa e e e w e e we e e w o w o a e e e e e e e e w e eeeiaewwawoaaa  NAME 110HCAT HE
L i e T B B B B R R e R R R R R R R R e R Bty - S

W PROCKO 1

- Acguisiticn Parameters

20180403
15.20
INSTRUM SPECT
PROBED 5 mm PABBO B3/
PULPROG zg3l
1D 65536
SOLVENT Mel
NS 1le
Ds 2
SWH
FIDRES
AQ
RG
oW
pyei] 1
CHANNEL f1
SFO1 500.2030889 MH=z
NUC1 1H
Pl 10.00 usec
PLW1 22.00000000 W
FI - Processing parameters
5T 65536
SF 500.19999297 MHz
WO =
S5B 0
1B Hz
G2 0
2C 1.00
. A oy

12 11 10 9 8 7 4 3 2
b T
-] —lelelelal=niled]| =] e

HP11B-MeOD-1H

<)
BR R

——6.856

7,067
~—7.064
—5.849
——6.524
—5.517

SR

7.15 7.10 7.05 7.00 6.95 6.90 6.85 6.80 6.75 6.70 6.65 6.60 6.55 6.50 ppm

e TR TR
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0P
HP11B-MeOD-COSYGP an
Current Data Parameters
NAME 110HGAI EPI1B
EXPNO s
PROCNO 1
ppm F2 - Acquisition Parameters
Date_ 20180411
Fime 4.54
INSTRUM spact
* 5 mm PABBO BB/
-
PULPROG cosygpppat
1.5+ 4 028
SOLVENT Me0D
M X NS 2
oS 8
SHE 3759.398 Hz
2.0 L - FIDRES 1.835644 Hz
' 20 0.2723640 zec
- RE 64.21
. W 133.000 usec
2.5 ' OE 6.50 usec
- = i = 3030 K
Do 0.00000300 sec
| ] - | ] L D1 1.§8080507 zec
D11 0.03000000 sec
3.0+
. D12 0.00002000 zec
" D13 0.00000400 sec
D1 000020000 zec
a5 . INO 0.00026600 sec
.54 . £ -
HANNEL f] ========
s . = 500.2020071 MEz
— 18
10.00 usec
4.0+ 10.00 usec
00.00 usec
- PLRI 22.00000000 W
a - - PLR10 3.25440001 W
4.5
====—- GRADIENT CHANNEL ==
. GENAM[1] SMSP10.100
epz1 10.00 #
° P16 1000.00 usec
5.0+
Fl - Acquisition parameters
™ 128
sFoL 500.202 Mz
- FIDRES 29.370300 Hz
5.5
- SW 7316 ppm
F2 - Processing paramcters
6.0 ST 1024
sF 500.2000000 Mz
WOW OSIKE
558 0
. - 18 0 8=
6.5 - L) R — = H
BC 1.40
L | F1 - Processing parameters
7.0 i 5T 102
[ Mc2 oF
sF 500.2000000 Mz
T T T T T T T T T T T T T e B SINE
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 Ppm = 0 8=
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[

Current Data Parameters
NAME

11080AI_EF118
- 5

EXPNO
FROCKO 1
E2 - Acguisition Parameters
Date 20150411
Time 454
INS spec
B 5 == PABBO BB/
FULPROX cosygpppgf
2048
SOLVENT Me0D
NS 2
s 8
£ 3759.398 Hz
FIDRES 1.835644 Hz
a0 02723840 zec
RS 64.21
o 133_000 wsec
E §.50 wsec
= 303.0 K
oo 0.00000300 see
D1 1.88060587 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
E: ) 0.00026600 sec
BANNEL £1 =
500.2020071

2500.00 usec
2200000080
3.25440001

IENT CHANNEL

GPNAN[1] SMSQ10.100
GPZ1 10.00 %
P16 1000.00 usec

F1 - Acguisition parameters
@ 128

SFO1 500.202 MEz
FIDRES 29370300 Hz
ES 7.516 ppm
FrMODE oF

EZ - Processing parameters
ST 5

SF 500.2000000 ME=
WON QSINE
558 0

18 0 Bz

&8 0

BC 1.40

F1 - Processing parameters
sT 1024

MCZ oF

SF 500.2000000 MEz
WOW OSINE

358 o

1B 0 Bz

= o

C><)
BRUKER

Current Data Parameters
NAME

110HCAI BPI1B
- 5

EXPNO
FROCNO 1
F2 - Acguisition Parameters
Date 20160411
Time 4.5¢
INS spect
F 5 mm PABBO BB/
PULPROG cosygpeRas

E T
SOLVENT M=0D
NS 2
DS ]
SHE 3750.398 Hz
FIDRES 1.835644 Hz
a0 0.2723840 sec
RE 64.21
o 133.000 usee
e £.50 usec
= 303.0 K
o 0.00000300 sec
1 1.§80§0597 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
DiE 0.00020000 sec
IND 0.00026600 sec

HANNEL £1 = ===
500.2020071 MEz

2500.00 usec
22.00000000 W
3.25440001 N

10.00 &
1000.00 usec

F1 - Acquisition parameters
™ 126

SFO1 500.202 MEz
FIDRES 29370300 Hz
£ 7.516 ppm
FnMODE oF

F2 - Processing parameters
ST 1024

SF 500. 2000000 MHz
WOW OSINE

558 o

LB ¢ Hz

o

PC 1.40

- Processing parameters
1024

oF
500. 2000000 MEz
OSINE
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Current Data Farameters
HAME 110E0AI_EF11B
- &

EXENO
FROCKO 1
F2 - Acguisition Parameters
Date 20160411
Time 5.06
INS spect
FROBED 5 mm PABBO BB/
PULPROG noesygpEhER
L] 2048
SOLVENT M=0D
N5
o5 32
SWE 3649635 Hz
FIDRES 1.762048 Hz
ap 02805760 sec
RE 64.21
oW 137_000 usec
e 6.50 wsec
TE 303.0 K
Do 0.00012427 zec
D1 1.92£22402 sec
g 0.30000001 sec
D11 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
IND 0.00027400 zec
== CHANNEL £l ===
sro1 500.201964¢ MEz
NTCI 18
Bl 10.00 usee
B2 20.00 usee
P17 2500.00 wsee
PLWI 2200000000 ¥
FLW10 3.25440001 W
== IENT CHANNEL
GPNAMI1] SM5010.100
e@z1 40,00 %
P18 1000.00 wsec

F1 - Acquisition parameters
] 256

sFO1 500.202 MEz
FIDRES 25.512774 H=

£ 296 ppm
FnMODE Staces-TPEI

F2 - Processing parameters
sI 24

sF 500.2000003 ME=x
WDW OSINE
558

LB 0 Hz

GB a

PC 1.00

F1 - Processing parameters
1024

MCZ States-TPPI
SF 500.2000000 MEz
OSIKE

o H=z
@

Co<)
BRUKER

Current Data Parameters
NANE 110B0AI EP11B
- [

EXPNO

FROCKND 1

F? - Acquisirion Farameters
Dare 20180411

Time 5.06
INSTROM spect
PROBED 5 =m PABBO BB/
PULPROG noesygpphpR

] 2048
SOLVENT M=0D

NS 8

s 32

SHE 3649635 Hz
FIDRES 1.762048 Hz
Ap 0.2805760 sec
RE 64.21

oW 137000 usee
IOE 6.50 usec
TE 30350 K
oo 0.00012427 sec
DI 1.92422402 sec
& 0.30000001 sec
DIl 0.03000000 sec
D12 0.00002000 sec
D16 0.00020000 sec
1IN 0.00027400 sec
—————— CHANNEL £l =————==
sFo1 5002019644 ME=z
NwCl ig

PI 10.00 usec
Pz 20.00 usec
P17 2500.00 usec
PLWI 22.00000000 W
PLRIO 3.25440001 W
====== GRADIENT CHANNEL
GPNAN[1] SM5010.100
GPZI 40.00 &
P16 1000.00 usee

FI - Acquisition parameters
™ 256

SFo1 500.202 MEz
FIDRES 28.512774 Hz
£ 7.296 ppm
FaMODE Seates-TOPT

F2 - Processing parameters
ST 1024

sF 500.2000003 MOz
WDW OSINE
S5B

LB ¢ Bz

GB a

PCc 1.00

Fl - Processing parameters
5T 1024

MCZ States-TPEI

SF 500.2000000 MHz
WOW

558

s o Hz

= o




Ppm
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Ppm
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=
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T T T T T T T T T
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Current Data Farameters
NAME 110HCAI EP11B
- &

EXPND
EROCHNO 1
F2 - Acquisition Parameters
Dare_ 20180411
Time
INSTRON

5 mm PABBO BB/
BULFROG noesygp,

2048

SOLVENT M=0D
Ns g
s 32
SWE 3649 635 Hr
FIDRES 1.782048 Hz
) 0. 2805760 sec
BE §4.21
o 137.000 use:
e 6.50 wse:
= 3030 K
Do 0.00012427 sec
1 1.92422402 sec
8 0.30000001 sec
D11 0.03000000 sec
D1z 0.00002000 sec
1§ 0.00020000 sec
1IND 0.00027400 sec

== CHANNEL £l =
500.2019644 MEz
18

10.00 uses
20.00 nsed
2500.00 use:
22.00000000
3.25440001

==

40.00 &
P16 1000.00 uses

Fl - Acquisition parameters
™

sFo1 500.202 MOz

FIDRES 28.512774 Hx

e 7.296 ppm
States-TPPT

F2 - Processing parameters
51 4

sF 500.2000003 Mz
WDW OSINE

558

B ¢ Hz

= @

PC .00

F1 - Processing parameters
1024

NC2 States-TPFI

5F 500.2000000 Mz
WDW OSINE

558

1B o Hz

= o

C><)
BROKER

Current Daca Parameters
NAME 11080AI_EFI1E
[

EXENO
PROCNO 1
F? - Acquisition Paramets
Date_ 20160411
Time 5.06
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG noesygpphpp
] 2048
SOLVENT M=0D
N5 ]
s 32
£ 3649 635 Hz
FIDRES 1.782048 He
a0 02805760 sec
RE 64.21
o 137_000 nsee
oE 5.50 usec
= 303.0 K
0.00012427 sec
1 1.92422402 zec
e 0.30000001 zec
D11 0.03000000 sec
iz 0.00002000 sec
DLé 0.00020000 sec
ND 0.00027400 sec
===== CHANNEL fl =
5002018644 MHz
18
10.00 wsee
20,00 usee
2500. 00 usec
22_00000000 W
3.25440001 N
GRADIENT CHANNEL
GPNAM[1] SMSD10_100
epz1 40,00 &
P16 1000.00 usee

Fl - Aequisition parameters
] 258

SFo1 500.202 MEz
FIDRES 25.512774 Hz
£ 7.206 p
FaMODE States-TPPT

F2 - Processing parameters
ST 1024

sF 500.2000003 MEz
WOR OSIKE
S5B

LB 0 Bz

= o

PC 100

Fl - Processing parameters
ST 1024

MCZ States-TPPI

SF 500.2000000 MEz
WDF

5SB

LB 0 Bz

= o
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Phu luc 3.4. Phé caa hep chat HP12
(Phlegmariurin B)

- Phd HR-ESI-MS
- Phd H-NMR
- Phd BC-NMR
- Phé HMBC

- Ph6 HSQC

+ Scan (rt: 1.0602 min) DHH_HP12.d
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L
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Phu luc 3.5. Phé ciaa hep chat HP13

(Huperzin A)
- Pho 'H-NMR
- Pho ¥C-NMR
- HMBC
- HMQC
HP13-DMSO-1H

v e
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Phu luc 3.6. Phé ciaa hep chat HPA
(Huperphlegmarin A)

Phd HR-ESI-MS
Phé UV

Phd 'H-NMR
Phd 3C-NMR
Ph6é DEPT

Phé HMBC

Pho HSQC

Phé NOESY
Phd CD

CALTQ Orpltrapl. \HPA_170217130337
MECH

T

\\\\\\\\

Nl
—_
=)

2NTRO1T 1:03:38 PM

OIIIIln- ey
I

HPA_170217130337 #454 RT:2.32 AV 1 NL:4.26E6
T:ITMS - ¢ ESI Full ms [50.00-500.00]
100

L=

905

77.4558 94.5241
= ¥

1326376 163.3176 1613958
LE ¥
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2289774 o Mg bosg Uil

327.0076
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LI e e

1697
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t t

t t
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Spectrum Peak Pick Report

02/06/2017 02:57:59 PM

Data Set: HPA_142828.spc - Dataset 145707

0.8000 T T T
o i
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i f \
§ 0.3950 | \ - .
| A
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= | a \ -
I \ / \
I NS l
| \
L by -
I ‘\\
-0.0100 ] 1 1 1 1 '“‘--__I__ I — I I
280.00 415.00 550.00
nim.
Measurement Properties MNo. PV Wavelength Abs. Description
Wavelength Range {nm.): 190.00 to 1100.00
Scan Speed: Medium ® ﬁgg ggﬁg
Sampling Interval: 0.50 ® - -
Auto Sampling Interval: Dizabled
Auto

Scan Mode:

Instrument Properties
UV-1800 Series

Instrument Type:
Measuring Mode: Absorbance
Slit Width: 1.0 nm
Light Source Change Wavelength: 340.8 nm
S/R Exchange: Mormal

Phé UV ciia hop chat HPA
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HPA-MeOD-C13CPD Bmﬂ
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HPA-MeOD-C13CPD e ocEn

60 55 50 45 40 35 30 25 20 15 ppm

Pho 3C-NMR cuia hop chat HPA
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DEPTS20
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HPA-MeOD-HMBC
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Co@g b
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F 70

F100

110

F120

130

F140

F150

F160

F170

180

F190

200

1.3 ppm

4

HMBC cua hop chat HPA

Pho

PL 64



[

b

.

e

[

G5

05

S¥
OF
GE
0€

Pho HMBC cua hop chat HPA

PL 65

S

0%

ST
wdd

OHWH-JOSW-YdH

DdWH-dOSHW-YdH



HPA-MeOD-HSQC
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BRUKER

Current Dara Farameters
NAME 1I0HOAI EFA

EXPND ]
PROCNO 1
F2 - Acquisition Parameters
Date 20170203
Time 15.38
INS
-PROBHD. _ 3 mm EABBG BB/ .
BULPROE nocsyap)

D, i, 2048
SOLVENT Ke0D
ns 3z
s

D1 1.82796800 sec
o8 0.30000001 sec
i1 0.03000000 sec
D1z 0.00002000 sec
D16 0.00020000 sec
IND 0.00036800 sec

HANNEL f1 =======:
500.2016047 MHz
15

10.00
20.00 usec
508, 00 usec

2200000000 W
3.25440001 W

usec

====== GRADIENT ===
GPNAM[1]

&PII 40.00 &
P16 100000 usec

F1 - Acquisition parameters
) 256

SFO1 500.2016 ME=z
FIDRES 10.614610 Bz
£ 5.433 ppm
FrMODE States-TPPI

F2 - Processing paramecers
51 4

SF 500.2000000 MEz
WDW OSINE

558

1B 0 Bz

B o

PC 1.00

F1 - Processing paramecers
51 1024

NC2 States-TPPI

SF 5001998998 MHx
WDW

358

1B 0 Bz

= o

DO0SH-AOSH-YdH



HPA-MeOD-NOESY

C><)
BRUKER

Current Data FParameters
NAME 11

OEOAI EFA
EXENG ~ &
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170203

Fime 15.38
INSTRUM spect
PROBED 5 == PABBO BB/
PULPROG noesygpphe

5] 2048
SOLVENT Me0D

NS 32

s 32

SKE 2717.391 Ex
FIDRES 1.326851 Hz
Y] 0.3768320 sec
RE 3

oW 184.000 usec
= 6.50 usec
= 303.1 K
oo 0.00017127 sec
D1 1.§2796800 sec
o8 0.30000001 sec
p11 0.03000000 zec
D12 0200002000 zec
D16 0200020000 zec
IND 0.00036600 zec

£] ss======
500.2016047 MHz
15

10.00 usec

20.00 usec

2500.00 usec
22.00000000 W
3.25440001 W

====== GRADIENT CEANNEL =====
GPNAM[1] SMSQ10.100

GPZ1 40.00 &
P16 1000.00 vsec

Fl - Acquisition parameters
7 256

sFo1 500.2016 ME=
FIDRES 10.614610 Ex
ES 5.433 ppm
FaMODE Staces-TPEI

F2 - Processing parameters
ST 4

SF 500.2000000 MEz
WDW QSINE

S5B

LB ¢ Hz

[=:] a

PC 1.00

Fl - Processing parameters
sT 1024

MC2 States-TPPT

SF 500.1999998 MEz
WDW

S5B

LB o Hz

= o

<)
BRUKER

Current Data Parameters
NAME 1

Pho NOESY cua hop chat HPA

PL 68

108021 EP2
EXPND ~ 8
FROCNO 1
F2 - Acguisition Parameters
Date 20170203
Time 15.38
INg spece
FROBED 5 mm PABEO BB/
PULPROG noesyspphEp
) 2048
SOLVENT M=0D
NS 32
s 32
SWE 2717.351 Hx
FIDRES 1.326851 Hz
a0 03766320 sec
RE 64.21
o 184.000 usec
e 6.50 usec
e 303.1 K
Do 0.00017127 sec
1 1.§2796600 sec
g 0.30000001 sec
D11 0.03000000 s=c
1z 0.00002000 sec
g 0.00020000 sec
1ND 0.00036600 sec
————— CHANNEL f1 =————===
sFo1 500.2016047 MEz
NUCI 18
F1 10.00 usee
P2 20,00 usec
P17 2500.00 usec
TIRT 2.
FIN1O 3.25440001 W
R IENT CHANNEL —=—
GENAM[1] SMS010.100
GPZ1 40.00 &
P18 100000 usec

F1 - Acguisition parameters
) 256

5FO1 500.2016 MEx
FIDRES 10.614810 H=z
Ed 5.433 ppm
FnMODE Sraces-TPPI

F2 - Processing pazameters
s1

sF 500.2000000 NEx
WDW OSINE

558

LB 0 Hz

o

PCc 1.00

F1 - Processing parameters
T 1024

States-TPPI
500.1998995 MEz



HPA-MeOD-NOESY

<)
BRUKER

Current Data Parameters
MEME 110HOAI EPA
EXPND ]
PROCNO 1
Ppm F2 - Acquisition Parameters
4 Dag=_ 20170203
Time 15.38
INSTROM spect
PROSZD 5 =m PABEO BB/
PULPROG noesygpEhpp
] 2048
SOLVENT 0D
1.2 NS 32
DS 32
2717.391 B=
1.326851 He
0.3768320 sec
4.21
4 184.000 use:
1.3 £.50 usec
303.1 K
0.00017127 ze=
1.52796500 zec
030000001 sec
003000000 sec
1.44 0.00002000 sec
0.00020000 sec
0.00036600 sec
—— CHANNEL £1 =======
500.2016067 MEz
4 1n
1.5 10.00 usec
20.00 usec
2500.00 usec
22.00000000 W
PLR10 325440001 W
1.6 === CHANNEL ====
cPNAM[1] SMSQ10.100
@zl 40.00 #
P16 1000200 usec
F1 - Acguisition parameters
1.7 ] 256
. sF01 5002016 M=
FIDRES 10.614610 Bz
W 5.433 ppm
FaMODE States-TPPT
£z - Processing paramecers
1.8 51 4
sF 500.2000000 M=
oW QSINE
SsB
=5 0 5=
= 0
1.94 PC 1.00
F1 - Processing parameters
5T 1024
MCz States-TPPT
sF 500.1990998 M=

Circular Dichroism {mdeq)

WDW

558

1B o Bz
= @

200

220

240 260 280 300 320 340
Wavelength {nirm)

Phé CD caa hep chat HPA

PL 69
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Phu luc 3.7. Phé cia hep chit HPB
(Lycoxanthol)

Phd ESI-MS
Phé UV

Phd 'H-NMR
Phd 3C-NMR
Ph6é DEPT
Phé HMBC
Pho HSQC
Phé NOESY
Ph6é CD

CALTQ Orbitrapl. \HPB_170217141017
MEOH

2NT7ROIT 21017 PM

w1 17

HPB_170217141017 #3867 RT:-26.11 AW 1 NL:224E5
T: ITMS - ¢ ESI Full ms [150.00-500.00]

1009

Relafive Abundance
e
=]
1

206.32

59 17442
1 te01e

21580 236 60

160 180 200 220 240 260

28034 260.73

32012

31495

280 300 320 340

Pho HR-ESI-MS cia hgp chat HPB

PL 70

343.18

348.09

37523 312

35828
N

380 380



Spectrum Peak Pick Report

02/06/2017 03:01:53 PM

Data Set: HPB_143833.spc - Dataset 150051

0.4000

é’ 0.1950}

=0.0100 |
280.00

Measurement Properties
Wavelength Range (nm.):

Scan Speed:

Sampling Interval:

Auto Sampling Interval:

Scan Mode:

Instrument Properties

Instrument Type:
Measuring Moda:
Slit Width:

Light Source Change Wavelength:

S/R Exchange:

Attachment Properties

Attachment:

190.00 to 1100.00
Medium

0.50

Disabled

Auto

UV-1800 Series
Absorbance

1.0 nm

340.8 nm
Mormal

MNone

415.00 E£50.00
mim.
No. PV Wavelength Abs. Description
1 [ 381.00 0.2586
2 & 334 50 0.1742
3 . 204 50 0.2663
4 & 263,50 =0.9717
5 . 20250 0.3219

Phé UV caa hep chat HPB
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HPB-MeOD-C13CPD &DEPT

DEPT90

T T T T T T T T T T

T T
210 200 130 160 170 160 150 140 130 iz0 110 100 a0 B0 70 &0 S0 40 30 20 10 ppm

DEPT135

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 4] 80 70 &0 5 40 k1] 20 10 ppm

C1l3CPD

T T T T
210 200 190 180 170 160 150 140 130 120 110 100 30 11} TO 60 50 40 30 20 10 ppm

HPB-MeOD-C13CPD &DEPT

DEPT90

75 T0 65 60 55 50 45 40 35 30 25 20 Ppm

80
DEPT135

a0 75 70 65 &0 55 5 45 40 3s 30 25 20 ppm

C13CFED

B0 73 70 63 &0 55 a0 43 20 35 30 25 20 FRm

Pho DEPT cia hop chat HPB
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HPB-MeOD-HMBC
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HMBC cua hgp chat HPB

Pho
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Lo

ppm
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Circular Dichroism (mdegq)

200 220 240 280 280 300 320 340 380 380 400
WWivasvelength (nim)
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Phy lyc 3.8. Phé ciia hgp chat HPH
(Huperphlegmarin B)

Ph6 HR-ESI-MS
Phé H-NMR
Pho 3C-NMR
Phd DEPT

Phé HMBC

Pho HSQC

Pho NOESY
Phd CD 19

* T
C)HIIIIII
I

CATQOmirapy TIHPH_170307 144616 ITROT 246216 PM

MEOH

HPH_170307144616#126 RT:0.72 AW 1 ML 4927
T. FTMS - ¢ ESI Full ms [50.00-700.00]

100

a3

a0

a5

an

75

Falafirea Abund an o
wn
=1

3204747

3141514 3|27

195.1246 2234594 271.y020 2251407 370580 4005228 4200380 4605534 4959867

1116340 140.3396 160.5575

100 150 200 250 300 350 400 450 S00
miz

Pho HR-ESI-MS ciia hop chit HPH
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T.227
4.83

4.548
4,524

2

3,086
3.978
3.960

3.361

M TOMOANMOOUNNONMANOS TOW Ao
NHOELYOUNUTTAMANRDS TN AAS SN OD
MEOMOC0000CO000CO GG MN®E DWWy
R R S e R ke he e e R R R ]

1.286

17

9 8 7 6 5 4 3 2 1 0 ppm
1
: TR
- - = = cla|~|s|-|s|s
HPH-MeOD-1H
[
1
ioh |
I
T T T T T T T T T T T T T T T
4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 34 3.3 ppm

1.50

T

Phé 'H-NMR ciia hgp chat HPH
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HPH-MeOD-1H )

W O] e @ e R N N R T R T N T W R L= S| o 0] e oo L] o
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€101 016101 01 0161 R e R ]

WP W\ 1o

. . 21 2.0 1.9 . . . . . .
T e — - o N lH_hcn;t — L‘“"cnr;t"_J Lx"r': 1\-— o
&l R g g “RA: 1
Pho 'H-NMR ciia hop chat HPH
HPH-MeOD-C13CPD

=3 @M W
=] - o ) = o

- . @ o
=3 @ o - -
=] - T - @ w
o - - o ~

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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HPH-MeOD-C13CPD Bmﬂ

wn
o ~
. @
@

&

=] © = =
=1 = - ©

o ® T o ~
=] = = =

~ -

—75.99
58,33

T T T T T I T T T T I
200 190 180 170 160 150 140 130 120 110 100 90 80 70 ppm
HPH-MeOD-C13CPD

.

50 45 40 35 30 25 20 ppm
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HPH-MeOD-C13CPD&DEPT
DEPT90

T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 B0 70 &0 50 40 30 20 10 ppm

DEPT135

T T T T T T T T T T T T
210 200 130 180 170 160 150 140 130 120 110 100 90 80 T0 60 5 40 30 20 10 Ppm

C13CPD

T T T T T T T T T T T T
210 200 130 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 Ppm

HPH-MeOD-C13CPD&DEPT
DEPT90

T T T T T T T T T T
0 55 50 45 40 35 30 25 20 ppm

6
DEPT135

CH2
T T T T T T T T T T
&0 55 50 45 40 35 30 25 20 ppm
Cl1l3CPD
T T T T T T T T T T
60 55 50 45 40 35 30 25 20 Ppm

Pho DEPT cia hop chat HPH
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HPH-MeOD-HMBC
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HPH-MeOD-HMBC

ppm

~100

105

F110

F115

F120

F125

F130

F135

-140

145

150

155

160

F165

F170

F180

185

F190

F195

200

HPH-MeOD-HMBC

JLN

F175 ¢

15

20

t HPH

p cha

~35

40

HMBC cua ho

0

45

Ph

50

55

~60

pPpm

PL 82



HPH-MeOD-HMBC
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HPH-MeOD-HSQC
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wdd

= ° _—
-1 o
=
S
- t
= a
- = -
B =
T T T T T T T T T T
=) (53] 4] - - w W =] ] = =]
o o o 5] o 5 =] 5] o o 'g
2 z
Pho HSQC cua hegp chat HPH
Y yy
HPH-MeOD-NOESY BROKER
Current Data Parameters
HAME 1105CAI_SPH
EXPNO 7
EROCNO 1
Ppm . F2? - Acquisition Parameters
Date_ 20170228
Fime 17.59
INSTRUM spect
B 5 == PABSO BB/
1.0+ ' EPULFROG noesmgz,gg;
+ » -+ - ¥ SOLVENT MeoD
XS 8
1.5 s 32
. » | s 3816.794 Hz
i FIDRES 1.863669 Hx
a0 0.2662850 sec
2.0+ - 4 * BE 5,36
oW 131.000 usec
' - = 6.50 usec
. = 303.2 K
2.5 ! Do 0.00011827 sec
D1 1.93651189 sec
8 0.30000001 sec
b1 0.03000000 zec
3.0+ ' D12 0.00002000 zec
. D16 0.00020000 zec
...‘. + —— INO 0.00026200 sec
3.5 . ‘ot Ra—— L £l s=======
sFO1 500.2019887 MHz
¥UC1
1.0- . - = 2 8
. y 00 usec
. P17 2500.00 usec
PLNI 22.00000000 W
PLN1O 3.25240001 W
4.5 + . —
[ ENT CHANNEL ====
. - . - - - . -k NAMT1] SMSQ10.100
s Z1 40.00 #
5.0 P16 1000.00 usec
Fl - Acquizition parametess
5.5 ) 256
- sFo1 500.202 MEz
FIDRES 14.909351 Hx
Ed 7.631 ppm
6.0 EnMODE States-TPPI
F2 - Processing parameters
. sI 1024
6.5 sF 500.1989997 MH=
" ] WDN OSINE
558
18 0 Ez
- =
7.0 | BC 1.00
1 - S
F1 - Processing parameters
7.5 ' sI 1024
' a2 States-TPET
sF 500.2000002 Mz
1 I I I I WDN
558
5 4 3 2 1 pPpm k) o Bz
=

Pho NOESY caa hep chat HPH
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HPH-MeOD-NOESY

.

*.

‘
%
]

;"I

Circular Dichroism {(mdeg)

20

-20

-30

-40

-50

T T T T T f T
4.0 3.5 3.0 2.5 2.0 1.5 Ppm

Phé NOESY cua hep chit HPH

C><)
BRUKER

Current Data Parameters
HAME

110H02I EPE
EXPNO -7
FPROCKO 1
F? - Acquisition Parameters
Date 20170228
Time 17.59
INS spect
PROBHD 5 mm PABBO BB/
PULPROG noesygpphpp
D 2048
SOLVENT Me=0D
NS ]
oS 32
SWE 3516.784 Hr
FIDRES 1.863669 Hr
a0 02682880 sec
£ 7836
oW 131.000 usec
e 5.50 usec
E 303.2 K
oo 0.00011627 sec
D1 193651199 sec
o8 0.30000001 sec
D11 0.03000000 sec
D12 000002000 sec
D1E 0.00020000 sec
INO 0.00026200 sec
CHANNEL £1
SFO1 500.2018867 Mdz
NTC1 1g
P1 10.00 usec
£z 20.00 usec
P17 2500.00 usec
PLWI 22.00000000 W
FLWIO 3.25440001 W
====== GRADIENT CEANNEL =====
GPNAM[1] SM5Q10.100
&@z1 40.00 &
P16 1000.00 usec
F1 - Acquisition paramcters
7
SFO1 500.202 MEz
FIDRES 14909351 Hr
SW 7.631 ppm
FnNODE States-TPPI

F2 - Processing parameters
sI 1024

sF 500.1999997 MEz
NDN QSINE
SSB
LB o Hz

a
PC 1.00

F1 - Processing parameters
sI 1024

MC2 States-TPPI

SF 500.2000002 MHz
NDN QSINE

SSE

LB ¢ Hz

GB a

200 220 240 260 280 300 320 340
Wavelength (nm)

Pho CD caa hep chat HPH
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Phu luc 3.9. Phé cia hep chat HPD
(21-episerratenediol-3-O-acetat )

- Phd 'H-NMR
- Pho B3C-NMR
- Phd DEPT

- Phd HMBC
- Ph6 HSQC

I I 1
9 8 7 6 5 4 3 2 1 0 ppm
|
4B T
= = G.'i"."’.”.ﬁ“‘!":“‘!‘("’.“!“’!‘ﬁ“’.“!“‘."ﬁ".‘
- - --nﬂx--—‘-ﬂq-vﬂ‘—‘-mﬂnv::n

Phé 'H-NMR cia hop chat HPD
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HPD-CDC13-C13CPD

- @ )
2 < -
= a &
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Pho 3*C-NMR cia hep chat HPD
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FZ - Processing p

51

SF 125.7

WDW

SSB 0

LB 1.00
GB ]

EC 1.40



HPD-CDC13-C13CPD&DEPT

—— :‘:‘.‘.‘H,‘ " ———— H -ul——-—-n—o—-—
T T T T
[1]

T T T T T T T
T0 60 50 40 30 20 10 ppm

DEPT90

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 ]

DEPT135

9]
¢

n

=
9]
[ee]
=y
[}

Mt sttt g il siphatoiitiend L“‘

CH2
T T T T T T T T T T T I T T T T T T I T T T
210 200 130 180 170 160 150 140 130 1zo 110 100 90 80 70 60 50 40 30 20 10 ppm
C13CPD
mﬂdIunmhnnnuﬂvﬁ#Luua-hnumuuuLm‘“ ‘|kmuu*“
T T T T T T T T T T T T T T T T T T T T T T
210 200 130 180 170 160 150 140 130 1z0 110 100 90 80 T0 60 50 40 30 20 10 ppm
HPD-CDC13-C13CPD&DEPT
DEPT90
ey i Al P T o O Popmsgt i e T AP At P Ao e
T U 1 T T T U T T T T T U T
80 73 T0 63 60 33 50 45 40 35 30 25 20 15 Ppm
DEPT135
CH&CH3 { J|
whg_ - - - Lol P L . b L
1 Ll Ladnle i L
] ]
T T T T T T T T T T T T 1 J
80 75 70 63 60 33 50 45 40 35 30 25 20 13 ppm
Cl3CP
T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm

Pho DEPT cia hop chat HPD
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HPD-CDC13-HMBC

sk W)

» -I-W ﬂ. i E 10
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E110
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L 130
o L L 140
L 150
160

. 170

180

p chit HPD

HMBC cua he
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caa hep chat HPI
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HPI-CDC13-C13CPD
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HPI-CDC13-C13CPD&DEPT
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Phu luc 3.11. Phé caa hep chat HPJ
(21la-hydroxyserrat-14-en-3g-ol)
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Pho 3C-NMR cua hgp chat HPJ
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Phu luc 3.12. Phé caa hep chat HPP
(lycophlegmariol A)
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Phu luc 3.13. Pho caa hep chat HP10A
(5-hydroxymethyl-2-furaldehyd)
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Phu luc 3.14. Phé caa hep chat HP10B
(Rehmanon C)
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Phu luc 3.15. Phé caa hep chat HP10D
(Loliolid)
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