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LOI CAM POAN

T6i xin cam doan luan an nay la céng trinh nghién ctru cia t6i dudi sy hudng
dan cia PGS. TS. P4 Thi Thao va PGS.TS. Hoang Lé Tuan Anh

Cac sb liéu va két qua trinh bay trong luan &n hoan toan trung thuc, mét phan
da duoc cong bd trén cac tap chi khoa hoc chuyén nganh véi su dong y va cho phép
cua cac dong tac gia;

Phan con lai chua dugc ai cdng bé trong bat ky cong trinh nao khac.

Tac gia

Pham Thij Hai Yén
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Luan an nay dugc hoan thanh tai Phong tht nghiém sinh hoc, Vién Cong
nghé sinh hoc va Trung tim Ung dung va Trién khai Mién Trung, Vién nghién ctru
khoa hoc mién Trung thudc vién Han 1am khoa hoc va Cong nghé Viét Nam cung
v6i su hd trg kinh phi thuc hién cua dé tai nghién ctru co ban trong khoa hoc tu
nhién mi sé 104.01-2016-26-Quy phat trién Khoa hoc va Céng nghé Quéc gia -
Nafosted da cap kinh phi cho viéc thyc hién luan an.

Trong qua trinh thyc hién ludn an, tic gia da nhan dugc rat nhiéu su gitp do vo
cing quy bau tir cac thay cd, cac nha khoa hoc, cac ddng nghiép, ban bé va gia dinh.

To1 xin dugc bay té 101 cdm on sau sic nhat toi PGS.TS. B3 Thi Thao va
PGS.TS. Hoang Lé Tuén Anh 13 nhitng ngudi di huéng dan tan tinh, chu ddo va tao
moi diéu kién tot nhat gitp do toi trong thoi gian thuc hién luén an.

T61 xin dugc chan thanh cam on Vién Cong nghé sinh hoc va Vién nghién
ctru khoa hoc mién Trung thudoc Vién Han 1am va Khoa hoc Viét Nam da tao diéu
kién thuan loi vé thiét bi, hd tro kinh phi hoa chat va thuc hién cac thi nghiém lién
quan trong qua trinh lam ludn an.

To1 xin dugc chan thanh cdm on téi ban 1anh dao va cac can bo Phong thur
nghiém sinh hoc, Trung tim Ung dung va Trién khai Mién Trung di gitp d& toi
tach chiét, nudi cdy té bao va thir hoat tinh ctia hop chét trong qua trinh thuc hién
luén an.

T6i xin dugc tran trong cam on l1&nh dao Hoc vién Khoa hoc va Cong nghé,
Ban Giam hiéu truong Pai hoc Van hoa, Thé thao va Du lich Thanh Héa da hd tro
kinh phi va tao diéu kién thuan loi nhét cho t6i trong qué trinh hoc tip.

T6i xin dwoc giri 101 biét on chan thanh nhét t6i toan thé gia dinh, ban bé va
nhiing nguoi than da ludn quan tdm, dong vién va khich I¢ trong sudt qua trinh thyuc hi¢n.

Toi xin tran trong cam on!

Tac gia

Pham Thi Hai Yén
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MO DAU

Ung thu 1a can bénh gay ti 1€ tor vong cao va dang tré thanh ganh ndng 16n tai
cac qudc gia trén thé gidi, dic biét voi cac nude nghéo va cac nude dang phat trién.
Theo s6 liéu ciia T6 chic nghién ctru ung thu qudc té (Globocan), nim 2020 trén
thé giéi c6 19,3 triéu ca mic mai ung thu va 10 triéu ca ung thu tir vong, trong dé
Chau A chiém ty 16 mac méi cao nhat, chiém 49,6% s6 bénh nhan ung thu mic mai
trén toan cau [1].

Tai Viét Nam, ung thu ciling 1a loai bénh 1y dang tang nhanh va tang cao.
Theo théng ké cta T6 chic nghién ciru ung thu qudc té (Globocan), naim 2020 tai
Viét Nam c6 khoang 182,563 ca ung thu moi mac, gan 122,690 trudng hop tur
vong va hon 353,826 ngudi dang phai chung séng voi cin bénh ung thu. Bén canh
d6, theo nhiéu bdo cao viém va viém man tinh duoc xem 1a mét trong nhiing yéu
t6 kich thich phat trién khéi u ung thu [2]. Cac nha khoa hoc da ghi nhan sy xuét
hién ctia nhiéu loai té bao viém khac nhau cing vdi su gia ting cac cytokine viém
trong vi mdi trudng khdi u [3]. Béi vay viéc tim kiém nhiing loai thudc/duoc chat méi
dac tri khang u, khang viém ciing nhu hd tro diéu tri hodc hd tro phong bénh 1a hét st
can thiét va cap bach. Mic du trong y hoc hién dai di ¢6 nhitng budc phat trién trong
viéc téng hop céc loai thude diéu tri bénh ung thu, bénh viém, nhung t41 nay chua
¢6 thude nao duoc cho 13 hoan toan hiéu qua va an toan [4].

Thuc vat va cac san pham (hoat chat) co6 ngudn gdc thuc vat hién van duoc
xem 1a c¢6 hiéu qua va phu hop trong diéu tri, kiém soat bénh ung thu. D6 1a do céc
hop chat thién nhién c6 doc tinh thap, co kha ning dung nap t6t trong co thé sinh vat,
c6 kha ning diét cac t& bao u, bao vé duogc té bao lanh [5]. Cac nghién ctru cho thiy
cac chat chuyén hoa thir cip chiét xuét tir thuc vat tc ché té bao ung thu thong qua
chdng ton thuong DNA, kich hoat cac enzym giy apoptosis théng qua viéc trc ché
c4c con dudng truyén tin hiéu nhu: con dudng RAS-ERK, con dudng tin higu c-
Met, con duong tin hiéu PI3K/Akt, con dudng ty thé v.v.[6]. Vi vay, ngay nay, hau
hét cac cong trinh nghién ctru tim kiém cac loai thude ung thu hay khang viém méi déu

hudéng vao thuc vét va cac hop chat thién nhién c6 ngudn gde tir thyc vat.



Viét Nam 1a dit nuée c6 ngudn tai nguyén ciy thudc vo cung da dang va
phong pht, phan b trén toan lanh thd. Theo thdng ké nam 2016, Viét Nam co
khoang 5117 loai va dudi loai thuc vat bac cao dugce sir dung lam thudc chita bénh
trong dan gian [7]. Piéu nay cho thay tiém ning to 16n cta ngudn dugc liéu Viét
Nam c6 thé sir dung trong nghién ctru sang loc dé tim ra nhitng chét c6 hoat tinh
dugc hoc quy hiém, trong dé ¢ cac chat khang u va khang viém méi c6 hiéu qua
cao, it hoac khong gay ra cac phan tng phu. Trong sd nhing loai da duoc phat hién,
loai TAm bop (Physalis angulata) va Thu lu nhé (Physalis minima) thudc chi
Physalis 13 nhirng loai dugc str dung nhiéu trong cac bai thuéc Pong y dé diéu tri
bénh trong d6 c¢6 cac bénh 1y viém va ung thu. Trong nhiing nim gan day, & Viét
Nam ciing d3 c6 mot sd nghién ctru khoa hoc vé phan 1ap va xac dinh cau trac hoa
hoc cua cac hop chat ¢ hoat tinh sinh hoc ctia loai P. angulata va P. minima da
dugc cong bo [8, 9]. Tim hiéu vé thanh phan hoa hoc va hoat tinh khang u, khéng
viém cua hai loai ndy s& bd sung ngudn co sé khoa hoc cho viée sir dung trong qué
trinh hd trg, diéu tri nhirng can bénh nay.

Xuat phat tir nhimg 1y do trén, chiing t6i tién hanh thwc hién dé tai nghién
ctru “Nghién ciru hoat tinh khdng viém va khdng ung thw ciia mét so6 hop chit
phén lap tur hai loai T am bop (P. angulata) va Thu lu nho (P. minima), ho Ca -
Solanaceae”. Két qua nghién ctru cua dé tai s& dong gop vao viéc danh gia hoat tinh
khang té bao ung thu, khang viém tiém ning cia cac dich chiét, phat hién cac hop
chét tinh khiét co tac dung hd tro, diéu tri cac bénh Iy viém va ung thu dugc tach
chiét tir loai P. angulata va P. minima phan b ¢ Viét Nam. Cac két qua cta dé tai
1a co s& khoa hoc, gbp phan giai thich vé hoat tinh khang u va khang viém cua céac
bai thudc trong dan gian, nang cao gia tri str dung ctia cac lodi cay nay.

Muc tiéu dé tai luéin an

1. Phan 1ap va xac dinh cdu trac héa hoc clia mot sé hop chét tir hai loai Tam
bép (P. angulata) va Thu lu nho (P. minima) thudc chi Physalis ¢ Viét Nam;

2. Phat hién cac hop chat c6 hoat tinh khang viém va khang ung thu tiém

nang tir hai loai thuc vt ndy lam co s cho cac nghién ctru vé dugce 1y tiép theo.



Poi twong nghién ciru

Dbi tuong nghién ctru cua dé tai 1a hai loai thudc chi Physalis: Loai tim bop
(P. angulata) duoc thu hai tai tinh Thai Binh va loai Thu lu nho (P. minima) duoc
thu héi tai tinh Thira Thién Hué.

Noi dung luin 4n bao gdm

1. Sang loc cac hoat tinh khang viém va khang ung thu tir cac dich chiét cua
hai loai P. angulata va P. minima thudc chi Physalis & Viét Nam.

2. Xéac dinh cu trac hoa hoc cua cac hop chét phan 1ap duoc tir cac dich
chiét tiém nang cua hai loai P. angulata va P. minima thudc chi Physalis & Viét Nam.

3. Panh gia hoat tinh trc ché NO dinh hudng khang viém cila cac hop chat
dugc phan 1ap.

4. Panh gia hoat tinh khang ung thu ciia cac hop chat duoc phan lap.



CHUONG 1: TONG QUAN
1.1. Mt vai nét vé viém va ung thu
1.1.1. Viém va tiém nang khdng viém ciia cdc hop chit tiv thwe vit

Hién nay, viém la can bénh rat phé bién ¢ Viét Nam cling nhu trén thé gioi.
Viém la phan Gng phtc tap ctua co thé tai mo lién két - moét md c6 mit & moi co
quan - khoi phat sau khi bj ton thuong té bao. Biéu hién bang sy thuc bao tai chd,
¢ tac dung loai trir tac nhan gdy viém va stra chita ton thuong; Qua trinh viém
thuong kém theo céc tri€u chiing sung, nong, do va dau do cdc mach mau gian nd,
dua nhiéu mau dén noi bi tdn thuong. Cac bach cau cling theo mach mau xam nhap
vao mo, tiét cac chat prostalandin, cytokine nham tiéu diét hodc trung hoa céc tc
nhan gay ton thuong. Khi viém cép tinh khong duogc chira tri triét dé thi co thé
chuyén bién va tro thanh viém méan tinh. Viém khong phai 1a mot bénh cy thé ma 1a
mot qua trinh bénh 1y, gap ¢ nhiéu dang khac nhau. Viém vira 1a mot phan (mg bao
vé co thé chdng lai yéu t6 gdy bénh, vira 1a phan tng bénh 1y, khi dap tng viém
khong phu hop hodc cé sy gia ting qua mirc, viém s& trd thanh c6 hai cho co thé
nhu t6n thuong mé lanh, rdi loan cc chirc ning co quan, gy ung thu [10].

Trong qua trinh viém, cdc dai thyc bao dong vai trd quan trong trong viéc
khoi dong, duy tri va giai quyét tinh trang viém [11]. Vi du nhu dudi tac dong cua
lipopolysaccharide (LPS) 1a mot thanh phan phd bién trén mang ngoai vi khuan
Gram am, céc dai thuc bao sé tiét ra cac cytokine tién viém (interleukin-1p (IL-1p),
interleukin-6 (IL-6), yéu té hoai tr khéi u (TNF-a) va cac chét trung gian giy viém
(oxit nitric - NO, prostaglandin E2 - PGE2) dugc tong hop twong ng bdi NO
synthase cam tng (iNOS) va cyclooxygenase-2 (COX-2) [12]. NO tac dong 1én té
bao co tron mach mau tai vi tri viém, lam tang tinh thAm thanh mach va déy nhanh su
xam nhap cua cac chat trung gian gy viém, dau, 16i kéo bach ciu don nhan vao vi tri
viém. iNOS tao ra NO tir L-arginine 1a chét trung gian chinh ctia qué trinh kich hoat
mién dich va viém. iNOS c6 kha ning kich hoat COX-2, mét loai enzyme quan trong
clia qua trinh viém va cam nhén dau, do LPS gay ra trén dong té bao dai thuc bao
RAW 264.7 bang cach tao NO ndi sinh [13]. Cac kich thich viém kich hoat COX-2



cling kich hoat iNOS, tao ra NO. Do do, trc ché su biéu hién qua muc cua iNOS va
COX-2 12 mdt giai phap can thiét dé ngan ngira va diéu tri cac bénh viém [14].
1.1.1.1. Cac giai doan cua qua trinh viém

Qua trinh viém thudng dién bién qua céac giai doan sau [10]:

- Ri loan tuan hoan tai 6 viém: R&i loan tudn hoan tai 6 viém xdy ra ngay
khi yéu t6 gay viém tac dong 1én co thé gdbm bdn hién twong: Rbi loan van mach,
hinh thanh dich ri viém, bach cau xuyén mach va bach cau thuc bao.

- R4i loan chuyén hoa: Tai 6 viém, qua trinh oxy hoéa ting lam ting nhu cau
oxy, nhung su sung huyét dong mach chua dap tng kip. Do vay, pH mau giam va
giam manh khi bat dau chuyén sang sung huyét tinh mach, tir 6 kéo theo hang loat
nhirng rdi loan chuyén hoa cua cac glucid, lipid va protein.

- Ton thuong mo: Tai vi tri viém c6 hai loai ton thuong: Ton thuong tién
phat do nguyén nhan gy viém tao ra va ton thuong thir phat do nhitng rdi loan tai 6
viém gay nén.

- Tang sinh té bao - Qua trinh lam lanh vét thuong: Viém bat dau bang ton
thuong té bao va két thuc bang qua trinh phat trién tai tao. Ngay trong giai doan dau
d3 c6 tang sinh té bao (bach cau da nhén trung tinh, r6i don nhan va lympho bo).
Vé cubi, su tdng sinh vuot mic hoai tr khién 6 viém duoc chira lanh. Céc té bao
nhu mo tai vi tri viém c6 thé duoc tai sinh hoan toan khién céu trac va chirc nang tai
mo viém van dugce phuc héi. Trong truong hop t& bao nhu mé khong duge tai sinh
hoan toan hozc khong tai sinh mé viém bj thay thé bang mé xo (seo).
1.1.1.2. Cac con dwong tin hi¢u gdy viém

Céc con dudng gy viém tac dong dén co ché bénh sinh ctiia mot s6 bénh méan
tinh va lién quan dén céc chat trung gian gy viém pho bién. Céc tic nhan kich thich
viém kich hoat cac duong dan truyén tin hiéu ndi bao, sau do kich hoat san xuit cac
chat trung gian giy viém. Céac yéu td kich thich gy viém chinh, bao gom céc vi
sinh vat va cac cytokine nhu IL-1pB, IL-6, TNF-a lam trung gian tinh trang viém
thong qua twong tic vé6i IL -1, thu thé gibng Toll (TLRs), thu thé (IL-1R), thu thé
IL-6 (IL-6R) va thy thé TNF (TNFR). Céc thu thé kich hoat cac con dudng tin hiéu



ndi bao quan trong, bao gébm: Con dudng NF-kB, con dudng MAPK, con dudng
JAK-STAT va con duong TLR4/MyD8S [15]:

- Con duong NF-«B:

Con duong NF-kB déng vai trd quan trong trong viéc kiém soat qué trinh
viém, dap tng mién dich, su phat trién té bao va apoptosis. NF-kB bao gdm nim
yéu t6 phién mi lién quan: P50, p52, RelA (p65), RelB va c-Rel. Hoat dong cia
NF-kB dugc gy ra bai mot loat cac kich thich, bao gém céac chat co ngudn goc tir
mam bénh, cic cytokine giy viém va nhiéu loai enzym. Trong diéu kién sinh 1y, cac
protein IkB c6 trong té bao chit trc ché NF-kB. Cac thu thé nhan dang khuon mau
(Pattern-recognition receptors - PRR) st dung co ché truyén tin hiéu tuong ty dé
kich hoat IkB kinase (IKK), bao gdm hai tiéu don vi kinase (IKKa va IKKf) va mot
tiéu don vi IKKy. IKK diéu chinh sy hoat héa con duong NF-«kB thong qua qua
trinh phosphoryl héa IkB. Qua trinh phosphoryl héa IkB din dén sy phan hiy cia
n6 boi proteasome va sau d6 giai phong NF-kB dé chuyén vi vao nhan va kich hoat
phién ma. Con duong nay diéu chinh cac phan ung tién viém san san sinh cac chat
trung gian gy viém (NO, PGE2) va sy biéu hién ciia cic enzyme cam ung ciia
ching (iINOS, COX- 2) va gia ting s6 luong té bao viém, gop phan ting cuong phan
ung viém [15].

- Con duong MAPK (Mitogen-activated protein kinase)

MAPK 1a mét ho cac kinase protein serine/threonine c6 chirc ning diéu hoa
mot s& qua trinh sinh 1y cua té bao nhu su phién m3 gen, diéu chinh té bao ting sinh
hay biét hoa, hodc cam ung apoptosis, kich hoat cac cytokine gay viém (nhu IL-1,
TNF-a va IL-6) v.v. Nhitng chat tac hiéu xudi dong khac nhau dugc hoat hoa boi
cac thanh phan cau thanh MAPK cudi cung lién quan dén 3 16 trinh chinh: 1 trinh
ERK1/2 kinase, 16 trinh p38 va 19 trinh c-Jun N — terminal kinase (JNK).

Su hoat hda cua cac MAPK, bao gém Erk1/2, JNK, dan dén qua trinh
phosphoryl héa va hoat hoa cac yéu to phién ma p38 c6 trong té bao chat hodc nhan,
khoi dau phan tng viém. Ho p38 1a mot nhom protein kinase kich hoat mitogen

(MAPKs), mot muc tiéu quan trong dugc nghién ctru dé diéu tri cac bénh viém



duong thd min tinh, viém khép dang thap, bénh viém rudt, bénh Alzheimer, xo vira
dong mach, COVID-19 va hi chirng mach vanh cép tinh v.v. Bén déng dang cua
ho MAPK p38 1a p38a (MAPK14), p383 (MAPKI11), p38y (MAPK12) va p38d
(MAPK13). Trong d6 p38a duoc kich hoat bai nhiéu kich thich viém va déng vai
trd quan trong trong viéc diéu hoa sinh tong hop cac cytokine tién viém nhu
interleukin 1B (IL-1B) va yéu té hoai tir khdi u (TNF-0). Su kich hoat p38a ciing
khién tang cuong biéu hién cta chat giy viém nhu COX-2, iNOS [15]. Nhu vdy, con
duong p38a MAPK khi bi kich hoat s& c6 kha ning diéu chinh tinh trang viém thong
qua giai phong cac cytokine gy viém. Do d6, (rc ché con duong p38a MAPK 1a
mot trong nhitng muc tiéu trong diéu tri cac bénh 1y viém [16].

- Con duong JAK-STAT (Janus kinase/signal transducer and activator of
transcription)

Con duong JAK-STAT hd trg sy twong tac cila cac tyrosine kinase véi cac yéu
t6 phién ma bang cach tac dong truc tiép vao cac yéu td phién ma va 1a con dudng
ngoai bao c6 thé kiém soat su biéu hién gen. STAT la cic yéu to phién ma thudng
hién dién trong céc té bao & trang thai bt hoat. Khi c6 cac phan tir gén véi thy thé,
n6 s& kich thich STAT gan két v6i JAK tai ving SH2. Luc nay STAT sé& duogc
phosphoryl hoa, dimer héa va di vao trong nhan dé tac dong dén qua trinh phién ma
gen. Qua trinh phosphoryl hoa tyrosine 14 can thiét cho qua trinh déng phan hoa
STAT va lién két DNA. Do @6, tin hiéu JAK/STAT cho phép chuyén d6i truc tiép
tin hiéu ngoai bao thanh cac phan tng phién ma. Vi dy, lién két ciia cac thanh vién
ho IL-6 voi cac thy thé mang sinh chat s& kich hoat cac protein JAK-STAT. Céc
protein STAT dugc chuyén vi tri vao trong nhéan lién két cac ving khoi dong gen
muc tiéu dé diéu chinh qué trinh phién ma cta cac gen viém [15].

- Con duong TLR4/MyDS88 (Toll-like receptor 4/myeloid differentiation
primary response 88)

Con duong TLR4/MyD88 c6 vai tro quan trong trong viéc cdm rng cac con
duong NF-kB va MAKP. Thu thé Toll-like (Toll-like receptor - TLR) 1a mét ho cac

thu thé nhan dang phdi tir va tham gia kich hoat phan mg viém. Trong s6 cac thu



thé TLR, TLR4 dugc coi la thy thé ddc hi¢u cho LPS. Sau khi dugc kich hoat boi
LPS, TLR4 sé& kich hoat qua trinh oligome héa va thu hit cdc phan tir tiép hop &
vung dudi thong qua tuong tac voi cac ving thu thé toll-IL1 (TIR) bao gdm MyD88
va TIR domain containing adaptor inducing interferon 3 (TRIF). MyD88 c6 vai tro
quan trong trong viéc truyén tin hiéu cua con duong TLR. Ngoai trir TLR3, tit ca
cac thu thé TLR déu truyén tin hiéu xudi dong théng qua MyD88. Theo d6 su kich
hoat con duong truyén tin hiéu TLR4/MyD88 ciing sé ting cuong kich hoat con
duong NF-«B va MAKP. Do do, ngan chan sy nhi phan ctia TLR4 s€ giam su thu
huat protein MyD88 va trc ché con dudng NF-kB va MAKP, ngin chin khoi dong
phan ung viém [15].
1.1.1.3. M{t s6 hoat chdt nguon goc thién nhién c6 tac dung khdng viém

Hién nay cac loai thudc khang viém trén thi trudng chi yéu 1a cac loai thude
duoc téng hop hoda hoc hodc thugc nhém corticoid, nén tiém an kha nhiéu nguy co
nhu thé hién nhiéu tic dung phu gy hai dén sirc khoe va d6i khi c6 chi phi san
Xuat cao.

Thudc khang viém c6 ngudn gbe thuc vat 1a mot giai phap kha thi cho van dé
trén. Voi nhiéu vu diém vuot trdi nhu tinh an toan, it gdy ra cac phan Gng phuy, hiéu
qua 1au dai va gia thanh thip, cac thudc c6 ngudn gbc thuc vt di va dang mo ra
nhitng budc di méi trong diéu tri bénh viém.

Co ché khang viém cua cac hoat chat chiét xuat tir thuc vat:

- Uc ché enzym 15-Lipoxygenase (LOX)

Nhom enzym lipoxygenase (5, 8, 12, va 15 LOX) dong vai trd quan trong
trong cac sinh 1y bénh viém. Enzyme dong phan 15-LOX la mot enzyme c6t yéu
tham gia vao qué trinh tong hop leukotrienes tir axit arachidonic. Cac leukotriene 1a
chét trung gian ctia nhiéu phan tng tién viém va di tng, do d6 viéc trc ché tong hop
leukotrienes thdng qua ¢ ché hoat dong cua 15-LOX duoc coi 1a mot trong nhiing
giai phap hiéu qua dé diéu tri va kiém soat tinh trang viém [17].

Enzym LOX c6 thé bj tc ché hoat dong bang cach chuyén enzym tir dang c6
hoat tinh (dang ferric) thanh bat hoat (dang ferrous) hoic tao phtc chelat véi ion &

vi tri hoat dong cua enzym [18].



- Uc ché enzym tong hop oxit nitric (NOS)

NOS 13 mdt enzym quan trong lién quan dén viéc diéu chinh viém, truong luc
mach mau, dan truyén than kinh va ung thu. NO 1a mot gc tu do doc hai co thé gay
t6n thuong mo dang ké & ndng do cao. Mot luong NO ting 1én dang ké do iNOS
tong hop tham gia vao qua trinh kich thich viém va hoat déng hiép dong véi cac
chat trung gian gdy viém khac [19]. iNOS ciing da duoc bao cao 1a kich hoat COX-2
do LPS giy ra trong dong té bao dai thuc bao RAW 264.7 bang cach tao NO nbi
sinh [20]. Ngoai ra, cac chét trc ché iNOS 1am giam san xuat NO ciing lam giam san
xuét prostaglandin (PG) trong té bao [21]. Do d6, NO duoc tao ra boi qua trinh Kich
hoat iNOS trong qua trinh viém duong nhu dong vai tro quan trong trong vi¢c kich
hoat COX-2.

- Uc ché COX-2

Co ché hoat dong cia cac thudc nay 1a tc ché hoat dong cia cac enzyme
cyclooxygenase (COX), xuc tic chuyén doi axit arachidonic thanh prostaglandin
(PG - yéu t6 trung gian quan trong nhat gdy nén phan tng viém) va thromboxan.
Hai dang COX da dugc xéac dinh 1a COX-1 duogc biéu hién & hau hét cac md, co
quan, trong khi COX-2 ton tai chii yéu trong cac té bio va mo viém.

COX-1 rat can thiét dé duy tri trang thai sinh 1y binh thudng caa nhiéu mo, co
quan, bao gom bao vé niém mac duong tiéu hoa, kiém soat luu luong mau than, can
bang ndi moi, phan tng ty mién dich, chirc ning phdi va hé than kinh trung wong va
cac bénh tim mach. COX-2 cam tng bdi cac cytokine thuong tham gia vao phan
g viém va c6 tac dung xUc tac tao ra cac PG yéu té quyét dinh tac dung khang
viém cua thuéc [22]. Do d6, viéc c ché cac enzym COX-2 sé& kich thich cac tin
hiéu noi bao nhu NF- kB, p38 hoic MAPKs, lam thay ddi sy biéu hién cua céac
cytokine gy viém nhu interleukin 1- beta (IL-1B), interleukin 6 (IL-6), va yéu t6
hoai tir khéi u (TNF-a) protein két dinh va chemokine, dan dén kich thich va hoat
hoa cac té bao mién dich. Sy tc ché COX-2 di duogc coi 1a mot muyc tiéu quan trong
cua cac loai thudc tiém ning trong diéu tri viém [23].

- Uc ché cac cytokine chong viém
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Céc loai cytokine tién viém khac nhau d3 dugc biét dén khi diéu chinh cac
phan ng viém tryc tiép hodc bang kha ning giy ra su tong hop cac phan tir két
dinh té bao hoac cac cytokine lién quan trong mét s6 loai té bao nhat dinh.

Cac cytokine tién viém chinh chiu trach nhiém cho cac dap tng sém la IL-
lo, IL-1P), IL-6 va yéu té gay hoai tir khéi u a (TNF-a). Cac chét trung gian gay
viém khac bao gom yéu tb tc ché bénh bach cau (LIF), oncostatin M (OSM), yéu t6
tang truong khoi u-beta (TGF-P), yéu tb kich thich dai thuc bao bach cau hat (GM-
CSF), IL-8, IL-11, IL-12, IL-17, IL-18 va mét loat cac chemokine khac cé tac dung
gay viém. Viéc tc ché su biéu hién cua cac cytokine nay da duoc ching minh 13 co
ché tac dong chong viém cua nhiéu cdy thudc ciing nhu cua cac hop chat thién
nhién. Thudc chdng viém steroid (SAID) nhu prednisolone va dexamethasone ciing
duogc biét 12 1am giam san xuat cac cytokine gay viém nay [24].

- Mot sb hop chét ty nhién c6 hoat tinh chéng viém

Mbét s hop chat tu nhién da duoc ghi nhan c6 hoat tinh chéng viém nhu
curcumin, cucurbitacins, flavonoid [25].

+ Curcumin (Curcuma longa): Nghién ctru 1dm sang cho thdy curcumin ¢
tac dung khang viém. Hoat dong chéng viém cia curcumin chi yéu 1a do tc ché
chuyén hoa cyclooxygenase (COX) [20, 26], lipoxygenase (LOX) [21, 23] ,
interleukin (IL), yéu t6 gay hoai tir khdi u o (TNF -0) [27, 28], axit arachidonic
(AA) [28] va yéu t6 nhan kappa B (NF-kB) [29].

+ Cucurbitacin

Cucurbitacin ban dau duoc phan 13p tur céc loai thuoc ho Cucurbitaceae.
Theo dic diém cau tric cta chung, cucurbitacin dugc chia thanh muoi hai loai [30].
Trong d6 cac hop chit cucurbitacin B, D, E, 1, dihydrocucurbitacin B, cucurbitacin
R va dihydrocucurbitacin D ¢6 hoat tinh khang viém tét [31, 32].

Peter va cong su (1999) bio cdo ring hoat dong chdng viém cua
cucurbitacin tir cay Wilbrandia ebracteata cé thé lién quan dén viéc e ché san

xuat prostaglandin E2 (PGE2) [33].
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+ Flavonoid

Flavonoid 12 mot nhom céc chat tu nhién ¢ cdu trac khung phenol va xut
hién pho bién trong gidi thuc vat va dugc tim thy trong trai cay, rau, ngil coc, vo
cdy, ré, than, hoa. Hon 4000 loai flavonoid da duoc x4c dinh [1] . Pelzer va cong su
(1998) da nghién ctru hoat tinh chéng viém cua 30 flavonoid duoc phan l1ap tir mot
s cay thuoc ho Compositae va phat hién ra riang tat ca cac flavonoid dugc thi
nghiém déu c6 hoat tinh chéng viém tly thudc vao ca cu trdc cua ching va phuong
phap duoc st dung dé thir nghiém [34]. Co ché ma flavonoid phat huy tac dung
chéng viém lién quan dén viéc Gc ché cac hoat dong caa COX va/hoic LOX, sinh
tong hop eicosanoid va phan hity bach cau trung tinh. Céc flavonoid chon loc nhu
quercetin uc ché hoat dong ca COX va LOX [35]. Wang va cong su (1999) phét
hién ra rang anthocyanins va aglycone chiét xuat tir qua anh dao c6 thé rc ché hoat
dong cua COX-1 va COX-2 [36]. Nam 2005, Hou va cong su da phat hién ra
anthocyanidins wc ché su biéu hien COX-2 do lipopolysaccharide gay ra bang céch
Kich hoat cac con duong kich hoat protein kinase (MAPK) mitogen. Pay la co so
phan tir giai thich cho cac dic tinh chdng viém caa anthocyanidin [37].

1.1.2. Ung thw va tiém niing khdng té bao ung thw ciia cdc hop chit tiv thwe vit
1.1.2.1. Khai quat

Ung thu 12 mot thuat ngir dung dé chi cac nhém bénh ly 4c tinh cua té bao
khi bi kich thich boi cac tic nhan sinh ung thu. Luc nay, cic té bio ting truong va
sinh s6i mot cach bat thuong, khong tuan theo cac co ché kiém soét vé phét trién
ctia co thé. CAc té bao ung thu sinh truong khong ngimg, c¢6 kha ning xam lan dén
cac co quan va bo phan khac nhau cia co thé va gy ton hai dén céc té bao binh
thudng, cudi ciing khién bénh nhan tir vong [38].

Hién c6 khoang hon 200 loai ung thu khac nhau vé ngudn goc té bao phat
sinh va phat trién & tat ca cac co quan va bo phan trén co thé [39]. Cac loai ung thur
duogc dit tén theo co quan, mé noi khai phat té bao ung thu hodc noi khéi u ung thu
XUat hién.
1.1.2.2. Phan logi ung thu

Theo ngudn gbc té bao ung thu dugc phan chia thanh 5 loai sau [40]:
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- Ung thu Carcinoma (Ung thu biéu md): La loai ung thu pho bién nhét. Ching
duoc sinh ra tir cac té bao biéu mo, 13 loai té bao bao phi cac bé mit bén trong va bén
ngoai cua co thé, trong d6 bao gdm cac bé mit clia da va co quan ndi tang. Ung thu
biéu md duoc chia thanh hai loai chinh: adenocarcinoma phat trién trong mét co quan
hodc tuyén va ung thu biéu mé té bao vay bit ngudn tir biéu mo vay.

- Ung thur Sarcoma: La ung thu hinh thanh trong cac mé xwong va mé mém,
bao gé)m co, mo0, mach mau, mach bach huyét va mé lién két. Cac khdi u sarcoma
thudng giéng v4i cac md ma ching phat trién.

- Ung thu Leukaemia (Ung thu mau): La dang ung thu ma tinh trang cac té
bao bach cau 4c tinh tang 1én khong kiém soat. Kém theo céac té bao tén thuong bi
r0i loan qua trinh biét hoa. Theo thdi gian, cic té bao nay sé& 1an 4t va thay thé cac té
bao khoe manh, lan tran ra h¢ mau ngoai vi va cac co quan khac.

- Ung thu Lymphomas va Myeloma: La ung thu cua cac té bao thudc hé
théng mién dich nhu & hé bach huyét, tay xuong.

- Ung thu hé thdng than kinh: La dang ung thu bat ngudn tir cac khéi u ndo
va tiy song. Nhitng khdi u nay dugc dat tén dya trén loai té bao ma ching hinh
thanh va noi khéi u hinh thanh dau tién trong hé thong than kinh trung wong.

1.1.2.3. Cdc ddc tinh ciia té bao ung thw

Ung thu xay ra do sy dot bién trong DNA hoic qua trinh phan chia té bao bi
16i dan dén té bao ting sinh vo han, vo t6 chirc, khong tuan theo cac co ché kiém
soat vé phat trién cua co thé [41]. Cac té bao ung thu ting truéng va phan chia véi
tbc d6 nhanh bat thudng, dan toi biét hoa kém va c6 nhiéu dic diém hinh thai bat
thuong. Céac té bao ung thu thuong ¢ kich thuéc khong dong déu, nhiéu nhan, nhan
16n khién té bao chét bi thu hep bo nhan khong déu, nhiém sic thé xuat hién nhiéu,
di biét, bao twong it, kiém tinh. Nhitng bat thudng hay dot bién xay ra trong té bao s&
khién céc té bao binh thuong trai qua mot qua trinh bién do6i dan dan dé tré thanh té
bao ung thu phat trién manh mé, lién tuc dan dén tao thanh nhimng khdi u 4c tinh [5].

Ung thu xay ra théng qua mot loat cac dot bién cua cac gen bét ky, nhung
chu yéu 1a ciia cac proto-oncogen, anti-oncogen. Do sy dot bién nay, té bao ung thu

s& ¢ nhitng thay d6i dic trung trong sinh 1y hoc té bao nhu sau [42]:
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- Duy tri tin hiéu ting sinh: Céc t& bao ung thu c6 kha ning tu phan chia,
sinh s01 ndy n¢ khong ngung - nho sy kich hoat cua gen giy ung thu nhu ras hodc
c-myc (trai nguoc véi cac té bao binh thudng phai can dén cac yéu té ting trudng
bén ngoai).

- Lén 4t cac tin hiéu @c ché sinh truong: Cac t& bao ung thu bi bat hoat cac
gen tc ché khdi u nhu gen Rb. Khong nhiing thé, chiing c6 thé chdng lai cic tin
hiéu tre ché dén tir cac té bao 1an can.

- Tranh dugc sy chét theo chuong trinh: Cac té bao ung thu ngin chin va 1am
bat hoat cac gen lién quan téi co ché dua cac té bao vao chuong trinh tu chét
apoptosis.

- C6 kha nang ting sinh khong giéi han: Cac té bao ung thu c6 cac gen sinh
trueong bi kich hoat bat thuong khién chung tré nén bat tir, ddng nghia véi viéc lién tuc
tang truong, phan chia khong gidi han, tao cac thé hé té bao mai va khong dong nhat.

- Kich thich tao mach: Céc té bao ung thu c¢6 kha niang khéi dong cac con
duong tin hiéu nodi bao, nhu cac gen mi héa yéu té tao mach (Vascular endothelial
growth factor - VEGF) v.v., khién ching c6 thé kich hoat cac qua trinh tao va phat
trién hé mach mau téi nudi cac khdi u so cap va th cap.

- Kich hoat su xam l4n va di can: Cac té bao ung thu c6 kha ning dic biét 1a
xam 14n t6i cac co quan va md khac va pha hiy cac co quan do, két qua 1a xam
chiém khap co thé. Pay 1a dic tinh nguy hiém nhét ciia cin bénh ung thu ma hién
tai cac nha khoa hoc van chua hiéu rd dé tim ra bién phap ngédn chidn, han ché ti 1é
tir vong cho bénh nhan.
1.1.2.4. Mt s6 hoat chdt tiém nang co nguén géc tw nhién chita tri bénh ung thw

Hién nay, cac phuong phéap diéu tri ung thu dang st dung thudng theo co ché
tac dung don 1€, con nhiéu tac dung phu khong mong mudn xdy ra di anh huéng
nghiém trong dén chat lugng cudc song ciia ngudi bénh. Bén canh d6 chi phi hang
nam danh cho bénh ung thu ngay cang ting cao. Vi vay, viéc tim kiém thir nghiém
cac loai thudc méi an toan, hiéu qua va giam gia thanh san phiam ludn duoc chi
trong. V&i muc tiéu ndy cac hoat chét tir tu nhién dic biét 1a hoat chat c6 ngudn gbc

tir thuc vat dugc nghién ctiru nhiéu nhat [43].
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- Cac chit gay trc ché ddi véi tubulin

Tubulin 13 protein tham gia hinh thanh vi éng microtubulin trong té bao [44].
So1 vi 6ng microtubule tham gia vao viéc duy tri cAu trac té bao va tao thanh bd
khung té bao. Chiing c6 vai trd quan trong trong cac hoat dong sinh 1y cua té bao,
trong qua trinh phan bao véi vai trd 1a thanh phan chinh cta thoi vo sic va c6 lién
quan chit ché dén cac giai doan khac nhau cua chu trinh té bao. Do do, cac thude
tac dong 1én soi vi ong s& anh huéng dén chu trinh té bao va két qua 13 e ché su
tang sinh, phat trién cua té bao [45-47].

Co ché hoat dong cua cac chit trc ché Tubulin: Tubulin chu yéu c6 ba mién
lién két, d6 1a mién lién két paclitaxel, vinca va colchicine 1a nhitng muc tiéu tot
nhat dé phat trién cac loai thudc chéng ung thu [48].

*\/uing lién két colchicine

Colchicine va cac dong phan ngin chin phan chia té bao bang cach pha vd vi
6ng. Colchicine lién két voi chudi B-tubulin tao thanh cau trac tubulin-colchicine
(T-C). Cau trac T-C ndy ngin can qué trinh polymer hoa hinh thanh vi éng. Cau
truc T-C lam thay d6i vé hinh dang, chan dimer tubulin, do d6 chan su lép rap dé
hinh thanh cau trac vi 6ng. Vi ciu tric T-C 1am cham lai viéc dimer hoa tubulin nén
vi ong khong duoc lap rap din dén mat can bang cdu trac sudt trung ky cua qua
trinh phan bao.

*\Ung lién két vinca

Céc alkaloid vinca lién két truc tiép véi p-tubulin & mot viing riéng biét goi 1a
mién lién két vinca. Cac vinca ndy lién két voi tubulin mot cach nhanh chong va
lién két nay co thé dao nguoc, khong phy thude vao nhiét do (tir 0-37°C). Cac
alkaloid vinca khong tao ngay dang phirc v&i tubulin hodc khong polymer hoa dé
tao vi 6ng. Tuy nhién, chung c6 kha ning tic dong toi hinh thai va cu tric vi ong.
Alkaloid vinca lién két v6i tubulin véi i lyc cao & dau vi dng nhung véi ai luc thap
tal cac vi tri tubulin c6 mat doc hai bén vi éng. Lién két & vi tri ¢6 4i lyc cao thi vc
ché manh mé hoat dong cua tubulin ngay ca ¢ néng d6 thudc thip trong khi lién két
& vi tri co 4i lyc thap thi co hoat tinh khir polymer héa vi dng & nong do thudc

tuong doi cao.
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* \/ung lién két paclitaxel

Trai nguoc véi colchicine va alkaloid vinca, paclitaxel thuc day qua trinh
polymer hoa & ca pha kéo dai va pha tao nhan trong phan ung polyme héa va no
giam nong do tubulin (ndng do tubulin hoa tan & trang thai bén viing).

Trong s cac co ché tac dong khac nhau cua hop chit ty nhién thi sy twong tic
v6i protein tubulin cua té bao 1a mot trong nhitng co ché quan trong nhét va khoang
hon 20% tng cir vién thubc mdi hoat dong theo co ché nay.

Theo co ché nay thi c6 2 loai thudc chéng ung thu chinh sau: loai thtr nhit 1a
thudc e ché su polymer hoa tao chudi tubulin (hay ngin chan sy lip rap tubulin),
gom céc alkaloid vinca va loai thit hai 1a thudc kich thich sy polymer chudi tubulin
(kich thich sy lap rap tubulin thanh vi ng), thudc loai nay 1a taxol.

C6 hang trim hop chat di dugc bao cdo kim ham su phan bao béi tac dong cua
chung d6i vai cac microtubule. Trong tat ca cac truong hop di duoc nghién ctu, co
ché pho bién nhat 13 (rc ché dong hoc 18n soi truc chinh ctia microtubule [49, 50].

Cay dua can (Catharanthus roseus) thudc ho Tric dao (Apocynaceae) la
loai cdy c6 ngudn goc tir Madagasca dugc trong chi yéu ¢ cac nudc cd khi hau
am. Tur 1y, cdy dira can 13 vi thudc dan gian dugc ngudi dan cac nude chau Phi va
chau A dung dé chira tri nhiéu loai bénh nhu tiéu duong, cao huyét ap, lam thudc
giam dau v.v. [51]. Alkaloid 1a mot ho cac hop chit indole dang nhi phén, duoc
chiét xuat hodc ban tong hop tir cay dira can (Catharanthus roseus), dai dién cho
mot trong nhitng 16p chit chdng ung thu quan trong nhat. Hoat tinh chéng ung thu
cta alkaloid dira can dugc phat hién tir nhitng ndm 50 cua thé ky XX. Cac alcaloid
trc ché sy két hop cua tubulin vao microtubules, do d6 ngin chian qué trinh phan
chia té bao. Déng thoi, ching lién két véi B-tubulin tai cac vi tri khac nhau dugc goi
12 mién vinca cua tubulin. Vi vay, hoat tinh chéng tang sinh cua cac alcaloid dugc
cho 13 két qua cua sy twong tac giita ching vdi cac thoi phan bao. Ngoai ra, tac
dung chdng ung thu cia alcaloid con do tac dong dbi v6i chuyén hoa ciia glutamat,
aspartat va vincristin, ngin chin sy téng hop ARN, protein. Trong cac nghién ctru

in vitro, tac dung cua vinca alcaloid trén tubulin phu thudc vao ndng do. O nong
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d6 thap, chung trc ché chirc ning va sy hinh thanh cua microtubules. Con khi &
n6ng dd cao, n6 diét duoc ca té bao. Vi thé, ching duogc str dung lam nguyén li¢u
bao ché thude diéu tri ung thu [52].

Nam 1971, Wani va cong sy da phan lap dugc tor cdy Thong do Pacific
(Taxus brevifolia) hop chit taxol 1a mét diterpene amide méi khong gay doc va co
kha nang chira tri ung thu [53, 54].

Taxol (tén biét duoc 14 paclitaxel) c6 kha ning lién két khong thé dao nguoc
v6i B-tubulin, do d6 khién vi éng s& thay dbi cau tric, khong thé giit dugc trang thai
can bang dong von c6. Taxol ngin can su phan chia té bao bang cach dinh truc tiép
1én bé mit cua 6ng vi thé, né kich thich qua trinh ghép cac dimer cta vi dng thanh
mang ludi vi thé va 6n dinh mang luéi vi thé bang cach ngin chin qué trinh théo
xoan. Tir d6 we ché su tai to chirc nang lugng binh thudng ctia mang ludi vi the,
dong thoi Taxol ciing gifip cung c¢d su bén viing cia 6ng vi thé. Do vay, té bao
khong c6 kha ning budc vao ki giita ctia qua trinh nguyén phan dan téi qua trinh
nguyén phan bi dimng lai, kéo dai trang thai phan bao va su chét theo chuong trinh
cta té bao dugc khoi dong [55].

Nhu vay Taxol 1a mot loai thudc trj liéu héa hoc, né can thiép vao qua trinh
ting truong va phat trién cua cic té bao ung thu. Taxol hoat dong theo mét cach
khéc véi cac thude tri liéu hoa hoc khac, nd ngan chan sy phat trién cac té bao ung
thu va giét chung o ngay giai doan sém. T 1au Taxol d3 14 thudc dung dé chita ung
thu budng trimg, ung thu tinh hoan, ung thu v di di cin, ung thu ¢ phan dau va co,
ung thu phoi, u hac té (melanoma), ung thu bang quang, ung thu tuyén tién liét, ung
thu thuc quan v.v.

- Céc chat trc ché topoisomerase

Topoisomerase 13 nhdm enzyme cé vai trd diéu hoa s dong xodn hoic thao
xoan ctia chudi xodn kép DNA va nhiém sic thé. Dé bat dau qua trinh nhan doi,
phan tir DNA phai duoc thio xodn nhd vao hoat dong cua cic enzyme
topoisomerase. Enzyme nay s& lién két voi soi don hodc soi kép DNA va cit lién

két phosphate ctia DNA. C6 hai loai topoisomerase. Loai I thio xoan khi chiing gan
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vao phan tir DNA va cit mot trong hai mach. Sau khi giai phong mot phan tir DNA
da duge thao xodn, cac enzyme nay s¢€ ndi lai chd dut. Cac topoisomerase loai II c6
kha ning thdo xodn bing cach cit dit ca hai mach DNA. Khi thiéu céc
topoisomerase, dic biét 1 tuyp II thi cic nhiém sic thé khong phan ly dugc, té bao
khong phan bao duogc, dé bi chét nhét 1a khi co tac dong cua khang sinh va cic
thudc gy doc té bao (thude chdng ung thr). Do do, enzyme nay 1a dich trj lidu tiém
nang trong diéu tri bénh ung thur [56].

Nam 1966, Wall va Wani d phan 1ap duoc hop chit 20- (S) -camptothecin
(CPT) tir v6 va than cua cdy Hy thu (Camptotheca acuminata), mét loai cdy c0
nguon gbc tir Trung Qudc duoc sir dung lam thude diéu tri ung thu trong Y hoc ¢
truyén Trung Qudc [57]. Camptothecin va din xudt lién két véi topoisomerase I, trc
ché topoisomerase pha huy DNA va giy ra apoptosis. Trai qua cac thir nghiém cac
nha khoa hoc cling nhan théy CPT con ¢6 nhiéu nhuge diém nhu d6 6n dinh va do
hoa tan kém, rat nhanh mét hoat tinh do thuy phin vong E (vong lacton) ngay ca
trong moi truong pH sinh 1y va gay doc voi tay xuong. Dé khac phuc cac han ché
lién quan dén camptothecin, cac din xuét khac nhau di dugc phat trién. Miac du mot
s6 hop chat phan tir nho va 16n hién dang duoc thir nghiém 1am sang, chi ¢6 hai dan
xuat CPT 13 irinotecan va topotecan duoc Cuc Quan Iy Thuc phim va Duoc phdm
Hoa Ky cap phép lam thudc chdng ung thu. Irinotecan hién dang duoc st dung cho
ung thu dai tryc trang di can. Topotecan dd dugc phé duyét cho ung thu budng
tring, ung thu ¢d tir cung va ung thu phoi té bao nho [58].

Hai dong phan etoposide va teniposide duwoc tong hop tir hop chat
podophyllotoxin - thanh phan chinh cta ciy T4o ma (Podophyllum peltatum) giy chét
t& bao bang cach tic ché topoisomerase I, do d6 ngin chin su phan cat ciia phic hop
enzyme - DNA va kim ham sy sinh truéng cta té bao. Ca 2 ddng phan nay déu dugc
sir dung cho diéu trj ung thur tinh hoan, ung thu phoi té bao nho, bénh bach cau khong
dong lympho va u lympho khong Hodgkin. Hién nay Etoposide van 1a mot trong
nhimng thudc phd bién nhat trong diéu tri ung thu di can trén thi truong va duoc WHO
liét vao danh sach nhing thudc an toan va hiéu qua nhét danh cho strc khoe [59, 60].
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1.1.3. Méi lién quan giita viém va ung thuw

Theo nghién ctru cia Mantovani va cong sy (2008) cho thiy té bao viém va
chat trung gian 1a thanh phan thiét yéu ciia vi moi trudng khdi u (TME) [61]. Céc té
bao viém va cac chat trung gian gay viém cé tac dung kich thich sy tién trién cua
bénh ung thu. Mot mat, viém tao diéu kién cho qué trinh phat sinh ung thu, bién doi
4c tinh, phat trién khdi u, xam lan va lay lan di can. Mit khéc, viém cé thé kich
thich cac co ché tac dong midn dich han ché su phat trién cua khéi u [62]. Su phat
trién ung thu ting 1én do cac bénh viém man tinh (vi du, viém gan va ung thu gan),
nhiém tring man tinh hoic viém do moéi trudng phoi nhiém nhu amiing hoic khdi
thudc 14. Viém man tinh lién quan dén ung thu do tao diéu kién cho kha ning sao
chép khdng giéi han cua té bao (khdng phu thudc vao cac yéu té ting truong),
chéng lai su Gc ché tang truong, thoat khoi sy chét té bao theo chwong trinh
apoptosis, ting cuong hinh thanh mach, thoat khéi u va di can [42]. Hién nay, nguoi
ta uwdc tinh rang co6 téi 20% truong hop tir vong do ung thu cé lién quan dén viém
[63]. Theo Mantovani va cong su (2008), mbi lién hé giira sy hinh thanh khdi u va
viém dugc thuc hién thong qua cac con duong tin hi¢u ndi bao hodc tir bén ngoai.
Con dudng ndi bao dugc kich hoat bai su thay doi gen gdy ra ching viém va ung
thu. Nhirng thay d6i nay bao gém kich hoat gen sinh ung thu do dot bién, sip xép
lai nhiém séc thé va bat hoat céc gen Uc ché khéi u. Céc té bao duoc bién doi tiét ra
chét trung gian gay viém va do d6 tao ra mot vi méi truong gy viém. Con duong
bén ngoai dugc thuc ddy boi tinh trang viém hodc nhiém tring 1am ting nguy co
phat trién ung thu & cac co quan cd nguy co mic bénh nhu tuyén tién liét, tuyén tuy,
rudt két, phoi va da [61]. Ca hai con dudng can thiép vao té bao khdi u va gy ra sy
kich hoat ctia mot sd yéu tb phién ma nhu NF-«kB, STAT3 va HIF-1 dan dén sy hinh
thanh cac yéu t6 giy viém bao gom chemokine, cytokine va PGHS-2 [64].
1.1.3.1. Con dwong ngoai bao két noi viém va ung thuw

Viém anh hudng dén cic co quan nhu gan, tuyén tuy, da day, rudt két, tuyén
tién liét v.v. déu c6 lién quan dén viéc ting nguy co ung thu. Cac cytokine gy viém
chinh (IL-1, TNF, IL-6), cac yéu té ting truéng tao mau (MCSF) va yéu t6 phién

ma& NF- kB ¢6 vai tro thiic day cac budc phat sinh ung thu sém, sy xam lan va di
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can cua khdi u [65]. Cac nghién ctiru khoa hoc chting minh ring TNF-o va IL-1 12
yéu t6 nguy co gy ung thu da day va ung thu dai truc trang [66, 67].

Theo nghién ctru ctia Hanahan va cong sy (2000) vé vai trd cla viém qua
trung gian NF- kB trong qu4 trinh hinh thanh khéi u cho thiy NF- kB gy ra mot sb
thay doi té bao lién quan dén sy hinh thanh khdi u bao gdm kha ning tu cung cip
tin hiéu ting trudng; khong dap ung véi su e ché ting truong; chong lai cac tin
hiéu apoptosis tao sy bét tir; hinh thanh mach, xdm 14n mé va di can [42]. Su kich
hoat NF-xB thudng duoc quan sat thiy trong té bao ung thu, c6 thé dugc thuc day
bdi cac tin hiéu vi moi trudong, bao gébm cytokine, tinh trang thiéu oxy va cac chat
trung gian oxy phan tmg (ROS) hoic do thay d6i gen [68]. Pic biét, cac cytokine
tién viém (nhu IL-1 va TNF - a) s€ tham nhap vao bach cau, c6 thé kich hoat NF-kB
trong té bao ung thu va gop phan vao su ting sinh va ton tai cta chiing [69, 70].
1.1.3.2. Con dwong néi bao két néi viém va ung thie

Con dudng ndi bao duge kich hoat boi su thay d6i gen gay ra viém va ung
thu. Nhitng thay d6i nay bao gdm sy hoat hoa gen tién ung thu (proto-oncogene)
theo hudng dot bién, sép xép lai hodc khuéch dai nhiém sic thé va bat hoat céc gene
trc ché khoi u. Céc té bao bi bién doi tiét ra cac chat trung gian giy viém va do d6 tao ra
mot vi moi trudong gy viém.

Viéc kich hoat cac gen tién ung thu rat quan trong, 1a sy lién quan truc tiép
gifta sinh 1y bénh viém v&i ung thu. Cac dot bién trong gen sinh ung thu (KRAS)
dong mot vai trd quan trong trong qué trinh hinh thanh khéi u. Nhin chung, co t6i
30% tong sd khéi u & ngudi co dot bién gen sinh ung thu. Nhimg dot bién giy ung
thu nay cha yéu anh hudng dén vi tri KRAS, 1a dot bién gdy ung thu dugc phat hién
trong 25-30% cua tat ca cac mau khdi u duge sang loc [71]. Trong céc té bao khi
u, su hoat hda cia KRAS ddt bién kéo theo sau sy cam tng va khoi dong mot sé
con dudng tin hiéu ndi bao. Cac con dudng tin hiéu duogc tao ra boi RAS dot bién
bao gom RAF/MEK/ERK kinase, con dudng PISK/AKT va céc protein RalGDS.
Trudce ddy, nguoi ta di chi ra rang gen sinh ung thu 14 chat cam ung truc tiép 1L-6
tién viém va IL-8 tién sinh mach can thiét dé bat dau qua trinh viém, tao mach méu

méi lién quan dén khéi u va thac day sy phat trién caa khéi u. Sy biéu hién qua mic
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cua K-Ras gay ung thu trong té bao Hela tao khéi u gy ra tang tiét 1L-8, trong khi
rc ché 1L-8 1am giam sy phat trién cua céac té bao nay va sé luong té bao CD31"
trong mé hinh khéi u xenograft. Hon nita, tin hiéu NF-kB da dugc xac dinh 1a rat
can thiét trong céc khéi u dot bién KRAS. Véi nhirng quan sat nay, ngudi ta gia
dinh rang viéc nhim muc tiéu vao con duong tin hiéu NF-kB c6 thé hiéu qua trong
viéc diéu tri cac khdi u co dot bién KRAS [72]. Meylan va cong su (2009) da ching
minh rang su @c ché NF-kB theo con duong STAT3 trong khéi u phdi 1am giam
dang ké sy phét trién caa khdi u [73]. STAT3 gay ra tinh trang viém thuc day ung
thu va han ché cac phan tng mién dich chéng khoi u bang cach chdong lai biéu hién
gay ra bai NF-«B cua céc cytokine Thl chéng khéi u (IL-12, IFN-y). STAT-3 ciing
gay ra su biéu hién cua céc chat trung gian kich thich khéi u (cytokine, pro-
angiogenic va cac yéu to tang truang) va cac thy thé tuong tng cua ching, lan luot
kich hoat diéu hoa mién dich qua trung gian STAT3 trong vi méi truong khéi u. Do
d6, su kich hoat cia STATS3 khong chi thuc day tinh trang viém lién quan dén ung
thu ma con ngin chin céc phan ang mién dich chéng khéi u. Su kich hoat STAT3
dan dén viéc diéu chinh su biéu hién cia nhiéu gen dé duy tri tinh trang viém lién
quan dén khdi u va thuc ddy sy phat trién ctia khoi u. STAT3 lam giam céc phan
trng mién dich khang u do NF-kB lam trung gian trong té bao. Ngoai ra, STAT3 kéo
dai thoi gian hoat dong cua NF-xB thong qua qua trinh acetyl hoa RelA qua trung
gian acetyltransferase p300 trong qua trinh gy ung thu va viém mén tinh bang céch
hoat dong nhu mot yéu té ddng phién ma cho RelA. Do dé gop phan lién tuc kich
hoat NF-kB trong qua trinh viém mén tinh va qué trinh tao khéi u ac tinh. Do kha
ning kich hoat NF-kB cua STAT3 trong khdi u 4c tinh nén cang lam gia tang tinh
trang viém lién quan dén khi u [74, 75].
1.1.4. Vai tro sinh ly ciia Oxit nitric (NO) trong ung thw va viém

NO dugc biét dén 1a mot trong nhitng gdc tu do dang khi don gian nhat va
dong vai tro tin hiéu trung gian quan trong trong co thé. NO tham gia diéu hoa
nhiéu qua trinh sinh 1y théng thuong va ca sinh 1y bénh nhu trong sy dan truyén
than kinh, truong luc mach mau, sy co co, chuyén hoa, dap ting mién dich, phién

mi gen va dich ma mARN, qua trinh bién d6i sau dich mé cia protein v.v. [76].
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1.1.4.1. Vai tro sinh ly cua NO trong sinh ly bénh viéem

NO Ia mot phan tir tin hiéu dong vai tro cha yéu trong co ché bénh sinh cua
qua trinh viém. N6 c6 tac dung chdng viém trong diéu kién sinh 1y binh thuong.
Mit khac, NO duoc coi la chat trung gian tién viém gay ra tinh trang viém do san
Xuit qua mirc trong cac tinh hubng bat thuong. NO duoc tong hop va giai phéng
vao cac té bao ndi md nho su tro gidp cua cac NOS trong phan @ng chuyén arginine
thanh citrulline. NO dwoc cho 12 gay gidn mach trong hé théng tim mach va hon
nita, n6 lién quan dén céc phan &ng mién dich cua cac dai thuc bao dwgc kich hoat
boi cytokine, giai phong NO & ndng d6 cao. Ngoai ra, NO 1a mot chat dan truyén
than kinh manh tai cac khép than kinh va gop phan diéu hoa qué trinh apoptosis.
NO lién quan dén co ché bénh sinh caa cac réi loan viém khap, ruot va phdi. Do do,
nhiéu chat wrc ché NO hién duoc xem 1a nhan t6 méi, tiém ning trong liéu phap diéu
tri va kiém soat cac bénh viém. Céc chat tc ché sinh tong hop NO ¢6 chon loc va
cac chat twong tu arginin tong hop duoc chiang minh 1a ¢6 hiéu qua va dugc sir
dung dé diéu tri chitng viém do NO gay ra [76].
1.1.4.2. Vai tro sinh ly cua NO trong ung thu

Tuy thudc vao thoi gian, vi tri va néng doé cia NO ma phan tir nay vira ¢ tac
dung thuc ddy tang truong khdi u vira ¢6 tac dung tre ché ting sinh khéi u. Hién NO
d3 duoc nghién ctru nhu mot tac nhan dé diéu chinh cac qua trinh sinh 1y bénh khéc
nhau lién quan dén ung thu. Mat khac, phan tir ndy ciing dang dugc bdo cdo nhu
mot tac nhan chéng ung thu tiém nang [4].

- Vai tro khang u cua NO

Hoat tinh chdng ung thu cia NO bao gém @c ché su ting sinh té bao khéi u,
thuc day qué trinh biét hda té bao va giam su lan rong di can. Tac dung @c ché khéi
u ciia NO theo cac co ché sau: NO ¢ ché hd hap té bao va lam thay doi qua trinh
chuyén héa sat, NO wc ché tong hop DNA va NO gay ra apoptosis bang cach kich
hoat cac protease cua ho caspase, diéu hoa lai p53, thay dbi biéu hién cuaa protein
lién quan dén apoptosis. Relaxin, mot loai hormone dwoc san xuit trong budng

trang, Grc ché sy ting trudng va thuc day sy biét hda cua cac té bao ung thu biéu mo
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tuyén va va ciing kich thich san sinh NO. Nhing nghién ctzu ndy cho thay ring NO
dugc tong hop trong qué trinh dap @ng qua trung gian mién dich véi Bacillus
Calmette—Guérin (BCG) c6 thé 1a mot yéu td quan trong trong liéu phap chdng ung
thu qua trung gian Bacillus Calmette—Guérin. Céc té bao chiu trach nhiém bao vé
co thé, chéng ung thu 13 cac té bao Natural killer va dai thuc bao. Sy suy giam cia
cac té bao Natural killer hoic trc ché iNOS 1am giam hoat dong cua khdi u cua cac
dai thuc bao lién quan dén khéi u trong mot s6 dong té bao khdi u 4c tinh [4].

Ngoai NO, tién chat ciia n6 1a L-arginin va NG- hydroxy-L-arginin, ciung voi
polyamines, c6 thé tham gia vao qué trinh sinh ung thu. L-arginin 13 co chit cho ca
NOS va arginase, mdt trong nhitng enzyme thudc chu trinh uré da tim thay trong té
bao gan va trong mot sd loai té bao khac. Arginase tham gia vao chu trinh LPS,
cAMP va mét s6 cytokine dé chuyén L-arginin thanh L-ornithin va uré.

Ornithine decarboxylase (ODC) xuc tac budc dau tién va gidi han toc do sinh
tong hop polyamine & ngudi. Polyamine rat can thiét cho su ting sinh té bao va ¢
lién quan dén cac hoat dong sinh 1y cia té bao, tir sy sao chép DNA dén qua trinh
apoptosis. Su tich lily qua murc ctia polyamine cé tac dung gdy doc té bao ddi véi
cac té bao va muc do hoat dong Ornithine decarboxylase ting cao c6 lién quan dén
su phét trién ung thu. Gan day nguoi ta di ching minh rang ca arginase va
Ornithine decarboxylase déu co thé duge diéu tiét boi cac san pham cia phan tng
NOS. Enzyme ciia chu trinh uré (arginase va Ornithine decarboxylase) tc ché su
phat trién khdi u. Do d6, hai san pham ké tiép cua hoat dong NOS la N-hydroxy-L-
arginin va NO, trc ché hai enzyme lién tiép trong chu trinh uré. N-hydroxy-L-
arginin 1a chat tc ché manh arginase, trong d6 NO uc ché hoat dong Ornithine
decarboxylase bang S-nitrosylation. Ngoai ra, polyamine c6 ca tac dung ting sinh
ddi véi té bao khdi u va tac dung tao mach trén té bao mach mau. Do do, diéu hoa
con duong polyamine c6 thé dong vai trd quan trong trong bénh ung thu [40, 49].

NO 1a mot g tu do va 1a mot phan tir ¢6 kha nang phan tng cao trong cac
hé théng sinh hoc, c¢6 kha ning twong tac véi cac gbe tu do khac nhu oxy phan tir va

kim loai nang. Cac tac dong sinh hoc ciia NO c6 thé thong qua trung gian 1a cac san
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pham cua céc chat chuyén hoa NO khac nhau. Vi du nhu NO nhanh chéng tham gia
phan tng ndi bao dé tao thanh nitrite va nitrate, S-nitroso-thiols hodc peroxynitrate.
Céc chit chuyén hoa nay duoc cho 1a déng vai tro chinh trong viéc 1am trung gian
cho nhiéu hiéu tng gay doc hé gen lién quan dén NO. Nhiing anh hudng nay bao
gdm ton thuong DNA, c6 thé duoc bt dau bang qua trinh khir nitrat, pha v& chudi
DNA hodc chinh stra DNA. M6t trong nhitng hau qua cta sy hu hai DNA qua trung
gian NO 1a kich hoat tich liiy p53, gy ra su tu chét cta té bao. Pay 1a mot qua trinh
ma NO c6 thé giy ra cai chét ciia cac té bao khéi u. Do d6, su gia ting hoat dong
NOS (phat sinh tir hoat dong phién ma tang 1én, hoac tr hoat dong diéu hoa sau
phién ma) trong céc té bao khdi u c6 thé khién nong do NO ting cao tir d6 gy ra sy
ngimg ting trudng qua trung gian p53 va gy chét té bao. Nguoi ta da ching minh
rang sy tich lily p53 din t6i viéc diéu chinh giam biéu hién iNOS do trc ché hoat
dong cua vung khéi dong iNOS. Do do, su tuong tac gitra tich iy NO va p53 duoc
hinh thanh va c6 thé tao thanh mdt phan cta co ché sinh 1y, chiu trach nhiém cho sy
t6n thuong DNA do NO ndi sinh. Nhin chung, su trc ché ting truong qua trung gian
p53 nay duoc cho 1a s€ cung cép mot ap luc chon loc manh dén biéu hién cua pS3
dot bién trong cac té bao khdi u. Ngoai p53, NO ciing dd duoc chirng minh 1a kich
hoat poly (ADP-ribose) polymerase (PARP) va nhiéu y kién cho rang su kich hoat
nay 1a do ton thuong DNA. Sy ton hai nay c6 thé ¢ dang dut soi. DNA hodc khir
nitrat hda cac axit nucleic khi NO dugc tao ra & nong do cao. Nhu di dé cdp, nong
d6 NO cao di duoc bao cdo vé kha niang gdy doc than kinh qua trung gian N-
methyl-d-aspartate (NMDA) ciing nhu kich hoat té bao chdng ung thu va diét khuan
té bao [77].

- Vai trd tdng trudng va ting sinh khdi u trong ung thu cia NO

San xuat NO thong qua iNOS c6 thé truc tiép gy ra dot bién GC thanh AT
trong gen p53, diéu nay cé thé gop phan lam mat hoat dong chic ning giy
apoptosis cua p53. NO ciing truc tiép tc ché hoat dong cua cac enzyme dan ti sy
ngan chin qua trinh ty chét apoptosis. Cac tac dung chéng nhiém tring khéc cua

NO dwa vao tc ché phu thusc NO/CGMP cua viéc giai phong cytochrom c, ting
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biéu hién Bcl-2 kiém soat d6 tham qua ti thé, tao ra protein séc nhiét Heat shock
protein 70 (Hsp70) va Hsp 32, &c ché san xuit ceramide va kich hoat
cyclooxygenase-2 [4]. NO dong mat vai trd quan trong trong sy tién trién cua khoi
u bang cach diéu chinh sy hinh thanh mach méau. NO néi sinh thiic day luu luong
méu khéi u thdng qua sy gidn no cia cac mach mau dong mach. N6 1am giam tuong
tac két dinh bach cau ndi mé va tang tinh thim thanh mach [50]. Cé4c nghién ciru da
chi ra rang yéu té tang truéong néi mé mach mau (Vascular endothelial growth
factor - VEGF) duoc sinh ra va thiic day su tao mach mau méi hay ting truong than
kinh bai cac té bao khdi u doi hoi phai c6 su tham gia cia NO/con duong cGMP
trong giai doan cubi. Mot co ché khac NO thuc day sy hinh thanh mach bang céach
kich hoat COX-2, kich thich san xuat cac yéu té pro-angiogenics. NO ciing co tac
dung kich thich xam lan duoc diéu hoa boi hoat dong cua matrix metallico
proteinase (MMP) gom MMP-2 vd MMP-9 va diéu chinh nguoc ciia TIMP-2 va c6
thé 1a TIMP-3 (chat tc ché mo cia MMP) [78]. Cac nghién ciru ciing chi ra rang
NO han ché s ting sinh té bao bach cau, dan t6i hau qua bat loi d6i véi phan tng
chéng ung thu cta co thé. Theo cach nay, NO c6 thé tham gia vao sy phat trién va
lan rong cta cac khoi u [4, 60].

Nhu vay, NO 1a mot yéu té trung gian tién viém va ciing 1a mot phan ter tin
hiéu giit vai tro rat quan trong d6i véi qué trinh hinh thanh bénh viém. NO c6 lién
quan téi dap wng mién dich tao ra bai cac té bao dai thuc bao kich hoat cytokine.
N6 mang lai hiéu qua chdng viém trong diéu Kkién sinh 1y binh thuong. Ngoai ra,
NO con gop phan diéu hoa qué trinh apoptosis. Do d6, cac chat uc ché sinh tong
hop NO hién duoc xem la nhan t6 méi, tiém ning trong liéu phap diéu tri va kiém
soat cac bénh viém va ung thu [76]

1.1.5. Apoptosis trong ung thw va viém
1.1.5.1. Gidi thiéu vé qua trinh apoptosis

Apoptosis 12 co ché chét tir nhién cua té bao [79]. Qua trinh apoptosis dan
dén nhitng thay ddi hinh thai sau: mét tinh gin két va bat doi xtmg mang, co rut té
bao, su phan manh nhan, sy ngung tu chat nhiém sic, sy phan manh DNA [80]. Co

ché cua qué trinh apoptosis chu yéu bao gom hai con dudong chinh: con duong
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ngoai bao phu thudc vao kha nang ga"ln voi thu thé trén bé mat té bao va con
duong ndi bao thong qua hoat dong cua ty thé [81]. Ca hai con dudng ngoai bao
va ndi bao déu sir dung caspase dé thuc hién qua trinh apoptosis thong qua su phan
ct cua hang tram protein.

- Con duong ngoai bao [81]:

Lo trinh ngoai sinh dugc khéi dong boi cac kich thich ngoai bao. Con duong
ngoai bao dugc diéu tiét boi sy twong tic qua trung gian cta thu thé hay con dugc
goi 1 thy thé lién quan dén sy chét apoptosis. Déc trung cua con duong nay 13 yéu
t hoai tr khdi u (TNF) va thu thé Fas.

+ Con duong TNF-a

TNF-a 12 mdt cytokine dugc san xuét chu yéu béng cach kich hoat dai thuc
bao, va 1 chat trung gian bén ngoai chinh cta qua trinh apoptosis. Hau hét cac té
bao trong co thé con nguoi ¢6 hai thy thé cho TNF-a: TNFR1 va TNFR2. Su lién
két ctia TNF-a v6i TNFR1 dd dugc chimg minh 1a khéi dau con dudng din dén
hoat hoa caspase thong qua cac protein mang trung gian gay ra qua trinh apoptosis.

+ Con duong Fas

Tin hiéu apoptosis dau tién - con duge goi 1a Apo -1 hodc 1a CD95 (1a mot
protein xuyén mang cta siéu ho protein TNF) lién két phdi tir Fas (FasL) [1]. Su
tuong tac gitta Fas va FasL dan dén sy hinh thanh phitc hop truyén tin hiéu gy chét
(death-inducing signaling complex - DISC), kich hoat cac enzyme caspase-8 va
caspase-10. Trong té bao, caspase-8 d3 hoat hoa sé& truc tiép kich hoat cac thanh
vién khac ctia ho caspase va kich hoat qua trinh apoptosis ctia té bao.

- Con dudng ndi bao (con dudng ti thé)

Trong qua trinh apoptosis, cytochrome ¢ dugc giai phong khoi ti thé thong
qua hoat dong cuia cac protein Bax va Bcl-2. Cytochrome ¢ dugc gidi phong s€ lién
két véi yéu td kich hoat Apoptotic protease - 1 (Apaf-1) va ATP, sau d6 lién két véi
pro-caspase-9 dé tao ra mot phtrc hop protein dugc goi 1 apoptosome. Apoptosome
phan cit pro-caspase-9 thanh dang hoat dong va hoat hoa thac caspase truyén tin hiéu

dé kich hoat caspase-3 va dan dén tiéu huy té bao do apoptosis [81].
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Hinh 1.1. Con duong ngoai bao va con duong ndi bao cua apotosis [81]
1.1.5.2. Apoptosis trong ung thu

Viéc mat kiém soat apoptosis cho phép cac té bao ung thu ton tai lau hon va
c6 nhiéu thoi gian tich tu cac dot bién hon, dé lam ting kha ning xam 14n trong qué
trinh phat trién cua khdi u, kich thich hinh thanh mach, x6a bé diéu hoa ting sinh té
bao va can trd sy biét hoa. Co nhiéu cach dé té bao ung thu trén tranh qua trinh chét
theo chuong trinh nhu chirc ndng caspase c6 thé bi (rc ché hodc co6 thé vo hiéu hoa
yéu t6 kich hoat qua trinh tu chét. Su diéu hoa cac protein Bel-2 1a nhitng phuong
phap trén tranh chu yéu. Bel-2 khong dugc coi 13 gen gay ung thu, nhung cac dot
bién trong no lam ting sy khoi phat cta khéi u. Su biéu hién qua mic cua protein
Bcl-2 ¢6 trong hon mot nira s6 truong hop ung thu, bat ké loai ndo. Piéu nay din
dén cac té bao khdi u ¢ kha nang chdng lai moi kich thich ty chét noi tai bao gdom
mot s6 loai thude chdng ung thu.

Do d6, nham muc tiéu apoptosis 1a phuwong phap diéu tri ung thu khong
phau thuat mang lai hiéu qua cao. C6 nhiéu loai thuéc chong ung thu huéng dich
coO tac dong vao cac giai doan khac nhau ctua apoptosis theo ca con duong ndi tai

va ngoai sinh 1 kich thich cic phan tir proapoptosis va trc ché cic phan tir
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antiapoptosis. Mot s6 muc tiéu dd dwgc nghién ctru bao gdm phdi tr ddi véi thu
thé chét, chat e ché Bcl-2, e ché XIAP va alkylphospholipid (APL) hoat dong nhu
tin hiéu apoptosis [81].
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Hinh 1.2. Céac co ché 1am giam qua trinh apoptosis va gay ung thu [82]
1.1.5.3. Apotosis trong viém

Cac té bao apoptosis khong chi c6 kha ning sinh mién dich manh ma con
dugc phét hién 13 giai phong céc phan tir chéng viém khac nhau. Do d6, té bao T
biéu hién TGF-B va giai phong nd trong quéa trinh apoptosis, ac ché san xuat
cytokine tién viém boi cac dai thuc bao. TGF-B 1a mot cytokine chong viém manh.
Téc dung chéng viém cua nd dugc thdy rd & nhitng chudt mat TGF-B dan dén phan
g da 6 t& bao viém hdn hop, hoai tir mé, cubi cing 13 suy cac co quan va tir vong
[81]. Té bao apoptosis ciing c6 thé giai phong IL-10. Cytokine nay cing véi TGF-p
gay ra phan ng trc ché mién dich bang cach thuc day su hinh thanh té bao diéu hoa T.

Ngoai ra, cac té bao chét do qua trinh apoptosis c6 thé kich hoat phan tng
chéng viém & cac té bao khéac bang cach giai phong mot hop chat goi 1a adenosine
monophosphate (AMP). Adenosine sau d6 kich hoat cc thu thé adenosine receptors
(A2ARs) cua dai thuc bao dé ngin chin su hinh thanh NO va duy tri téc dung
chéng viém. Trong trudng hop viém, adenosine ngin chin manh mé su hinh thanh
cytokine gay viém do LPS cua bach cau don nhéan va dai thuc bao bang céch kich
hoat céc thy thé adenosine receptors (A2ARs) [83].
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1.2. So hwgre vé chi Physalis
1.2.1. Péc diém thwce vit chi Physalis

Chi Physalis thuoc ho Ca (Solanaceae), bd Ca (Solanales), 16p thuc vat hai
la& mam (Magnoliopsida), nganh thuc vat cd hoa (Magnoliophyta). Hién nay, trén
thé gisi c6 khoang 120 loai thudc chi Physalis, phan bé chu yéu & viing nhiét déi va
can nhiét d6i [84]. Cac loai thuoc chi Physalis ngoai gia tri 1am thuc pham, nhiéu
loai con dugc sir dung trong y hoc dan gian dé chira cac bénh cam sét, ho nhiéu
dom, tiéu duong, hen suyén méan tinh nhu loai Thu lu canh (Physalis angulata), Thu
Iu nho (Physalis minima), Thu u 16ng (Physalis peruviana) v.v.

O Viét Nam, cac loai thudc chi Physalis dugc coi 12 loai cay dai, moc hoang
& cac bo rudng, bai co, ven ring, ¢ viing thap va theo tac gia Vo Van Hop (2018),
chi Physalis c6 5 loai 1a Physalis angulata (tim bdp, lu lu céi), Physalis alkekengi
(thu 10 kiéng), Physalis peruviana (thu 10 16ng), Physalis cordata Mill (Tam bép la
hinh tim) va Physalis minima (thu Iu nho) [85].

Céc loai thudc chi Physalis déu 1a cay than thao c6 chiéu cao tir 0,4 m dén 3 m,
phan nhiéu canh, da sé déu séng & noi c6 day du anh sang, khi hau 4m ap va chiu
duoc nhiét do cao. Mot s6 loai rt nhay cdm vo1 suong gia, nhung cling c6 mot sb
loai chiu duwoc nhiét do rat lanh nhu loai Physalis alkekengi. Cac loai thudc chi nay
¢6 14 moc so le, hinh bau duc, chia thuy hay khong, dai 30 — 35 mm, rong 20 — 40 mm;
cuéng 14 dai tr 15 — 30 mm. Hoa ludng tinh, moc don ddc, co cuéng manh, dai
khoang 1 cm. Dai hinh chuong, c6 16ng, chia ra tir phia gitra thanh 5 thuy, trang hoa
mau vang tuoi hay mau tring nhat, ¢6 khi diém nhitng chim mau tim & gdc, chia 5
thuy. Qua mong tron, nhin, nim mot phan hay nim gon hoan toan trong mot vo
mong ¢ ngudn goc tir cac dai hoa, qua khi chin c6 mau cam va rudt qua cé nhiéu
ngan rgng, mot sd loai ¢ qua rudt dac va la loai qua an dugc, c6 tén goi 1a qua anh
dao dat (Groundcherry).

1.2.2. Thanh phdn héa hoc va hoat tinh sinh hoc ciia chi Physalis
Thanh phan hda hoc va hoat tinh sinh dugc hoc cia cic loai thudc chi
Physalis da dugc cac nha khoa hoc trén thé giéi quan tim nghién ctru tir lau va da

c¢6 nhiéu cong trinh cong bd vé thanh phan hoa hoc ciing nhu tic dung sinh hoc ciia
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duogc liéu nay. Cac loai thudc chi Physalis da dugc chirng minh c6 tac dung: khang
ung thu, khang viém, gidm dau, ha s6t, chéng tiéu duong, khang khuan, khang lao,
khang ky sinh tring sot rét va diéu hoa mién dich [86].

Bang cac phuong phap sic ky va phuong phap phan tich hop chit hiru co
bang quang pho, cac nha khoa hoc da nghién ctru tach chiét, phan 1ap cau tric hoa
hoc, dinh danh dugc 216 hop chat c6 trong cac loai thudc chi Physalis. V& thanh
phan héa hoc thi 16p chit chinh cua chi Physalis 12 cac withanolides, roi dén céac
labdane diterpene, cac sucrose ester, cac flavonoid, cac ceramide va mot sd chat
khéc [87] .

1.2.3. Gidi thigu vé loai Tam bop (P.angulata)
1.2.3.1. Pac diém thue vt

Loai Tam bop (P.angulata) la cdy than thao séng hang nim, cao gan 50 cm.
Than cé goc canh, map, don, phan canh nhiéu. L4 ¢6 16ng moc so le hinh trai xoan,
gbc hinh ném, dau thudén nhon, mép nguyén hodc doi khi xé thity nho va gon séng.
Hoa moc don doc & ké 1a, ra xuéng, mau vang tuoi hoac tréng nhat, géc tim, dai
hinh chudng, trang hop. Qua mong, hinh ciu, nhin, dé bao boc bai dai to dong
truong. Hat nhiéu, det, hinh than. Ra hoa két qua thang 5-7 [85].

$lT ! ,
Hinh 1.3: Than (A), ré (B), toan bo cay (C), qua va dai hoa (D) va 14 (E)

cua loai P. angulata [88]
1.2.3.2. Dang séng va sinh thdi
Loai Tam bop (P.angulata) c6 ¢ nhiéu nudc nhiét d6i Chau A, chau Phi,
chau My. O Viét Nam: Lang Son, Bic Giang, Ninh Binh, Gia Lai v.v. Moc hoang &

cac bo rudng, bii co, dat hoang, ven rirng [85].
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1.2.3.3. Cong dung theo kinh nghiém ddn gian

Loai Tam bép (P.angulata) c6 cong dung tri cam sot, yét hau sung dau, ho
nhiéu dom. Qua an dugc va dung chita dom nhiét sinh ho... Ré tuoi nau véi tim lon,
chu sa dung an chira dai thdo duong [85].
1.2.3.4. Hoat tinh chong ung thuw

Cac hop chat phan lap duoc tir chi Physalis cd tac dung chéng ung thu rat
kha quan, diéu nay cho thay tiém ning Gng dung vao y hoc rat cao. Theo cong b
cua Sun va cong su (2016), tur than va la loai P. anglulata L da phan lap duoc 16
hop chat withanolide méi (trong d6 c6 14 chat duoc dit tén 1a physangulatin A-N; 2
chat dugc dat tén 1a withaphysalin Y-Z) va 12 hop chat da biét khac. Cac hop chat
nay duoc danh gia kha niang uc ché su ting sinh ctia cac dong té bao ung thu ngudi
nhu tuyén tién liét (C4-2B va 22Rvl), than (786-O, A-498, va ACHN) va u &c tinh
(A375-S2), ciing nhu kha niang uc ché sy san sinh NO gay ra boi lipopolysaccharide
(LPS) trong dai thuc bao. Két qua cho thiy cac hop chat physangulatin 1 (9),
physagulide 1-J (27,17), physagulin A-B (20-21) va physagulin I (25) thé hién hoat
tinh tot trén tat ca cac dong té bao té bao ung thu tuyén tién liét cia con ngudi (C4-
2B va 22Rvl), té bao ung thu biéu md than & nguoi (786-0, A-498 va ACHN) va té
bao u ac tinh & nguoi (A375-S2) vai gid tri 1Csy trong khoang 0,18 - 7,43 uM.
Ngoai ra cac hop chat physangulatin C-E (3-5), physangulatin 1-K (9-11),
physagulide 1-J (27,17), physagulin A-B (20-21), physagulin H-1 (24-25) va
physagulin N (11) con c6 kha ning trc ché su san sinh NO do lipopolysacarit (LPS)
gdy ra trong cac dai thyc bao voi gia tri ICsg trong khoang 1,36 - 11,59 uM [89] .
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6 R,=0-OH, R,=R;=B-OH, R,;=B-OCH; 26 Rj=a-OH, Ry=B-OH, R;=a-OAc

8 Ry=a-OCHj;, R)=R;=B-OH, R4=a.-OAc

19 R;=R;3=0-OH, R,= B-OH, Ry=a-OAc

20 Ry=R,=B-epoxy, R3= a-OH, R4=a-OAc

21 Ry=a-Cl, Ry=B-OH, R3=0-OH, R;=a-OAc

11 R;=a-OCH;, R,=R;=Rs=B-OH, R4=0-OAc, R=H

13 Ry=a-OH, R,=B-OH, Ry=Rs=a-H, R,=a-OAc, R¢=H

14 R;=R4=0.-OH, R,=B-OH, R3=Rs=a-H, Rg=OH,

17 R;=R,=B-epoxy, R3;=p-OH, R4=a-OAC, Rs=a-H, R¢=H

18 R;=R,=B-epoxy, R3;=Rs=B-OH, Ry=a-OAc, Rs=a-H, R¢=H
27 R;=Ry=PB-epoxy, R3;=Rs=p-OH, R;=a-OAc, Rg&=H

28 R;=a-OH, Ry=R3=Rs=p-OH, R;=a-OAc, Rg&=H

Hinh 1.4. Céu tric héa hoc mét sé hop chat phan lap tir loai P. angulata

Maldonado va cong sur (2015) bao céo két qua thir hoat tinh gay doc té bao in
Vitro trén 6 dong té bao ung thu ngudi (u nguyén bao than kinh (U-251), ung thu
tuyén tién liét tuyén (PC-3), ung thu bach cau tay man tinh (K-562), ung thu biéu
mé tuyén (HCT-15), ung thu tuyén va (MCF-7) va ung thu phdi (SK-LU-1) cia 3
hop chit physangulide B (29), 4-O-acetylphysangulide B (30) va physangulide
acetamide (31) dugc phan lap tir loai P.angulata. O néng d6 20 uM, cac hop chat
physangulide B, 4-O-acetylphysangulide B &rc ché 100% su ting sinh cua té bao véi
gia tri ICs cua cac hop cht 1an luot duoc xac dinh ddi véi dong té bao ung thu
tuong trmg PC-3 (0,43 £ 0,03 uM; 0,32 £ 0,02 uM) va SK-LU-1 (0,35 £ 0,01 puM;
0,27 + 0,01 uM), camptothecin duoc st dung 13 chat déi chimg duong (ICso= 0,12 +



32

0,01 uM véi dong PC-3 va 0,15 + 0,009 pM vé6i dong SK-LU-1) cho thiy cac hop
chat nay c6 hoat tinh manh [90]. Thém nira, chit physangulidine A duoc phan 1ap tir
loai P. angulata c6 thé lam réi loan chu ky té bao va gay ra su chét cia té bao theo
apoptosis, chil yéu 13 do khiém khuyét gdy ra trong qué trinh phan bao véi dong té
bao ung thu tuyén tién liét ngudi (DU145) [83]. Ngoai ra hop chit Physangulidine A
(32) con cb tac dung trc ché sy ting sinh cta té bao ung thu tuyén tién liét tuyén (PC-3)
& pha G2/M véi gia tri Glso (Growth Inhibition - @c ché su phat trién & 50%) 1a 3,6
uM (1,8 pug/mL) va kich hoat caspase-3, phan tdch PARP-1 lam cho DNA trong
nhan té bao ung thu tuyén tién liét tuyén (PC-3) bi phan rd giy ra apoptosis [91].

Hinh 1.5. CAu trdc hda hoc cua cac hop chat: physangulide B (29), 4-O-

acetylphysangulide B (30) va physangulide acetamide (31) va Physangulidine A (32)
phén lap tur loai P. angulata

Hsieh va cong sy (2006), di chi ra rang dich chiét tir loai P. angulata gay ra
su bat gitr pha G2/M trong cac dong té bao ung thu v & ngudi [92]. Wu va cong su
(2012), d3 bao cio rang cac chat chiét xuat tir P.angulata gay ra apoptosis trong
dong té bao ung thu gan (HepG2) [93]. Theo mdt nghién ctru duoc cong bd béi Hsu
va cong su (1992), physalin B (33) duoc phan 1ap tir loai P.angulata, hoat chét c6
ham lugng chinh trong mdt loai thao dugc dugc st dung rong rai c6 hoat tinh véi
cac dong té bao u ac tinh A375 va A2058 (ICso thap hon 4,6 pg/mL). Cac két qua
con cho thay physalin B c6 thé gy ra apoptosis ctia t& bao ung thu 4c tinh qua con

duong trung gian NOXA, caspase-3, Bax va ti thé, nhung khong gy ra apoptosis
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v6i cac nguyén bao soi da & ngudi va cac té bao co tim. Ngoai ra, Physalin B ciing
dugc chimg minh 1a it gay doc té bao ddi véi khong chi cac té bao CCD-966SK va
T/G HA-VSMC, ma ca céc té bao H9¢2 co tim. Do do, physalin B ¢6 trién vong dé

phét trién thanh chat diéu trj ung thu hiéu qua dé diéu tri u 4c tinh [94].

33 34

Hinh 1.6. Cu trtic hoa hoc ciia hop chat Physalin B (33) va Physalin F (34)
phan 1ap tur loai P. angulata

Chiang va cong su (1992) nhéan thay rang Physalin B (33) va Physalin F (34),
ca hai phan lap tir loai P. angulata da tc ché sy ting trudng & mot s6 dong té bao
bach cau K562, APM1840, HL-60, KG-1 va CTV-1. Két qua caa nghién ciru nay
cling cho thay rang Physalin F c6 doc tinh té bao chdng lai cac dong té bao ung thu
than & nguoi va diéu nay duoc gy ra bai qua trinh apoptosis thong qua con dudng
phu thuéc vao ROS va NF-kB [95]. Ngoai ra, Physalin F con hoat hda ho protein
Bcl-2, bao gém Bcl-2 va Bel-xL. Khi ho protein Bcl-2 duoc hoat héa ching tap
hop lai v&i nhau va hinh thanh céc oligomer nam trén mang ngoai cua ti thé, cac
oligomer nay la cac kénh gilp phéng thich cytochrome ¢ cling cac protein ti thé
khac vao té bao chat, qua d6 kich thich ho enzyme caspase va diéu hoa qué trinh
apoptosis cua té bao. Bén canh d6, nghién ctru ndy con cho thay Physalin F hoat hoa
gen p53, giam sy biéu hién cua lkBa va phosphoryl héa 1«Ba, tc ché chuyén vi hat
nhan cia p65/p50 trong cac té bao A498, tc ché NF-kB va thuc day qua trinh
apotosis cua té bao ung thu theo cach phu thudc thoi gian [93, 95]. Bén canh d6
Physalin F con c¢6 kha ning gy ra apoptosis thong qua con duong ti thé theo co
ché: Hoat chat Physalin F pha hay dién thé mang ti thé din dén giai phong

cytochrom ¢ vao té bao chat. Khi cytochrom ¢ duoc giai phong khoi ti thé, n6 1a
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trung gian cam ung kich hoat su diéu hoa di lap thé cua yéu td kich hoat apoptosis-
protease 1 (Apaf-1). Khi d6 cytochrom ¢ va Apaf-1 két hop véi nhau dé tao thanh
apoptosome. Apoptosome hoat héa pro-caspase-9 va dan dén su phan tach protein
nay thanh dang capase-9 hoat dong va caspase -3, cudi cung la kich hoat qué trinh
apoptosis cua té bao A549 [93, 96].

Theo nghién ctru ctua Hsieh va cong su (2006), dich chiét methanol cua loai
P.angulata wc ché su tang sinh té bao va bat gitr té bao ung thu va di can (MDA-
MB-231) & pha G2/M, uc ché tong hop ciia mRNA va lam ting ndng do cyclin A,
giam hoat dong Cdc2, ting phosphoryl Cdc2, giam Cdc25C va ting cudng biéu hién
cua chat uc ché chu ky té bao gom cac gen p21, p27 bang cach gan va bat hoat phirc

1waf1/C|p1 va

hop cyclin-CDK thong qua con duong &c ché kinase phu thudc cyclin p2
P27""! Ngoai ra, chiét xuat methanol cua P. angulata con duoc ching minh 14 cé
kha ning gay ra apoptosis trong cac dong té bao ung thu vii MDA-MB 231 va MCF-7
& nguoi theo co ché kich hoat caspase-3 gy ra sy phan cit PARP, pha v& chudi
DNA va nhiém sac thé [92].

Theo bao cdo két qua nghién ctru ctia Ma va cong sy (2016) thi cac hop chat
withanolide Physagulide | (35), Physagulide J (36), withangulatin A (37), (20S,22R)-
15a-chloro6p, 14B-dihydroxy-1-oxowitha-2,24-dienolide (38), va physagulin B (39)
dugc phan lap tir dich chiét tong tir than cAy P. angulata var. villosa c6 hoat tinh
manh trén ca 3 dong té bao ung thu ngudi 13 ung thu gan (HepG2), ung thu va
(MCF-7) va ung thu xuong ac tinh véi gia tri ICsy trong khoang 0,06 - 6,73 UM. Hop
chat Physagulide | duoc tach chiét tir cAy nay c6 kha ning bat giir cac té bao o pha
G2/M va kich hoat cac con duong gay apoptosis phu thuoc caspase. Ngoai ra,
physagulide | gay ra qué trinh apoptosis trong cac té bao MG-63 c6 lién quan toi su
tao thanh céc gdc oxy phan ng (reactive oxygen species — ROS) va su kich hoat
cua cac enzyme extracellular signal-regulated kinases (ERK) va c-Jun N-terminal
kinases (JNK). Py ciing 1a 1an dau tién Physagulide I duoc ching minh rang da
cam ung té bao di vao apoptosis thong qua co ché wc ché MAPK trong cac té bao

MG-63. Cac két qua nay cho thay hop chat physagulide | c6 thé 1a mot trong céc
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chat tiém niang dung dé diéu tri bénh ung thu [82]. Ciing trong nghién ciru nay,
Physagulide I 1am giam sy biéu hién cia cac protein dc25C, cdc2, pcdc2 va p-cdc25C,
trong khi cyclin B1 dugc diéu chinh ting. Nhimg dit liéu nay cho thiy Physagulide I ¢6
thé bat giir t& bao trong pha G2/M. Physagulide I ciing gay ra réi loan chirc ning ti
thé dan dén cytochrome ¢ duwgc phéng thich khéi ti thé va cam ung qua trinh
apoptosis ctia té bao. Nhu viy, tic dung gay doc té bao ctia Physagulide I trén céc té

bao MG-63 1a do su kich hoat ctia con duong apoptosis phu thudc caspase [97].

R,

OH

35 R=p-OH
36 R=a-H

38 R,=0-Cl, R,—B-OH, R=H
39 R1=(X—C1, R2=0,—OH, R=H

Hinh 1.7. Cu tric hoa hoc mét sé hop chat whithanolide phan 1ap
tu loai P. angulata

Nam 2020, Ton Nit Lién Huong va cong su da tién hanh khao sat hoat tinh
gy doc cua cac cao hexane, cao ethyl acetate, cao nuéc va cao ethanol tong phan
lap tr lodi P. angulata trén nam dong té bao ung thu (A549, MCF-7, MDA-MB-
231, KB va KB-VIN) bing phuong phap Sulforhodamin B (SRB). Két qua cho
thay: O nong d6 20 pg/mL, cao ethanol tong thé hién doc tinh trén ca 5 dong té bao
ung thu thir nghiém. Cao ethyl acetate uc ché cac dong gay ung thu phéi A459, biéu
mo KB va ung thu va di can tir khdi u phdi (MDA-MB-231) tét nhat va cao nuéc
lai &rc ché cd tinh chon loc vai dong té bao ung thu va do di cin (MDA-MB-231) tét
hon so vdi cac dong té bao ung thu con lai. Tir cac két qua trén, viéc 1am tra tdi loc
tir loai P. angulata vao thyc té cugc song dugc thuc hién. Qua trinh ché bién cho
san pham dang goi tra tGi loc gom 14 cay loai P. angulata phdi hop vai la cay Co
ngot theo ty 1¢ vé khdi luong kho 1a 4:1. Két qua khao sat doc tinh cap in vivo cho

thiy tra khong c6 doc tinh, d6 sir dung an toan 1a 2 gdi/kg thé trong trén chudt. Céc
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két qua ché bién tra 1a bude dau tng dung loai P. angulata vao doi séng con can
nhiéu nghién cu tiép thém nira [8, 98].
1.2.3.5. Hoat tinh khang viém

Viém thuong déng mot vai tro co lgi trong ton thuong moé dé chéng lai
nhiém triing va kich thich qua trinh chita lanh moé. Nhung tinh trang viém kéo dai co
lién quan dén mot sé van dé sic khoe [1]. Thude thao dugc cd thé 1a mot giai phéap
phu hop dé chira tri bénh Ii viém. Loai thuc vat P. angulata dugc biét dén véi kha
ning chdng viém cao. Theo truyén théng, P. angulata dugc chiét ldy nuée bang
phuong phap sac hay mot s ngudi sdng ¢ Java - Indonesia lai dun sbi toan bo cay
trong khoang 30-45 phut, trong khi mot s6 ngudi u cay kho trong coc va udng ba
1an mot ngay dé chita cac bénh 1y lién quan dén viém. Ngay nay, nha nghién ctru da
dua ra thi truong cac san pham chiét xuat tir P. angulata dudi dang vién nang, tra

thao mdc va thuoc xong.
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Hinh 1.8. C4c ché pham thuong mai khac nhau cta P. angulata [88]

Céc co ché chdng viém cua cac hoat chat phan lap tir loai P. angulata 1a uc
ché su hoat hoéa dai thuc bao, yéu t6 NF-kB, myeloperoxidase, cyclooxygenase,
tong hop oxit nitrit cam ung, cytokine tién viém, monocytes chemoattractant
protein-1 va cac cytokine gdy viém. P4Si v6i muc dich diéu tri, chiét xuat tir P.
angulata c6 thé dugc sir dung nhu mét tdc nhan bo tro hoidc don 1é ddi véi cac bénh

lién quan dén viém & mot sb hé théng co quan [88].
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Soares va cong su (2003) da chi ra rang cac seco-steroide nhu Physalins B
(33) va Physalins F (34) duogc phan lap tir lodi P. angulata da 1am giam néng ¢6 NO
duoc giai phong boi lypopolysaccarit (LPS) trong cac dai thuc bao. Physalin B lam
giam dang ké sy gia ting nong do TNF-a, IL-6 va IL-12 trong cac dai thuc bao
dugc cam ung boi LPS. Hon nita, Physalin B va Physalin F c6 hiéu qua trong viéc
ngin ngira soc nhiém trang gay ra boi lypopolysacarit [99].

Bastos va cong su (2008) di phat hién ra dich chiét nugc cua ré loai P.
angulata chira hoat tinh khang viém manh. Cu thé 1a dich chiét nay lam giam hoat
dong cua enzyme Adenosine deaminase (ADA) dan dén ¢c ché su ting sinh cua té
bao T khién cho dich chiét nay co thé tac dong dén enzyme cyclooxygenase, qua Su
tang sinh lymphocyte, qua su san sinh NO va TGFa. AEPa trc ché iNOS, giam ham
lugng nitrite, kich hoat dai thuc bao va giam hoat dong ADA, dan dén hoat dong
diéu hoa mién dich [100]. Pinto va cong su (2010) thong bao két qua thir tac dung
trén mo hinh viém da cap tinh va man tinh trén tai chudt caa hop chat physalin E
phan lap tir loai P. angulata gay ra boi 12-O-tetradecanoyl-phorbol-13-acetate (TPA)
va oxazolone. Nhitng bién d6i vé su phu né/do day trén tai, su san sinh cac cytokine
tién viém (TNF-o va IFN-0), su hoat dong ctia enzyme myeloperoxidase (MPO), va
cac nghién cuu trén héa mo mién dich da duoc phan tich. S6 lidu thu duge cho théy
hop chat physalin E ¢ thé 1a 1 tic nhan khang viém manh va c6 tac dung tai chd
ding dé diéu tri cac truong hop viém da cép tinh va man tinh. Ngoai ra ciing theo
nghién ctru ctia Pinto va cong su (2010), physalin E khong c6 doc tinh té bao, do d6
¢6 thé co loi thé hon cac chat diéu tri hién dang dugc s dung trong diéu tri chong
viém da [101].

Hop chat withangulatin A duoc phan lap tr loai P. angulata c6 kha ning
chéng viém, ngan chin dang ké sy ting sinh té bao lympho T va wc ché cac cytokine
gay viém (IL-2, IL-6 va IFN-gamma). Ngoai ra, withangulatin A con lam giam su
biéu hién COX-2 théng qua cac con dudng tin hiéu MAPK va NF-kB [102].

Hop chat Physalin A phan lap duoc tir lodi P. angulata c6 kha nang wc ché sy

biéu hién cua cac cytokine gay viém (PGE-2, IL-1p, IL-6 va TNF-a), iic ché céc con



38

dudng truyén tin hiéu viém IkB/NF-kB va INK/AP-1, tc ché sy san xuit cac yéu to
gay viém iNOS va COX-2 va cac chat trung gian gay viém nhu NO va TNF-o. Ngoai
ra, hop chat physalin A ciing lam giam cac géc oxy phan tng (ROS), mot yéu té dong
vai tro quan trong dé gay ra stress oxy hoa va ting cudng phan tng viém [103].

Céc hop chét physagulin A va physagulin C va physagulin H phan Iap dugc
tir loai P. angulata thé hién hoat tinh chéng viém dang ké théng qua viéc ic ché hoat
dong cua con duong tin hiéu NF-kB bang cach uc ché sy suy thoai cua IkB-a va su
chuyén vi vao nhan cua p65, thay vi phu thudc vao con dudng tin hiéu MAPKs. Ba
hop chat nay déu thudc loai hop chat withanolide caa physagulin. Mot khi con duong
tin hiéu NF-kB bi tic ché boi mot trong ba hop chat nay, viéc san xuat cac protein gay
viém bai INOS va COX-2 s& duge diéu chinh giam va @c ché sy xuat hién cua céc
phan ng tién viém. Do d6, physagulin A va physagulin C va physagulin H phat huy
tac dung chdng viém bang cach wc ché nhiéu protein dich va tiép tuc &c ché con duong
tin hiéu NF-xB. C6 thé néi cac hop chat withanolide dang Physagulin c6 gia tri tiém
ning 16n trong diéu tri cac bénh ly viém [104].

1.2.4. Gidi thigu vé 10ai Tha it nhé (P.minima)

1.2.4.1. Pac diém thue vit

Hinh 1.9. Hoa (A), Qua (B), L& (C) v dai hoa (D) cta loai P. minima [105]
Loai Thu 1 nho (P.minima) 1a cay thao séng hang nim, cao gan 50 cm. Than,

cudng 14, cong hoa c6 16ng dau phi, than gia rong. La co phién dai 2-9 cm, rong 1-6
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cm mép thudng co ring cua thua to, ¢6 16ng min, gan phu 4-5 cip, cudng 1-6 cm.
Hoa vang vang, trang nho, c6 dém nau nhi vang. Qua mong tron, to 12-14 mm, trong
dai ddng truéng mong, nhon nhon dai dén 3 cm. Hat nho hinh dia mau vang. Cay ra
hoa thang 6 c6 qua thang 7 [85].
1.2.4.2. Dang séng va sinh thdi

Loai Thu [0 nhé (P.minima) c6 ¢ nhiéu nude nhiét déi Chau A, chau Phi, chau
M5. O Viét Nam: khu vuc Bic bd va Nam bd. Moc rai rac trén cac bai hoang [85].
1.2.4.3. Cong dung theo kinh nghiém ddn gian

Toan cay loai P. minima dung tri cam sét, ho nhiéu dom, nhot, mun nhot,
hen suyén [85].
1.2.4.4. Hoat tinh chong ung thw

Hop chat physalin F duoc ghi nhan nhu 1 chat chéng ung thu tiém ning tir
loai P. minima. Tac gia Ooi va cong su (2010) di nghién ciru doc tinh va co ché
gay chét té bao co6 thé gay ra boi hoat chat nay trén dong té bao ung thu vi &
ngudi T-47D. Két qua sang loc cho thay physalin F ¢6 tc dung uc ché dang ké sy
phét trién cua té bao T-47D theo phuong thic phu thugc néng do, véi gia tri ECsg
thip hon cua dich chiét thd (3,50 pg/mL). Phan tich biéu hién mRNA cho thiy su
ddng diéu chinh hoat dong cac gen c-myc- va caspase-3-apoptotic trong cac té bao
da u mau véi dinh biéu hién tuong g & 9h va 12h. Co ché apoptosis duoc khang
dinh thém bing su phan manh DNA va dich chuyén ngoai bao cua
phosphatidylserine. Cac phat hién nay chi ra rang physalin F ¢6 thé déng vai tro 1a
tac nhan ngin ngira va/hoic diéu tri ung thu bai co ché kich hoat apoptosis thong
qua su hoat dong theo con duong caspase-3 va c-myc trong té bao T-47D [106].
Nam 2012, Wu va cong su ciing d ghi nhan kha ning gy ra apoptosis trén té bao
ung thu than nguoi (A498) cua hoat chat nay [93]. Ngoai ra, physalin F gay ra
apoptosis thdng qua viéc kich hoat protein p53 va p21, va sau d6 phan cat caspase
8/9/3 va PARP. Physalin F tc ché hoat hda NF-kB, thuc ho céc yéu té phién ma,
dong vai tro nong cdt trong viém, mién dich, tao mach, di chuyén té bao, ting sinh
té bao va apoptosis [75, 93]. Do do, physalin F di cho thay hoat tinh tiém ning

khang ung thu va can duoc tién hanh cac nghién ctru tién 1am sang tiép theo [100].
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Dich chiét chloroform (CHCI5) loai P. minima da thé hién hoat tinh gay doc té
bao trén dong té bao ung thu phodi nguodi NCI-H23 theo phuong thirc phu thudc lidu
lwong va thoi gian. Dich chiét CHCI; ciing thé hién hoat tinh gay ddc té bao ung thu
va nguoi. Hoat tinh nay duoc cho 1a do kha ning gy chét té bao NCI-H23, té bao
ung thu via theo chuong trinh apotosis voi cac biéu hién dic trung nhu: Sy co lai
ctia nhéan té bao; thay doi mirc biéu hién cua cac protein lién quan trong té bao ung
thu; thuc ddy qua trinh apotosis thong qua su hoat hda nhanh chéng cua caspase-3,
gia tang muc do biéu hién cla p53 va giam murc do biéu hién cua c-myc. Bén canh
d6, dich chiét CHCI; ciing thé hién hoat tinh ddi véi dong té bao ung thu budng
trimg ¢ ngudi. Co ché gay chét té bao duoc xac dinh bang viée sir dung bén phuong
phap khac biét dé chtirng minh tac dung chdng ung thu 13 do kha ning phdi hop giira
co ché gay chét té bao theo apotosis va autophagic (qua trinh sinh 1y binh thuong
trong co thé dan dén su hity té bao trong co thé) trén té bao ung thu Caov-3 thong
qua con duong phu thudc vao c-myc, p53 va caspase [106, 107].

Zhanga va cong su (2020) ciing da ching minh cac hop chat Physaminilide
H, physapubenolide, physagulin H, physagulide P, physangulatin I, (20S,22R)-
56,6pepoxy-44,143,15a-trihydroxy-1-oxowith-2,24-dienolide, physagulide l,
physagulin C , physagulin | phan lap tir loai P. minima déu c6 hoat tinh giy doc té
bao u ac tinh (A375) & nguoi voi gia tri 1Cs trong khoang tir 1,3 - 7,5 uM. Theo két
qua nghién ctru trén, cho rang nhém 58, 68-epoxy hoic lién két doi & vi tri 5,6 va
lién két d6i & vi tri 2,3 trong vong A 1a nguyén nhan dan dén ting cuong doc tinh té
bao. Bén canh d6, sy hién dién ctia nhém 15-acetoxy la nguyén nhan mot phan giy
ra doc tinh té bao manh [108].
1.2.4.5. Hoat tinh khang viém

Hai hop chat physaminimin B (58) va physaminimin E (59) phan lap tir loai
P.minima thé hién kha ning @c ché manh sy san sinh NO boi cac dai thuc bao
RAW264.7 d3 cam ung bang LPS duogc hoat hoa voi gié tri ICs, trong khoang 8,04 -
10,01 mM [103, 104]. Nam 2016, Xu va cong su cong bd vé kha ning wc ché manh
su san sinh NO gay ra boi LPS trong cac dai thuc bao dong RAW 264.7 cia 3 hop
chat physaminimin G, H va K vai gié tri ICsq tvong tng la 17,41 £ 1,04 uM; 36,33
+1,95 uM va 21,48 £ 1,67 uM [109].



41

Hai hop chit duoc phan lap tir than 14, ré cua lodi P.minima la
withaphysalin A (60) va 2, 3-dihydrowithaphysalin C (61) déu tc ché dang ké viéc
san xuat oxit nitrite (NO), prostaglandin E2 (PGE-2) va mot s6 cytokine gay viém,
nhu interleukin-15 (IL-18), interleukin-6 (IL-6) va yéu té hoai tir khdi u (TNF-o)
trong cac dai thuc bao RAW264.7 da duoc kich hoat bang LPS theo con dudng
STAT3. Nghién ctru sdu hon chi ra riang withaphysalin A va 2, 3-
dihydrowithaphysalin C d3 diéu hoa su biéu hién qua mac cua nitric oxide synthase
cam ung (iNOS) va cyclooxygenase-2 (COX-2) & mirc 3 mRNA va protein. Ngoai
ra, withaphysalin A va 2, 3-dihydrowithaphysalin C ciing ngin chan sy chuyén vi
vao nhan ciia NF-kB p65 trong cac dai thuc bao da cam ang bai LPS. Két qua nay
cho thidy con duong NF-kB c6 lién quan dén céc tac dung chong viém, dén su
phosphoryl hda STAT3 va ting biéu hién heme oxygenase 1 (HO-1). Két qua
nghién ciru ciing cho thay biéu hién HO-1 da dugc ting cudng do tac dong cua
withaphysalin A va 2, 3-dihydrowithaphysalin C theo phwong thitc phu thugc nong
d6 trong cac dai thue bao di cam tng voi LPS. Hon nira, dd c6 bao cdo rang HO-1

ngan chin qua trinh phosphoryl héa STAT3 va dich chuyén nhan cua yéu t6 NF-xB

P65, do d6 wc ché su giai phong cac chat trung gian gay viém [110].

Hinh 1.10. C4u trdc héa hoc cua cac hop chat physaminimin B (58),
physaminimin E (59), withaphysalin A (60) va 2, 3-dihydrowithaphysalin C (61)
phén lap tu loai P. minima

Nhu vay, c6 thé ca withaphysalin A (60) va 2, 3-dihydrowithaphysalin C
(61) da ngin chan viéc kich hoat STAT3 va chuyén vi nhan cia NF-kB p65 qua
taing cuong hoat dong cia HO-1. Withaphysalin A ciing Gc ché rd rét p38
phosphoryl héa trong cac té bao RAW264.7 cam tng bai LPS, dan dén ¢c ché phan
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tng viém, it nhat 1a mot phan, bang cach triét tiéu duong dan tin hiéu MAPK.
Nguoc lai, 2, 3-dihydrowithaphysalin C khdng thé hién su tac dong rd rét vao con
duong MAPK dé kiém soét su biéu hién cac yéu to trung gian gay viém ma thong
qua viéc diéu hoa cac chit trung gian gay viém, iNOS va COX-2 & muc do protein
va mMRNA [110]. Nhimng di liéu nay cung cap bang chimng khoa hoc dé 1am sang to
céc thanh phan hoat tinh sinh hoc chinh va cac co ché phan tir khang viém c6 lién
quan ctia P. minima. Cac két qua nghién ctru nay ciing cho thiy withaphysalin A va
2, 3-dihydrowithaphysalin C c6 thé 1a ung cir vién tiém ning dé phat trién thanh
duoc phém diéu tri cac bénh vé viém. .

Theo nghién ctru cia Wu va cong su (2020), 5 chat withanolide méi
(Physagulin N, phyperunolide E, withaminimin, Physangulatin A va Physangulatin
B) cung véi 5 hop chét di biét ((20S) , 22R) 15a-acetoxy-54, 68-epoxy-44, 14a, 28-
trihydroxy-3/4-methoxy-1-oxowitha-16,24-dienolide, (20S, 22R) 15a-acetoxy-54, 64
-epoxy-3p, 4B, 14p, 17p5, 205-pentahydroxy-1-oxowitha-24-enolide, (20R, 22R)
15a-acetoxy-45, 5a, 64, 14a, 20p-pentahydroxy-1-oxowitha -2,24-dienolide, (20R,
22R) 15a-acetoxy-5a, 6B, lda, 20p-tetrahydroxy-1-oxowitha-2,24-dienolide, va
(20S, 22R) 5a, 64, 14p-trinydroxy-1,15-dioxowitha-2,16,24-trienolide), dugc phan
1ap tir loai P. minima L déu c6 tac dung trc ché sy san sinh NO gy ra boi LPS trong
cac dai thuc bao dong RAW 264.7 vbi gia tri 1Cgg tur 27,35 - 38,72 uM. Tat ca cac
hop chat nay cho thay viéc (¢ ché hoat dong san xuat NO tiém ning nhung khong
lién quan dén doc tinh té bao cua ching [111].

Nhu d3 trinh bay trong phin mé dau va tong quan, hai loai Tam bop va Thu
10 nho d3 duge mot sb tac gia nghién ciru vé thanh phan hoa hoc va mot sb hoat tinh
sinh hoc. Tuy nhién, tai Viét Nam, hai loai thuc vat nay chua dugc nghién cuu triét
dé vé thanh phan hoa hoc theo dinh hudng hoat tinh sinh hoc khang viém va @c ché
té bao ung thu. Trong nghién ciru cua ching t6i, cac can chiét tir 2 loai nay dugc
sang loc, danh gia hoat tinh theo dinh hudng hoat tinh va tor d6 phan lap duoc
nhirng hoat chit mé&i, c6 hoat tinh manh khang viém, trc ché té bao ung thu cling

nhu nhitng tac ddng & mirc phan tir cia chiing trén hai hoat tinh nay.
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CHUONG 2
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong va vt liéu nghién ciu
2.1.1. Mdu loai Tam bép (P. angulata)

Loai TAm bop (P. angulata) dugc thu hai tai huyén Tién Hai va huyén Dong
Hung tinh Thai Binh vao thang 8 nam 2015 & dang tuoi, dugce loai bo tap chét, rira
sach, phoi & nhiét 46 phong, siy kho & nhiét do 50-60°C va xay thanh bot tho véi
khdi lrong bot kho 1a 2.0 Kkg. Mau nguyén liu thuc vat dugc Tién sy Tran Thi
Phuong Anh — Bao tang thién nhién Viét Nam, Vién Han lam khoa hoc va Cong
ngh¢ Viét Nam gidm dinh. Hi¢n mau tiéu ban (TB 14. 2015) duoc luu gifr tai Vién
nghién ctru khoa hoc Mién Trung, Vién Han lam khoa hoc va Cong nghé Viét Nam.
2.1.2. Méu lodi Thit It nhé (P. minima)

Loadi Thu It nho (P.minima) dugc thu hai tai x4 Huong Hoa, huyén Nam
bong, tinh Thira Thién Hué, Viét Nam vao thang 9 nam 2018 ¢ dang tuoi, dugc loai
bo tap chét, rira sach, phoi & nhiét d§ phong, séy kho & nhiét do 50-60°C va xay
thanh bot tho véi khdi luong bot kho 1a 2.6 kg. Mau nguyén liéu thue vat duoc Tién
sy Tran Thi Phuong Anh — Bdo tang thién nhién Viét Nam, Vién Han 1am khoa hoc
va Cong nghé Viét Nam giam dinh. Hién mau tiéu ban (MISR2018-18) duoc luu
gilr tai Vién nghién ctru khoa hoc Mién Trung, Vién Han lam khoa hoc va Cong
ngh¢ Viét Nam.

2.1.3. Vit liéu nghién cuu

- Cac dong té bao:

+ Dong RAW 264.7 do GS. TS. Domenico Delfino, Pai hoc Perugia, Italia
cung cap.

+ Céc dong té bao ung thu & ngudi: SK-LU-1 (Ung thu phdi), A549 (Ung
thu phoi), HeLa (ung thu ¢ tir cung), PANC-1 (ung thu tuy), HepG2 (Ung thu té
bao gan), va MCF7 (ung thu vU) do GS. Chi-Ying Huang, Pai hoc National Yang
Ming Chiao Tung, Dai Loan va GS. Maier J, trudng Pai hoc Milan, Italia cung cap..
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- Mobi trudng nudi cdy té bao: DMEM (Dulbecco’s Modified Eagle
Medium) c¢6 bd sung thém L-glutamine, sodium pyruvat, NaHCOs,
penicillin/streptomycin, 10% FBS (Fetal Bovine Serum), Trypsin-EDTA (0.05%),
Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit ctia Invitrogen (Hoa Ky).
2.1.4. Hod chit va thiét bi sir dung trong nghién ciru
2.1.4.1. Héa chat sir dung trong nghién ciru héa hoc va chiét xudt

- Dichloromethane, ethyl acetat, methanol (MeOH), aceton, n-hexan
(Trung Qubc, Merck). Cac loai dung mdi cia Trung Quéc duge chung cat lai
trude khi dung.

- Ban sic ky 16p mong Silica gel DC-Alufolien 60 Fys, (Merck 1,05715), RP1g Foss
(Merck) trang san trén dé nhom.

- Ban sic ky 16p mong diéu ché Silica gel 60G Fysy.

- Silica gel 60 dung cho séic ky cot (Merck, ¢& hat 0,040-0,063 mm).

- Cac dung moi thong thuong khéc.
2.1.4.2. Héa chat sir dung cho thu nghiém sinh hoc

- Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine serum (FBS),
Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit cua Invitrogen (Hoa Ky) va
thanh phan b sung dung cho nudi cdy té bao in vitro cta hing Invitrogen (Hoa Ky)

- Kit Annexin V/cell dead apoptosis cua Invitrogen (Hoa KY)

- B0 kit so mau Caspase-3 ctua Biovision Inc. (Milpitas, CA, Hoa Ky)

- Cac loai héa chat: TCA, SRB, ellipticine, Lipopolysaccharides (LPS) tir
Escherichia coli, sodium nitrite, sulfanilamide, N-1-napthylethylenediamine
dihydrochloride and dimethyl sulphoxide (DMSO) cua Sigma Chemical Co. (St. Louis,
MO, Hoa ky).

- Cac hoa chét thong thudng khac
2.1.4.3. Thiét bi nghién ciru

- May Bruker AM500 FT-NMR Spectrometer, may Bruker AM500 FT-NMR
Spectrometer, may JASCO DIP-1000 KUY .
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- Pia nubi cay té bao sau giéng nhya (Corning, USA), dia 96 giéng nhwa va
pippette (eppendorf), may doc ELISA 96 giéng (BioRad).

- Ta 4m CO2 (Sanyo), ta lanh sdu -80°C (Biobase), binh nito 16ng
(Trung Quéc),

- Kinh hién vi soi ngugc (Axiovert 40 CFL), budng dém té bao (Fisher),
can phan tich (Ohaus), may do pH va cac dung thi nghiém thong thuong.

- Céc thiét bi chiét xuat, quay cat dung mdi, thiét bj siy, nghién mau thuc vat.
2.2. Phwong phap nghién ciru
2.2.1. Phwong phdp xit ly tao cao chiét methanol va cdc cao phéin doan ciia cdc
mdu P. angulata va P. minima

Mau thuc vat sau khi thu hai dugc loai bé rira sach, phoi ¢ nhiét do phong,

sdy kho & nhiét do 50-60°C sau d6 dem nghién nhoé thanh bot kho. Bot kho nay
duoc ngdm chiét voi methanol véi su hd trg cua thiét bi chiét siéu am. Dich chiét
dugc thu lai, loc qua gidy loc roi tién hanh cat thu hoi dung méi bang thiét bi cat
quay dudi 4p suat giam thu dugc cao chiét methanol chira hau hét cac hop chat c6
trong mau nghién ciru. Cao methanol duoc hoa vao nudc va chiét phan bd 1ong 1ong
lan luot véi cac dung méi diclomethane va ethyl acetate c6 do phan cuc ting dan dé
tach chiét mau thuc vat tir loai P. angulata va P. minima. Quay cét loai bo dung moi
dudi ap suat giam thu duge cac cao chiét twong tng.

Bang 2.1. Céac cao chiét tir loai P. angulata va P. minima

> Ki hiéu cac cao chiét
Cao chiét

P.angulata P.minima
Cao (MeOH) tong PA PM
Dichlomethane PAD PMD
Ethyl acetate PAE PME
Cao nudc PAW PMW

2.2.2. Phwong phdp phén Igp cdc hop chdt tir logi P. angulata
2.2.2.1. Tao cao chiét methanol va cdc cao chiét phdn doan tir 10ai P. angulate
Loai P. angulata sau khi thu hai dugc thai nho, siy kho, roi dem xay nho thu

dugc 2.0 kg bot kho. Bot nay duge ngam chiét véi methanol (3 1an x 5 lit) véi su hd
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tro cta thiét bi chiét siéu Am (6 50°C, mbi lan 3 gi0). Cac dich chiét duoc gom lai, loc
qua gidy loc va cit thu hdi dung moi duéi ap suat giam thu duoc cao chiét methanol
(90 g). Cao chiét nay dugc phan tan trong (1.5L) nuéc va dem chiét 1ong 1ong lan
lugt véi voi cac dung mdi dichloromethane va ethyl acetate co do phan cuc tang
dan. Loai bo dung méi dudi 4p sut giam thu duoc cac cao chiét trong tng gdm

dichloromethane (PAD, 24.5 g), ethyl acetate (PAE, 4.5 g) va nudc (PAW, 61.0 g)

Physalis angulata

( 2.0 kg bit kha)
Methanol, 30°C
Utrasounic, 3L x 5 lit
Cao Methanol

(90g)
Phén tén trong (1.5L) mrdc va dem chift lang 1ong 1an leot véi

v cac dung mbi dichloromethan va etyl axetat

Cao Dichloromethane Cao Ethyl acetate Cao nwéc

(PAD, 24.5 g) (PAE. 46 g) (PAW, 61.0 g)

PA: Cao Methanol PAE: Cao Ethyl acetate
PAD: Cao Dichlomethane PAW: Cao nudc

Hinh 2.1. So d6 diéu ché cac cao chiét phan lap tir loai P.angulata
2.2.2.2. Chiét xudt, phdn ldp cdc hop chdt tir cao chiét PAD cua lodi

P. angulata

Cao Dichloromethane

(PAD, 245 ¢)
Silica gel c.c
DIM: 100/1~ 1/100
PADI PAD2 PAD3 PAD4 PADS
Silica gel c.c. Silica gel c.c. RP 18 cc.
DIM: 20/1 DIM: 1571 MW: 2/1
[ | \ I \ | \ \ \
PAD2a PAD2b PAD2c PAD3a  PAD3b PAD3c PAD3d  PAD3e PADSa PADSH PADSc
RP18cc. RP18c.c. Silica gel c.c.
DIM: 181 MW : 21 DIM: 10/1
PAD2al PAD2a2 PAD2a3 PAD2cl PAD3el
RP18cc. Silica gel c.c. Silicagel c.c. RP18cc Silica gel c.c. Silicagel c.c. Silica gel c.c. Silica gel c.c. RPI8cc.
MW: 1/1 D/A: 101 D/AS/ MWL (DM 151 D/A: 81 DIA: 31 D/A:6/1 AW:11
| \ [ | [ |
PAI2 PA7 PAS PA2 PAG PA1S PA9 PA13 PAL4 PA3 PAILL PAL0 || PAd4 PAS
(4.0 mg) (10.0mg)| | (4.0mg) | |(7.0mg) | | (4.0 mg) (5.3 mg) (6.5 mg) (120 mg)| ((10.7 mg) (17.0mg)| | (7.0 mg) | | (4.1mg) ||(11.0 mg)| | (9.0 mg) | PADSc3
Silica gel c.c.
| DIM/W: 3/1/0.01
PAL
(8.0 mg)

Hinh 2.2. So do phan 1ap cac hop chat tir cao chiét PAD cua loai P. angulata
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Cao chiét dichloromethane (PAD, 24.5 g) duoc dua 1én cot sic ky silica gel
sau d6 rira giai bang hon hop dung méi dichloromethane/methanol véi do phan cuc
tang dan (100/1 — 1/100, v/v) thu dugc 5 phan doan, (PAD1-PADS). Phan doan
PAD2 tiép tuc duwoc phan tach trén cot silica gel véi hé dung modi ria
(dichloromethane/methanol, 20/1, v/v) thu dugc 3 phan doan nho hon, (PAD2a-
PAD2c). Ba phan doan, (PAD2al-PAD2a3) thu duoc khi phén tach trén sic ky cot
pha dao RP18 (acetone/nudc, 1.8/1, v/v). Tiép tuc tinh ché phan doan PAD2al
trén cot sic ky pha diao RP18 st dung hé dung moi rira giai (methanol/nudce, 1/1,
v/v) thu dugc hop chit PA12 (4.0 mg). Hop chiat PA7 (10.0 mg) va PAS (8.0 mg)
thu duoc khi tinh ché phan doan PAD2a3 trén sdc ky cot silica gel st dung hé
dung moi (dichloromethanol/acetone, 10/1, v/v). Phan tach phan doan PAD2c
bang cot sic ky pha diao RPI8 voi hé dung moi sit dung hé dung moi
(methanol/nuéde, 2/1, v/Iv) sau d6 tiép tuc phan tach trén sic ky cot silica gel pha
thuong vé hé dung méi (dichlomethanol/acetone, 5/1, v/v) thu dugc hop chat PA2
(7.0 mg) va PA6 (4.0 mg).

Phan doan PAD3 dugc dua lén cot silica gel pha thuong véi hé dung moi rira
giai dichloromethane/methanol (15/1, v/v) thu dugc 5 phan doan nho hon, (PAD3a-
PAD3e). Hop chat PA15 (5.3 mg) thu dugc khi tinh ché phan doan PAD3Db trén sic
ky cdt silica pha dao RP18 gitra gidi voi hé dung moi (methanol/nude, 1/1, v/v).
Tiép tuc phan tach phan doan PAD3c trén cot sac ky silica gel pha thuong véi hé
dung moi rira giai dichloromethane/acetone (15/1, v/v) thu dugc 1 hop chit PA9
(6.5 mg). Hop chat PA13 (12.0 mg) va PA14 (10.7 mg) thu dugc khi phan tach
phan doan PAD3e biang sic ky cot silica gel pha thuong véi hé dung méi
(dichloromethane/methanol, 10/1, v/v) sau d6 tiép tuc tinh ché trén sac ky cot silica
gel pha thuong sur dung hé dung moi (dichloromethane/acetone, 8/1, v/v).

Tuong tu, phan doan PADS dugc phan tach trén cot sdc ky pha ddo RP18
(methanol/nudc, 2/1, v/v) thu duoc 3 phan doan nhé hon, (PAD5a-PAD5C). Tinh ché
phan doan PADS5a bing sic ky cot silica gel pha thuong v6i hé dung méi rira giai

(dichloromethane/acetone, 3/1, v/v) thu duoc hop chiat PA3 (17.0 mg). Hop chat
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PA11 (7.0 mg) va PA10 (4.5 mg) thu dugc khi phan tach phan doan PADS5b trén ¢t
sac ky silica gel str dung hé dung moi rira giai (dichloromethane/acetone, 6/1, v/v).
Phan tich phin doan PAD5c trén sic ky pha ddo RPI8 v6i hé dung méi
(acetone/nude, 1/1, v/v) thu duoc hop chat PA4 (11.0 mg), PA5 (9.0 mg) va phan
doan PADS5c3. Tinh ché phan doan ndy trén sic ky cot pha thuong dang dong véi hé
dung méi (dichloromethane/methanol/nuéc, 3/1/0.01, v/v/v) thu dugec PAL (8.0 mg).
2.2.3. Phuwong phdp phén Igp cdc hop chit tir logi P. minima
2.2.3.1. Tao cao chiét methanol va cdc cao chiét phan doan tir lodi P. minima

Loai P. minima sau khi thu hai dugc thai nho, siy kho, xay min thu duoc 2.6
kg bot kho. Bot nay duoc ngam chiét v6i methanol (3 lan x 4 lit) voi su hd trg cla
thiét bi chiét siéu am (¢ 50°C, mdi 1an 3 gid). Cac dich chiét duoc gom lai, loc qua
gidy loc va cat thu hoi dudi ap suat giam thu duge (150 g) cao chiét methanol. Cao
chiét nay duoc hoa tan v6i 1.5 lit nude cat va tién hanh chiét phan bd lan lugt voi
dichloromethane, ethyl acetate. Cac dich chiét dichlomethane, ethyl acetate duoc loai
b6 dung méi dudi ap sudt giam thu duge cac cao chiét dichlomethane (PMD, 15.0 g),
ethyl acetate (PME, 8.0 g) va 16p nuéc (PMW, 94.0 g).

Physalis minima

(2.6 kg bt khé)

Methanol, 50°C

Utrasounic, 3L x 4 lit
Cao Methanol
(150.0 g)

Phan tan trong (1.5L) nudc va dem chiét phin 16p lan lwot vai véi

cac dung méi n-hexan, dichloromethane va etyl acetate

Cao Dichloromethane Cao Ethyl acetate Cao mwrdc

(PMD, 15 @) (PME, 8 g) (PMW, 94 g)

PM: Cao methanol PME: Cao Ethyl acetate
PMD: Cao Dichlomethane PMW: Cao nudc

Hinh 2.3. So dd diéu ché cac cao chiét tir loai P. minima

2.2.3.2. Chiét xudt va phdn ldp cdc hop chat tir cao chiét PMD va PME cia lodi

P.minima
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- Chiét xuét va phan 1ap cac hop chat tir cao chiét PMD cua loai P.minima

Cao Dichloromethane
(PMD, 150 g)

Silica gel c.c.
D/ 100/1 ~ 0/100

PMD1 PMD2 PMD3 PNMD4 PMDS
| Silica gel c.c.

D/M: 20/1 ~ 0/100

PMD4a PMD4b
RPl18cc. RPl8cc.
AW 21 MW D171
| |
PMD4al PMD4a2 PMD4b1l PMD4b2
RP18 c.c.
. ANRN- 211
Silica gel c.c. RP1&cc.
D/M: 2001 D/ - 1841 Pl\-ﬂ)‘l-bll_l
Silica gel c.c.
‘ DM: 2041
PM1 PM2 PM3
(40 .0mg) (20.0 mg) (50.0 mg)

Hinh 2.4. So d6 phan Idp cdc hop chdt tir cao chiét PMD ciia loai P. minima

Cao chiét dichloromethane (PMD, 15.0 g) dua 1én cot sac ky silica gel pha
thuong véi hé dung mdi rira gidi gradient dichloromethane/methanol (100/1 —
1/100, v/v) thu dugc 5 phan doan chinh, (PMD1- PMDS5). Phan doan PMDA4 tiép tuc
dugc phan tach trén cot sic ky silica gel pha thuong véi hé dung moi ria giai
dichloromethane/methanol (20/1, v/v) thu dugc 2 phan doan nho hon PMD4a va
PMD4b. Phan tach phan doan PMD4a bang cot sic ky pha dao RP18 véi hé dung
moi rira giai acetone/nude (2/1, v/v) thu dugc 2 phan doan PMD4al va PMD4a2.
Hop chat PM1 (40.0 mg) thu dugc sau khi tinh ché phan doan PMD4a2 trén sic ky
cot silica gel pha thuong hé dichloromethane/methanol (20/1, v/v). Phan doan
PMD4b tiép tuc dugc dua 1én cot sac ky silica gel pha thuong voi hé dung méi rira
giai dichloromethane/methanol (20/1, v/v) thu dugc 2 phan doan, PMD4bl va
PMD4b2. Phan doan PMD4b1 duoc tinh ché bang cot sic ky pha dao RP18 sir dung
hé dung moi methanol/nudce (1.5/1, v/v) thu duge hop chat PM2 (20.0 mg). Phan
tach phan doan PMD4b2 bang sic ky cot pha dao RP18 gitra giai v6i hé dung moi
aceton/nudce, (1/2, v/v) két hop véi véi sic ky cot silica gel pha thuong hé
dichloromethane/methanol (20/1, v/v) thu dugc hop chat PM3 (50.0 mg).
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- Chiét xudt va phan lap cic hop chit tir cao chiét PME cua loai

P.minima
Cao ethyl acetate
(PME, 8.0 g)
Silica gel c.c.
D/M: 20/1 - 0/100
PME1 PME2 PME3 PME4 PMES
RP18 c.c.
MW 1/1.5
PMS5
(20 mg) PMESa PMBESb
Silica gel c.c. Silica gel c.c.
D/A: 21 DM 1241
PM4 PM6
(15 mg) (8.0 mg)

Hinh 2.5. So d6 phén 1ap cac hop chat tir cao chiét PME cua loai P. minima

Cao chiét ethyl acetate (PME, 8.0 g) duoc phan tach trén cot sac ky silica gel
pha thuong véi hé dung méi rira gidi dichloromethane/methanol (20/1, v/v) thu
dugc 5 phan doan (PMEL1 — PMES). Phan doan PMES duoc phan tach trén cot sdc
ky silica gel pha ddo v61 hé dung moi rira gidi methanol/nudce (1/1.5, v/v) thu dugc
2 phan doan PMESA va PMESB va hop chat PM5 (20.0 mg). Phan doan PME5a
tiép tuc duoc tinh ché trén cot sic ky silica gel pha thudng v6i hé dung moéi rira giai
dichloromethane/acetone (2/1, v/v) thu duoc hop PM4 (15.0 mg). Hop chat PM6
(8.0 mg) thu duoc sau khi tinh ché phan doan PMESb bang sic ky cot silica gel pha
thuong véi hé dung moéi dichloromethane/methanol (12/1, viv).
2.3. Phuong phap xac dinh ciu tric héa hoc ciia cic hop chat

Phuong phép chung dé xac dinh ciu trdc hod hoc cua cac hop chat la su
két hop giira viéc xac dinh cac thong sé vat ly véi cac phuong phap pho hién dai,
bao gom:
2.3.1. Phwong phdp sic ky diing dé phén ldp cdc hop chit tic méu thwe vit

Viéc phén lap cac chat tir cac cao chiét duoc thyc hién bang phuong phéap sic
ky khac nhau nhu: Sic ky 16p mong (TLC), sic ky cot thuong (CC) va sic ky ry
phan tur.
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- Séc ky 16p mong: duoc thyc hién trén ban mong trang sdn DC-Alufolien 60
Fass (Merck 1,05715), RPyg Fasss (Merck). TLC duoc st dung dé kiém tra va dinh
huéng cho sic ky cot. TLC thuong duoc tién hanh trén ban mong trang san silica gel
trén dé nhém hodc dé thuy tinh. Dé tién hanh sic ky, cht tan duoc chim 1én ban
thanh timg vét chim nho, sy cho dung méi bay hoi hét roi trién khai véi hé dung
mai thich hop trong mot binh trién khai. Dé kiém tra vét chat co thé sir dung thude
thtr hi€én mau hoac soi béng dén UV. Thudc thir hién mau c6 thé 1a hoi ammoniac
hoic dung dich axit sunfuric 10%. Dé hién vét nguoi ta nhing ban vao thubc thir
hodc phun 1én ban mong sau d6 ho ban trén bép dién hodc sy nong dé vét chat xuat
hién tur tur.

Tuy theo luong chat va dang chat ma c6 thé lua chon mot trong hai phuong
phap. Néu chay tho thi thudng chat duoc hoa tan vao dung méi thich hop, tim silica
gel 16i cat loai dung méi dén kho, nghién min. Néu chay tinh thi chat thuong dugc
hoa vao dung méi chay cot véi mot luong tdi thiéu.

- Sic ky 16p mong diéu ché: thuc hién trén ban mong trang sin Silica gel
60G Fas4, phat hién vét chat bang dén tir ngoai hai budc song 254 nm va 368 nm,
hodc cat ria ban mong dé phun thudc thir 13 dung dich H,SO, 10%, ho néng dé phat
hién vét chét, ghép lai ban méng nhu ci dé xac dinh vung chit, sau d6 cao 16p
Silica gel c6 chat, giai hip phu thu duoc chat can tinh ché.

Cac vét chat hién thi trén sic ky 16p mong dugc tién hanh gom lai va chia ra
cac phan doan da duogc sic ky. Céac phan doan nhan duoc tiép tuc kiém tra béng sdc
ky 16p mong dé lua chon phwong phép sic ky phu hop phéan tach thanh cac doan
nho hon. Liap lai cac cong viée nhu trén cudi cting s& nhan duoc cac chat c6 do tinh
khiét dam bao di dé do phd va xac dinh ciu tric.

- Sic ky cot:

+ Séc ky cot pha thudng dugc tién hanh véi chat hap phu 14 silica gel véi kich
thudce hat 0,040 - 0,063 mm (240 - 430 mesh); dung moéi rira giai chi yéu dung cac hé
dung mdi nhu n-hexane: ethylacetat, n-hexane: dichloromethane , n-hexane: acetone,
dichloromethane : ethylacetat, dichloromethane : methanol, dichloromethane :

acetone, dichloromethane : methanol: nudce véi cac ti 1¢ thich hop.
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+ Sic ky cot pha dao voi chat hip phu la RP-18 (150 m, Fuji Silysia
Chemical Ltd.) str dung loai YMC c6 kich thudce hat 30-50 um (Fuji silysia Chemical
Ltd.); Nhya trao dbi Diaion HP-20 (Misubishi Chemical Indutries Co., Ltd.).

Trong sic ky cot, ti 16 duong kinh cot (D) so voi chiéu cao cot (L) ciing dong
mot vai tro rit quan trong téi kha ning tach cua cot. Ty 1& L/D phy thudc vao yéu
cAu tach, tuc phu thudc vao hén hop chét cu thé. V&i mdi chit cu thé s& ¢o 1 gia tri
R khac nhau va dya vao gia tri Rf nay dé thiét ké cot (Rela ty 16 gitra quing duong
di ctia chat can tach so vé6i quing dudng di duge cia dung moi). Néu tach thoi thi ti
1& nay thap ( tir 1/5 dén 1/10), con néu tach tinh thi ti 1& nay cao hon va phu thudc
vao hé sd tach (su khac nhau vé Rf) ma hé s6 nay dao dong tir 1/20 -1/30.

+ Sic ky rdy phan tir dung Sephadex LH20 lam pha tinh v6i dung méi chay
cot 1a Metanol (MeOH) hoac dichloromethane : methanol (CH,Cl,:MeOH) vai ty 1é
CH,Cl,<10%. Pugc tién hanh voi chat hap phu 1a silica gel pha thuong, silica gel
pha dao va diaion.

2.3.2. Phwong phdp phé cong hwéng tiv hat nhian (Nuclear magnetic resonace
spectrometry - NMR)

Phé cong huang tir hat nhan (NMR): Phé cong huong tir hat nhan duoc ghi
trén may Bruker AM500 FT-NMR Spectrometer cua Vién Hoa hoc, Vién han lam
Khoa hoc va Cong nghé Viét nam. Chat noi chuan 1a TMS (Tetrametyl Silan). Céac
phd cong huong tir hat nhan gom:

- Phé 1 chiéu (1D):

+ Phd proton 'H-NMR: Trong phé 1H-NMR, do dich chuyén hoéa hoc (8) cua
céc proton dugc xac dinh trong thang ppm tir 0 ppm dén 14 ppm tiy thudc vao mirc
do lai hoa cua nguyén tr cling nhu dic trung riéng cua ting phan tir. Mdi loai
proton cong huéng & mot truong khac nhau va vi vay ching dugc biéu dién bang
moét do dich chuyén hoa hoc khac nhau. Dya vao nhitng dac trung cua dg dich
chuyén héa hoc ciing nhu twong tac spin coupling ma ngudi ta cé thé xac dinh duoc
cAu tric hoa hoc ciia hop chét.

+ Phd cacbon *C-NMR: Phé nay cho tin hiéu vach phd ciia cacbon. Mdi

nguyén tir cacbon s€ cong hudng ¢ mot truong khac nhau va cho mdt tin hiéu pho
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khac nhau. Thang do cho phé **C-NMR ciing dugc tinh bang ppm va vé6i dai thang
do rong hon so vai phd proton (tir 0 ppm dén 240 ppm).

+ Ph6 DEPT: Pho nay cho ta nhitng tin hiéu phd phén loai cac loai cacbon
khac nhau. Trén cac phé DEPT, tin hiéu cta cacbon bac bon khong xuét hién. Tin
hiéu phd ctia cacbon metin (CH) va metyl (CH3) ndm & phia trén va ctia cacbon
metilen (CH,) ndm & phia dudi caa phd DEPT 135. Con trén phé DEPT 90 thi chi
xuat hién tin hiéu pho cta cac cacbon metin (CH).

- Pho 2 chiéu (2D):

+ Phé HSQC: Nho vao cac tuong tic trén pho nay co thé xac dinh cac tin
hiéu proton nao lién két truc tiép véi nguyén tir cacbon nao.

+ Pho HMBC: Pay 14 phd biéu dién cac twong tac xa cua H va C trong phan
tr. Nho vao cac tuong tac trén phd nay ma tirng phan cua phan tir cling nhu toan bo
phan tir dugc xac dinh vé cAu trac

+ Pho NOESY: Pho nay biéu dién cac twong tac xa trong khong gian cia cac
proton khong ké dén cac lién két ma chi tinh dén khoang cich nhét dinh trong
khong gian. Dua vao két qua pho nay, c6 thé xac dinh dugc cau trac khong gian cta
phén tir.

Dung méi dugc st dung dbi voi cac hop chat phan lap duoc tir lodi P.
angulata va P. minima la CD3OD.

2.3.3. Phwong phdp pho khéi lwong (Mass spectrometry - MS)

Phé khéi lwong HR-ESI-MS do trén may Bruker AM500 FT-NMR
Spectrometer Vién Hoa hoc - Vién Han Iam Khoa hoc va Cong nghé Viét Nam.

2.3.4. Phwong phdp do d¢ quay cuc [a]p

b6 quay cuc [a]p duge do trén may JASCO DIP-1000 KUY tai Vién hoa
hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
2.4. Phwong phap danh gia hoat tinh sinh hec
2.4.1. Phwong phdp nuéi céy té bao in vitro

Céc loai té bao duoc nudi cay trong méi truong DMEM véi thanh phan kém
theo gdom 2 mM L-glutamine, 10 mM HEPES, va 1,0 mM sodium pyruvate, ngoai
ra bd sung 10% fetal bovine serum — FBS (GIBCO).
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Té bao dugc ciy chuyén sau 3-5 ngay vai ti 1& (1:3) va nudi trong ta 4am CO,
& diéu kien 37°C, 5% CO,.

2.4.2. Phwong phdp déanh gid hoat tinh gdy déc té bao ung thuw (cytotoxic assay)

Phuong phap nay dugc thuc hi¢n theo phuong phap cia Monks (1991). Phép
thir tién hanh xac dinh ham luong protein té bao tong s6 dua vao mat d6 quang hoc
(OD — Optical Density) do dugc khi thanh phan protein cua té bao dugc nhudém
bang Sulforhodamine B (SRB). Gi4 tri OD may do dugc ti 1& thuan voi lugng SRB
gan voi phan tir protein, do d6 luong té bao cang nhiéu (lugng protein cang nhiéu)
thi gia tri OD cang 16n. Phép thtr dugc thyc hién trong diéu kién cu thé nhu sau:

- Trypsin hoa té bao thi nghiém dé lam roi té bao va dém trong budng dém
dé diéu chinh mat do cho phu hop véi thi nghiém.

- Chét thir d3 pha ¢ cac ndng d6 duoc dua vao cc giéng cua dia 96 giéng.
Giéng khong c6 chét thir nhung ¢c6 TBUT (190uL) s& dugc 1am dbi chimg ngay 0.
Sau 1 gio, giéng ddi chimg ngay 0 té bao s& dugc ¢b dinh bang Trichloracetic acid —
TCA 20%.

- U trong tu 4am 72 gid. Sau 72 gio, té bao dugc ¢b dinh bang TCA trong 1
gid, duoc nhudm bang SRB trong 30 phut ¢ 37°C, rira 3 1an bang acetic acid roi dé
kho ¢ nhiét do phong.

- 10 mM unbuffered Tris base dé hoa tan lugng SRB, lic nhe trong 10 phit rdi
doc két qua OD & budc song 540 nm trén may ELISA Plate Reader (Biotek EIX800).

- Phén tram (e ché su phat trién cta té bao khi c6 mat chat thtr s& duogc xac
dinh thong qua cong thure sau:

OD (mau) — OD(ngay 0)
OD(DMSO0) — 0D(ngay0)

- Phép thir duoc lap lai 3 1an dé dam bao tinh chinh xéc. Ellipticine ¢ cac

% c ché = 100% —

ndéng d6 10 g/mL; 2 g/mL; 0,4 g/mL; 0,08 g/mL duoc st dung nhu 1a chat d6i
chtrng duong;

- DMSO 1% luén dugc sir dung nhu ddi chitng am (ndng d6 cubi cing trong
giéng thtr 1a 0.05%). Gia tri ICso (ndng d6 e ché 50% su phat trién) s& duge xac

dinh nho vao phan mém may tinh Table Curve 2Dv4.
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- Theo tiéu chuan cua Vién ung thu qudc gia Hoa Ky (NCI), cin chiét duoc
coi c6 hoat tinh t6t voi ICso< 20 pug/ml, trong khi chét tinh khiét dugc coi c6 hoat
tinh t6t khi 1Cso< 5 uM.

2.4.3. Phwong phdp xdc dinh khd ndng irc ché san sinh NO ciia té bao si dung té
bao dai thuc bao RAW 264.7

- Té bao RAW 274.7 dugc dua vao dia 96 giéng & nong do 2 x 10° té
bao/giéng va nudi trong ti &m & 37°C va 5% CO, trong 24h. Tiép theo, moi truong
nudi ciy duge loai bo, thay bang méi truong DMEM khong c6 FBS trong 3h. Té bao
sau d6 duoc 1 mau nghién ctru ¢ cac ndng do khac nhau trong 2h trude khi duge kich
thich san sinh yéu t6 NO bang LPS (1 pg/mL) trong 24h. Mot s6 giéng khong duoc u
mau ma chi st dung dung dich pha miu duoc coi 1a d6i ching 4m. Trong khi d6i
chimg duong duge str dung 1a N®-Methyl- L-arginine acetate (L-NMMA) (Sigma) &
cac nong do 100; 20; 4 va 0,8ug/mL. Nitrite (NO,), duoc xem 1a chi thi cho viéc tao
NO, s€ dugc xac dinh nho bd Griess Reagent System (Promega Cooperation, WI,
USA). Cu thé 13, 100 uL mdi trudng nudi té bao (1 mau) duoc chuyén sang dia 96
méi va duge thém vao 100 pL Griess reagent: 50 uL of 1% (w/v) sulfanilamide trong
5% (v/v) phosphoric acid va 50 pL 0.1% (w/v) N-1-naphthylethylenediamine
dihydrochloride pha trong nuéc. Hon hop nay duoc 1 tiép & nhiét do phong trong 10
phut va ham lugng nitrite s& dugc do bang may microplate reader & bude song 540
nm. Méi truong DMEM khong FBS duoc st dung nhu giéng trang (blank). Ham
luong nitrite ctia tmg mau thi nghiém duoc xac dinh nhd vao dudng cong ham
lugng chuan NaNO, va duoc so sanh % v&i mau chimg am (LPS).

- Kha nang uc ché san sinh NO cua mau dugc xac dinh nho cong thuec:

% e ché =100%- [ham lugng NOgmpie/ham lugng NO ps]x100

- Phép thtr duoc 1ap lai 3 1an dé dam bao tinh chinh xac. Gia tri ICs (ndng do
trc ché 50% sy hinh thanh NO) s& dugc xac dinh nhd vao phan mém may tinh
TableCurve 2Dv4.

2.4.4. Phuong phdap Western Blot

Té bao RAW 264.7 duoc nudi ciy trong cac dia petri 60mm trong mdi trudng
DMEM ¢ 37°C, 5% CO, v&i 10% FBS, penicillin (100 units/mL) va streptomycin
sulphate (100pg/mL) vi mat do 5 x 105 té bao.
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Sau 24 gio, té bao dugc U v6i hop chit pha sdn & cac ndong d6 thir nghiém.
Sau 48h, thu phan té bao bam dinh bang trypsin va ly tim 1000xg, 5 phit dé thu can
té bao. Rira can té bao bang PBS, sau d6 thu protein té bao bang lysis buffer trong
30 phat. Dung dich chira protein dugc ly tam (15,000 vong/phit, 5 phit, 4°C) dé
loai bo phan khong tan.

Nong do protein trong dich ndi dugc xac dinh biang dung dich Bradford
Reagent 5x (SERVA Electrophoresis GmbH, Germany). D6 hap thu cua protein
duoc do biang may ELISA Plate Reader (Biotek EIX800) & budc séng 595 nm va
nong do protein dugc tinh dya theo dudng chuan BSA trong khoang tir 0 dén 1
mg/mL. Dich thuy phéan protein dugc 0 ¢ 95°C trong 10 phdt va chay dién di bang
gel polyacrylamide 12% SDS. Sau khi chay dién di, protein dugc chuyén vao mang
nitrocellulose (0.45 pm) bang transfer buffer trong 45 phat. Mang duoc ¢b dinh
bang skim milk 5% trong PBS-Tween 20 trong 1h ¢ may lac 100 vong/phdt, nhiét
d6 phong, sau do6 rira bang PBS- Tween 20 3 lan (mdi lan 10 phut). Mang duoc cat
theo kich thugc phan tir ciia cac protein thir nghiém va u véi khang thé bac mot
(Caspase-3, Bcl-2, Bax, pha lodang ti 1& 1:1000) qua dém ¢ 4°C, 100vong/phut.
Mang duoc rira voi PBS- Tween 20 3 1an (10 phuat/lan, 100 vong/phut) trude khi o
v6i khang thé bac hai twong ung (Anti-mouse antibody, ti 1& 1:2000) trong 2h &
nhiét d0 phong, sau do tiép tuc rira 3 1an voi PBS- Tween 20, mdi lan 10 phut. Su
biéu hién cua protein duoc kiém tra bang bo kit ting cudng phat quang (GE
healthcare, UK). Tubulin (Invitrogen, USA) duoc st dung 1am ddi chimg dé dam
bao lugng protein dong déu & cac mau. Biéu hién cua cac protein duoc chup bang
may Azure c300.

2.4.5. Phwong phap danh gia tac dong cam wrng apoptosis
2.4.5.1. Phirong phdp nhudm nhén té bao véi Hoechst 33342

Té bao dugc dua ra dia nudi cdy 24 giéng va nudi ciy qua dém trudc khi u
v6i mau nghién ctru & ndng d6 khac nhau. Sau 48 h 1 mau, té bao duoc nhudém véi
Hoechst 33342 ¢ ndng d6 0,5 pg/mL trong 30 phut. Té bao dugc quan sat bang kinh
hién vi huynh quang & buéc song Excitation/Emission (nm) 1a 350/461. Xéc dinh s6

luong té bao apoptosis trong it nhat 200 té bao qua kinh hién vi. Té bao apoptosis
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dugc xac dinh 13 nhitng t& bao c6 nhan sang hon (do nhiém séc cht bi c6 dic) hay
nhan bi phan chia thanh manh nho.

2.4.5.2. Phuong phdp dinh gid khda ndng gdy apotosis bang hé thong phdn tich
dong chay té bao (flow cytometry)

Thi nghiém dugc thuc hién theo Kit Annexin V/cell dead apoptosis cua
Invitrogen nhu sau: 5x10° té bao dwoc @ véi mau thir hoic dung mdi pha mau 24h
duoc thu vao dng falcon. Sau khi ly tam loai bo méi trudng, té bao duoc ria lai bang
PBS. Cin té bao duoc hoa lai trong 100 pL binding buffer va bd sung thém 5 pL
Annexin V va 1 pL Propidium iodide (PI) (1 mg/mL). U té bao véi mau nhuém 15
phat & 37°C sau d6 thém vao cac ong té bao 400 pL binding buffer. Téng s6 10.000
té bao/mau duoc phan tich bang hé théng flowcytometry Novocyte va phan mém
NovoExpress software (ACEA Bioscience Inc.) dé xac dinh ti & té bao biéu hién
apoptosis
2.4.5.3. Nghién ciru hoat tinh cam ing apoptosis bang caspase 3

Hoat tinh cua caspase 3 dugc thuc hién béng bo kit so mau Caspase-3 cua
Biovision (Milpitas, CA, Hoa Ky) theo huéng dan cua nha san xuit. Té bao A549
(1x10° té bao/ml) sau khi dugc 0 véi miu nghién ctru & cac ndng dd khac nhau
trong 48 gid duoc ly giai véi 50 pL dém ly giai té bao trong 10 phut dé thu duoc
tong sd protein. Sau phan tmg gém 50 pL dung dich protein di ly giai (chta 100 pg
protein), 50 uL DTT (10 mM) va 5 pL DEVD-pNA (200 pM) trong dia 96 giéng duoc
U & 37 °C trong 2 gio. Xac dinh gia tri OD théng qua hé théng ELISA (BioTek
EIx800) & budc soéng 405 nm. Giéng té bao voi DMSO 10% duoc sir dung lam
giéng dbi chimg 4m. Camptothecin duoc st dung 1am ddi ching duong. Kha ning
kich thich caspase 3 ctia cic mau nghién ctru duoc xac dinh khi so sanh véi dbi
chirg 4m khéong & mau.

2.5. Phwong phap phan tich thong ké

Sb liéu duoc xur 1i bang Excel va phian mém GraphPad Prism 5.0. Dt liéu
duogc thé hién bang gia tri trung binh (mean) + SD/SE); Su khac biét théng ké duoc
phan tich bang phuong phap phuong sai mot chibu (ANOVA mét chiéu). Gid tri
p<0,05 1a su khac biét c6 ¥ nghia théng ké. Gia tri ndng dd e ché 50 % (ICso) duoc
tinh bang phan mém TableCurve 2Dv4.
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CHUONG 3
KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua sang loc hoat tinh e ché sy san sinh NO trong té bao RAW 264.7
va hoat tinh giy ddc té bao ciia loai P. angulata va P. minina
3.1.1. Két qua sang loc hoat tinh irc ché sw sin sinh NO trong té bao RAW 264.7
ctia loai P. angulata va P. minina

Oxit nitric (NO) 12 mot phén tir tin hiéu déng vai trd quan trong trong co ché
bénh sinh ctia qué trinh viém va ¢ lién quan té1 bénh ung thu. Mat khac, NO duoc
coi 1a chit trung gian tién viém duoc san sinh ¢ nhiéu loai té bao nhu dai thuc bao,
nguyén bao soi hay té bao gan. Su san sinh NO qua muc trong cac tinh hudng bénh
ly dugc coi la gay ra tinh trang viém. NO duoc tong hop va giai phong vao céac té
bao noi md nho sy tro gilp cia cac enzyme NOSs khi chuyén hoa arginine thanh
citrulline va tao ra NO trong qué trinh ndy [76]. Phan tmg viém cta co thé néu
khong dugc kiém soat ¢6 thé tién trién thanh viém man tinh [112]. Vi vay, c6 thé so
bo danh gia tiém niang khang viém cua mau can nghién cau théng qua phuong phap
xéac dinh hoat tinh wc ché san sinh NO trén té bao RAW264.7 dé lam co s& lva chon

cho cac nghién ctlru sau hon tiép theo.
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PA: Cao methanol tong PAE: Cao ethyl acetate

PAD: Cao dichlomethane ) PAW: Cao nudc
L-NMMA: D6i chitng duong

Hinh 3.1. Kha ning trc ché san sinh NO ctia cac cao chiét phan lap

tir loai P. angulata thong qua gia tri ICsq (Ug/mL)
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Cac cao chiét PA, PAD, PAW va PAE phan lap tir loai P. angulata duoc
danh gia kha nang wc ché san sinh NO & néng d6 20 pg/mL va két qua cho thay cac
cao chiét PAD, PAW va PAE c6 kha niang wc ché >50% su san sinh NO trong té
bao RAW264.7. Cac cao chiét nay duoc tiép tuc thi nghiém & cac nong do khac
nhau dé xac dinh gié tri ICs, Két qua nghién ctru cho thiy, cao chiét PAD co tac
dung e ché san sinh NO manh nhit khi c6 gia tri ICs 12 5,75 + 1,06 pg/mL so véi
cac cao chiét PAE va PAW c¢6 gia tri 1Csp tuong Umg 1a 13,65 = 1,16 pg/mL, 7,89 +
1,39 pug/mL (Hinh 3.1). Két qua nghién ctiru nay tuong dong véi két luan cua Rivera
va cong su (2019) sau khi tién hanh nghién cttu danh gia kha nang &c ché sinh NO
cua cao chiét PAD thu duogc tir P. angulata véi phan trim ¢ ché san sinh NO 1a
97,08 + 0,49% (& ndng d6 25 pg/mL). Khi cac dai thuc bao RAW 264.7 dugc cam
ng viém boi LPS thi nong do céc chat trung gian gay viém, cytokine tién viém va
gy viém nhu NO, PGE2, IL-1B, IL-6 va TNFa da ting manh, voi mirc ting it nhat
4 1an so véi khi khéng bi kich thich boi LPS (P <0,001). Cao chiét PAD trong thi
nghiém nay da ¢ ché dang ké sy biéu hién cua tat ca yéu t6 tién viém, gay viém o
trén theo cach phu thudc vao nong do, vai gia tri 1Cso dudi 20 pg/mL [113].

25
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PM: Cao methanol tong PME: Cao ethyl acetate
PMD: Cao dichlomethane PMW: Cao nudc
L-NMMA: DBo6i chiing duong
Hinh 3.2. Kha ning trc ché san sinh NO ctia cac cao chiét phan lap

tir loai P. minima thong qua gia tri ICsq (Ug/mL)
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Dénh gia kha ning tc ché san sinh NO cua cac cao chiét PM, PMD, PMH va
PME phan lap tir loai P. minima cho thiy: c4c cao chiét PM, PMD va PME c6 kha
ning rc ché >50% su san sinh NO trong té bao RAW264.7. Bang viéc so sanh gia
tri ICsq ctia cao chiét co thé théy hoat tinh trc ché san sinh NO tdng dan theo thir tyu
PMW <PME <PMD, tuong tmg véi gia tri 1Cso giam dan. Cu thé gia tri ICso clia
cao chiét PMW 1a 16n hon 20 pg/mL, cua cao chiét PME la 1,84 + 0,23 pg/mL va
ciia PMD 1a 1,45 + 0,20 pg/mL (Hinh 3.2). Két qua nay phan nao phu hop véi
nghién ctru ctia Khan va cong sy (2009), cho thay dich chiét methanol thé va phan
doan cloroform tir loai P. minima c6 tac dung tc ché dang ké doi véi phan tng mén
cam cia mo hinh dau do viém [114].

Nhu vay, két qua sang loc ban dau nay cho phép lwa chon ra cac cao chiét c6
hoat tinh trc ché san sinh NO manh nhét 1a PAD tir loai P. angulata va PME, PMD
tir loai P. minima dé tiép tuc phan lap cac hop chat tinh khiét tir cao chiét nay nham
tim kiém, sang loc, phat hién duoc hop chat tiém niang khang viém.

3.1.2. Két qud sang loc hoat tinh gdy djc té bao ciia cdc cao chiét tiv hai lodi P.
angulata va P. minina

Ung thu van 1 nguyén nhan gy tor vong hang dau trén toan thé gigi. Ty 18
méc bénh, ty 1€ séng sot, tai phat va tién luong x4u ctia bénh nhan ung thu ludn la
nhing thach thirc 16n trong nhiéu thap ky [115]. Hién nay cac phac d6 diéu tri ung
thu khong phﬁu thuat truyén théng bao gém ca hoa tri, xa tri, hoa mién dich hoic
két hop cac liéu phap nay.

Tuy nhién, ty 1& séng st ciia nhitng bénh nhan duogc chan doan mic bénh ung
thu, dic biét 1a nhitng bénh nhan ¢ giai doan ning, vin ¢ mirc rat thap do tinh trang
khang thubc, doc tinh cao va cac tac dung phu lau dai khac cta cac phuwong phap
diéu tri nay [116]. Dicu nay di thic day cic nha khoa hoc tim kiém nhiing chién
lugc hi¢u qua hon va nd lyc tim kiém, phat hi¢n cac loai thude chéng ung thu moi
hiéu qua véi it tac dung phu. Cac san pham tu nhién, ddc biét 1a cac san pham tir

thuc vat, la nguff)n dugc li¢u dac biét quan trong cho viéc kham pha ra thudc méi
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trong nhitng thap ky qua [117]. Hién tai, cac loai thudc c6 ngudn gbe tir thuc vt
dang 14 ngudén duoc phdm chinh dé diéu tri ung thu nhu paclitaxel, vinblastine,
vincristine v.v. [118]. Vién Ung thu Quéc gia Hoa Ky (NCI) di sang loc hang trim
ngan mau thyc vat khac nhau cho céac hoat tinh chdng ung thu. Trong sd d6, khoang
3.000 loai thyc vat da chimg minh hoat tinh chéng ung thu tiém ning [119].

Ung thu phét trién qua nhiéu giai doan, v6i nhitng thay doi dot bién trong té
bao khién ching khong ngimg phat trién va phan chia, tranh duoc su chét theo
chuong trinh. Viéc sang loc cac hoat chét tiém nang dung lam thudc trong diéu tri
ung thu chil yéu dya trén kha ning giy doc té bao cta chung khi str dung céac thu
nghiém chéng tang sinh in vitro. Cho du dang c6 thém nhiing tac nhan chong ung
thu mdéi st dung trong hoa tri li¢u thi cac hoat chat gay doc té bao van 1a nén tang
cta liéu phap nay vi chiing c¢6 hiéu qua cao, gia thanh phu hop [120]. Thudc giy
doc té bao luu thong trong co thé dé tidu diét cac té bao ung thu bang cach tac dong
vao qua trinh nhan d6i hay phat trién cua té bao, hodc kim him sy sinh truong va
tham chi gay chét té bao.

Phuong phéap thtr do doc té bao in vitro dugc st dung rong rii dé sang loc,
phéat hién cac chat cd kha ning kim ham sy phat trién hoac diét té bao ung thu &
diéu kién in vitro. Cac dong té bao ung thu nghién ciru dugc nudi cy trong cac moi
truong nudi cay phi hop ¢ bo sung 10% huyét thanh phoéi bd va cac thanh phan
can thiét khac ¢ diéu kién tiéu chuan (5% CO,; 37°C; 6 am 100%; vo tring tuyét
d6i). Ty thudc vao dic tinh cia ting dong té bao khac nhau, thoi gian cay chuyén
cling khac nhau. Té bao phat trién ¢ pha log s& dugc str dung dé thir nghiém [121].

Trong nghién ctru nay, hoat tinh giy doc té bao in vitro tir cao chiét
methanol tong va cac cin chiét cua loai P. angualata va P. minima duoc thir
nghiém trén dong té bao ung thu phdi A549. Két qua & hinh 3.3 va 3.4 cho thay
hoat tinh gdy doc té bao cua hai loai thuc vat nghién ctru c6 su khac biét 16n gitra
céc can chiét va phu thudc vao néng dd cua cac can chiét ¢ cac néng do 0,8; 4; 20

va 100 pg/mL.
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Hinh 3.3. Gi4 tri ICs trong thir nghiém hoat tinh gay doc té bao ung thu dong A549

clia cac cao chiét tir loai P. angulata
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Hinh 3.4. Gi4 tri ICs trong thir nghiém hoat tinh gy doc té bao ung thu dong A549
ctia cac cao chiét phan 1ap tir loai P. minima

Két qua & hinh 3.3 va 3.4 cho thdy hoat tinh gy doc té bao cta hai loai thuc
vat nghién ctru c6 su khac biét 16n giita cac cao chiét va phy thudc vao nong do cia cac
cao chiét & céc néng d6 0,8; 4; 20 va 100 pg/mL. Cu thé:

O loai P. angulata, miu cao chiét tong methanol khong thé hién hoat tinh

trén dong té bao ung thu phdi (A549) ¢ cac ndong do nghién ctru. Cac cao chiét
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dichloromethane, ethyl acetate va cao nuéc thé hién hoat tinh gdy doc té bao trén
dong té bao nghién ciru, thdng qua % we ché su phat trién cua té bao ung thu phdi
(A549) voi cac gia tri ICso 1an luot 1a 23,77 + 2,02 pg/mL; 48,07 + 3,81 pg/mL;
35,96 + 3,89 pg/mL. Chat ddi ching tham khao 13 ellipticine cho thiy hoat tinh
manh va 6n dinh véi gia tri ICso thu dugc 1a 0,40 + 0,03 pg/mL. Két qua nay cho
thdy, cao chiét PAD thé hién hoat tinh giy doc té bao manh nhat (Hinh 3.3). Nhu
vay, budc sang loc nay gitp dinh hudng nghién ctru phan 14p cac chét tinh khiét tir
cao chiét tiém nang nham tim kiém, sang loc, phat hién duogc hoat chét thé hién hoat
tinh gay ddc té bao tét nhat cua loai duge liéu P. angulata.

Hoat tinh gy ddc té bao cua cac cao chiét phan lap tir loai P. minima co sy khac
biét 16n. So sanh gia tri ICs ctia cac cao chiét co thé thiy cac cao chiét co mirc hoat
tinh gay doc nhu sau: PMW<PM<PME<PMD (Hinh 3.4).

Két qua thu duoc & trén cho thy cao chiét PMD va PME cua loai P. minima
thé hién hoat tinh gdy doc té bao ung thu trén cac dong thir nghiém 1a manh hon so
véi cac ca0o PMW va cao chiét téng PM. Do d6, cao chiét PMD va PME dugc chon
dé tiép tuc nghién ctru, thu nhan cac don chat va khao sat hoat tinh wc ché su phat
trién té bao ung thu ciia chung.

3.2. Két qua xac dinh cau tric héa hoc ciia cic hop chat phan lap tir loai
P.angulata va P. minina

Céc hop chat phan 1ap duoc tir loai P. angulata va P. minina duoc phan tich
trén sic ky ban mong bang cach cham kiém tra trén cac hé dung méi khac nhau thi
chi cho mot vét chat va két hop véi so liéu phd cong hudng tir hat nhan (1H-NMR
va 13C-NMR) cuia cac hop chat nay cho phép khang dinh rang cac hop chat phan
1ap dugc tir loai P. angulata va P. minina 1 nhitng don chat tinh khiét.

3.2.1. Két qua xdc dinh cdu triic héa hoc cia cdc hop chit phan lip tiv loai
P.angulata

Tir cao chiét PAD phan lap duoc tir loai P. angulata thu tai tinh Thai Binh,

d3 phan 1ap va xac dinh duoc cu tric héa hoc cua 15 hop chét trong d6 c6 03 hop

chat mai. CAu tric cua cac hop chat nay duoc xac dinh nhu sau:
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3.2.1.1. Hop chat méi PAL: physalucoside A
Bang 3.1. S6 liéu phd NMR cua hop chat PAL

Cl 8. | 84 (mult., Jin Hz) C 8¢ | 847 (mult., Jin Hz)

1 (1282 |- 4 158.2 | -

2 [111.7 [ 7.03(d, J= 1.5 Hz) 5 115.9 | 6.65 (d, J = 8.5 Hz)

3 (1493 |- 6’ 129.2 | 7.15 (d, J = 8.5 Hz)

4 1501 |- 7’ 81.8 |4.75*

5 [ 116.5 | 6.69 (d, J = 8.5 Hz) 8 46.1 |3.46 (dd,J=7.0,
13.5 Hz)
3.63 (dd, J = 6.0,
8.5 Hz)

6 [123.3 [6.93(dd, J=15,85Hz) |3-OCH; | 56.4 |3.79(5)

7 | 142.4 [7.34(d, J = 15.5 Hz) 1" 104.5 | 4.40 (d, J = 7.5 Hz)

8 |118.6 | 6.32 (d, J = 15.5 Hz) 2" 755 |3.20*

9 [169.3 |- 3" 78.1 |[3.25(d, J=9.0 Hz)

1’1323 |- 4" 715 |[3.18(dd,J=5.0,
9.0 Hz)

2'[129.2 [ 7.15 (d, J = 8.5 Hz) 5" 77.9 [3.09(dd,J =25,
5.5 Hz)

3 [ 115.9 | 6.65 (d, J = 8.5 Hz) 6" 62.6 |3.48*/3.60*

(* do trong CD50D, °do tai 125 MHz, ®do tai 500 MHz, * tin hiéu bi chong lap)

Hop chit PA1 thu duoc dudi dang chat bot mau trang. Cong thic phan tir
cua PAl duogc xac dinh 1a CyyHygNO1g bdi sy c6 mat cua pic ion gid phan tu
[M+H]" tai m/z = 492.1838 trén phd khdi lugng phéan giai cao HR-ESI-MS (tinh
toan 1y thuyét cho cong thirc [CpqHzoNOo]" = 492.1850). Trén phd 'H-NMR cua
PA1 quan sat thdy tin hiéu cia ba proton thom hé ABX tai 5 7.03 (1H, d,J =
1.5 Hz, H-2), 6.69 (1H, d, J = 8.5 Hz, H-5) va 6.93 (1H, dd, J = 8.5, 1.5 Hz, H-6)
cung voi bdn proton thom hé AABB tai 8y 7.15 (2H, d, J = 8.5 Hz, H-2', H-6") va
6.65 (1H, d,J = 8.5 Hz, H-3', H-5') cho phép xac dinh sy c6 mat cia mot vong

thom thé 1,3,4 va mot vong thom thé 1,4. Tin hiéu cua hai olefinic proton tai oy
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7.34 (1H, d, J = 15.5 Hz, H-7) va 3.46 (1H, d, J = 15.5 Hz, H-8) xac dinh sy c6 mat
cia nhém CH=CH cau hinh trans. Bén canh d6 con quan sat thay tin hiéu cia mot
nhom methylene tai 6y 3.46 (1H, dd, J = 7.0, 13.5 Hz, H-8'a) va 3.63 (1H, dd, J =
6.0, 8.5 Hz, H-8'b); mot nhém methoxy tai 64 3.79 (3H, s) va mdt anomeric proton
tai 8 4.40 (1H, d, J = 7.5 Hz, H-1"). Céc tin hiéu trén phd *C-NMR va HSQC cua
PA1l xac dinh su c6 mat cua 24 carbon gém 12 carbon thudc hai vong thom, mdt
nhém oxymethine, mot nhém methylene, hai nhém methine, mot nhém methoxy,
mot nhom carbonyl ciing sau carbon thudce phan dudng glycopyranosyl. Su ¢6 mit
ctia nhom 2-amino ethanoyl dugc xac dinh dua vao cac tin hiéu tai 64 4.75 (1H, H-
7", 3.46 (1H, dd, J = 7.0, 13.5 Hz, H-8'a) va 3.63 (1H, dd, J = 6.0, 8.5 Hz, H-8'b)
trén phd "H-NMR cing vdi céc tin hiéu carbon twong (ng tai 8¢ 81.8 (C-7") va 46.1
(C-8’) trén phé *C-NMR va HSQC. Tin hiéu twong tac trén phd HMBC tir H-7 (84
7.34) dén C-2 (8¢ 111.7)/ C-6 (8¢ 123.3)/ C-9 (8¢ 169.3) x4c dinh sy c¢6 mit cua
nhom feruloyl. Hon nita, cac twong tic HMBC tir H-8' (8 3.46, 3.63) dén C-7' (8¢
81.8)/ C-9 (8¢ 169.3) xac dinh sy ¢6 mat cua nhom 2-hydroxy-2-(4-hydroxyphenyl)
ethyl amine va nhom nay lién két voi khung chét tai C-9. Vi tri ciia phan duong gan
két voi C-7' duoc xac dinh dua vao twong tac HMBC tir H-1"" (8, 4.40) dén C-7' (8¢
81.8). Ngoai ra, so sanh do quay cuc cua PAl ([(X]DZS = -2.5) vo1 d quay cuc cua
N-[2-hydroxy-2-(4-hydroxyphenyl)ethyl] ferulamide ([a]p = -3) , x4c dinh cdu hinh
tuyét d6i ciia PAL tai vi tri C-7' 1a S. Tir cac phan tich trén, cau trac cua PAL dugc
xac dinh 1a N-[2-hydroxy-2-(4-hydroxyphenyl)ethyl] ferulamide glucoside. Tra ctru
trén co s& dit liéu Scifinder cho phap xac dinh day 1a mot hop chit méi, hop chat

nay dugc dit tén la physalucoside A.

PA1

Hinh 3.5. Céu tric hoa hoc cta Hinh 3.6. Cac tuong taic HMBC chinh cta
hop chat PA1 hop chat PA1
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3.2.1.2. Hop chat méi PAG: physagulin P
Bang 3.2. S6 liéu phd NMR cua hop chat PA6

C 8 |82 (mult,, JinHzZ) |C | 8Ca,b | 8Ha,c (mult., Jin Hz)

1 2081 |- 16 |352 |1.54(dd, 5.0, 12.5)
2.00%

2 |1265 [5.99(d, 9.5) 17 |533 |1.72*

3 [1427 [7.10(dd, 6.0, 95) 18 [18.0 [1.22(s)

4 [1185 |6.25(d, 6.0) 19 |185 |[1.44(s)

5 1604 |- 20 [39.0 |2.08*

6 |744 |458(t 3.0) 21 [153 |1.06(d, 6.5)

7 [37.3 |1.26(dd, 3.5, 13.5) 22 802 |4.44(dt, 3.5, 13.0)

2.39 (dt, 3.0, 14.0)

8 38.2 231 (ddd, 2.5, 35,23 |314 2.09 (br d, 16.5)

13.0) 2.52 (brt, 16.5)
9 |465 |1.71* 24 [152.8 |-
10 556 |- 25 [1222 |-
11 |221 [146* 26 |169.3 |-
1.90%
12 437 [1.79 (brs) 27 124 [1.85(s)
13 474 |- 28 [204 [1.98(s)
14 857 |- 29 [171.2 |-
15 813 |4.92(d,4.5) 30 [21.3 [1.85(s)

(* do trong CD;0D,  do tai 125 MHz, € do tai 500 MHz, * tin hiéu bi che khuét)

Hop chit PAG thu duoc dudi dang chat bot mau trang. Cong thic phan tir
ctia PA6 dugc xac dinh 1a CsgHgeO; boi sy xuét hién cua pic ion giad phan tu
[M+Na]+ tai m/z =535.2639 trén phd khéi luong phan giai cao HR-ESI-MS (tinh
toan 1y thuyét cho cong thirc [C3oH400;Na]" = 535.2666).
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Trén phd *H-NMR xuét hién tin hiéu ciia ndm nhom methyl tai & 1.22 (3H,
s, H-18), 1.44 (3H, s, H-19), 1.85 (3H, s, H-27), 1.98 (3H, s, H-28), va 1.85 (3H, s,
H-30); ndm nhém methylene, bao g@)m mot nhom methylene ctia vong lactone tai oy
2.09 (1H, brd, J = 16.5 Hz, Ha-23) va 2.52 (1H, br t, J = 16.5 Hz, Hb-23); sau nhom
methine, bao gdm ba nhoém oxymethine tai 8y 4.58 (1H, t, J = 3.0 Hz, H-6), 4.92
(1H, d, J = 4.5 Hz, H-15), va 4.44 (1H, dt, J = 3.5, 13.0 Hz, H-22); va ba olefinic
proton tai oy 5.99 (1H, d, J = 9.5 Hz, H-2), 7.10 (1H, dd, J = 6.0, 9.5 Hz, H-3), va
6.25 (1H, d, J = 6.0 Hz, H-4). Céc tin hiéu trén phd **C-NMR va HSQC xéc dinh su
c6 mat caa 30 carbon gdm chin carbon khong lién két truc tiép v4i hydro tai 8¢
47.4, 55.6, 122.2, 152.8, 160.4, 169.3, 171.2, 208.1; 10 nhém methine tai ¢ 38.2,
39.0, 46.5, 53.3, 74.4, 80.2, 81.3, 118.5, 126.5, 142.7; nam nhom methylene tai d¢
22.1, 31.4, 35.2, 37.3, 43.7; va sau nhém methyl tai 6c12.4, 15.3, 18.0, 18.5, 20.4,
21.3. Trong do, tin hi¢u proton cua nhém methyl tai oy 1.85 (3H, s, H-28) cung vai
tin hiéu cta hai carbon tai 6¢c 171.2 (C-29) va 21.3 (C-30) dac trung cho sy c6 mat
ctia nhom acetyl. Tin hiéu cua 28 carbon con lai dic trung cho hop chét physagulin
khung withanolide.

S liéu pho NMR caa PA6 kha gidng voi hop chat physagulin J phén 1ap tir
loai P. angulata ngoai trir cac vi tri & vong A va B do su thiéu ving nhém hydro tai
C-5 va su xudt hién cua lién két doi tai vi tri 4 (5) & PA6. Sy khac nhau nay dugc
xéac dinh lai dua vao cic twong tac trén phd HMBC tir H-2 (8 5.99) dén C-4 (8¢
118.5)/ C-10 (8¢ 55.6), H-3 (8147.10) dén C-5 (8¢ 160.4), H-6 (8,14.58) dén C-4 (8¢
118.5)/ C-8 (8¢ 38.2)/ C-10 (8¢ 55.6) va H-19 (8 1.44) dén C-1 (5¢208.1)/ C-5 (3¢
160.4)/ C-9 (8¢ 46.5)/ C-10 (8¢ 55.6). Bén canh do, trén phd NOESY khong xuat
hién tuong tac gitra H-6 (61 4.58) vdi H-19 (84 1.44) goi v cac proton H-6 va H-19
khong cung phia. Do do, cAu hinh ctia nhom hydroxy tai C-6 dugc xac dinh 1a f. Sy
gan ghép cac gia tri pho tai cac vi tri con lai ciing duogc xac dinh dya vao cac tuong
tac trén phd COSY va HMBC. Tir cac bang chimg phd trén, cau triic ciia hgp chat
PA6 dugc xac dinh 1a (64,145,15a,22R)-22,26-epoxy-6,14-dihydroxyergosta-2,24-
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diene-1,26-dione,15-yl acetate. Tra ciru trén co sé dit liéu Scifinder cho phép khing

dinh déy 14 hop chat méi va dit tén 1a physagulin P.

Hinh 3.7. Céu trtic hoa hoc cia Hinh 3.8. Cac tuong tic HMBC va
hop chat PAG COSY chinh ciia hgp chat PAG
3.2.1.3. Hop chat méi PA12: physagulin Q
Bang 3.3. S liéu phd NMR cua hop chat PA12

C 8" | 8™ (mult., J in Hz) C |8Cab |8Ha,c (mult.,Jin Hz)

1 [2034 |- 16 | 490 |1.86*
2.70 (dd, 7.5, 16.0)

2 128.2 | 6.01 (dd, 2.0, 10.0) 17 | 86.6 -

3 1450 |6.88 (ddd, 2.5, 50, |18 |154 |1.13(s)

10.0)
4 [321 [278(d,5.0) 19 [8.0 1.17 (5)
2.81 (1)
5 (783 |- 20 [432 |2.15(dd, 3.0,7.0)
6 |66.8 |4.31(dd,5.0,12.0) 21 | 9.7 1.06 (d, 7.0)
7 343 |1.77(d, 13.0) 22 | 786 | 4.78(m)
2.56%
8 405 |1.97* 23 [33.0 |252(d, 5.0)
40.1 | 2.36(dd, 4.0, 7.5) 24 1533 |-
10 |57.7 |- 25 |122.0 |-

11 22.7 - 26 |169.3 |-
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12 [31.4 [1.38(dd, 3.5, 12.5) 27 [124 [1.85(s)
1.50 (dd, 3.0, 13.0)

13 |511 |- 28 | 205 |1.97(9)

14 87.2 - 29 1709 |-

15 [815 |5.05(dd, 3.5, 13.5) 30 |215 |2.06(s)

(* do trong CD;0D, ° do tai 125 MHz, °do tai 500 MHz, * tin hiéu bi chdng 1ap, *5¢
cua hop chit physagulin K do trong CDCl; )

Hop chat PA12 thu duoc dudi dang chat bot mau trang. Cong thirc phan tir
ctia PA12 duoc x4c dinh 1a CsoHg0g boi su xuét hién cua pic ion gia phan ti
[M+Na]* tai m/z = 569.2718 trén pho khdi lwong phan giai cao HR-ESI-MS (tinh
toan 1y thuyét cho cong thirc [CsHs0sNa]* = 569.2721). Trén phd *H-NMR cua
PA12 xuét hién tin hiéu cua hai olefinic proton tai &y 6.01 (1H, dd, J = 2.0, 10.0
Hz) va 6.88 (1H, ddd, J = 2.5, 5.0, 10.0 Hz); sau nhoém methyl tai 4 1.13 (3H, s),
1.17 (3H, s), 1.06 (3H, d, J = 7.0 Hz), 1.85 (3H, s), 1.97 (3H, s) va 2.06 (3H, s); va
ba oxymethin proton tai 6y 4.31 (dd, 5.0, 12.0), 5.05 (1H, dd, J = 3.5, 13.5 Hz) va
4.78 (1H, m). Céc tin hiéu trén phdé **C-NMR va HSQC cua PA12 xac dinh sy c6
mit cua 30 carbon gdm chin carbon khong lién két véi hydro, chin nhom methine,
sdu nhom methylene, va sdu nhom methyl. Tin hi€u singlet ctia 3 proton tai oy 2.06
(H-30) cung vai hai tin hiéu carbon tai 170.9 (C-29) va 21.5 (C-30) goi ¥ sy ¢c6 mat
ciia nhom acetyl. Cac tin hiéu cta 28 carbon con lai dic trung cho hop chat
physagulin khung withanolid. Céu tric héa hoc cia PA12 dugc x4c dinh dya vao
cac tuong tac trén HMBC (hinh 18). Ngoai ra, két qua so sanh gia trj phd NMR cua
PA12 véi hop chat physagulin K phan lap tir loai P. angulata cho thay gia tri phd o
cac vi tri déu phut hop. Tuy nhién, céc tin hiéu twong tac trén phd NOESY giita H-
18 (64 1.13)/ H-19 (84 1.17) va H-6 (64 4.31) cung vai tin hiéu tuong tac gitra H-6
(61 4.31) voi H-15 (64 5.05) goi y cac proton H-6, H-15, H-18 va H-19 cung dinh
hudng . Do do, dinh hudng ctia cdc nhém hydroxy tai C-6 va acetyl tai C-15 duoc
xac dinh 1a a. TU cac phan tich trén, cAu trac hoa hoc cua PA12 duoc xac dinh 1a

50,60,144,150,174,22R)-22,26-epoxy-5,6,14,17-tetrahydroxy-1,26-dioxoergosta-
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2,24-dien-15-yl acetate. Tra ciru trén co sé dit liéu Scifinder cho phép khing dinh
day 1a hop chat méi va dat tén 1a physagulin Q.

Hinh 3.10. Cac twong tic HMBC chinh ctia hop chat PA12

3.2.1.4. Xdc dinh cdu tric héa hoc ciia cdc hop chat con lai

Bing phuong phap xac dinh céu trac twong tu nhu da thyc hién ¢ trén, két
hop voi cac s6 lidu pho khéi, phd NMR va so sanh voi cac tai liéu da cong b, cac
hop chit con lai dugc xac dinh 1a physagulin J (PA2) [122], withaminimin (PA3)
[123], physagulin N (PA4) [124], physagulin L (PA7) [125], physagulin M (PAS)
[125] , physagulin B (PA9) [124], physagulide Q (PA10) [126], (20S,22R)-150-
acetoxy-5a-chloro-64,144-dihydroxy-1-oxowitha-2,24-dienolide ~ (PAl1l) [84],
physalin F (PA13) [127], physalin B (PA14) [128], physalin G (PA15) [128]. Cau

trdc hoa hoc cua cac hop chit nay dugc xac dinh nhu Hinh 3.11.
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Hinh 3.11. C4u trtc héa hoc cua cac hop chit phan 1ap tir loai P.angulata
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Céc dir liéu phd cua cac hop chit physagulin J (PA2), withaminimin (PA3) ,
physagulin N (PA4), physagulin L (PA7), physagulin M (PA8) , physagulin B
(PA9), physagulide Q (PA10), (20S,22R)-15a-acetoxy-5a-chloro-64,144-
dihydroxy-1-oxowitha-2,24-dienolide (PA11l), physalin F (PA13) , physalin B
(PA14) , physalin G (PA15) phan lap tir loai P. angulata:

Hop chit PA2: physagulin J

Hop chit PA2 thu dugc dudi dang chat bot mau tring. Cong thirc phan tir
cua PA2 duoc xac dinh 1a C3yH4,04

'H-NMR (500 MHz, CD;0D, ppm): 5.80 (1H, dd, J = 2.5, 10.0 Hz, H-2),
6.66 (1H, m, H-3), 2.03 (1H, m, H-4)/ 3.26 (1H, dt, J = 2.5, 20.0 Hz, H-4), 3.61
(1H, t, J = 2.5 Hz, H-6), 1.85 (1H, m, H-7), 1.97 (1H, m, H-8), 2.53 (1H, m, H-9),
1.23 (1H, m, H-11)/ 2.05 (1H, m, H-11), 1.77 (1H, m, H-12)/ 2.02 (1H, m, H-12),
5.04 (1H, d, J = 4.5 Hz, H-15,) 1.65 (1H, dd, J = 3.0, 13.5 Hz, H-16)/ 1.99 (1H, m,
H-16), 1.78 (1H, m, H-17) , 1.18 (1H, s, H-18), 1.26 (1H, s, H-19), 2.10 (1H, m, H-
20), 1.08 (1H, d, J = 6.5 Hz, H-21, 4.45 (1H, dt, J = 3.5, 13.5 Hz, H-22), 2.11(1H, m,
H-23)/ 2.58 (1H, m, H-23), 1.87 (1H, s, H-27 ), 2.00 (1H, s, H-28), 2.07 (1H, s, H-30).

B3C-NMR (125MHz, CD50D, ppm): 207.7 (C-1), 129.0 (C-2), 144.0 (C-3),
36.7 (C-4), 77.5 (C-5), 75.5 (C-6), 29.2 (C-7), 38.2 (C-8), 37.6 (C-9), 53.2 (C-10),
25.0 (C-11), 44.6 (C-12), 47.6 (C-13), 85.8 (C-14), 81.0 (C-15), 35.3 (C-16), 53.8 (C-
17), 18.3 (C-18), 15.4 (C-19), 39.0 (C-20), 15.3 (C-21), 80.3 (C-22), 31.3 (C-23), 152.8
(C-24), 122.2 (C-25), 169.4 (C-26), 12.4 (C-27), 20.4 (C-28), 172.2 (C-29), 21.6 (C-30).
Hop chit PA3: withaminimin

Hop chit PA3 thu dugc dudi dang chit bot mau tring. Cong thic phan tir
cua PA3 duoc xac dinh 1a C3gH4004

'H-NMR (500 MHz, CD;0D, ppm): 5.81(1H, dd, J = 2.5, 10.0 Hz, H-2),

6.68 (LH, m, H-3), 2.05 (1H, m, H-4)/ 3.28 (1H, dt, J = 2.5, 19.5 Hz, H-4), 3.63
(1H, t, J = 3.0 Hz, H-6), 1.95 (1H, m, H-7)/ 2.01 (1H, m, H-7), 2.07 (1H, m, H-8),
2.75 (1H, m, H-9), 1.25 (1H, m, H-11)/ 2.18 (1H, m, H-11), 1.69 (1H, m, H-12)/
1.83 (1H, m, H-12), 5.4 (1H, d, J = 3.0 Hz, H-15), 5.65 (1H, d, J = 3.0, Hz, H-16),
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1.14 (1H, s, H-18) , 1.29 (1H, s, H-19), 2.58 (1H, m, H-20), 1.22 (1H, d, J = 7.0 Hz,
H-21), 4.42 (1H, m, H-22), 2.32 (1H, dd, J = 3.0, 17.5 Hz, H-23)/ 2.55 (1H, m, H-
23), 1.87 (1H, s, H-27), 2.00 (1H, s, H-28), 2.04 (1H, s, H-30).

BC-NMR (125MHz, CD;0D, ppm): 207.7 (C-1), 129.0 (C-2), 144.1 (C-3),
36.8 (C-4), 77.6 (C-5), 75.5 (C-6), 28.2 (C-7), 37.4 (C-8), 37.1 (C-9), 53.1 (C-10), 24.6
(C-11), 39.8 (C-12), 53.7 (C-13), 83.0 (C-14), 84.2 (C-15), 122.3 (C-16), 163.0 (C-17
), 17.1 (C-18), 15.4 (C-19), 36.4 (C-20), 18.1 (C-21), 80.6 (C-22), 33.5 (C-23), 152.9 (C-
24),122.0 (C-25), 169.2 (C-26), 12.4 (C-27), 20.3 (C-28), 172.2 (C-29), 21.4 (C-30).
Hop chat PA4: physagulin N

Hop chit PA4 thu dugc dudi dang chat bot mau trang. Cong thirc phan tir
cua PA4 duoc xac dinh 1a C3H404

'H-NMR (500 MHz, CD;0D, ppm): 5.81 (1H, dd, J = 2.5, 10.0 Hz, H-2),
6.68 (1H, m, H-3 ), 2.10 (1H, m, H-4)/ 3.26 (1H, dt, J = 2.5, 20.0 Hz, H-4), 3.65
(1H, m, H-6), 1.96 (1H, m, H-7)/ 2.13 (1H, m, H-7), 1.98 (1H, m, H-8), 1.59 (1H,
dd, J = 6.0, 12.0 Hz, H-9)/1.85 (1H, m, H-9), 1.25 (1H, m, H-11)/ 2.01 (1H, m, H-
11), 1.71 (1H, m, H-12)/ 2.11 (1H, m, H-12), 3.98 (1H, d, J = 3.5Hz, H-15), 2.47
(1H, m, H-16), 1.83 (1H, m, H-17), 1.13 (1H, s, H-18), 1.30 (1H, s, H-19), 2.08
(1H, m, H-20), 1.07 (1H, d, J = 6.0 Hz, H-21), 4.44 (1H, dt, J = 3.5, 13.5 Hz, H-22),
2.24 (1H, m, H-23)/ 2.57 (1H, brt, J = 16.0 Hz, H-23), 1.88 (1H, s, H-27 ), 2.02
(1H, s, H-28).

B3C-NMR (125MHz, CD;0D, ppm): 207.2 (C-1), 129.1 (C-2), 143.9 (C-3),
36.5 (C-4), 78.4 (C-5), 75.5 (C-6), 29.32 (C-7), 38.0 (C-8), 37.6 (C-9), 53.4 (C-10),
25.0 (C-11), 44.7 (C-12), 46.6 (C-13), 86.20 (C-14), 78.5 (C-15), 37.8 (C-16), 53.5
(C-17), 18.2 (C-18), 15.8 (C-19), 38.84 (C-20), 15.11 (C-21), 80.6 (C-22), 30.8 (C-
23), 152.9 (C-24), 122.2 (C-25), 169.5 (C-26), 12.4 (C-27), 20.5 (C-28).
Hop chit PAS5: physagulin K

Cong thuc phan tir ctia PAS dugc xac dinh 1a C3yH4,0q

'H-NMR (500 MHz, CD;0D, ppm): 5.80 (1H, dt-like, J = 3.0, 10.5 Hz, H-

2), 6.65 (1H, m, H-3), 2.05 (1H, m, H-4)/ 3.26 (1H, dt, J = 3.0, 20.0 Hz, H-4), 3.61
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(1H, t, J = 3.5 Hz, H-6), 1.82 (1H, t, J = 3.5 Hz, H-7)/ 1.91 (1H, t, J = 3.5 Hz, H-7),
2.12 (1H, dd, J = 3.5, 12.5 Hz, H-8), 2.92 (1H, m, H-9), 1.38 (1H, dd, J = 3.0, 13.0
Hz, H-11)/ 2.29 (1H, m, H-11), 1.63 (1H, dt, J = 3.0, 13.0 Hz, H-12)/ 1.73 (1H, m,
H-12), 5.20 (1H, dd, J = 4.0, 9.0 Hz, H-15), 1.91 (1H, t, J = 3.5 Hz, H-16)/2.64 (1H,
dd, J = 8.5, 15.5 Hz, H-16), 1.20 (1H, s, H-18), 1.29 (1H, s, H-19), 2.25 (1H, m, H-
20), 1.10 (1H, d, J = 7.0 Hz, H-21), 4.82 (1H, m, H-22), 2.55 (1H, m, H-23, 1.86
(1H, s, H-27), 1.98 (1H, s, H-28), 2.06 (1H, s, H-30).

B3C-NMR (125MHz, CD;0D, ppm): 207.6 (C-1), 129.2 (C-2), 143.7 (C-3),
36.9 (C-4), 77.7 (C-5), 75.6 (C-6), 27.7 (C-7), 36.4 (C-8), 36.1 (C-9), 53.4 (C-10),
23.4 (C-11), 32. 2(C-12), 52.1 (C-13), 87.2 (C-14), 80.5 (C-15), 48.5 (C-16), 86.1
(C-17), 15.8 (C-18), 15.2 (C-19), 43.2 (C-20), 9.6 (C-21), 78.8 (C-22), 33.2 (C-23),
153.1 (C-24), 122.1 (C-25), 169.2 (C-26), 12.3 (C-27), 172.1(C-28) 20.4 (C-29),
21.4 (C-30)
Hop chit PA7: physagulin L

Hop chit PA7 thu dugc dudi dang chit bot mau tring. Cong thic phan tir
cua PA7 duoc xac dinh 1a C3gH4,04,.

'H-NMR (500 MHz, CD;0OD, ppm): 6.01 (1H, d, J = 10.0 Hz, H-2), 7.12
(1H, dd, J = 6.0, 10.0 Hz, H-3), 6.27 (1H, d, J = 6.0 Hz, H-4), 4.61(1H, t, J = 2.5
Hz, H-6), 1.46 (1H, m, H-7)/ 2.46 (1H, dt, J = 3.0, 13.5 Hz, H-7), 2.41 (1H, brd, J =
3.0 Hz, H-8), 1.94 (1H, m, H-9), 1.44 (1H, m, H-11)/ 2.00 (1H, m, H-11), 1.43 (1H,
m, H-12)/1.89 (1H, m, H-12), 5.24 (1H , d, J = 2.5 Hz, H-15), 5.66 (1H, d, J = 2.5
Hz, H-16), 1.18 (1H, s, H-18), 1.47 (1H, s, H-19), 2.58 (1H, m, H-20), 1.19 (1H, d,
J=6.5Hz H-21), 441 (1H, m, H-22), 2.29 (1H, dd, J = 3.5, 18.5 Hz, H-23)/ 2.54
(1H, m, H-23), 1.86 (1H, s, H-27), 1.99 (1H, s, H-28), 1.85 (1H, s, H-30).

BC-NMR (125MHz, CD;0D, ppm): 208.0 (C-1), 126.5 (C-2), 142.7 (C-3),
118.4 (C-4), 160.6 (C-5), 74.5 (C-6), 36.3 (C-7), 37.7 (C-8), 46.0 (C-9), 55.5 (C-
10), 21.8 (C-11), 39.4 (C-12), 53.5 (C-13), 83.0 (C-14), 84.6 (C-15), 122.4 (C-16),
162.9 (C-17), 16.7 (C-18), 18.3 (C-19), 36.4 (C-20), 18.0 (C-21), 80.6 (C-22), 33.5
(C-23), 152.9 (C-24), 122.0 (C-25), 169.1 (C-26), 12. 4(C-27), 20.3 (C-28), 171.3
(C-29), 21.1 (C-30)
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Hop chit PAS8: physagulin M

Hop chit PA8 thu dugc dudi dang chat bot mau trang. Cong thic phan tir
cua PA8 duoc xac dinh 1a C3gH4004

'H-NMR (500 MHz, CD30D, ppm): 6.01(1H, d, J = 10.0 Hz, H-2), 7.12 (1H,
dd, J=6.0,10.0 Hz, H-3), 6.27 (1H, d, J = 6.0 Hz, H-4), 4.61 (1H, t, J = 2.5 Hz, H-
6), 1.36 (1H, m, H-7)/ 2.36 (1H, m, H-7), 2.42 (1H, m, H-8), 2.09 (1H, m, H-9),
1.54 (1H, m, H-11)/ 1.90 (1H, m, H-11), 1.84 (1H, m, H-12)/ 2.63 (1H, m, H-12),
5.05 (1H, dd, J = 3.5, 8.5 Hz, H-15), 1.52 (1H, m, H-16)/ 1.68 (1H , dd, J = 2.5,
10.0 Hz, H-16), 1.24 (1H, s, H-18), 1.46 (1H, s, H-19), 2.19 (1H, m, H-20), 1.07
(1H, d, J=7.0 Hz, H-21), 4.82 (1H, m, H-22), 2.55(1H, d, J = 7.5 Hz, H-23), 1.88
(1H, s, H-27), 1.99 (1H, s, H-28), 1.87 (1H, s, H-30).

B3C-NMR (125MHz, CD;0D, ppm): 208.0 (C-1), 126.5 (C-2), 142.7 (C-3),
118.4 (C-4), 160.6 (C-5), 74.5 (C-6), 36.3 (C-7), 37.7 (C-8), 46.0 (C-9), 55.5 (C-
10), 21.8 (C-11), 39.4 (C-12), 53.5 (C-13), 83.0 (C-14), 84.6 (C-15), 122.4 (C-16),
162.9 (C-17), 16.7 (C-18), 18.3 (C-19), 36.4 (C-20), 18.0 (C-21), 80.6 (C-22), 33.5
(C-23), 152.9 (C-24), 122.0 (C-25), 169.1 (C-26), 12.4 (C-27), 20.3 (C-28), 171.3
(C-29), 21.1 (C-30).
Hop chit PA9: physagulin B

Hop chat PA9 thu duoc dudi dang chit bot mau trang. Cong thirc phan tir
cua PA9 duogc xac dinh la C3yH39CIO;

'H-NMR (500 MHz, CD;0D, ppm): 5.88 (1H, dd, J = 2.5, 10.5 Hz, H-2), 6.79
(1H, ddd, J = 2.0, 5.0, 10.0 Hz, H-3), 4.00 (1H, t, J = 2.5 Hz, H-6), 5.33 (1H, d, J =25
Hz, H-15), 5.71 (1H, d, J = 2.5 Hz, H-16), 1.14 (1H, s, H-18), 1.41 (1H, s, H-19), 1.22
(1H, d, J =75 Hz, H-21), 4.42 (1H, m, H-22 ), 1.84 (1H, s, H-27), 1.99 (1H, s, H-28),
2.05 (1H, s, H-30).

3C-NMR (125MHz, CD;0D, ppm): 203.8 (C-1), 129.0 (C-2), 144.3 (C-3),
38.6 (C-4), 82.6 ( C-5), 75.2 (C-6), 28.4 (C-7), 37.2 (C-8), 38.2 (C-9), 54.3 (C-10),
24.3 (C-11), 39.5 (C-12), 53.7 (C-13), 82.9 (C-14), 84.5 (C-15), 122.5 (C-16), 162.9
(C-17), 17.0 (C-18), 16.4 (C-19), 36.4 (C-20), 18.1 (C-21), 80.7 (C-22), 33.5 (C-23),
152.9 (C-24), 122.0 (C-25), 172.0 (C-26), 12.4 (C-27), 20.3 (C-28), 171.0 (C-29),
21.6 (C-30).
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Hop chit PA10: physagulide Q

Hop chat PA10 thu duoc dudi dang chat bot, mau tring. Cong thic phan tir
cua PA10 duoc xac dinh la C3H41ClO0g

'H-NMR (500 MHz, CD;0D, ppm): 5.88 (1H, dd, J = 2.5, 10.0 Hz, H-2), 6.78
(1H, ddd, J = 2.0, 5.0, 10.0 Hz, H-3), 2.50 (1H, t, J = 5.0 Hz, H.-4), 3.58 (1H, dt, J =
2.5, 20.0 Hz, Hy-4), 3.98 (1H, brs, H-6), 1.96 (1H, d, J = 2.0 Hz, H,-7), 2.10 (1H, dd,
J =25, 13,5 Hz, Hp-7), 2.16 (1H, brd, J = 13.5 Hz, H-8), 2.89 (1H, dt, J = 3.0, 12.0
Hz, H-9), 1.37 (1H, brd, J = 13.0 Hz, H,-11), 2.35 (1H, dd, J = 3.0, 13.5 Hz, Hy-11),
1.62 (1H, dt, J = 3.0, 13.5 Hz, H,-12), 1.71(1H, dt, J = 2.5, 13.0 Hz, Hy-12), 5.14 (1H,
dd, J = 3.5, 8.5 Hz, H-15), 1.92 (1H, dd, J = 3.5, 15.5 Hz, H,-16), 2.69 (1H, dd, J =
8.5, 16.0 Hz, H,-16), 1.19 (1H, s, H-18), 1.40 (1H, s, H-19), 2.23 (1H, dd, J=3.0, 7.0
Hz, H-20), 1.09 (1H, d, J = 7.0 Hz, H-21), 4.82 (1H, m, H-22), 2.55 (1H, brd, J =5.5
Hz, H-23), 1.90 (1H, s, H-27), 1.98 (1H, s, H-28), 2.07 (1H, s, H-30).

BC-NMR (125MHz, CD;0D, ppm): 203.6 (C-1), 129.0 (C-2), 144.1 (C-3),
38.5 (C-4), 83.0 (C-5), 75.2 (C-6), 27.9 ( C-7), 36.1 (C-8), 37.2 (C-9), 54.4 (C-10),
23.1 (C-11), 31.8 (C-12), 51.8 (C-13), 87.5 (C-14), 80.6 (C-15), 48.9 (C-16), 86.9
(C-17), 16.3 (C-18), 15.9 (C-19), 43.2 (C-20), 9.8 (C-21), 78.7 (C-22), 33.0 (C-
23), 153.3 (C-24), 122.0 (C-25), 169.3 (C-26), 12.4 (C-27), 20.5 (C-28), 171.7
(C-29), 21.7 (C-30).
Hop chiat PA11: (20S,22R)-15a-acetoxy-5a-chloro-6p,14p-dihydroxy-1-
oxowitha-2,24-dienolide

Hop chat PA11 thu duoc dudi dang chét bot, mau trang.

'H-NMR (500 MHz, CD;0D, ppm): 5.88 (1H, dd, J = 2.5, 10.0Hz, H-2),
6.78 (1H, ddd, J = 2.0, 5.0, 10.0 Hz, H-3), 3.98 (1H, brs, H-6), 5.05 (1H, dd, J =
4.5 Hz, H-15), 1.18 (1H, s, H-18), 1.38 (1H, s, H-19), 1.08 (1H, d, J = 6.0 Hz, H-21),
4.15 (1H, dt, J = 3.5, 13.0 Hz, H-22), 1.86 (1H, s, H-27), 2.00 (1H, s, H-28), 2.07
(1H, s, H-30)

C-NMR (125MHz, CD;0D, ppm): 203.8 (C-1), 129.0 (C-2), 144.2 (C-3),
38.5 ( C-4), 82.9 (C-5), 75.2 (C-6), 29.4 (C-7), 38.0 (C-8), 39.0 (C-9), 54.2 (C-10),
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24.8 (C-11), 44.3 (C-12), 47.6(C-13), 85.4 (C-14), 81.0 (C-15), 35.4 (C-16), 53.7
(C-17), 18.2 (C-18), 15.3 (C-19), 38.6 (C-20), 16.4 (C-21), 80.3 (C-22), 31.3 (C-
23), 152.8 (C-24), 122.2 (C-25), 169.3 (C-26), 12.4 (C-27), 20.4 (C-28), 171.8 (C-
29), 21.7 (C-30).
Hop chit PA13: physalin F

Hop chit PA13 thu duoc dudi dang tinh thé khong mau. Cong thirc phan tir
cua PA13 duoc xac dinh 1a C3yH39019

'H-NMR (500 MHz, CDCl3, ppm): 6.01 (1H, dd, J = 2.5, 10.0 Hz, H-2), 6.68
(1H, ddd, J = 2.5, 5.0, 10.0 Hz, H-3), 2.24* (1H, H,-4), 3.00 (1H, dt, J = 3.0, 15.5
Hz, Hy-4), 3.26 (1H, d, J = 3.0 Hz, H-6), 1.85 (1H, dd, J = 11.5, 15.5 Hz, H,-7),
2.57 (1H, dt, J = 3.5, 15.5 Hz, H,-7), 2.26* (1H, H-8), 2.63 (1H, dd, J = 9.5, 11.5 Hz,
H-9), 1.17 (1H, dd, J = 10.0, 15.0 Hz, H.-11), 2.26 *(1H, Hy-11), 1.52 (1H, dd, J =
12.0, 17.0 Hz, H-12), 2.34 (1H, dd, J = 5.5, 17.0 Hz, Hp-12), 2.19* (1H, H-16), 1.30
(1H, s, H-19), 1.95 (1H, s, H-21), 4.53 (1H, J = 2.0 Hz, H-22), 2.01 (1H, brs, H,-
23), 2.05 (1H, d, J = 3.5 Hz, Hy-23), 2.43 (1H, d, J = 4.0 Hz, H-25), 3.75 (1H, d, J =
13.5 Hz, H,-27), 4.50 (1H, dd, J = 4.5, 13.5 Hz, H,-27), 1.26 (1H, s, H-28)

3C-NMR (125MHz, CDCl;, ppm): 205.9 (C-1), 127.8 (C-2), 146.3 (C-3),
33.3 (C-4), 61.7 (C-5), 64.8 (C-6), 37.4 (C-7), 34.3 (C-8), 50.0 (C-9), 50.8 (C-10),
23.5 (C-11), 25.7 (C-12), 79.4 (C-13), 107.0 (C-14), 207.5 (C-15), 56.2 (C-16), 80.1
(C-17), 172.2 (C-18), 15.5 (C-19), 81.0 (C-20), 21.5 (C-21), 77.0 (C-22), 33.0 (C-
23), 31.1 (C-24), 50.8 (C-25), 166.7 (C-26), 60.7 (C-27), 26.5 (C-28).
Hop chat PA14: physalin B

Hop chit PA14 thu dugc dudi dang tinh thé khong mau. Cong thirc phan tir
cua PA14 duoc xac dinh 1a CygH300q

'H-NMR (500 MHz, CDCl3, ppm): 5.91 (1H, dd, J = 2.0, 10.0 Hz, H-2), 6.78
(1H, ddd, J =25, 5.0, 10.0 Hz, H-3), 2.86 (1H, d, J = 4.5 Hz, H,-4), 3.27* (1H, H,-
4), 5,58 (1H, d, J = 6.5 Hz, H-6), 2.19* (1H, H.-7), 2.37 (1H, m, Hy-7), 2.20* (1H,
H-8), 2.92 (1H, m, H-9), 1.22* (1H, H.-11), 2.03 (1H, d, J = 2.0 Hz, Hy-11),
1.60*(1H, H.-12), 2.40 (1H, m, Hy-12), 2.22 (1H, brs, H-16), 1.22(1H, s, H-19),
1.97 (1H, s, H-21), 4.55 (1H, d, J = 2.0 Hz, H-22), 2.04 (1H, m, H-23), 2.45 (1H, d,
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J =4.0 Hz, H-25), 3.79 (1H, d, J = 13.5 Hz, H,-27), 4.51 (1H, dd, J = 4.5, 13.5 Hz,
Hy-27), 1.27 (1H, s, H-28).

BC-NMR (125MHz, CDCl,, ppm): 205.7 (C-1), 127.4 (C-2), 146.2 (C-3),
32.7 (C-4), 134.0 (C-5), 124.5 (C-6), 24.2 (C-7), 40.0 (C-8), 33.2 (C-9), 52.7 (C-
10), 24.8 (C-11), 25.8 (C-12), 79.67 (C-13), 107.5 (C-14), 208.1 (C-15), 56.4 (C-
16), 80.3 (C-17), 172.3 (C-18), 17.9 (C-19), 81.0 (C-20), 21.5 (C-21), 76.9 (C-22),
33.1(C-23), 31.1 (C-24), 51.0 (C-25), 166.7 (C-26), 60.7 (C-27), 26.5 (C-28).
Hop chit PA15: physalin G

Hop chit PA15 thu duoc dudi dang tinh thé khong mau. Cong thic phan tir
cua PA15 duoc xac dinh 1a CygH30019

'H-NMR (500 MHz, CDCls, ppm): 5.92 (1H, dd, J = 10.0 Hz, H-2), 6.88
(1H, dd, J = 6.0, 10.0 Hz, H-3), 6.08 (1H, d, J = 5.5 Hz, H-4), 4.53* (1H, H-6),
2.38* (1H, H,-7), 1.53* (1H, Hy-7), 2.69 (1H, J = 8.5 Hz, H-8), 2.96 (1H, m, J =
8.5, 10.5 Hz, H-9), 2.36* (1H, H,-11), 1.26* (1H, Hy-11), 2.49* (1H, H.-12), 1.56*
(1H, m, Hy-12), 2.29 (1H, brs, H-16), 1.59 (1H, s, H-19), 1.94 (1H, s, H-21), 4.53*
(1H, H-22), 2.06 (1H, brs, H-23), 2.45 (1H, brd, J = 3.0 Hz, H-25), 3.79 (1H, d, J =
13.0 Hz, H,-27), 451 (1H, dd, J = 4.5 Hz, Hy-27), 1.27 (1H, s, H-28)

BC-NMR (125MHz, CDCls, ppm): 210.7 (C-1), 125.5 (C-2), 139.9 (C-3),
119.4 (C-4), 156.4 (C-5), 71.4 (C-6), 25.7 (C-7), 38.6 (C-8), 36.0 (C-9), 54.1 (C-
10), 24.3 (C-11), 31.4 (C-12), 79.7 (C-13), 107.1 (C-14), 208.2 (C-15), 55.6 (C-16),
80.6 (C-17), 172.3 (C-18), 21.0 (C-19), 81.1 (C-20), 21.6 (C-21), 77.1 (C-22), 32.9
(C-23), 31.0 (C-24), 50.9 (C-25), 167.0 (C-26), 60.8 (C-27), 26.5 (C-28).
3.2.2. Két qua xdc dinh cdu triic héa hoc ciia cdc hop chit phin ldp tiv lodi
P.minima

Tu cao chiét PMD, PME phan lap duoc tur loai P. minima thu tai tinh Thura
Thién Hué, da phan 1ap va xac dinh duoc ciu trdc hda hoc cia 06 hop chat do c¢6 01
hop chat 1an dau tién dugc phan lap tir chi Physalis la 4-deoxywithaperuvin (PM6) va
05 hop chat lan dau tién duoc phan lap tir loai P.minima gom: withanolide E (PM1),
withaperuvin C (PM2), 45-hydroxywithanolide E (PM3), 28-hydroxywithaperuvin C
(PMA4), physaperuvin G (PM5). Cau trlic ciia cac hop chét nay duoc xac dinh nhu sau:
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3.2.2.1. Hop chat PM1: withanolide E
Di# ligu pho ciia hop chit PM1

Hop chit PM1 thu dugc dudi dang chit bot mau tring. Cong thirc phan tir
duoc xac dinh 1a CygH3504

'H-NMR (500 MHz, CD;0D, ppm): 6.01 (1H, dd, J = 2.5, 10.0 Hz, H-2),
6.98 (1H, ddd, J = 2.5, 6.0, 10.0 Hz, H-3), 1.94 (1H, m, H-4)/ 2.97 (1H, dt, J =2.5,
18.5 Hz, H-4), 3.24 (1H, d, J = 2.0 Hz, H-6), 1.84 (1H, m, H-7)/1.94 (1H, m, H-7),
1.95 (1H, m, H-8), 1.83 (1H, m, H-9), 1.65 (1H, m, H-11)/ 2.00 (1H, m, H-11), 1.55
(1H, m, H-12)/ 1.70 (1H, m, H-12), 1.30 (1H, m, H-15)/ 2.28 (1H, m, H-15), 1.58
(1H, dd, J = 8.5, 14.0 Hz, H-16)/ 2.58 (1H, m, H-16), 1.11 (1H, s, H-18), 1.25 (1H,
s, H-19), 1.39 (1H,s , H-21), 4.86 (1H, J = 3.5 Hz, H-22), 2.53 (1H, m, H-23)/ 2.66
(1H, dd, J = 3.5, 18.5 Hz, H-23), 1.87 (1H, s, H-27), 1.98 (1H, s, H-28)

B3C-NMR (125MHz, CD;0D, ppm): 205.4 (C-1), 129.9 (C-2), 146.7 (C-3),
33.7 (C-4), 63.3 (C-5), 65.1 (C-6), 27.5 (C-7), 35.2 (C-8), 38.4 (C-9), 49.8 (C-10),
24.3 (C-11), 33.3 (C-12), 55.6 (C-13), 84.4 (C-14), 31.5 (C-15), 37.4 (C-16), 88.7
(C-17), 21.0 (C-18), 15.1 (C-19), 79.8 (C-20), 19.4 (C-21), 82.9 (C-22), 35.7 (C-
23), 153.4 (C-24), 122.0 (C-25), 169.1 (C-26), 12.3 (C-27), 20.5 (C-28).
Xdc dinh céu triic héa hoc ciia hop chit PM1

Hop chat PM1 thu dugce dudi dang chat bot mau tréng. Phd *H-NMR cua
hop chat PM1 quan sat thiy tin hiéu cta 5 nhom methyl tai 84 1.11 (3H, s), 1.25
(3H, s), 1.39 (3H, s), 1.87 (3H, s) va 1.98 (3H, s); 2 olefinic proton tai dy 6.01 (1H,
dd, J = 2.5, 10.0 Hz) va 6.98 (1H, ddd, J = 2.5, 6.0, 10.0 Hz); 2 oxymethine proton
tai 843.24 (1H, d, J = 2.0 Hz), 4.86 (1H, d, J = 3.5 Hz). Phén tich tin hiéu phd *C-
NMR va HSQC cua PML1 xac dinh sy ¢c6 mat cua 28 carbon g@)m 10 carbon khong
lién két truc tiép v6i hydro tai 8¢ 49.8, 55.6, 63.3, 79.8, 84.0, 88.7, 122.0, 153.4,
169.1 va 205.4; 6 nhém methine tai 6c 35.2, 38.4, 65.1, 82.9, 129.9 va 146.7; 7
nhom methylene tai ¢ 24.3, 27.5, 31.5, 33.3, 33.7, 35.7 va 37.4; 5 nhom methyl tai
8c12.3, 15.1, 19.4, 20.5 va 21.0. Sé lidu phd 'H va *C-NMR ciia PM1 kha gibng
v6i hop chét withanolide E [36]. Céc twong tic HMBC giita H-2 (8,4 6.01) voi C-4
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(6c 33.7)/ C-10 (8¢ 49.8), H-3 (0 6.98) voi C-1 (8¢ 205.4)/ C-4 (d¢ 33.7)/ C-5 (6¢
63.3) va H-19 (64 1.25) voi C-1 (8¢ 205.4)/ C-5 (8¢ 63.3)/ C-9 (3¢ 38.4)/ C-10 (6¢
49.8) xac dinh sy c6 mat cuia ph'?m 2,3-en-1-one tai vong A. Tin hi¢u cta proton H-6
tai oy 3.24 (d, J = 2.0 Hz) cung vai gia tri do dich chuyén hda hoc cua C-5 (8¢ 63.3),
C-6 (8¢ 65.1) cho thiy su c6 mit ciia nhom 58,6f-epoxy tai vong B [129]. Ngoai ra,
cac tuong tac HMBC gitra H-18 (64 1.11)/ H-21 (64 1.39) v6i C-17 (8¢ 88.7) cung
voi1 gia tri do dich chuyén hoa hoc cua C-17 (6¢ 88.7) cho phép xac dinh sy c6 mat
ctia nhom hydroxy tai vi tri nay. Tir cac phén tich phd trén, két hop vé6i so sanh sb
liéu phd *H va *C-NMR ciia PM1 vdi tai liéu tham khéo [124], hop chit PM1 duoc
xac dinh 1a withanolide E. Theo tra ciru cia chiing toi, day 1a lan dau tién hop chat

withanolide E dugc phan 1ap tir loai P. minima.

Hinh 3.12. C4u trtc héa hoc va cac twong tic HMBC chinh cta hop chit PM1

3.2.2.2. Hop chdt PM2: withaperuvin C
Di# ligu phé ciia hop chit PM2

Hop chat PM2 thu duoc dudi dang chat bot, mau tréng. Cong thurc phan ti
duoc xac dinh 1a CogH3g04

'H-NMR (500 MHz, CD;0OD, ppm): 6.00 (1H, d, J = 10.0 Hz, H-2), 7.09
(1H, dd, J = 6.0, 10.0 Hz, H-3), 6.23 (1H, d, J = 6.0 Hz, H-4), 4.6 (1H,t,J = 3.0
Hz, H-6), 1.64 (1H, m, H-7)/1.95 (1H, dt, J = 3.0, 14.0 Hz, H-7), 2.47 (1H, m, H-8),
1.80 (1H, m, H-9), 1.67 (1H, m, H-11)/ 1.72 (1H, dd, J = 4.5, 12.5, H-11), 1.37 (1H,
m, H-12)/ 2.22 (1H, dd, J = 5.5, 12.0 Hz, H-12), 1.54 (1H, m, H-15)/ 1.82 (1H, m,
H-15), 1.59 (1H, m, H-16)/ 2.57 (1H, m, H-16), 1.21 (1H, s, H-18), 1.49 (1H, s, H-
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19), 1.39 (1H, s, H-21), 4.83 (1H, m, H-22), 1.54 (1H, m, H-23)/ 1.68 (1H, dd, J =
2.5, 18.5 Hz, H-23), 1.85 (1H, s, H-27), 1.99 (1H, s, H-28)

B3C-NMR (125MHz, CD;0D, ppm): 208.2 (C-1), 126.7 (C-2), 142.9 (C-3),
118.4 ( C-4), 160.4 (C-5), 75.0 (C-6), 37.6 (C-7), 35.8 (C-8), 44.2 (C-9), 55.7 (C-
10), 22.6 (C-11), 31.5 (C-12), 55.6 (C-13), 84.7 (C-14), 33.4 (C-15), 37.5 (C-16),
88.5 (C-17), 21.2 (C-18), 18.7 (C-19), 79.8 (C-20), 19.4 (C-21), 82.8 (C-22), 35.7
(C-23), 153.4 (C-24), 121.9 (C-25), 169.0 (C-26), 12.3 (C-27), 20.6 (C-28).
Xdc dinh cdu tricc héa hoc ciia hop chit PM2

Hop chiat PM2 thu duoc dudi dang chit bot, mau trang. Trén phd 'H-NMR
ciia PM2 quan st thay tin hiéu ciia 3 olefinic proton tai &y 6.00 (1H, d, J = 10.0
Hz), 6.23 (1H, d, J = 6.0 Hz) va 7.09 (1H, dd, J = 6.0, 10.0 Hz); 2 oxymethine
proton tai dy 4.60 (t, 3.0) va 4.83 (m); 15 proton thudc 5 nhom methyl tai 3y 1.21
(3H, s), 1.39 (3H, s), 1.49 (3H, s), 1.85 (3H, s) va 1.99 (3H, s). Phan tich cac tin
hiéu trén phé BC.NMR va HSQC cua PM2 xac dinh sy c6 mat cua 2 nhom
carbonyl, 8 carbon khong lién két v&i hydro, 7 nhom methine, 6 nhém methylen va
5 nhom methyl. S6 liéu phd *H va *C-NMR ciia PM2 kha giéng v&i hop chit PM1
ngoai trir cac tin hiéu tai khu vuc vong A va vong B bdi su c6 mat cua lién két doi
tai C-4/C-5 va mat di ciu ndi epoxy tai C-5/C-6 & PM2. Sy c6 mit ctia nhom
2(3),4(5) dien ¢ vong A dugc xac dinh dua vao cac tin hiéu twong tic trén phod
HMBC tir H-2 (3 6.00) dén C-4 (8¢ 118.4)/ C-10 (8¢ 55.7), H-3 (8 7.09) dén C-1
(8¢ 208.2)/ C-2 (8¢ 126.7)/ C-5 (8¢ 160.4) va H-4 (8,4 6.23) dén C-2 (8¢ 126.7)/ C-3
(8¢ 142.9)/ C-6 (8¢ 75.0)/ C-10 (8¢ 55.7). Céac twong tac HMBC tir H-6 (5, 4.60) dén
C-4 (6c118.4)/ C-5 (8¢ 160.4)/ C-7 (6¢c 37.6)/ C-8 (8¢ 35.8)/ C-10 (8¢ 55.7) cung véi
gia tri do dich chuyén hoa hoc cua C-6 (6c 75.0) xac dinh sy c6 mat cua nhom
hydroxy tai C-6. Ngoai ra, két qua so sanh sb liéu phé *C-NMR ctua PM2 va
withaperuvin C cho thay gia tri d6 dich chuyén hoéa hoc cila cic carbon & tat ca cac
vi tri déu tring khép ngoai trir cac gid tri d6 dich chuyén hoa hoc tai C-2/C-4 va C-
12/C-15/C-23 ¢6 sy hoan chuyén giira tai liéu tham khao va PM2. Sy sai khac nay
dugc xac dinh lai dua vao cac twong tac tir H-4 (8 6.23) dén C-6 (3¢ 75.0), H-18
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(84 1.21) dén C-12 (8¢ 31.5), H-15 (8, 1.54) dén C-8 (8¢ 35.8)/ C-13 (8¢ 55.6)/ C-17
(8¢ 88.5) va H-28 (84 1.99) dén C-23 (3¢ 35.7). Tir cac phén tich trén hop chat PM2
dugc xac dinh 13 withaperuvin C. Hop chat nay dugc Sahai va cong su thong bao
phan 1ap lan dau tién vao nam 1982 tir loai P. peruviana [130]. Tuy nhién day 1a lan

dau tién hop chat withaperuvin C dugc phan 1ap tir loai P.minima.

Hinh 3.13. C4u trtc héa hoc va cac twong tac HMBC chinh ctia hop chit PM2
3.2.2.3. Hop chdt PM3: 4p-hydroxywithanolide E
Di# ligu phé ciia hop chit PM3

Hop chat PM3 thu dugc dudi dang chat bot, mau tring.

'H-NMR (500 MHz, CD;0D, ppm): 6.20 (1H, dd, J = 10.0 Hz, H-2),
7.07(1H, dd, J = 6.5, 10.0 Hz, H-3 ), 3.68 (1H, d, J = 6.5 Hz, H-4), 3.24 (1H, brs,
H-6), 1.90 (1H, t-like, J = 12.0 Hz, H-7)/ 2.01 (1H, m, H-7), 1.83 (1H, m, H-8),
1.52 (1H, m, H-9), 1.57 (1H, m, H-11), 1.55 (1H, m, H-12)/ 1.72 (1H, td, J = 8.5,
12.0 Hz, H-12), 1.28 (1H, m, H-15)/2.23 (1H, td, J = 6.0, 12.0 Hz, H-15), 1.58 (1H,
m, H-16)/ 2.56 (1H, m, H-16), 1.09 (1H, s, H-18), 1.41 (1H, s, H-19), 1.39 (1H, s,
H-21), 4.83 (1H, d, J = 3.5 Hz, H-22), 2.54 (1H, m, H-23)/ 2.65 (1H, dd, J = 3.0, 8.5
Hz, H-23), 1.86 (1H, s, H-27), 1.98 (1H, s, H-28)

3C-NMR (125MHz, CD;0D, ppm): 204.2 (C-1), 133.4 (C-2), 145.0 (C-3),
71.1 (C-4), 64.8 (C-5), 62.0 (C-6), 27.2 (C-7), 35.3 (C-8), 38.4 (C-9), 49.9 (C-10),
22.2 (C-11), 33.2 (C-12), 55.5 (C-13), 83.8 (C-14), 31.0 (C-15), 37.4 (C-16), 88.6
(C-17), 20.7 (C-18), 16.6 (C-19), 79.8 (C-20), 19.4 (C-21), 82.8 (C-22), 35.6 (C-23),
153.4 (C-24), 121.9 (C-25), 169.1 (C-26), 12.31 (C-27), 20.5 (C-28).
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Xdc dinh cdu triic héa hoc ciia hop chit PM3

Hop chiat PM3 thu duoc dudi dang chit bot, mau trang. Trén phdé 'H-NMR
cia PM3 quan céc tin hiéu dic trung cua hop chit withanolide gdbm 5 nhém methyl
tai oy 1.09 (3H, s, H-18), 1.41 (3H, s, H-19), 1.39 (3H, s, H-21), 1.86 (3H, s, H-27)
va 1.98 (3H, s, H-28); 3 oxymethine proton tai d4 3.68 (1H, d, J = 6.5 Hz, H-4),
3.24 (1H, br s, H-6) va 4.83 (1H, d, J = 3.5 Hz, H-22); 2 olefinic proton tai 84 6.20
(1H, d, J = 10.0 Hz, H-2), 7.07 (1H, dd, J = 6.5, 10.0 Hz, H-3). Phan tich c4c tin
hiéu trén phé 13C-NMR va HSQC cua PM3 xac dinh su ¢c6 mat cia 5 nhom
methyl, 6 nhém methylene, 7 nhém methine va 10 carbon khong lién két v&i hydro
bao gdm 2 nhom carbonyl. S6 liéu *H va **C-NMR cua PM3 kha giéng véi PM1
ngoai trir sy dich chuyén vé vung trudng trung binh cua tin hiéu C-4 (8¢ 71.1)
ctia PM3 so véi tin hiéu C-4 (8¢ 33.7) ciia PM1. Piéu nay cho phép dy doan ciu
tric hoéa hoc cuia PM3 giéng voi PML1 ngoai trir sy ¢ mat nhiéu hon 1 nhém
hydroxy tai C-4 & PM3. Bén canh d6, tuong tic HMBC tir H-2 (& 6.20) dén C-1
(8¢ 204.2)/ C-4 (8¢ 71.1)/ C-10 (8¢ 49.9), H-3 (8 7.07) dén C-1 (8¢ 204.2)/ C-4 (3¢
71.1)/ C-5 (3¢ 64.8) cung v6i gia tri d6 dich chuyén hoa hoc ctua C-4 (8¢ 71.1) gop
phan khang dinh sy c¢6 mit cia nhém hydroxy tai C-4 (hinh 24). Ngoai ra, hang s6
tuong tac ctia proton H-4 (J = 6.5 Hz) cho phép xac dinh H-4 nam & vj tri o va nhom
hydroxy tai C-4 nam & vi tri A. T cac phan tich trén hop chat PM3 dugc xac dinh 1a
46-hydroxywithanolide E, hop chat nay dugc Sakurai va cong sy thong bao phan lap
duoc 1an dau tién vao nam 1976 tir loai P.peruriana [131]. Tuy nhién déy 14 1an dau

tién hop chét 4p-hydroxywithanolide E dugc phan lap tir loai P. minima.

Hinh 3.14. C4u truc héa hoc va cac twong tac HMBC chinh cta hop chit PM3
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3.2.2.4. Hop chat PM4: 28-hydroxywithaperuvin C
Di# ligu pho ciia hop chit PM4

Hop chat PM4 thu duoc dudi dang chat bot, mau trang. Cong thirc phan tir
duoc xac dinh la CygH3505

'H-NMR (500 MHz, CD;0D, ppm): 6.00 (1H, dd, J = 9.5 Hz, H-2), 7.09
(1H, dd, J=6.0, 9.5 Hz, H-3), 6.23 (1H, d, J = 6.0 Hz, H-4), 4.6 (1H, t, J = 3.0 Hz,
H-6), 1.95 (1H, dt, J = 3.0, 13.5 Hz, H,-7), 2.59 (1H, m, Hy-7), 2.50 (1H, td, J = 3.0,
16.5 Hz, H-8), 1.81 (1H, m, H-9), 1.67 (1H, m, H,-11), 1.72 (1H, m, Hy-11), 1.45
(1H, m, H;-12), 2.20 (1H, m, H,-12), 1.55 (1H, dd, J = 3.5, 12.5 Hz, H,-15), 1.85
(1H, m, Hp-15), 1.63 (1H, m, H-16), 1.23(1H, s, H-18), 1.49 (1H, s, H-19), 1.41
(1H, s, H-21), 4.83 (1H, d, J = 3.5 Hz, H-22), 2.41 (1H, m, H,-23), 3.09 (1H, dd, J =
2.5, 18.0 Hz, H,-23), 1.87 (1H, s, H-27), 4.19 (1H, d, J = 14.0 Hz, H,-28), 4.40 (1H,
d, J =14.0 Hz, H,-28).

BC-NMR (125MHz, CD;0D, ppm): 208.2 (C-1), 126.7 (C-2), 142.9 (C-3),
118.4 (C-4), 160.5 (C-5), 75.0 (C-6), 37.6 (C-7), 35.8 (C-8), 44.3 (C-9), 55.7 (C-
10), 22.6 (C-11), 31.4 (C-12), 55.8 (C-13), 84.8 (C-14), 33.4 (C-15), 37.5 (C-16),
88.6 (C-17), 21.1 (C-18), 18.7 (C-19), 79.9 (C-20), 19.5 (C-21), 83.9 (C-22), 30.5
(C-23), 154.9 (C-24), 122.3 (C-25), 169.1 (C-26), 11.8 (C-27), 61.6 (C-28).
Xdc dinh céu triic héa hoc ciia hop chit PM4

Hop chat PM4 thu duoc dudi dang chit bot, mau tréng. S6 litu phé NMR
thu duoc cia PM4 kha gidng voi hop chit PM2 ngoai trir cac vi tri C-23, C-24 va
C-26. Sy mét di nhom tin hiéu ciia 1 nhom methyl (8 1.99, 8¢ 20.6) & PM4 va thay
thé bang cac tin hiéu cta 1 nhom oxymethylene (8 4.19/4.40, 8¢ 61.6) & PM4 cho
phép du doan c4u trac hoa hoc cia PM4 tuong tw PM2 ngoai trur vi tri C-28 duoc
thay thé bang nhom oxymethylene. Dy doan trén duoc xéac thuc dua vao cac tuong
tac trén phd 2 chiéu HMBC béi su xut hién cia cac tuong tac tir H-28 (4.19, 4.40)
dén C-23 (30.5)/ C-24 (154.9)/ C-25 (122.3). Tir nhitng phan tich trén hop chat
PM4 duogc xac dinh 1a 28-hydroxywithaperuvin C. Hop chat nay dugc phan 1ap lan
dau tién tir loai P.viscosa L. (1985) [132]. Tuy nhién, ddy 1a 1an dau tién hop chat
28-hydroxywithaperuvin C dugc thong bao phan lap tir loai P. minima.



Hinh 3.15. Cau tric héa hoc va cac twong tic HMBC chinh ctia hop chat PM4

3.2.2.5. Hop chat PM5: physaperuvin G
Di# ligu pho ciia hop chit PM5

Hop chat PM5 thu dugc duéi dang chat bot mau tring. Cong thirc phan tir
duoc xac dinh la:

'H-NMR (500 MHz, CD;0D, ppm): 5.78 (1H, dd, J = 2.5, 10.0 Hz, H-2),
6.66 (1H, dd, J = 2.0, 10.0 Hz, H-3), 2.06 (1H, dd, J = 5.0, 20.0 Hz, H.-4), 3.27
(1H, dt, J = 2.5, 20.0 Hz, Hy-4), 3.60 (1H, t, J = 2.5 Hz, H-6), 1.49 (1H, brd, J =
10.0 Hz, H,-7), 2.12 (1H, dd, J = 3.0, 13.5 Hz, Hy-7), 3.55 (1H, m, H-8), 2.25 (1H,
dt, J = 4.5, 12.5 Hz, H-9), 1.52 (1H, m, H,-11), 2.31 (1H, m, H,-11), 1.31 (1H, m,
Ha-12), 2.40 (1H, dt, J = 4.5, 12.0 Hz, H,-12), 1.58 (1H, m, H,-15), 1.78 (1H, dt, J =
8.5, 13.0 Hz, H,-15), 1.57 (1H, m, H,-16), 2.60 (1H, m, H,-16), 1.17 (1H, s, H-18),
1.34 (1H, s, H-19), 1.40 (1H, s, H-21), 4.90 (1H, dd, J = 3.0, 13.0 Hz, H-22), 2.53
(1H, m, H,;-23), 2.67 (1H, dd, J = 3.0, 18.5 Hz, Hy-23), 1.88 (1H, s, H-27), 1.98
(1H, s, H-28)

B3C-NMR (125MHz, CD;0D, ppm): 207.5 (C-1), 129.1 (C-2), 143.8 (C-3),
36.7 (C-4), 78.2 (C-5), 75.6 (C-6), 29.9 (C-7), 35.0 (C-8), 35.2 (C-9), 53.4 (C-10),
23.8 (C-11), 32.3 (C-12), 56.0 (C-13), 85.0 (C-14), 33.3 (C-15), 37.4 (C-16), 89.0
(C-17), 21.6 (C-18), 16.1 (C-19), 79.8 (C-20), 19.6 (C-21), 83.2 (C-22), 35.8 (C-
23), 153.3 (C-24), 122.0 (C-25), 169.1 (C-26), 12.3 (C-27), 20.5 (C-28).
Xdc dinh cdu tric héa hoc ciia hop chit PM5
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Hop chit PM5 thu duoc dudi dang chit bot mau tring. Trén phd *H-NMR
ctia PM5 xuét hién tin hiéu cua 2 olefinic proton tai o4 5.78 (1H, dd, J = 2.5, 10.0
Hz), 6.66 (1H, dg, J = 2.0, 10.0 Hz); 2 oxymethine proton tai 6y 3.60 (1H,t, J =2.5
Hz), 4.90 (1H, dd, J = 3.0, 13.0 Hz) va 15 proton thuoc 5 nhoém methyl tai 6 1.17
(3H, s), 1.34 (3H, s), 1.40 (3H, s), 1.88 (3H, s), 1.98 (3H, s). Bén canh d6 cac tin
hiéu trén phé 3C-NMR va HSQC cua PM5 cho phép xac dinh sy c6 mat cua 28
carbon dic trung cua hop chat withanolide gdm 10 carbon khong lién két véi hydro
tai oc 53.4, 56.0, 78.2, 79.8, 85.0, 89.0, 122.0, 153.3, 169.1, 207.5; 6 nhom methine
tai 0¢c 35.0, 35.2, 75.6, 83.2, 129.1, 143.8; 7 nhém methylene tai 6c 23.8, 29.9, 32.3,
33.3, 35.8, 36.7, 37.4; va 5 nhom methyl tai dc 12.3, 16.1, 19.6, 20.5, 21.6. Tuong
tac trén pho HMBC tir H-19 (84 1.34) v6i C-1 (8¢ 207.5)/ C-5 (8¢ 78.2)/ C-9 (8¢
35.2)/ C-10 (8¢ 53.4), H-2 (8, 5.78) dén C-4 (8¢ 36.7)/ C-10 (8¢ 53.4) va H-3 (34
6.66) dén C-1 (8¢ 207.5)/ C-5 (8¢ 78.2) xé4c dinh sy c6 mit cia nhom carbonyl tai
C-1, ndi d6i CH=CH tai C2/C-3 va nhom hydroxy tai C-5. Vi tri cua nhom
hydroxy tai C-6 dugc xac dinh dya vao tuong tic HMBC tur H-6 (84 3.60) dén C-5
(6c 78.2)/ C-8 (8¢ 35.0)/ C-10 (8¢ 53.4). Ngoai ra, cac tuong tac HMBC tir H-18
(84 1.17) dén C-12 (8¢ 32.3)/ C-13 (8¢ 56.0)/ C-14 (5¢85.0)/ C-17 (8¢ 89.0) va H-21
(81 1.40) dén C-17 (82 89.0)/ C-20 (8¢ 79.8)/ C-22 (8 83.2) cho phép xac dinh su co
mat ctia 3 nhém hydro tai C-14, C-17 va C-20. Cac phan tich trén két hop so sanh
s6 liéu phd NMR cua PM5 véi tai liéu tham khao [133], hop chat PM5 dugc xac
dinh 1a physaperuvin G. Tra ctru trén cac co s dit liéu truc tuyén SciFinder.cas.org
cho phép khing dinh day 1a 1an dau tién hop chat physaperuvin G duoc phan lap tir

loai P. minima.

Hinh 3.16. Céu tric hoa hoc va cac tuong tic HMBC chinh cua hop chat PM5
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3.2.2.6. Hop chat PM6: 4-deoxywithaperuvin
Di# ligu pho ciia hop chit PM6

Hop chit PM6 thu dugc dudi dang tinh thé hinh kim, mau tring.

'H-NMR (500 MHz, CD;0D, ppm): 5.94 (1H, dd, J = 2.0, 10.0 Hz, H-2), 6.88
(1H, m, H-3), 2.50 (1H, dd, J = 5.5, 20.5 Hz, H,-4), 2.90 (1H, dt, J = 2.5, 20.5 Hz,
Ho-4), 3.85 (1H, dd, J = 5.5, 12.0 Hz, H-6), 1.64 (1H, m, H,-7), 1.83 (1H, m, Hy-7),
2.01(1H, td, H-8), 2.25 (1H, td, J = 4.5, 12.5 Hz, H-9), 0.94 (1H, m, H,-11), 1.49 (1H,
dd, J =5.0, 12.0 Hz, Hy-11), 1.28 (1H, m, H,-12), 2.21 (1H, td, J = 5.0, 12.0 Hz, Hy-
12), 1.55 (1H, m, H,-15), 1.78 (1H, dt, J = 8.5, 13.0 Hz, H,-15), 1.58 (1H, m, H,-16),
2.58 (1H, dt, J = 3.0, 11.5 Hz, H,-16), 1.09 (1H, s, H-18), 1.17 (1H, s, H-19), 1.3 9
(1H, s, H-21), 4.79 (1H ,dd, J = 3.5, 13.0 Hz, H-22), 2.54 (1H, m, H,-23), 2.64 (1H,
dd, J = 3.0, 14.0 Hz, H,-23), 1.83 (1H, s, H-27), 1.96 (1H, s, H-28)

BC-NMR (125MHz, CD;0D, ppm): 205.3 (C-1), 127.9 (C-2), 147.0 (C-3),
31.5 (C-4), 79.6 (C-5), 73.3 (C-6), 32.9 (C-7), 38.8 (C-8), 39.1 (C-9), 56.2 (C-10),
24.1 (C-11), 31.4 (C-12), 55.9 (C-13), 84.1 (C-14), 33.1 (C-15), 37.5 (C-16), 88.6
(C-17), 21.2 (C-18), 9.3 (C-19), 79.8 (C-20), 19.4 (C-21), 82.8 (C-22), 35.7 (C-23),
153.4 (C-24), 121.9 (C-25), 169.0 (C-26), 12.3 (C-27), 20.5 (C-28).
Xdc dinh céu triic héa hoc ciia hop chit PM6

Hop chit PM6 thu dugc duéi dang tinh thé hinh kim, mau tring. Phd *H-
NMR ctia PM6 xuat hién tin hiéu ctia 5 nhom methyl singlet tai 8y 1.09 (8), 1.17
(s), 1.39 (s), 1.83 (s), 1.96 (s); 2 oxymethine tai 6y 3.85 (dd, 5.5, 12.0), 4.79 (dd,
3.5, 13.0) va 2 olefinic proton tai 6y 5.94 (dd, 2.0, 10.0), 6.88 (m). Bén canh do, trén
phd *C-NMR va HSQC xuét hién tin hiéu cia 5 nhom methyl tai ¢ 9.3, 12.3, 19.4,
20.5, 21.2; 7 nhom methylene tai 6c 24.1, 31.4, 31.5, 32.9, 33.1, 35.7, 37.5; 6 nhdm
methine tai ¢ 38.8, 39.1, 73.3, 82.8, 127.9, 147.0; va 10 carbon khong lién két vai
hydro tai 6¢ 55.9, 56.2, 79.6, 79.8, 84.1, 88.6, 121.9, 153.4, 169.0, 205.3. Dya vao
cac tuwong tac trén phd HMBC xé4c dinh dugc cau tric cia PM6 1a 5,6,14,17,20-
pentahydroxy-1-oxo-witha-2,24-dienolide. S6 liéu phd NMR ciia PM6 kha giéng
v6i hop chat PM1 ngoai trir cac vi tri tir C-4 dén C-8 (bang 22). Su dich chuyén
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manh vé viing trudng thap hon cta 2 tin hiéu carbon tai C-5 (8¢ 79.6) va C-6 (8¢ 73.3)
& PM6 so véi cac tin hiéu tuong tng C-5 (8¢ 63.3) va C-6 (6 65.1) 6 PM1 goi y ¢6
su m& vong epoxy tai C-5/C-6. Tuong tac trén phd NOESY giita H-19 (8,4 1.09) va
H-6 (0 3.85) xac dinh dugc vi tri cia nhom hydroxy tai C-6 co cu hinh p. Tuong
tur, ciu hinh ctia nhom hydroxy tai C-20 duoc xac dinh 1a £ dwa vao tuong tac gitra
H-21 (8,5 1.39) va H-22 (844.79). Tir cac phén tich trén két hop so sanh s liéu phd
NMR véi tai liéu da cong bd [134] [2], hop chat PM6 duoc xac dinh 13 4-
deoxywithaperuvin. Hop chit 4-deoxywithaperuvin dugc Abou-Douh va cong su
(2002) thong bao phan 1ap 1an dau tién tir loai Withania somnifera [134]. Tuy nhién
day 1a lan dau tién hop chat nay dugc phan lap tir chi Physalis.

Hinh 3.17. C4u trac héa hoc va cac twong tac HMBC chinh cta hop chit PM6

3.3. Két qua danh gia hoat tinh wc ché sinh NO dinh hwéng khang viém va gay
doc té bao ciia cac hop chat phan lap tir loai P. angulata
3.3.1. Két qua déanh gid hoat tinh vrc ché sinh NO dinh hwéng khdng viém ciia
cdc hop chit phén Igp tir loai P. angulata

Hoat tinh trc ché sinh NO dinh hudng khang viém cua cac hop chat phéan lap
dugc tir loai P. angulata dugc danh gia thong qua mo hinh té bao RAW 264.7 kich
thich boi LPS. Két qua dénh gia hoat tinh @rc ché sinh NO dinh huéng khang viém
ctia 15 hop chat phan 1ap duoc trinh bay ¢ bang dudi day:
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Bdng 3.4. Két qua danh gia hoat tinh trc ché su san sinh ra NO trong té bao RAW
264.7 ctia hop chat phan 1ap tir P. angulata

Stt Tén hop chat Ki hiéu ICso (UM)
1 physalucoside A PAl 2,69+0,17
2 physagulin J PA2 *

3 Withaminimine PA3 69,6+4,5
4 Physagulin N PA4 *

5 physagulin K PA5S *

6 physagulin P PAG6 *

7 physagulin L PA7 > 100

8 physagulin M PA8 > 100

9 physagulin B PA9 0,24 + 0,09

10 Physagulide Q PA10 0,57+0,18
11  (20S, 22R)-15a-acetoxy-5a-chloro-64,14/- PA1l 0,68 £ 0,02

dihydroxy-1-oxowitha-2,24-dienonide

12 physagulin Q PA12 *

13 physalin F PA13 1,06 £ 0,68
14 physalin B PA14 0,28 +0,10
15 physalin G PA15 3,74 £ 0,29

L-NMMA 7,84 + 0,87

Ghi chii: * gdy chét té bao thir nghiém RAW264.7.

Két qua danh gia kha ning e ché sy san sinh NO theo ndng d6 cta 15 hop
chét phan 1ap duoc cho thiy, cac hop chat PA9, PA10, PA1l, PA13, PA14 c6 tac
dung trc ché rit manh sy san sinh ra NO trong té bao RAW 264.7 véi gia tri ICsg tir
0,24 + 0,09 dén 1,06 = 0,68 puM so voi chat ddi chimg duong L-NMMA (ICs, =
7,84 £ 0,87 uM). Thé hién hoat tinh nang uc ché su san sinh NO yéu hon la cac hop
chat PA1, PA3 va PA15 voi gia tri ICso 1an luot 13 2,69 + 0,17 pM; 69,60 + 4,50
UM va 3,74 + 0,29 uM. Hop chit PA7 va PA8 khong c6 tac dung {rc ché sy san
sinh NO trong té bao RAW 264.7 véi gia tri ICso> 100 uM. Mit khac, cac hop chat
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PA2, PA4, PA5, PA6 va PA12 giy chét té bao thir nghiém. Két qua nay cho thiy
cac hop chat PA9, PA10, PA11, PA13, PA14 ¢ hoat tinh urc ché manh su san sinh
NO trong cac té bao RAW 264.7 duéi tac dong cam tng cua LPS.

Hop chat PA1 c6 hoat tinh e ché su san sinh NO trong té bio RAW 264.7
v6i ICsp 12 2,69 + 0,17 pM. Theo két qua phén tich phd cho thay, hop chat PA1 l1a
dan xuit cua cinamic acid amide. DAn xuit cua axit cinnamic c6 kha ning tc ché
san sinh NO trong cac té bao RAW264.7 giy ra bai LPS theo con duong tin hiéu
NF-xB [135]. Mit khac, Ribeiro va cong su di danh gia sy tc ché cac enzym
cyclooxygenase (COX-1 va COX-2) bang cac dan xuit axit cinnamic duoc tong
hop. Két qua cho thay méi quan hé ciu tric - hoat tinh quan trong hon d6i véi sy trc
ché COX-1 nho sy hién dién cua céc vong thom dugc thay thé béng mot nhom
hydroxyl va mgt nhém metoxyl hodc hai nhom hydroxyl, mét nhom amit [136].

Hop chat PA3, thé hién hoat tinh Gc ché su san sinh NO yéu hon voi gia tri
ICso 12 69,60 + 4,50 uM. Khi phén tich cac phd NMR cho thiy cdu tric cua hop
chat PA3 thudc khung withanolide steroid. Cac hop chat thudc nhom withanolide
1a nhirng nhom chét c6 hoat tinh gay doc té bao, khang u, khang viém v.v.[137].
Két qua nghién ctru nay cua chung toi cling cho thiy su twong dong véi mot sb bao
céo khac. Theo nghién ctru cia Wu va cong su (2020), hop chat PA3 ¢ kha ning tc
ché san xudt NO trong cac t& bao RAW264.7 gay ra bdi LPS v6i ICso= 31,15 + 0,84
MM [111].

Hop chat PA9 thé hién hoat tinh trc ché su san sinh NO manh trong cac chét
phan 1ap tur loai P. angulata va cé céu trac hoa hoc dic trung cho su c6 mat cua
nhom acetyl. Két qua nay phu hop véi nghién ctru ctia Sharipov va cong su (2021)
cho rang sy co6 mit cta goc acetyl trong cau triic ciia hop chét 1a nguyén nhan 1am
tang hoat tinh sinh hoc khang viém [138].

PA10 thé hién hoat tinh Gc ché sy san sinh NO véi gia tri ICsq 12 0,57 %
0,18 uM. Ngoai ra, PA10 cé thé tao ra cac loai oxy phan ung (ROS) trong cac té
bao ung thu biéu moé gan (HCC) va cac ROS nay co tac dung e ché JAK2/Src-
STAT3 cua té bao. Nhiing két qua nay cho thdy PA10 da wc ché con duong truyén
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tin hiéu STAT3 thoéng qua viéc tao ra ROS trong cac té bao ung thu biéu mé gan.
STAT3 dugc phosphoryl hoa thanh dang nhij phén tir va sau d6 chuyén vi vao nhan
dé kiém soat qué trinh phién mi cia cic gen giy ung thu khac nhau nhu Bcl-2,
VEGF v.v., diéu chinh su ting sinh té bao va qua trinh tir chét apoptosis [126, 137].
Niam 2019, Theo nghién ctru cia Yang va cong su, hop chat PA10 dugc phan lap tir
loai P. angulata, (rc ché s ting sinh va gy ra qua trinh tu chét apoptosis & cac té
bao HCC & nguoi. Co ché phan tir vé hoat dong chéng ung thu trong té bao HCC
cia PA10 c6 lién quan dén duong truyén tin hiéu ROS-JAK2/Src-STAT3. Con
duong tin hiéu STAT3 diéu chinh sy biéu hién cua cac gen khac nhau dé kiém soat
su tién trién ctia chu ky té bao va qua trinh chét theo chwong trinh cua té bao. PA10
trc ché su phosphoryl hoa STAT3 trén Tyr705 bang cach ngan chin su phosphoryl
hoa cac kinase protein lién quan nhu Janus kinase 2 (JAK2) va Src [139].

Hop chat PA11 tic ché su san sinh NO vai gia tri ICsg 14 0,68 + 0,02 pM. Khi
phan tich cac phd cua hop chat PA11 cho thiy trong cdu trac ctia hop chat c¢é su
xuat hién ctia nhém thé Cl & vi tri C-4 1am tang hoat tinh khang viém va sy trc ché
COX va LOX [140].

Theo két qua nghién ctru cho thay, cac hop chit PA13, PA14 va PA15 phan
lap tir loai P. angulata déu 1a cac hop chét thudc nhém Physalin va ¢ kha nang tc
ché sy san sinh NO. Nam 2003, nhom hop chit Physalin da duoc ching minh c6
hoat tinh khang u va khang viém [99].

Hop chat PA13, dich chiét tir loai Witheringia solanacea, ciing duoc béo céo
1a c6 hoat tinh chong viém thong qua trung gian (rc ché NF-kB va qua trinh
apoptosis. Nhitng két qua nay da gitip khiang dinh hoat tinh tiém ning cta hop chat
PA13 va kha ning st dung no trong diéu tri viém va ung thu. Cac nghién ciru bd
sung 1a can thiét dé diéu tra cac co ché phan tir lién quan dén té bao ung thu [93].

Hop chat PA14 c6 thé ngan chin phan tng viém do LPS cam tng trong dai
thue bao RAW264.7 bang cach trc ché san xut cac cytokine gy viém thong qua
con dudng tin hiéu NF-kB. TNF-a va IL-6 & céc cytokine tién viém quan trong
trong cac dai thuc bao duoc kich hoat bai LPS [5, 6]. Mac du rat hiru ich dé chéng

lai nhidm tring, céc cytokine nay gay viém manh c6 thé dan dén phu né, gay stress
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chuyén hda té bao va hoai tir md. NF-kB, mét protein hoat héa phién mi, déng vai
trd trung tAm trong phan Ung viém bang cach lién két v&i cac chét trung gian dé
kich hoat phién ma cac gen tién viém nhu TNF-o va IFN-y [141].

Céc hop chat PA13 va PA14 di duogc bio cdo tre ché su gia ting tinh thim
ctia thanh mach mau, gia ting s6 lugng bach cau trung tinh. Ngoai ra, physalin B va
physalin F lam giam nong do TNF-o, ting nong do IL-10 trong cac mo, tri hodn va
ngin ngira ttr vong cho chudt thi nghiém trong thi nghiém gy viém cap tinh. IL-
10 d6ng mot vai trd quan trong trong phan ung viém va ddp ung mién dich. Céc
hoat dong sinh hoc cua IL-10 bao gém ca rc ché mién dich va céac hiéu ung kich
thich mién dich. Vi du, IL-10 c6 thé ngan chan vi¢c san XUt cac cytokine tién
viém ctia bach cau don nhan va bach cau trung tinh; giam su biéu hién hoic dff)ng
kich thich hoat dong cta cac phan tir ctia bach cau don nhén va té bao dudi gai.
IL-10 ciling c6 thé cai thién sy ting truong cua té bao B va té bao mast, rc ché hoic
tang cuong cac hoat dong cuia cac té bao T phu thudc vao diéu kién kich hoat. Sy da
hinh trong gen 1L-10 d& dugc chimg minh két hop véi ca hai dang cta hoi chimg tré
so sinh chét dot ngot (SIDS) va dot tir do nhiém tring. Dua trén cac chirc ning cua
IL-10, di c6 gia thiét rang mot chat d6i khang IL-10 c6 thé dugc st dung dé ting
kha ning mién dich chdng lai virus nhu EBV va ban than phan tir IL-10 ¢ thé
dugc st dung nhu mot thude chéng viem. Mot kha nang khéc 1a cac chit physalin
B va F gay ra su gidi phong thém corticosterone ndi sinh va gitip tang cuong hoat
tinh khang viém. Nhin chung, nhimg két qua nay cho thiy rang cic hoat dong
chdng viém in vivo ctia cac chét physalin B va F chu yéu 13 do kich hoat thy thé cua
glucocorticoid. Do d6, cac hop chat co cdu trac va tinh chat nhu céc steroid tu nhién
¢6 thé 1a mot lya chon diéu tri méi cho cac bénh viém [142].

Céc hop chit PA13, PA14 va PA15 ciing dugc bao céo trc ché su san xuit
mot sb cytokine gdy viém nhu interleukin IL-1p, IL-6, IL-12, prostaglandin E2
(PGE-2) va yéu t6 hoai tr khéi u (TNF-a) boi cac dai thuce bao duoc kich hoat va
ting cudng san sinh IL-10. Cac hop chat PA13, PA14 va PA15 ngin chin qua trinh
phosphoryl hoa cac protein ikB va lam suy giam sy chuyén vi NF-xB dén nhan.

NF-kB tham gia vao vi¢c di€u hoa mdt so6 gen gay viém, va do do6 tc ché hoat
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dong cua n6 din dén tc ché cac chit trung gian gay viém nhu IL-1p, IL-6, IL-12,
NO, PGE-2, va TNF-a. Ngoai ra cac hop chat PA13, PA14 va PA15 con duoc ching
minh vé kha ning e ché sy ting sinh té bao lympho di kém véi viéc giam céc
cytokine lién quan dén viéc kich hoat va phat trién t& bao lympho dong T nhu
IFN-vy [143].
3.3.2. Két qua ddinh gid hoat tinh cam trng enzyme iNOS va COX-2 ciia hop chit
PA13 va PAI14 phan lap tir loai P. angulata

Cac hop chat PA9, PA10, PA11, PA13, PA14 c6 hoat tinh wrc ché manh su
san sinh NO. NO 1a chat trung gian giy viém duoc tao ra bdi cac enzym cam tng
iINOS va COX-2 [3]. Nhiing chét trung gian nay dong vai trd quan trong trong viéc
kich hoat cac dai thuc bao trong phan tnmg viém. Do do, viéc tc ché san xuat NO
bang cach e ché biéu hién protein iNOS va COX-2 duoc coi 1a hai myc tiéu chinh
thuong dugc danh gia trong cac nghién ctru chdng viém. Tuy nhién, PA9, PA10,
PA11 c6 hiéu suat phan lap qué thap nén PA13, PA14 dugc lya chon dé danh gia
sau hon hoat tinh khang viém in vitro, nham c6 dugc luan chimg khoa hoc vé hoat
tinh tiém nang khang viém cua loai P. angulata trong thuc tién. Cu thé 1a té bao
RAW 264.7 duogc xu ly trudc véi PAL13, PAL14 trong 2 gid va sau d6 duogc u voi
LPS (1 pg/mL) trong 24 gid. Tubulin dugc sir dung lam protein ndi chuan. Cac
protein iNOS va COX-2, hai enzyme dién hinh cho sinh 1y bénh viém duoc lua
chon nghién ciru va dugc danh gia su biéu hién br:ing thi nghiém dién di trén gel
SDS-PAGE, va murc dd biéu hién cta cac protein iNOS va COX-2 dugc xac dinh
bang cac phan tich Western-blot.

A B
iNOS - e e iNOS o e e
COX-2 - - COX-2 - @ e
Tubulin > - - > e Tubulin G S
PhysalinF(uM) - - 01 03 1.0 3.0 PhysalinB(M) - - 001 01 03 1.0
LPSSpgmL) - - + + + + LPS(SpgmL) - - + + + +

Hinh 3.18. Tac dong trc ché biéu hién protein iNOS, COX-2 cua hop chit PA13 (A)
va PA14 (B) trong cac t& bao RAW 264.7 di cam mg viém bang LPS
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Dit liéu trong Hinh 3.5 cho thay cac protein iNOS va COX-2 hau nhu khéng
thé phét hién duogc trong cac té bao RAW 264,7 khi khong dwgc cam ung véi LPS.
Tuy nhién, sau khi té bao RAW 264.7 bi kich thich viém bang LPS, muc biéu hién
protein cua iINOS va COX-2 di ting 1én rd rét. Trong khi d6, cac t& bao duoc 1 voi
PA13 (0,1-3,0 uM) hoic PA14 (0,01-0,3 uM) déu cho thdy di lam giam manh su
biéu hién protein iNOS va COX-2 do LPS gay ra theo phuong thirc phu thudc vao
ndng d6. Mit khéc, trong thoi gian u voi LPS (1 pg/mL) biéu hién cua protein
tubulin khong thay doi. Piéu nay cho thiy rang ca hai hop chit PA13, PA14 c6 thé
diéu chinh giam su biéu hién iNOS va COX-2 do LPS giy ra ¢ cap do phién ma va
dich ma. Nhiing két qua nay phu hop v&i nhitng nghién ciru trudc day cua mot sb
tac gia nhu Sun va cong su (2017), Yang va cong su (2017) va cung cip bang ching
vé dic tinh chéng viém cua P. angulata [89, 139]. PA13 va PA14 ciing dugc ching
minh c6 hoat tinh wrc ché con dudng truyén tin hiéu NF-«B, yéu t6 phién ma chinh
tham gia vao viéc diéu chinh su biéu hién cia cac gen lién quan dén phan Gng viém.
Yéu t6 nay tham gia vao nhiéu qué trinh sinh hoc cta co thé con nguoi va diéu
chinh su biéu hién cua nhiéu cytokine va enzym. Con duong NF-kB duogc kich hoat
diéu chinh sy biéu hién ctia mot loat chét trung gian gy viém va ting cuong su xuat
hién ctia cac phan tng viém. Vi vay, (e ché kich hoat NF-kB s& lam giam cac phan
g viém thong qua e ché sy san sinh NO va sy biéu hién cta cic enzyme cam
g (iNOS va COX-2). Nhitng két qua trén cho thiy hai hop chat PA13 va PA14 da
trc ché su san sinh ctia cic chit trung gian gy viém thong qua diéu hoa su hoat hoa
ctia con dudng truyén tin hiéu NF-kB, mét trong nhimg con duong tin hiéu chinh
diéu hoa tinh trang viém [104, 144].

3.3.3. Két qud ddnh gid hoat tinh ikc ché mét sé dong té bao ung thw ciia cdc hop
chit phan lap tiv loai P.angulata

Mudi lam hop chat (PA1-PA15) phan lap duogc tir loai P. angulata duoc
danh gia hoat tinh gdy doc cac dong té bao ung thu phdi (A-549), ung thu cb tir
cung (HeLa) va ung thu tuy (PANC-1) theo phuong phép thir hoat tinh gdy doc té
bao in vitro dugc trinh bay & phan phuong phap (muc 2.4.2). Két qua danh gia hoat

tinh gay doc té bao ung thu cua cac hop chat duoc trinh bay ¢ bang dudi day:
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Bdng 3.5. Két qua danh gia hoat tinh gy doc té bao cua 15 hop chat lap tir cao chiét

PAD cua loai P. angulata

Stt Tén hop chat Ki ICso (LM)
higu A-549 HelLa PANC-1
1 physalucoside A PAl > 100 > 100 > 100
2 physagulin J PA2 8,27 +0,97 > 100 > 100
3 Withaminimine PA3  11,8+2.06 > 100 34,06 £2,08
4 physagulin N PA4 > 100 > 100 > 100
5 physagulin K PA5 > 100 > 100 > 100
6 physagulin P PA6 13,47 +2,73 > 100 20,23 +1,38
7 physagulin L PA7 21,54 +1,32 > 100 6,30+ 1,19
8 physagulin M PA8 17,47 2,37 > 100 3,18+0,12
9 physagulin B PA9 > 100 > 100 > 100
10 physagulide Q PA10 > 100 > 100 > 100
11 (20S, 22R)-150- PA11 1,03+0,09 29,89+1,15 11,53 £0,36
acetoxy-5a-chloro-
64,145-dihydroxy-1-
oxowitha-2,24-
dienonide
12 physagulin Q PA12 > 100 > 100 > 100
13 physalin F PA13 0,68 +0,05 0,23+0,03 > 100
14 physalin B PA14 0,95+0,04 13,84 1,27 12,77 £1,07
15 physalin G PA1S 6,88+241 > 100 > 100
Etoposide 2,68+0,89 3,29+0,05 0,08 +0,11

Két qua trén cho thay cac hop chat PA11, PA13, PA14 thé hién hoat tinh

gy doc rat manh doi voi dong té bao ung thu phoi A549 vai gia tri I1Cs tir 0,68 +
0,05 uM dén 1,03 + 0,09 uM, so véi doi chimg duong etoposide (ICsy = 2,68 +
0,89 uM). Bén canh do, PA2, PA3, PA6, PA7, PA8, PA15 ciing c6 tac dung gay
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d6c manh doi voi dong té bao A549 véi gia tri 1Cs, tir 6,88 + 2,41 uM dén 21,54 +
1,32 UM. Céc hop chat con lai hau nhu khong thé hién tac dung gay doc véi dong té
bao nay (ICso > 100 uM). Ddi véi dong té bao ung thu HeLa, hop chat PA13 c6 tac
dung giy do6c manh nhat (ICsp = 0,23 + 0,03 M) manh hon 10 14n so véi d6i ching
duong etoposide (ICso = 3,29 + 0,05 uM), hop chat PA11 va PA14 ciing giy doc
manh véi gia tri ICsg lan luot 12 29,89 + 1,15 pM va 13,84 + 1,27 uM. Cac hop chit
con lai xem nhu khong gy doc voi dong té bao HeLa voi gia tri ICso > 100 M.
Ngoai ra, cac hop chat PA3, PA6, PA7, PA8, PA1l, PA14 thé hién hoat tinh gay
doc dang ké dbi v6i dong té bao ung thu tuy PANC-1 véi gid tri ICso tir 3,18 £ 0,12
uM dén 34,06 + 2,08 uM. Két qua danh gia hoat tinh gay doc té bao cho thay céac
hop chat PA2, PA3, PAG-PAS, PA1l, PA13, PA14, PA15 phén lap dugc tir loai P.
angulata 1a cac hop chat co tiém nang va can duoc nghién ctru sau hon vé co ché dé
dinh hudéng ing dung.

Hop chit PA1 khong thé hién hoat tinh gy doc té bao trén ca 3 dong té bao
ung thu thor nghiém. TU cdu tric cua hop chat PA1 (N-[2-hydroxy-2-(4-
hydroxyphenyl) ethyl] ferulamide glucoside), chung t6i nhan thiy hop chat nay
dugc hinh thanh tir hai hop phan 13 cinamic acid amide va ferulic acid, vi thé hop
chat PAL c6 thé goi 1a din xuat cla cinamic acid amide. Trong cdu tric ciia hop
chat PA1 xuit hién nhom thé hydroxyl tai vi tri sb 4 trén vong thom. Mat khéac, theo
cac két qua nghién ciru da cong bd cho thiy rang cac dan xuit cia acid cynamic c6
chtra nhom hydroxyl hodic mot nhém thé metoxy hodc khong c6 nhom thé nao & vi
tri s6 4 trén vong thom thi cdc dan xuit cua axit cynamic c¢6 doc tinh té bao giam
dang ké hodc hoan toan khong gay doc té bao [145]. Pay co thé 13 nguyén nhan dan
dén két qua hop chat PA1 khong biéu hién hoat tinh gdy doc té bao trong céac thir
nghi¢m dugc thuc hién.

Hop chat PA2 thé hién hoat tinh giy doc té bao trén dong té bao A549 (té
bao ung thu biéu md thanh 6ng phoi) véi gia tri ICs, 1a 8,27 + 0,97 UM va khong
thé hién hoat tinh gy doc té bao trén dong té bao HeLa (té bao ung thu tir cung &

ngudi), PANC-1 (té bao ung thu tuy & ngudi). Theo tong quan tai liéu, hop chat
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PA2 thé hién hoat tinh gy doc t& bao manh ddi voi dong té bao A549 véi gia tri
ICso =1,9 £ 0,1 uM va trc ché su ting sinh té bao khdi u bang cach ngan chin con
duong din truyén tin hiéu PI3K-Akt-mTOR [146]. Puodng truyén tin hiéu PI3K-
Akt-mTOR déng mot vai tro quan trong trong sy phat trién ung thu vi no lién quan
dén viéc diéu chinh sy phat trién va ton tai cta té bao, qua trinh chét theo chuong
trinh, kha ning van dong, chu ky té bao va cac chirc ning trao d6i chit khac nhau.
Do d6, con duong nay dugc coi la muc ti€u cho su phat trién cua cac phan tir chéng
ung thu méi [147]. Ngoai ra, két qua nghién ciru ctia nhém tac gia Hea va cong su
(2007) cho thiy hop chit PA2 khong thé hién hoat tinh gdy doc té bao trén cac dong
té bao HCT-116 (té bao ung thu dai truc trang ¢ ngudi), NCI-H460 (té bao ung thu
phoi khong nhé & ngudi). Két qua nay kha tha vi va cho thidy PA2 rat c6 thé da thé
hién hoat tinh chon loc trén mot sd loai ung thu nhét dinh va can duoc tiép tuc
nghién ctru sau hon [125].

Hop chat PA3 thé hién hoat tinh giy doc té bao trén dong té bao A549,
PANC-1 v6i ICso tir 11,8 — 34,06 uM va khong c6 hoat tinh gay doc trén dong té bao
HeLa. Khi phan tich cic phd NMR cho thay cau tric ciia PA3 la withanolide steroid
va kha giéng v4i hop chat PA2 ngoai trir sy xuat hién nhiéu hon mot lién két doi &
PA3 so vé1 PA2 ¢ vi tri C16-C17. Hop chét thudc nhém whithanolide thi lién két doi
& vi tri C16-C17 trong vong D rat can thiét cho hoat tinh gay doc té bao [116]. C6 thé
nhan thay sy xuat hién lién két doi withanolide steroid & vi tri C16-C17 da dong vai
trd quan trong, anh hudng hoat tinh gy doc té bao A549, PANC-1 caa hop chat PA3
so voi hop chat PA2. Trude d6, Nagafuji va cong sy (2004) di ching minh hop chét
PA3 khong gay doc té bao Hela voi gia tri ICsy > 95 uM [122].

Hop chat PA4, PA5 khong thé hién hoat tinh gdy doc té bao trén 3 dong té
bao ung thu thir nghiém. Theo két qua phan tich cdu tric cia cac hop chit cho thiy
PA4 kha giéng véi hop chat PA2 ngoai trir sy thiéu vang céc tin hiéu dic trung cua
nhom acetyl & PA4 so v6i PA2, hop chat PA5 kha gidng véi hop chat PA2 ngoai
trir sy ¢ mat cua carbon khong lién két vai hydro tai d¢ 87.2 va su thay doi gia tri

do dich chuyén hoéa hoc ctia cac nhom methyl tai C-18 (3¢ 15.8) va C-21 (8¢ 9.6) ¢
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PAS5 so véi cac nhém methyl trong tng & PA2 1an luot 1a 8¢ 18.3, 15.3. Su thay thé
cac nhom thé va sy thay doi gia tri do dich chuyén hoa hoc cua cic nhém methyl da
anh huong dén hoat tinh gdy doc té bao cua hop chat PA4, PAS trén 3 dong té bao
ung thu thir nghiém A-549, HelLa, PANC-1 va hop chat PA2 thé hién hoat tinh gay
doc té bao A-549.

Khi phan tich cac phd NMR cho thiy céu tric hop chat méi PA6 kha gidng
v6i hop chat PA2 phan 1ap tir loai P. angulata goai trir cac vi tri & vong A va B do
su thiéu Va"mg nhom hydro tai C-5, su xuét hién cta lién két ddi tai vi tri 4 & PAB, su
thay thé nhom thé nhom hydro tai C-5. Sy xuat hién cua lién két doi tai vi tri 4 da
anh huong dén hoat tinh gay doc cia té bao ctia hop chat PAG. Hop chat nay da thé
hién hoat tinh tdt trén 2 dong té bao ung thu thir nghiém A549 va PANC-1, trong
khi hop chat PA2 chi thé hién hoat tinh gay doc té bao dong A549.

Khi phan tich cac pho cho thay cau tric cac hgp chat PA7 va hop chat PA3
o chu tric tuong tu nhau, ngoai trur su xuét hién thém mot lién két d6i & vi tri C4-
C5 trong PA7. Tuy nhién theo két qua thir nghiém thi hop chat PA7 gay doc té bao
PANC-1 manh hon hop chit PA3 va hop chit PA3 gay doc té bao A549 manh hon
hop chat PA7. Piéu nay duoc giai thich nhu sau: hop chat PA7 va PA3 phan 1ap tir
loai P. angulata déu 1a cac hop chat thudc nhom chat whithanolide, 16p chat chinh
ctiia chi Physalis va 1a nhitng nhom chét c6 hoat tinh giy doc té bao, khang u,
khang viém v.v. [137]. Su xuat xuat hién thém mot lién két d6i & vi tri C4-C5 trong
cAu trac cta hop chat PA7 va PA3 d3 din dén hoat tinh gdy doc té bao trén cac
dong té bao ung thu A549 va PANC-1 thay d6i khac nhau.

Hop chat PAS8 thé hién hoat tinh giy doc té bao trén dong té bao A549,
PANC-1 va khong cé hoat tinh gdy doc té bao HeLa. S6 liéu phd NMR thu duoc
ciia PA8 kha gidng v6i hop chat PA5 ngoai trir s xut hién nhiéu hon mot lién két
d6i & PA8 so véi PA5. Su khac biét vé ciu trac di anh hudng dén hoat tinh gay doc
té bao cua hop chat PAS8 trén 2 dong té bao ung thu thir nghiém A549, PANC-1 con
hop chat PA5 khong thé hién hoat tinh & cic ndng d6 twong tng. Ngoai ra, theo
nghién ctru ciia Zhang va cong sy (2020) hop chat PAS8 ciing khong gay doc trén
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dong té bao ung thu hic t6 da (A375). Nhu vdy, hoat tinh gdy doc t& bao cua hop
chat PAS8 phu thudc vao dong té bao ung thu can c6 nghién ciru siu hon vé co ché
gay doc té bao cua hop chit PA8 [148].

Hai hop chat PA9 khong thé hién hoat tinh gay doc té bao trén ca 3 dong té
bao ung thu thir nghiém A549, HeLa va PANC-1. Tuy nhién theo két qua nghién
ctru cua He va cong su (2007), hop chit PA9 giy doc dong té bao ung thu phdi
(NCI-H460) va dong té bao ung thu dai tryc trang (HCT-116) véi gia tri ICsq 1an
lwot 14 2,11 + 0,1 uM va 0,43 + 0,02 pM [125]. Mt khéc, theo két qua nghién ctru
cla tac gia Ran Li va cong su (2022) hop chat PA9 giy doc té bao MCF-7 ¢ mirc
d6 trung binh véi gia tri ICs 1a 36,89 + 1,78 UM [149]. Kha ning gay doc té bao
ctia hop chat PA9 1a do trong ciu triic phan tir ¢6 su xuat hién lién két d6i ¢ vi tri
C16-C17 va c6 sy thay thé nhom OH & vi tri 5 bang mdt nguyén tir Cl diéu nay lam
tang hoat tinh gy doc té bao ciia hop chat PA9 [116, 125]. Qua két qua nghién ciru
ctia chung ti va céac tac gia khac, c6 thé nhan thay rang hop chat PA9 thé hién hoat
tinh gay doc chon loc trén mot s6 dong té bao ung thu nhat dinh va can duoc nghién
ctru sdu hon vé co ché giy doc té bao.

Hop chat PA11 thé hién hoat tinh gay doc té bao trén 3 dong té bao ung thu
thir nghiém A549, HeLa va PANC-1. Trong ciu tric hop chiat PA11 c6 su thay thé
nhém OH & vi tri 5 bang mdt nguyén tir C1 diéu ndy lam ting hoat tinh gdy doc té
bao cuia hop chat PA11 [116, 125].

Hai hop chit PA10 khong thé hién hoat tinh gdy doc té bao trén ca 3 dong té
bao ung thu thir nghiém A549, HeLa va PANC-1. Khi phan tich cau trac hoa hoc cia
hop chat PA10 kha gidng cdu tric cua hop chat PA11 ngoai trir & hop chat PA10 ¢6
su xuit hién cuia mot nhom hydroxy tai vi tri C-17. Nhu vay, su xuat hién nhom
hydroxy tai C-17 ¢6 anh huéng 16n dén hoat tinh giy doc té bao. Hop chat PA11 thé
hién hoat tinh manh trén 3 dong té bao ung thu A549, PANC-1 va Hela. Trong khi
hop chat PA10 khong thé hién hoat tinh trén ca 3 dong té bao ung thu thir nghiém.
Tuy nhién, theo nghién ctru ctia Yang va cong sur (2017), hop chat PA10 phan lap tir

loai P. angulata L c6 kha ning {rc ché sy ting sinh dong té bao ung thu biéu mé gan
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& nguodi (HCC). Hop chat PA10 gy ra bit giit chu ky té bao pha G2/M trong té bao
HCC bang cach diéu chinh giam su biéu hién cua Cdc25C, p-Cdc25C va diéu chinh
1én murc d6 biéu hién cua Cyclin B1. Trong nghién ctru ndy, Yang va cong su ciing da
ching minh rang PA10 diéu chinh ty 16 Bax/Bcl-2 va phén cét caspase 9/3/7/PARP,
trc ché qua trinh phosphoryl hoa STAT3 dé giy ra qué trinh apoptosis qua trung gian
ty thé & té bao HCC va chdng ting sinh trong cac té bao HCC bang cach diéu chinh
con duong tin hi¢u ROS-JAK2/Src-STAT3 [126].

Hai hop chit PA12 khong thé hién hoat tinh gdy doc té bao trén ca 3 dong té
bao ung thu thir nghiém A549, HeLa va PANC-1. Khi phén tich phdé 'H-NMR cua
PA12 xuét hién tin hiéu cua hai olefinic proton tai &y 6.01 (1H, dd, J = 2.0, 10.0
Hz) va 6.88 (1H, ddd, J = 2.5, 5.0, 10.0 Hz); sau nhoém methyl tai 4 1.13 (3H, s),
1.17 (3H, s), 1.06 (3H, d, J = 7.0 Hz), 1.85 (3H, s), 1.97 (3H, s) va 2.06 (3H, s); va
ba oxymethin proton tai 6y 4.31 (dd, 5.0, 12.0), 5.05 (1H, dd, J = 3.5, 13.5 Hz) va
4.78 (1H, m). Cac tin hiéu trén phé BC-NMR va HSQC cua PA12 xac dinh su c6
mit cua 30 carbon gdm chin carbon khong lién két véi hydro, chin nhém methine,
sau nhom methylene, va sdu nhom methyl. Tin hi¢u singlet cuia 3 proton tai o 2.06
(H-30) cung vai hai tin hiéu carbon tai 170.9 (C-29) va 21.5 (C-30) goi ¥ sy ¢c6 mat
ciia nhom acetyl. Cac tin hiéu cta 28 carbon con lai dic trung cho hop chat
physagulin khung withanolide. So sanh gia tri phé NMR ctua PA12 vé&i hop chat
PAS5 phan 1ap tir loai P. angulata nhan thay gid tri phd ¢ cac vi tri déu phut hop. Do
vay cu tric hoa hoc ctia hop chat PA12 giéng cdu trac hoa hoc ciia hop chit PAS.
Sy gidng nhau vé cdu trac dan dén hoat tinh gdy doc cia hop chat PA5 va PA12 va
két qua nghién ciru ctia chung t6i ciing cho thiy hop chat PA12 khong thé hién hoat
tinh gy doc té bao trén ca 3 dong té bao ung thu thir nghiém A549, HeLa va PANC-1.

Khi phan tich cac phd 'H- va *C-NMR cua hop chit PA13 kha giéng véi
hop chat PA6 ngoai trir cac tin hiéu 14n can C-5 va C-6 cdu hinh vong epoxy cia
PA13 la 54,6f-epoxy. S lidu phd *H- va *C-NMR cua hop chit PA14 kha gibng
v6i hop chat PA13 ngoai trir cac tin hiéu lién két doi & vi triC-5, C-6, C-7, C-8 va
C-9. S6 lidu phd 'H- va *C-NMR ciia PA15 kha giéng voi hop chat PA14 ngoai trir
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cdc vi tri tir C-1 dén C-10 va C-19 do c6 mit clia lién két doi tai C-4/C-5 va nhom
hydroxy tai C-6 thay cho cau ni 548,68 epoxy & PA14. Nhu vdy, c6 thé thay sy xuét
hién c4u hinh epoxy cua 1a 54,68-epoxy, lién két d6i & vi tri C-5, C-6 va sy thay thé
nhém hydroxy tai C-6 thay cho cau ndi 54,68 epoxy ctia PA13 ¢6 anh hudng 16n
dén hoat tinh gay doc té bao. Hop chit nay thé hién hoat tinh manh trén 2 dong té
bao ung thu A549 va Hela véi gia tri 1Csg lan luot 14 0,68 + 0,05 uM; 0,23 = 0,03
uM.Trong khi hop chat PA14 c6 hoat tinh trung binh trén ca 3 dong té bao ung thu
thir nghiém véi gia tri ICs tir 0,95 + 0,04 uM dén 13,84 + 1,27 uM va hop chét
PA15 chi thé hién hoat tinh gy doc trén dong té bao ung thu A549 véi gia tri ICs
la 6,88 + 2,41 pM. Theo tong quan tai lidu, cac hop chat physalin B, F phan lap tir
loai P.angulata déu 1a cac hop chit thuoc nhém physalin. Viéc danh gia mdi quan
hé ciu tric-hoat tinh chi ra rang cau hinh vong epoxy & vi tri 58,6/-epoxy cila cic
hop chét physalin c¢6 hoat tinh gay doc té bao manh nhat va lién két doi tai vi tri C-5,
C-6 cua physalin cling anh hudng manh mé t6i hoat tinh nay. Nhin chung, hoat tinh
gy doc té bao cuia cac chat physalin dugce ching minh 1a ¢6 lién quan dén viéc gay
chét té bao theo chwong trinh [148, 150]. Sy chét cua té bao do qua trinh apoptosis
dugc gy ra boi cac Physalin thong qua cic con dudng khac nhau lién quan dén
protein kinase dugc kich hoat b1 mitogen (MAPK). Physalin lam tang muc do
phosphoryl hoa cua ERK1/2, INK va p38 MAPK. Sy kich hoat ERK1/2 gay ra su
san sinh ROS (mTOR) cua ty thé, dan dén viéc giai phong cytochrome c, kich hoat
cac caspase 3, 6, 9 va gy ra qua trinh apoptosis. Su hoat héa INK thuc dy qua
trinh phosphoryl héa c-Jun, dan dén su hinh thanh protein hoat héa 1 (AP-1), mot
loai protein diéu chinh qué trinh phién ma cta cic yéu td pro-apoptotic va din dén
qua trinh apoptosis. Kich hoat P38 dan dén ting mirc ROS va kich hoat p53, do d6
lam ting qué trinh phién m3 cua cac protein pro-apoptotic, chiang han nhu Noxa,
BAX va BAK, va lam giam sy phién ma ciia protein BCL-2 chéng apoptotic, ddn
dén qua trinh apoptosis qua con duong ty thé. Cac hop chat PA13 va PA14 c6 thé
kich hoat qua trinh apoptosis thong qua viéc kich hoat con dudong noi tai béi su

phan cat poly (ADP-ribose) polymerase (PARP) [151]. Ngoai ra, cic hop chat
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PA13 va PA14 duogc chimg minh 13 nhitng chit tc ché manh m& con dudng tin hiéu
Hedgehog (Hh)/GLI-1 trong dong té bao ung thu tuy (PANC-1) theo co ché lién
quan dén viéc trc ché protein Hedgehog, do dé gy ra gian doan lién két ctia GLI
v6i DNA (tac nhan cua tin hiéu Hedgehog) dan t6i sy hinh thanh va tién trién cia
nhiéu loai ung thu khi phat tin hiéu khong 6n dinh, ciing c¢6 lién quan véi viée duy
tri cac té bao gdc ung thu [143].

Hop chit PA13 e ché sy ting truong té bao A498 va gay ra apoptosis theo
cach phy thudc vao ndng d6 va thoi gian. Qua trinh chét theo chwong trinh cua té
bao do hop chit PA13 gay ra duoc thuc hién thong qua su phé v& dién thé mang ty
thé dan dén giai phong cytochrome ¢ vao té bao, va sau d6 hoat hoa caspase 3/8/9.
Khi cytochrome ¢ dugc giai phong khoi ty thé, né 1am trung gian cho sy hoat hoa
allosteric cia yéu t6 kich hoat apoptosis-protease 1 (Apaf-1). Cytochrome ¢ va
Apaf-1 két hop voi nhau dé tao nén apoptosome. Apoptosome thu nhan pro-
caspase-9 va din dén su phan tach protein nay dé trd thanh dang hoat hoa capase 9
va kich hoat caspase 3. Hop chat PA13 ciing lam ting sinh ROS trong cac té bao
A498. ROS rat quan trong dbi véi cac con dudng chuyén hoa va dan truyén tin hiéu
lién quan dén sy phét trién cta t& bao va qua trinh apoptosis. Tuy nhién, viéc san
xuat qua nhiéu ROS din dén stress oxy hoa va tén thuong té bao. Nhirng két qua
ndy cho thdy su ting sinh cia ROS déng mét vai trd quan trong trong apoptosis
cta té bao A498 duéi tac dung ciia PA13 [93].

Hop chit PA14 ciing trc ché cac dong té bao ung thu bang cach tac dong dén
con dudng MAPK [151, 152]. Céc nghién ctru dd quan sat thay sy gia ting muic do
phosphoryl hoa ERK1/2, INK va p38 gay ra bo1 PA14, theo cach thirc phu thudc
vao ndng do va thoi gian. Ngoai ra, khi cac chét @rc ché ciia cac protein nay duoc sir
dung, sy dao nguoc mot phan cua sy phin cit PARP va tich lily p62 da duoc ghi
nhan, cho thdy rang cic con duong ERK, p38 va JNK tham gia vao ca qua trinh
apoptosis va autophagy dugc kich hoat bdi PA14. Trong nghién clru cuia
Boonsombat va cong su (2020), hop chat PA13 va PA14 thé hién hoat tinh gy doc
té bao A549 vai ICs 14 5,92 + 0,78 uM va Hela voi ICs 12 0,78 % 0,60 uM. Céc
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hop chit PA13 va PA14 1a nhimg chit wc ché manh mé& con dudng tin hiéu
Hedgehog (Hh)/GLI-1 trong dong té bao ung thu tuyén tuy (PANCI1) theo co ché
lién quan dén viéc trc ché protein Hedgehog, do d6 gy ra gian doan lién két cua
GLI véi DNA (tac nhan cua tin hiéu Hedgehog) dan t&i sy hinh thanh va tién trién
ctia nhiéu loai ung thu khi phét tin hiéu khéng 6n dinh, ciing c6 lién quan véi viéc
duy tri cac té bao gbc ung thu [143].

Theo nghién ciru cua tac gia Fu va cong su (2021), hop chat PA15 phan lap
tir loai P. alkekengi c6 kha ning tc ché su ting sinh khéi u va thuc day quéa trinh
apoptosis cua dong té bao ung thu phdi (NCI-H1975) va dong té bao da u tuy (U266)
bang céach &c ché tin hiéu STAT3. STAT3 rat quan trong trong viéc khai phat va
tién trién cua cac bénh ung thu khac nhau. STAT3 duoc kich hoat bang céch
phosphoryl hoa céc gbc tyrosine hoac serine boi cac tin hiéu cytokine khac nhau
(IL-6, IL-7, IL-9 v.v). Hop chat PA15 ngin chin sy phoryl hda Tyr705 cia STAT3
trong cac té bao H1975 va U266 nhung da 1am tang su phosphoryl héa Ser727 cua
STATS3 trong cac té bao H1975. Nhiing phat hién cua nghién ciru nay co s¢ khoa
hoc dé phat trién PA15 thanh mét loai thudc chong khdi u tiém nang [153].

3.3.4. Két qua ddnh gid cam irng apoptosis ciia hop chit PA6 trén dong té bao
ung thw phoi (1549)

Céc dic tinh cua té bao ung thu bao gdm duy tri tin hiéu ting sinh, 1an 4t cac
tin hiéu wrc ché sinh trudng, tranh duoc sy chét theo chuong trinh (apoptosis), co
kha ning ting sinh khong gi6i han, kich thich tao mach, kich hoat sy xam 1an va di
can [154, 155]. Ung thu 1a mét trong nhirng treong hgp ma qua trinh apoptosis xay
ra qua it hodc khong xay ra, din dén cac té bao ac tinh s& khong chét [82]. Mat
khac, mot trong nhitng yéu t6 gop phan vao viéc khang thudc va cé lién quan dén
tién lwong 1am sang x4u cua cin bénh 13 sy e ché qua trinh apoptosis [156]. Céc
loai thube diéu tri ung thu hién nay thuong khong thuc sy hi€u qua, chua hodc
khong giai quyét 57dugc van dé tai phat hodc tham chi ¢ thé giy ra nhiéu tac dung
phu khong mong mudn, 1am suy giam strc chéng chiu bénh ctia bénh nhan. Vi vay,
cac nghién ctru hién nay va cac nha khoa hoc déu dang hét strc nd Iyc tim kiém

nhimg hoat chat tiéu diét cac té bao ung thu ma khong gy ra nhing ton thuong
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khong can thiét cho cac té bao binh thudng dé phat trién thude chéng ung thu méi,
hiéu qua hon. Do thién nhién néi chung hay cac loai thyc vat noéi riéng luon la
nguén duoc liéu doi dao, phong pht, nén vi¢c sang loc, tim kiém céac hoat chat tir
thue vat c6 kha ning kich hoat qua trinh apoptosis trong té bao ung thu 1a kha thi va
day tiém nang [157].

Physagulin P (PAB) 1a mot hop chét c6 ciu tric méi, duge phan 1ap tir loai
P. angulata thudc chi Physalis & Viét Nam. Vi nhitng sang loc danh gia kha nang
trc ché té bao ung thu ban dau, hoat chit nay di ching minh kha ning giy doc té
bao A-549 véi gia tri 1C5,=13,47 + 2,73 WM. Trong nghién ctru nay, PA6 dugc lua
chon dé khao sat hoat tinh cam ing apotosis trén dong té bao ung thu phdi A549
qua ba phuong phap d6 1a nhuém nhén té bao vdi Hoechst 33342, phuong phap
phan tich dong chay té bao va kha niang kich hoat caspase-3.
3.3.4.1. Xdc dinh khd ndng cam ing apoptosis nho nhuém nhédn té bdo véi
Hoechst 33342

Qua trinh apoptosis dic trung boi su thay ddi hinh théi té bao, su co dic chat
nhiém sac, sy phan cat DNA va su phan manh nhan. Cac dic diém hinh thai dién
hinh nay cua té bao apoptosis c6 thé duoc quan sat qua qua trinh nhuém bang
Hoechst 33342. Vi vay, trong nghién ctiru nay, té bao ung thu phoi (A549) & nguoi
dugc 0 véi hop chat PAG tai ndng d6 15, 10 va 5 ug/mL dé danh gia kha nang cam
g apoptosis va su thay doi hinh thai té bao théng qua phuong phap nhuém nhan
té bao A549 voi Hoechst 33342. Két qua cho thiy cac té bao ung thu phdi A549 ¢
ngudi bi te ché khi duoc xir Iy véi hop chat PA6 va tuy thudc vao ndng do miu thir
ma sd té bao xay ra qua trinh apoptosis voi nhiing thay d6i hinh thai dién hinh nhu
té bao co dic lai, phan manh nhan c6 ti 1é khac nhau (Hinh 3.19). Khi ting ndng do
chét tha PAG tir 5 pg/mL 18n 15 pg/mL thi sb lugng té bao apoptosis ting tir 4,89%
1én 16,01% (bang 3.6). Piéu nay c6 nghia kha ning cam tng gy c6 dic nhan cua
hop chit PA6 phy thudc ndng d6. O mau dbi ching duong camptothecin, & nng do
0.5 uM d thé hién kha ning gay ra su c6 dic hodc phan manh nhan té bao véi % té
bao c6 nhan co dic dat 23,21%. Trong khi té bao d6i ching am thi c6 nhan bat

thudc nhuém mau sang, tron va dong nhat. Nhu vay & thir nghiém nay, hop chat
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PA6 cho thiy kha ning cam trng apotosis va lam thay d6i hinh théi té bao ung thu
thir nghiém.
Bdng 3.6. Phan tram té bao c6 ngung tu hodc phan manh nhan dudi tac dong

ctia hop chit PA6

% té bao ¢ hinh thai nhan bi apoptosis

PAG PAG PAG Camptothecin ~ Ddi chirng
(5 pg/mL) (10 pg/mL) (15 pg/mL) (0,5 pM) )

4,89 +0,91 7,36 £1,76 16,01 + 2,26 23,21+ 3,24 3,79+1,03

Déi chimg am PAG (5 pg/mL)
PAG6 (10 pg/mL) PAG6 (15 pg/mL)

Camptothecin (0.5 uM)
Hinh 3.19. Hinh anh té bao A549 duoc nhuom Hoechst 33342 duéi tac dong

ctia PAG & cac nong do khac nhau
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3.3.4.2. Xdc dinh khd nang cam img apoptosis ciia PA6 bdng phuwong phdp
Flowcytometry

Apoptosis 12 mot qua trinh chét theo co ché ty nhién cua té bao xay ra & cc
sinh vat da bao dé duy tri can béng ndi moi cua md va hoat dong nhu mot chién
lwge phong thu dé loai bo cac té bao bi nhiém bénh, bi hu hong hodc bi dot bién
[158]. Nhu vy, apoptosis 13 mdt muc tiéu tiém ning cho liéu phap diéu tri ung thu.
Mot trong nhitng biéu hién sdm cua apoptosis d6 1a sy dich chuyén ctia phan tur
phosphatidylserine (PS) cia mang tir phia trong mang nguyén chat ra bé mit té bao.
Annexin V 1a mot protein gan véi phospholipid phu thudc vao ion Ca** ¢6 4i luc
manh v&i PS. Vi vay, annexin V gan voi chat hién mau huynh quang FITC duoc six
dung dé xac dinh su biéu hién cua PS thong qua phuong phép flow cytometry, tir d6
xac dinh phﬁn tram té bao co biéu hién cua apoptosis. Bén canh do, su dich chuyén
ctia PS thuong xay ra trudc khi mang té bao bi pha huy trong qua trinh chét cua té
bao do apoptosis hodc hoai tur. Vi vdy, nhu¢m annexin V thuong két hop véi
propidium iodide (PI) dé xac dinh apoptosis sém va mudn. Thong qua phuong phap
nay, nhiing té bao séng khong nhudém véi bat ki loai mau nhuém nao. Té bao biéu
hién apoptosis som bat mau v6i FITC-annexin V, té bao biéu hién apoptosis mudn
bit mau vdi ca FITC-annexin V va PI; té bao chét do hoai tir chi bat mau véi thude
nhudm PI.

Bang 3.7. Ti Ié té bao apoptosis dudi tac dong cia PA6

. % té bao % té bao % té bao
. _ % te bao _ _ _
Mau thi nghiém , apoptosis sém apoptosis hoai tir
song (Q2-3)
(Q2-4) muon (Q2-2)  (Q2-1)

bC 93,42 6,42 0,11 0,06
PA6 (5 pg/mL) 88,86 9,83 1,07 0,23
PAG6 (10 pg/mL) 85,78 13,52 0,50 0,20
PA6 (15 pg/mL) 80,17 15,92 3,26 0,65
Camptothecin 80,61 18,67 0,30 0,41

(0,5 uM)
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Két qua thir nghiém kha ning cam tmg apoptosis ctia hop chat PA6 1én té
bao ung thu phdi A549 khi sir dung phwong phap nhuém véi FITC-annexin V/PI
thé hién & bang 3.7 va hinh 3.20 cho thdy hop chit PAG tai nong do 5 pg/mL, 10
ng/mL va 15 pg/mL thé hién kha ning cam tmg apoptosis ¢ cac giai doan sém va
mudn trong dong té bao A549 sau 24 gid i miu. Két qua nghién ctru chi ra rang hop
chat PA6 lam ting dang ké ti 1& té bao apoptosis va phu thudc ndng do. Cu thé 1a
PAG tai ndng d6 5 pg/mL di cam Gng ting ti 1& t& bao apoptosis sém 1én 9,83% va
apoptotis mudn 1én 1,07% (so véi 6,42% va 0,11%, mot cach twong tng & doi
ching 4m khong 4 mau). Khi ting ndng do hop chat PA6 1én 15 pug/mL thi ti 1é té
bao & giai doan apoptosis som (15,92%), apoptois muodn (3,26%) va té bao hoai tir
(0,65%) déu ting rd rét so v6i ddi chimg am (6,42%:; 0,11%; 0,06%), mot cach
tuong tng. Nhu vay hop chat PA6 thé hién rd kha ning gay chét té bao A549 thong
qua qua trinh apoptosis, dic biét 1a trong giai doan sém apoptosis (dat 15,92%) va
cling c6 tac dong gdy ché té bao theo dang hoai tir, mac du khong dang ké (0,65%).

Céac mau thir dugc phan tich bang hé théng tric luu té bao. Truc x thé hién
muc d6 nhudm mau FITC-Annexin V, truc y thé hién mac d6 nhuém mau PI theo
don vi Log. Q2-1: té bao chét do hoai tir (necrocis) (Annexin V-FITC (-)/P1 (+));
Q2-2: té bao chét do apoptosis giai doan mudn (Annexin V-FITC (+)/PI (+)); Q2-3:
té bao khoe manh (Annexin V-FITC (-)/PI (-)); Q2-4; té bao biéu hién apoptosis
giai doan soém (Annexin V-FITC (+)/PI (-))
3.3.4.3. Nghién ciru hoat tinh cam vung apoptosis thong qua enzyme caspase 3

Qua trinh tu chét cua té bao chu yéu dugc thyc hién béi mdt ho protease
dugc goi 1a caspase. Cac enzyme nay dong mot vai tro thiét yéu trong viéc duy tri
can bang ndi moi théng qua viée didu chinh qua trinh chét va viém cua té bao.
Caspase thuong dugc phan loai theo cic chirc niang da biét ciia ching trong qua
trinh apoptosis (caspase-2, caspase-3, caspase-6, caspase-7, caspase-8, caspase-9 va
caspase-10) va trong bénh viém (caspase-1, caspase-4, caspase-5 va caspase-12) &

nguoi. Cac caspase lién quan dén qua trinh chét cua t€ bao apoptosis da dugc phan
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nhom dya trén vi tri va co ché hoat dong cua chung 1a caspase khoi dau (caspase-8,
caspase-9 va caspase-10) hoac caspase thuc hién (caspase-3, caspase-6, va caspase-7)
[158, 159]. C6 hai con dudng chinh lién quan dén sy cam tUng qué trinh
apoptosisctia té bao 13 con dudng ngoai bao va con duong nodi bao. Con duong
ngoai bao dé cip dén con duodng trung gian théng qua cac thu thé chét “death
receptors” (DRs) va con dudng ndi bao 1a con dudng trung gian ty thé [160, 161].
Ca hai con dudng giy ra su chét té bao bang cach kich hoat caspase. Trong sb do,
caspase-3 1a mot protease gay chét duoc kich hoat thuong xuyén, xtic tic su phan
cit nhiéu protein quan trong cta té bao. Vi viy, caspase-3 duoc coi 1a enzyme quan
trong cho sy cam g apoptosis trong cac té bao. Caspase-3 kich hoat endonuclease
DNAse, 1am rdi loan DNA cua nhiém sic thé bén trong nhan té bao, lam ngung tu
chat nhiém sic va phan manh DNA [150]. Kha ning kich hoat caspase-3 da duoc
danh gia cho hop chat PA6 tai ndng d6 5 uM, 10 uM va 15 uM (Bang 3.8).

Bdng 3.8. Tac dong cia PAG dén kha ning sinh caspase 3 trong té bio A549

(Ty 1é cam tng caspase-3 khi xir Iy PA6 trén dong té bao ung thu phdi
(A549) dat 1,30 lan (5 pM), 2,00 1an (10 pM), 2,59 lan (15 pM); camptothecin dat
3,23 lan; **P<0,01; ***P<0,001)

Mau S6 lan kich thich caspase 3 so Sai so

véi d6i chieng am

PA6 15 pg/mL 2,59 ** 0,26
PA6 10 pg/mL 2,00 *** 0,06
PA6 5 ug/mLM 1,30 0,22
Camptothecin (0,5 pM) 3,23*** 0,06
Poi chieng am 1,00 0,06

Ghi chii: **¥P<0,01; ***P<0,001 so v6i d6i chirmg 4m
Két qua thtr nghiém cho thiy hoat chat PA6 lam ting dang ké hoat do
enzyme caspase-3 so v6i ddi chirng am (P<0,01 va P<0,001) va phu thudc néng do.

Cu thé 1a hoat d6 caspase-3 ting tir 2,00 1an 1én 2,59 1an khi ndng do PA6 ting tir
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10 pM 1én 15 uM. Mirc cam tng ting hoat do caspase -3 ting déu & muc co sai
khac théng ké so v6i d6i chimg (P<0,01 & mic ndong d6 10 pg/mL va P<0,001 &
mirc nong d6 15 pg/mL). Tuy nhién, mirc cam Gng caspase 3 duoc xur Iy bang PA6
& nong do 5 pM giam xudng 1,30 1an, khic biét khong c6 y nghia thong ké so voi
d6i chirmg 4m Diéu nay chi ra ring hoat chat PA6 da kich hoat con dudng caspase
dé cam tng hoat dong ctia qua trinh apoptosis trong cac té bao ung thu phoi (A549)
va sau d6 dan dén sy chét cua té bao.

Tir két qua nghién ctru kha ning cam ung apoptosis thong qua phuong phap
nhudm Hoechst 33342, ki thuat flow cytometry, cam tng caspase-3 cho thiy hop
chat PAG kich hoat qua trinh apoptosis ctia cac té bao A549 va sau d6 dan dén su tc
ché su tang sinh. Pay la mot tac dong madi va chua tirng dugc bao cdo vé hoat tinh
nay cua hoat chat PA6. Qua két qua nghién ctru, ching t6i ghi nhan rang hoat chat
PAG tai nong do 15 pg/mL 1am ting ti 1& té bao co apoptosis sém va mudn cao nhat
tor 9,83% 1lén 15,92% va tu 1,07% 1én 3.26%, mot cach tuong ing. Nhitng két qua
nay da chimg minh tiém ning gy ra qué trinh apoptosis dang cha y ciia hop chat
PAB, dbi voi té bao ung thu phdi dong A549. Bén canh d6, hoat chit PA6 da kich
hoat con duong caspase dé kich hoat qua trinh apoptosis v6i ham luong caspase -3
tang dang ké, gap 2,59 1an so véi doi chirng am. Véi hoat tinh dang chi y nay, PA6
can duoc nghién ctru su hon vé phuong thirc tic dong ¢ mirc phan tir toi cac con
duong truyén tin hiéu trong t& bao dé c6 thé dua 1én nghién ctru tién 1am sang va
lam sang trong tuong lai.

3.4. Két qua danh gia hoat tinh trc ché sinh NO dinh hwéng khang viém va gay
doc té bao ciia cac hop chat phan lap tir loai P. minima

3.4.1. Két qua ddnh gid hoat tinh trc ché NO ciia cdc hop chit phan lap tiv loai
P. minima

Hoat tinh trc ché sinh NO dinh hudng khang viém cua cac hop chat phéan lap
dugc tir loai P. minima duoc dénh gia thong qua mo hinh té bao RAW 264.7 kich
thich boi LPS. Két qua dénh gia hoat tinh @rc ché sinh NO dinh huéng khang viém
clia cac hop chat phan 1ap duoc trinh bay & bang 3.9 dudi day:
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Bdang 3.9. Két qua danh gia hoat tinh wrc ché sy san sinh ra NO trong té bao
RAW 264.7 ctia hop chét phan lap tir P. minima

Stt Tén hop chat Ki hiéu ICso (M)
1 withanolide E PM1 0,15+ 0,02
2 withaperuvin C PM2 > 100
3 45-hydroxywithanolide E PM3 NA
4 28-hydroxywithaperuvin C PM4 > 100
5 physaperuvin G PM5 70,25 £ 2,43
6 4-deoxywithaperuvin PM6 > 100

L-NMMA 7,84 + 0,87

NA: khéng xdc dinh dwoc do gdy chét té bao thir nghiém RAW264.7.

Sau hop chat phan Iap tir P. minima dugc khao sat hoat tinh &c ché sy san
sinh ra NO trong té bao RAW264.7. Két qua thir nghiém da dugc thé hién trong
bang 3.9 cho thay:

Hop chat PM1 thé hién hoat tinh manh nhét véi gia trj ICs 12 0,15 + 0,02
uM, manh hon nhiéu lan so v&i chat ddi chimg duong L-NMMA (ICs, - 7,84 + 0,87
UM). Hop chit PM5 thé hién hoat tinh yéu véi ICsg 14 70,25 + 2,43 pM. Cac hop
chét con lai xem nhu khong c6 hoat tinh do ICsq> 100 uM (PM2, PM4) hoic giy
chét té bao thir nghiém (PM3). Két qua nay cho thay hop chat PM1 c6 hoat tinh
manh nhét va can dugc danh gia sau hon (vi du nhu hoat tinh rc ché PGE2, COX-2
v.v.) dé khang dinh hoat tinh khang viém tiém ning.

Hop chat PM1 ¢6 tac dung tc ché manh sy san sinh NO véi gia tri ICx la
0,15 + 0,02 uM. Tin hi€u cua proton H-6 tai 6y 3.24 (d, J = 2.0 Hz) cung véi gia tri
d6 dich chuyén héa hoc ciia C-5 (3¢ 63.3), C-6 (8¢ 65.1) cho thiy su c6 mit cia
nhoém 5B,6B-epoxy tai vong B. Theo Wu va cong su (2020) cac withanolides c0
nhom 5B, 6B-epoxy cé thé co hoat tinh chdng viém tt hon va gia thiét nay 1 phu
hop véi két qua nghién ctru cua ching t6i [111]. Hop chat PM1 thudc 16p chat

withanolides ma duoc biét dén nhu mot loai hormone thuc vat, c6 thé duge su dung
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thay thé cho hormone sinh 1y ctia con ngudi. Withanolides c6 kha ning diéu chinh
cac hoat dong va cac qua trinh sinh Iy cta co thé. Khi cac hormone thuc vét nay tiép
xac voi té bao, ching s€ lién két 4i luc voi thu thé hoat dong trén mang té bao va
khong cho phép cic hormone ndi mo, cic enzyme sinh 1y v.v. lién két véi cac thy thé
nay dé thuc hién hoat dong chic nang. Vi du nhu enzyme COX-2 bi chiém gilr thy
thé cua nd boi cac cac withanolide khién cho 16p chat nay wrc ché tét hoat dong cua
COX-2 va do vay di thé hién hoat tinh khang viém manh. Withanolides cho thay
tuong tac chon loc véi COX-2 tot hon COX-1. Véi dic tinh nay, cac withanolides
c6 thé 1a nhitng dugc chét tiém ning dé phat trién cac thudc khang viém khong
steroid [162]. Hop chat PM2, PM4, PM6 khong c6 tac dung e ché su san sinh NO
(ICs0> 100 uM). Hop chat PM3 cho thdy doc tinh cao, gay chét té bao thir nghiém
nén khong xac dinh dugc hoat tinh trc ché sinh NO trén mo hinh t& bao RAW 264.7.
NO hoat dong nhu mot chit trung gian gy viém. Do vay, cac chit tc ché san sinh
NO c¢6 thé co tac dung diéu tri chiing viém do su san sinh qua mirc NO [163].

Hop chat PM5 ¢6 tac dung (e ché yéu su san sinh NO véi gia tri ICso kha
cao 1a 70,25 + 2.43 uM. Theo nghién ctru cua tac gia Sang-ngern va cong su (2016),
hop chat PM5 duoc phén lap tir cac bo phan trén mat dat caa loai P. peruviana
khong c6 hoat tinh tc ché NO trong té bao dai thuc bao RAW 264.7 duoc kich hoat
boi LPS. Ngoai ra, hop chat PMS5 ciing khong c6 kha nang tc ché hoat dong cua yéu
t6 TNF-o va NF-kB trén té bao ung thu biéu mé than. Nhiing két qua nay cho thiy
hop chat PM5 c6 thé khong phai la hop chat khang viém tiém nang [133].
3.4.2. Két qud ddnh gid hoat tinh ikc ché mét sé dong té bao ung thw ciia cdc hop
chdt phan lgp tir loai P. minima

Sau hop chit (PM1-PM®6) phan 1ap duoc tir loai P. minima dwoc danh gia
hoat tinh gy ddc cac dong té bao ung thu gan (HepG2), ung thu phoi (SK-LU-1) va
ung thu va (MCF7) theo phuong phap thir hoat tinh gay doc té bao in vitro duoc
trinh bay & muc 2.4.2. Két qua danh gia hoat tinh gay doc té bao cua cac hop chat
duogc trinh bay & bang dudi day:
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Bdng 3.10. Két qua danh gia hoat tinh gay doc té bao cua 6 hop chat phan lap

tr phan doan PMD va PME cua loai P. minima

Stt Tén hop chit Ki ICso (ULM)
hiéu HepG?2 SK-LU-1 MCF7

1 withanolide E PM1 0,051 +0,004 0,056*0,003 0,059+ 0,006
2 withaperuvin C PM2 1950+1.75 14.65+0,82 11,74+1,01
3 4p-hydroxywithanolide E  PM3 0,80+ 0,05 0,86 + 0,09 0,83+0,13
4 28-hydroxywithaperuvinC PM4 >100 >100 >100

5 physaperuvin G PM5 >100 >100 >100

6 4-deoxywithaperuvin PM6 64,44 + 3,93 56,22 +6,22 65,33 +4,06

Etoposide 2,68 + 0,89 3,29+ 0,05 0,38 + 0,02

Két qua danh gia cho thay cac hop chat PM1 va PM3 thé hién hoat tinh gay
doc dong té bao ung thu gan HepG2, ung thu phoi SK-LU-1 va ung thu vii MCF7
rat manh véi gid tri ICso tir 0,051 + 0,004 uM va 0,86 + 0,09 pM, manh gap 3 dén
50 1an so voi @i chimg duong etoposide. Cac hop chiat PM2 va PM6 thé hién hoat
tinh yéu hon voi gia tri ICs tir 11,74 + 1,01 va 65,33 + 4,06 uM. Hai hop chit PM4
va PM5 véi gia tri ICso > 100 pM duge xem nhu khong ¢ hoat tinh gay doc doi
v6i cac dong té bao ung thu thir nghiém. Két qua danh gia hoat tinh gdy doc té bao
cho thay 2 hop chit steroid thudc khung withanolde (PM1, PM3) phén 1ap duoc tir
loai P. minima 1a cac hop cht c¢6 tiém ning va can dugc nghién ciru sdu hon vé co
ché @é dinh huéng tmg dung.

Theo cac két qua nghién ctru da cong bd vé hoat tinh gay doc té bao cua hop
chat PM1 thi hoat tinh nay c6 lién quan dén sy xuat hién nhoém 54,66-epoxy tai
vong B [164]. Theo két qua phan tich ciu tric cta thi hgp chat PM1 c6 mit cia
nhom 54,6-epoxy tai vong B. Pay la nguyén nhan 1y giai cho hop chat PM1 gay
doc manh cho té bao HepG2, SK-LU-1, MCF7 véi ICs lan luot 12 0,051 £ 0,004 uM;
0,056 + 0,003 puM; 0;059 + 0,006 uM. Két qua nay phu hop v6i nghién ctru cua
Nassra va cong su (2017) khi bao cao hop chat PM1 gay doc té bao HepG2, MCFE7
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v6i gia tri ICs thap hon 1 pg/mL [165]. Mit khac, hop chit PM1 d3 duoc ching
minh 1a chat cam ¢ng TRAIL hiéu qua nhat, nhung it doc nhat, trong sé cac
withanolide duoc phan Iap tir chi Physalis. TRAIL 1a mot thanh vién nhém phdi tir
TNF, gy ra quéa trinh apoptosis trong té bao khéi u nhung khéng phai trong té bao
lanh, do d6 mang lai loi ich diéu tri cac khdi u ac tinh khac nhau. PM1 cam tng
tang cuong con dudng ty chét phu thugc vao thu thé bén ngoai thay vi con dudng
noi tai cua ty thé. Tac dung quan trong nhat ctia nd 1 1am giam nhanh chéng protein
yéu t6 rc ché FLICE cua té bao (cFLIP). cFLIP 1a phan tir (rc ché chinh cua qua
trinh apoptosis qua trung gian Fas va TRAIL. N¢ twong dong vdi caspase-8 va
caspase -10 nhung thiéu hoat tinh protease do khong c6 nhém NH; tai vi tri hoat
dong. Nhu vay, cFLIP 1a phan tr quan trong diéu hoa tin hiéu TRAIL va viéc sut
giam hodc nging hoat dong cFLIP c6 thé din dén ting cuong hoat dong ciia qua
trinh tw chét do TRAIL gay ra [166].

S lidu phd 'H va *C-NMR ciia PM2 kha gidng v6i hop chit PM1 ngoai trir
c4c tin hiéu tai khu vuc vong A va vong B boi sy c6 mit cua lién két d6i tai C-4/C-5
va mat di cau ndi epoxy tai C-5/C-6 & PM2. Sy thay thé cac nhom thé da anh hudng
dén hoat tinh gdy doc cua té bao trén 3 dong té bao ung thu thir nghiém HepG2, SK-
LU-1, MCF7 va cho thdy mtc hoat tinh ctia hop chit PM2 yéu hon PM1.

Theo phén tich phd NMR, cdu trac hoa hoc cia PM3 giéng v6i PM1 ngoai
trir su ¢ mit nhiéu hon 1 nhom hydroxy tai C-4 & PM3. Su thay thé nhom thé
trong cau trac 1y giai hoat tinh gy doc trén 3 dong té bao ung thu HepG2, SK-LU-1,
MCF-7 ctia hop chit PM3 yéu hon hop chit PM1 véi gia tri ICs, trong khoang tir
0,80 - 0,86 UM. Theo nghién ctru ciia Zhen-Nan Ye va cong su (2019), hop chét
PM3 gay ra qua trinh bét giit chu ky té bao GO/G1 va cam tng qué trinh apoptosis
qua trung gian caspases, dan dén wc ché sy tang sinh té bao. PM3 trc ché sy biéu
hién cua cac gen muc ti€u c-Myc, Axin2, cyclin D1 va Survivin Wnt trong cac mo
khéi u, ciing nhu cam ung sy phosphoryl hoa Ser33/Ser37/Thr41 cua B-catenin.

PM3 giam sy phat trién cta khdi u, ngan chan tin hiéu Wnt/B-catenin [167].
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Hop chat PM4 khong thé hién hoat tinh trén 3 dong té bao ung thu thu
nghiém. S6 liéu phd NMR thu dugc cia PM4 kha gidng véi hop chat PM2 ngoai
trir cac vi tri C-23, C-24 va C-26. Sy mét di nhom tin hiéu cta 1 nhom methyl (dn
1.99, 3¢ 20.6) & PM4 va thay thé bang céac tin hiéu cua 1 nhém oxymethylene (8
4.19/4.40, 8¢ 61.6) & PM4 cho phép du doan céu truc héa hoc cia PM4 tuong tu
PM2 ngoai trir vi tri C-28 dugc thay thé bang nhom oxymethylene. Didu nay co thé
Iy giai vi sao hop chit PM2 thé hién hoat tinh gy doc trén 3 dong té bao ung thu
HepG2, SK-LU-1 vd MCF-7 con hop chat PM4 khéng thé hién hoat tinh gay doc
trén 3 dong té bao ung thu thir nghiém twong ung.

Hop chat PM5 khong thé hién hoat tinh trén 3 dong té bao ung thu thu
nghiém. Hop chat PM5 lan dau tién duoc phéan 1ap tir loai P. minima. Cac nghién
ctru trude day chua co nghién ctru vé hoat tinh gay doc té bao ctia hop chat nay.

S liéu phdo NMR ciia PM6 khé gidng voi hop chat PM1 ngoai trir cc vi tri
tir C-4 dén C-8 va c6 thé nhing thay d6i ndy 1am giam hoat tinh gay doc té bao cua
PM6 so v6i hop chat PM1. Theo két qua nghién ciru thu dugc thi hoat tinh gy doc té
bao HepG2, SK-LU-1 va MCF-7 ctia PM6 v6i ICsg trong khoang 1a 56,22 — 65,33 uM,
da thap hon so v6i hoat chat PM1.
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KET LUAN VA KIEN NGHI
KET LUAN

1. Pa sang loc cac hoat tinh khang viém va khang ung thu tir cic cao chiét
cua 02 loai P. angulata va P. minima thudc chi Physalis ¢ Viét Nam.

- Péi voi loai P. angulata thi cao chiét PAD c6 hoat tinh trc ché san sinh NO
va hoat tinh gay ddc té bao ung thu manh nhét.

- D6i v6i loai P. minima thi cao chiét PMD, PME ¢4 hoat tinh trc ché sén sinh
NO va hoat tinh gay doc té bao ung thu manh hon so véi cac cao PMW va cao chiét
téng PM.

2. Pa phén 1ap va xéac dinh ciu trac hoa hoc cta cac hop chat phan lap dugc
tir cac dich chiét tiém ning cua 02 loai P. angulata va P. minima thudc chi Physalis
6 Viét Nam.

- Tr mau loai P. angulata da phan 1ap va xac dinh duoc cAu tric hoéa hoc cua
15 hop chat méi trong d6 c6 03 hop chat méi, lan dau tién dugc ghi nhéan la:
physalucoside A (PA1), physagulin P (PA6), physagulin Q (PA12).

- Tir mAu loai P. minima da phan lap va xac dinh dugc cau tric hoa hoc ctia 06
hop chat trong d6 c6 01 hop chét 1an dau tién duoc phan 1ap tir chi Physalis 1a 4-
deoxywithaperuvin (PM6) va 05 hop chét lan dau tién dugc phan 1ap tir loai P.minima
gdm: 1a withanolide E (PM1), withaperuvin C (PM2), 4p-hydroxywithanolide E
(PM3), 28-hydroxywithaperuvin C (PM4), physaperuvin G (PM5).

3. B3 danh gia hoat tinh trc ché san sinh NO cua cac hop chat phan 1ap duoc
tur loai P. angulata va P. minima.

- Céc hop chat physagulin B (PA9), physagulide Q (PA10), (20S, 22R)-15a-
acetoxy-5a-chloro-64,144-dihydroxy-1-oxowitha-2,24-dienonide (PA11), physalin F
(PA13), physalin B (PA14) c6 tac dung e ché rat manh sy san sinh ra NO trong té
bao RAW 264.7. Hai hop hop chét physalin F (PA13), physalin B (PA14) cho thay
rd hoat tinh khang viém khi lam giam sy biéu hién cua cac protein iNOS va COX-2.

- Hop chét withanolide E (PM1) thé hién hoat tinh ¢ ché san sinh NO
manh nhat v6i ICso= 0,15 + 0,02 uM. Céc hop cht con lai chwa thé hién hoat tinh

can nghién cuu.
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4. D3 danh gia hoat tinh gy doc té bao cua cac hop chét phan 1ap tir loai P.
angulata va P. minima. Két qua nhu sau:

- Hop chét (20S,22R)-15a-acetoxy-5a-chloro-6p,14p-dihydroxy-1-oxowitha-
2,24-dienonide (PA11), physalin F (PA13), physalin B (PA14) thé hién hoat tinh
gy ddc rat manh trén dong té bao ung thu phdi (A549) (ICs, tir 0,68 dén 1,03 pM).
Hop chat PA13 c6 tac dung gay doc manh nhat trén dong té bao ung thu ¢ tir cung
(HeLa) v6i ICso= 0,23 + 0,03 uM. Céc hop chat Withaminimine (PA3), physagulin P
(PAG6), physagulin L (PA7), physagulin M (PAS8), (20S,22R)-15a-acetoxy-5a-
chloro-64,14p-dihydroxy-1-oxowitha-2,24-dienonide (PA1l), physalin B (PA14)
thé hién hoat tinh gay doc dang ké doi voi dong té bao ung thu tuy (PANC-1) véi
ICs tir 3,18 dén 34,06 UM. Céc hop chat con lai chua cho thay hoat tinh ¢ nong do
nghién curu.

- Hop chét méi physagulin P (PAB6) cho thiy hoat tinh cam tmg apotosis trén
dong té bao ung thu phoi (A549) thong qua kha ning gay ra su cd dic/phan manh
nhan té bao, kich hoat caspase-3, ting ty 18 t& bao apoptosis sdm, apoptosis mudn va
hoai tur.

- Hai hop chat withanolide E (PM1) va 4B-hydroxywithanolide E (PM3) thé
hién hoat tinh gay ddc rat manh trén dong té bao ung thu gan (HepG?2), ung thu phoi
(SK-LU-1) va ung thu vii (MCF7) vai gia tri ICgq tir 0,051 dén 0,86 uM. Céc hop

chét con lai chua cho thay hoat tinh & néng d6 nghién ctru..

KIEN NGHI

Tir cac két qua nghién ctru d3 thu duoc cua cac hop chat phan lap tir hai loai
thue vat P. angulata va P. minima, chung t6i kién nghi:

- Hop chét physagulin P (PAG) 1 hop chat méi day tiém ning trong viéc nghién
clru va phat trién thude diéu tri ung thu phoi (A549) va ung thu tuy (PANC-1). Vi
vdy, can c6 nhitng nghién ctru sdu hon dé tim hiéu co ché tac dong & mirc phan tir ciia
hai hop chat nay nham dinh hudng ing dung 1am sang.

- Hop chat withanolide E (PM1) cho thay hoat tinh khang viém tiém ning
khi &rc ché manh sy san sinh NO va can dugc danh gia thém cac tdc dong khang
viém thong qua kha ning trc ché cac cytokine tién viém (TNF-a, IL-6), cytokine
viém (PGE-2) hay enzyme COX-2 v.v. d¢ khang dinh
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NHUNG PONG GOP MOI CUA LUAN AN

1. Lan dau tién phan 13p va xéac dinh dugc ciu tric hoa hoc cua ba hop chét
moi tir loai Physalis angulata la physalucoside A (PA1), physagulin P (PAG),
physagulin Q (PA12). Tir loai Physalis minima phan b ¢ Viét Nam da thu duoc 01
hop chét ma 1an ddu tién phén 14p tir chi Physalis 1a 4-deoxywithaperuvin (PMB6).

2. Lan dau tién danh gi4 hoat tinh gdy doc té bao véi 6 dong té bao ung thu va
dinh huéng hoat tinh khang viém thong qua kha ning wc ché sy san sinh NO trong
té bao RAW 264.7 ciia 21 hop chat tir 2 loai P. angulata va P. minima.

3. Lan dau tién xac dinh duoc 2 hop chat Physalin F (PA13) va physalin B
(PA14) phan 1ap tir loai P. angulata c hoat tinh (¢ ché enzyme gay viém iNOS va
COX-2

4. Lan dau tién hop chat moi physagulin P (PA6) duoc xac dinh va ghi nhan
tac dong kich hoat apoptosis trong té bao ung thu phéi dong A549.
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PHU LUC 22. KET QUA GIAM PINH TEN KHOA HQC

CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap — Ty do — Hanh phic

Fk %

KET QUA GIAM PINH TEN KHOA HQC

Kinh giri: ThS. Pham Thi Hai Yén
Truong Pai hoe Van hoa Thé thao Du lich Thanh Héa

Chuing t6i nhan dugc dé nghi giam dinh tén khoa hoc cho mau tiéu ban cta ThS.

Pham Thi Hai Yén, Truong Dai hoc Van héa Thé thao Du lich Thanh Hoa, vao ngay /
/2021. Chung tdi d tién hanh giam dinh

Ngudi giam dinh: TS. Tran Thi Phuong Anh
Noi cong tac: Hoc vién Khoa hoc va Cong nghé.
Cic thong tin vé miu vat:

Mau vt mang s6 hiéu Sol-01. Noi thu mau: Huyén Tién Hai va huyén Pong Hung,

tinh Théi Binh, ngay thu hai: 20/08/2015, ngudi thu hdi: ThS. P4 Thanh Tuén

Mau vét mang sb hiéu Sol-02 Noi thu mau: Huyén Nam Déng, tinh Thira Thién Hué,

ngay thu hai: 10/09/2018, ngudi thu héi: ThS. Lé Tudn Anh va ThS. Pham Thi Hai Yén.

Cac mau tiéu ban khd, c6 du tiéu chuén dé dinh loai bao g(“)m co quan sinh san (hoa)

va co quan sinh dudng (canh, 14, ré) va cac thong tin ghi chép dugc tai thuc dia.

Két qua giam dinh tén khoa hoc:
Mau hiéu Sol-01 la loai Tam bép (Physalis angulata L.) va Mau hiéu Sol-02 1a loai

Thu It nhé (Physalis minima L.), thudc ho Ca (Solanaceae)

Xin tran trong kinh gtri thong tin gidm dinh.
Ha N¢i, ngay  thdng ndm 2021

X4c nhan Hoc vién Khoa hoc va €£€6ng nghé Nguwoi giam dinh
KT. GIAM bOC -
____PHO GIAMPOC ,/
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TS. Tran Thi Phwong Anh
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