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MO PAU

1. TINH CAP THIET CUA DE TAI

Gido cb lam (Gynostemma pentaphyllum (Thunb.) Makino) 1a mot
loai dugc li€u quy thudc ho Bau bi (Cucurbitaceae), phan bd rong rai tai
Trung Qudc, Nhat Ban, Han Quéc va cac quc gia Pong Nam A, trong d6
c6 Viét Nam. Cay Gido ¢6 lam c6 thdn manh c6 kha nang bo hodc leo, co
nhiéu tac dung duogc 1y va dugc ghi nhan vai cac hoat tinh bao vé gan, chéng
khdi u, chdng viém, ciing nhu duy tri cin bang dudng huyét va lipid mau.
La thanh phan hoat tinh chinh cta cdy Giao ¢ lam, cac gypenoside thé hién
céu trac dic trung kiéu dammaran ciia nhom tetracyclic triterpen. O thuc vat
béc cao, cac triterpen saponin 1a nhimg hop chit chuyén hoa thir cip thudc
nhom isoprenoid. So v6i Panax ginseng, ciy Giao ¢d lam khong chi tao ra
luong triterpen saponin cao gap gan nam lan ma con c6 toc do sinh trudng
nhanh hon. Do d6, Gigo ¢6 lam dwuoc xem nhu mot ngudn thay thé kinh té
dé san xuat ginsenosid trong tuong lai.

Do ¢6 vai tro tuong tu nhan sdm, trong khi qué trinh trong dé hon
va thoi gian thu hoach ngén hon so v6i nhan sdm, nén Gido c¢6 lam duoc xem
1a nguon dugc liéu thay thé nhan sam day trién vong. Tuy nhién, nguon Giao
cd lam trong tu nhién di va dang bi khai thac qua muc din dén khan hiém.
Theo sach dé Viét Nam nam 2007, Giao ¢ lam duoc xép vao nhém nguy
cap (EN Ala, ¢, d).

Viéc nghién ctru dé tao ra ngudn nguyén liéu in vitro thay thé cay
Gi4o c6 lam ty nhién 14 can thiét. Nudi cay huyén phu té bao dugc xem 1a
giai phap hiéu qua va da dugc ap dung thanh cong trén nhidu dbi trong khac
nhau, nguyén liéu dé nudi ciy huyén phu chinh 1 callus. Nudi cdy té bao
huyén phu ¢6 nhiéu loi thé hon so véi khai thac cay tu nhién nhu san xuét
cac hop chét thir cip c6 hoat tinh sinh hoc cao, chii dong trong cung cap
nguyén liéu, khong bi nhidm ban béi thude trir sau, thude diét co, can it dién
tich san xudt, ... . Mot s6 tac gia trén thé giéi da nghién ctru nudi cy callus
ciy Giao c6 lam nhu Jala va cs (2012) hay Ao va cs (1998), tuy nhién, cac
budc tiép theo vé nudi ciy huyén phu té bao ciy nay chua duge thuc hién.

Trong tu nhién, thuc vat san xuét cac hop chét thir cép dé chéng lai
cac yéu to gay bénh. Elicitor kich thich qu4 trinh hinh thanh cac hop chit



thir cip, bd sung elicitor vao méi trudng nudi cdy 1a phuong thire dé thu duogc
céc san pham hop chét thir cAp mot cach hiéu qua nhat. Do d6, viéc nudi cdy
té bao cay Gido cd lam c6 sir dung elicitor dé thu nhan gypenoside hira hen
s€ mang lai hi€u qua cao, thay thé dan cho viéc khai thac cay Gido ¢ lam tu
nhién.

Xuét phat tir nhitng 1y do thyc tién trén, chiing toi tién hanh d¢ tai:
“Nghién ciru thu nhin va xdc dinh hoat tinh ciia Gypenoside tir nuéi cdy
té bao cdy gido cé lam (Gynostemma pentaphyllum (Thunb.) Makino)”.
2. MUC TIEU CUA NGHIEN CUU

Xay dung dugc quy trinh san xuit va thu nhan gypenoside tir nudi
cy té bao huyén phu cdy Giao cb lam (Gynostemma pentaphyllum (Thunb.)
Makino)
3.POI TUQONG VA PHAM VI NGHIEN CUU

Po6i twong nghién ciru: Ciy Gido c6 lam 5 1a (Gynostemma
pentaphyllum (Thunb) Makino)

Pham vi nghién ciru

- Pham vi thoi gian: tir thang 3/2021 dén thang 9/2025.

- Pham vi d6i tuong: té bao huyén phu cac gypenoside ciy giao co
lam, cac dong té bao ung thu, tinh hoan chudt.

- Pham vi khong gian: Vién Cong nghé sinh hoc, Pai hoc Hué;
Truong Pai hoc Y Dugc, Pai hoc Hué; Vién Cong nghé sinh hoc, Vién Han
Lam khoa hoc Viét Nam.

4. NOI DUNG NGHIEN CUU

Noi dung 1: Nghién ciru anh hudng cia diéu kién nudi cdy 1én qua
trinh tich lily gypenoside trong té bao huyén phu.

Noi dung 2: Nghién ctru anh hudng ctia cac elicitor trong viéc tang
cuong kha ning san xuat gypenoside tir nudi cdy huyén phu.

Noi dung 3: Nghién ctru qua trinh thu nhan va thir nghi€ém hoat tinh
clia gypenoside tir té bao huyén phu.

5. Y NGHIA KHOA HQC VA THUC TIEN CUA DE TAI

Y nghia khoa hoc: Két qua nghlen clru cua dé tai s& cung cap dan
liéu khoa hoc méi vé kha ning san xuét gypen051de thong qua nu01 cay
huyén phu cay Giao c¢b lam c6 xir 1y elicitor. Cung cap dir liéu vé muc do



phién ma cua cac gen tham gia vao chu trinh sinh tdng hop gypenoside trong
té bao huyén phu, kha ning khang té bao ung thu ctia gypenoside.

Y nghia thye tién: Lam ngudn thong tin, tai liéu tham khao gia tri
cho viéc tmg dung k¥ thuat nudi cy huyén phu té bao, phan tich biéu hién
gen, danh gia hoat tinh cta gypenoside trén cac dong té bao ung thu.

6. NHUNG PONG GOP MOI CUA LUAN AN

Xay dung dugc quy trinh nudi cdy té bao huyén phu ciy Giao cd
lam. trong binh tam giac v&i moi truong long MS bo sung 2,0 mg/L KIN va
0,5 mg/L IBA, ty 1&¢ mau 3 g/50 mL mai trudng, trén may lic toc do lac 120
vong/phut.

San xuit gypenoside thong qua nudi cdy té bao huyén phu co sir
dung elicitor. Khi st dung elicitor don 1€ thi ham lugng gypenoside dat cao
nhit 14 79,721 mg/g kho khi xir Iy v6i 100 uM SA sau 6 ngdy nudi ciy, gap
khoang 2 1an mau ty nhién. Sir dung phdi hop ecicitor thi két qua toi uu nhét
khi két hop dong thoi ca ba loai elicitor cu thé 13: MeJA (50 pM), SA (100
uM) va YE (3 g/L), ham lugng gypenoside thu dugc cao nhét dat 103,810
mg/g kho va ham luong Rb1 dat gia tri cao nhat 1a 0,127 mg/g kho.

ba danh gia dugc mirc d6 phién ma cua 12 gene tham gia vao qua
trinh sinh tong hop gypenoside trong té bao huyén phii cay Giao c6 lam dudi
anh huong cta cac loai elicitor khac nhau. Gene CYP8648 tang 8,25 lan,
gene CYP94A41 ting 10,01 1an va gene CYP89A2 ting 11,14 1an so véi doi
chimg khi duoc xir Iy MeJA. Gene UGT73B4 phién ma manh nhét khi xir Iy
SYM, ting 15,35 lan so voi dbi chimg.

Panh ga duoc kha ning bao vé té bao tinh hoan chudt cia cao chiét
té bao cay Gido c6 lam. Cao chiét té bao huyén phu Giao c¢6 lam c6 kha ning
bao vé té bao tinh hoan, ting kha ning sinh tinh va ndng do testosterone
trong méu chudt xu ly nhiét.

CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. VAT LIEU NGHIEN CUU

- Pbi twong nghién ciru: Ciy Giao ¢ lam 5 14 (Gynostemma
pentaphyllum (Thunb) Makino)



Vit liéu nghién ciru:

- Té bao huyén phu cay Giao c6 lam

- Gypenoside c6 ngudn gbc tir té bao huyén phu

- Cac dong té bao ung thu gan (HepG2, Huh7), ung thu phdi (A549),
va té bao ung thu bach cau (HL-60).

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Nudi cy callus

Callus dugc nudi cdy duy tri trén méi truong MS co ban c6 chira 3%
duong sucrose, 0,8% agar, bd sung 2,0 mg/L kinetin (KIN) va 0,5 mg/L
indole-3-butyric acid (IBA), pH 5,8.

2.2.2. Nudi ciy té bao huyén phu
2.2.2.1. Xay dwng dwong cong sinh truong va tich liiy gypenoside

Té bao huyén pht dugc nudi trong cac binh tam giac 250 mL chira
50 mL méi truong 16ng ¢6 thanh phan gidng nhu méi trudng nudi cdy callus
t6t nhat (khong c6 agar). Sinh khéi té bao duogc thu sau mdi 2 ngay nudi cay
dé xac dinh khéi lugng tuoi va khéi lugng kho.
2.2.2.2. Xdc dinh ham lwong gypenoside

Tach chiét gypenoside: Dé xac dinh ham luong gypenoside trong
mau, té bao dugc sdy khd & 50°C dén khdi lugng khong doi va tach chiét
trong dung moi methanol 80% cd sir dung si€u am & 40°C.

Xac dinh ham luong gypenoside: Ham luong gypenoside dugc xac
dinh bang phan mg mau véi vanillin. Phan tng so mau duoc thyc hién trén
may quang phd & budc song 544 nm.

Xac dinh ham Iluong RbI: HPLC dugc thuc hién trén hé théng
Alliance E2695 v6i ¢ot Symmetry®C18 (4,6 mm x 250 mm % 5 mm). Pha
dong bao gdm nudc va acetonitrile (34%) trong thoi gian 20 phut, nhiét do
chay 30°C, toc do dong 0,8 ml/phut, thé tich chay 20 uL.
2.2.2.3. Anh hwéng ciia méi trwong va diéu kién nudi cdy 1én sinh truéng
ciia té bao

- Chat diéu hoa sinh truéng: phdi hop giita cytokinin (BAP va KIN)
va auxin (IBA)

- Nguén carbon: sucrose, glucose, fructose, galactose, lactose va
glycerol

- C& mau: cac ¢ mau ban dau khac nhau tir 4-8%



- Tbc d6 lac: toc do lac khac nhau (100, 120 va 150 vong/phut).
2.2.2.4. Thir nghiém nuéi cdy trong bioreactor

Hé héng LiFlux GX (Hanil, Han Qudc), thé tich nudi cdy 6 lit, ty 1¢
tiép gidng 10% (v/v), toc do khudy 150 vong/phut, cac thong sé khac dugc
cai dat mac dinh.
2.2.3. X ly elicitor
2.2.3.1. Chudn bi elicitor

Cac elicitor bao gém MelJA, SA, YE va sinh khéi nAm Fusarium
(Fox) dugc st dung cho nghién ctru nay.
2.2.3.2. Khdo sdt anh hwéng ciia nong dp elicitor

Anh hudng cua ndng do cac elicitor dugc déanh gia bang cach bd
sung riéng 1¢ vao mdi truong voi cac ndng do khac nhau tai thoi diém bat
dau nudi cdy. Trong do, MeJA va SA c6 ndng do tir 25-200 uM, YE va Fox
tir 1-5 g/L. Ddi ching 1a cong thirc khong bd sung elicitor.
2.2.3.3. Khdo sdt anh hwéng ciia thoi diém bé sung elicitor

Elicitor dugc bd sung vao mdi truong & thoi diém tir 3-15 ngdy nudi
cdy. Pdi chung 1a cong thirc bo sung elicitor tai thoi diém ban dau.
2.2.4. Xac dinh diic diém cia mdt sé gen CYP va UGT
2.2.4.1. Tdach chiét DNA tong s6 va khuéch dai gen

DNA tong s6 duoc tach chiét tir mau 1a cdy in vitro bang kit
TopPURE Plant DNA Extraction Kit (ABT, Viét Nam). Phan ttng PCR dugc
thuc hién voi DNA tong s6 1a khuon mau, sir dung 12 cip mdi di duoc cong
b boi Zhang va cs (2021).
2.2.4.2. Phén tich trinh tu gen va xdy dung cdy phdt sinh

Trinh ty nucleotide cua san phém PCR dai dién cho 2 nhém CYP va
UGT duoc phan tich truc tiép bang phuong phap Sanger.
2.2.4.3. Dy dodn dic diém va chirc ning ciia enzyme

Dic diém va chirc ning cua enzyme dai dién cho 2 nhém CYP va
UGT dugc du doan br:ing cac cong cu tin sinh hoc.
2.2.5. Xac dinh mirc d§ phién ma ciia cac gen CYP va UGT
2.2.5.1. Tach chiét RNA tong sé va tong hop sgi cDNA thir nhit

RNA tong sé ctia té bao duoc tach chiét bang kit GeneJET Plant RNA

Purification Kit (Thermo Scientific, M¥). Phan tng tong hop soi cDNA thi
nhét bang kit First Strand cDNA Synthesis (#K1612, Fermentas) theo huéng



dan cua nha san xuat.
2.2.5.2. Phén tich realtime-PCR

Pé danh gia mac d6 phién mi cua cac gen CYP va UGT, chung toi
tién hanh phan ung realtime PCR véi cdp mdi dic hiéu cla gen nay, st dung
n6i ddi chimg (control - house keeping gen) 1a 18sRNA.
2.2.6. Chuén bi ché phim gypenoside
2.2.6.1. Chudn bi cao chiét Gido cé lam

Sau khi tach chiét, dich chiét duoc dé bay hoi dén khéi lwong khong
ddi, cao chiét dugc tai hoa tan dén céac néng do nhét dinh.
2.2.6.2. Tinh ché gypenoside

Quy trinh tach chiét dugc thuc hién theo theo Liang va cs (2014) ¢6
diéu chinh phu hop véi diéu kién phong thi nghiém.

2.2.7. Thir nghi¢m kha ning irc ché té bao ung thw
Phan tich dic tinh té bao bang nhugm Sulforhodamine B (SRB)

Phuong phap nhudm sulforhodamine B dugc thuc hién theo
Vajrabhaya va cs (2018).

Phdn tich Tetrazolium (MTT)

Anh huéng cua cao chiét Giao c6 lam 1én sy sinh trudng va phat
trién ctia té bao ung thu bach cdu HL-60 duoc xac dinh bang phan tich MMT.
2.2.8. Thir nghiém kha ning bao vé€ tinh hoan chugt

Chudt duge phan bd ngéu nhién: nhom chimg 10 con chudt duge xir
1y v6i nhiét do 25°C, nhém stress nhiét 40°C (H40) gém 10 con chudt duoc
xtr 1y v6i nhiét do 40°C, nhom stress nhiét 40°C udng dich chiét Giao cd lam
ty nhién 200 mg/kg (H40+N) va nhom stress nhiét 40°C udng dich chiét té
bao huyén phu Giao c6 lam 200 mg/kg (H40+CS).

Phuwong phap xwe ly stress nhiét

Madi 1an 10 phut, 2 1an mdi ngay cach nhau 10 phat va 6 ngay moi
tudn (nghi Cha Nhat) trong 5 tudn lién tiép.
Phurong phdp xdc dinh nong dé testosterone

Huyét twrong dugc dung dé xac dinh ndng do testosterone bang
phuong phap ELISA sir dung may xét nghiém mién dich tu dong Cobas e411
(ROCHE).

Nhupm Hematoxylin va Eosin (H&E)
K§ thuat nhuém Hematoxylin va Eosin dugc tién hanh gdm cac



budc theo hudng din quy trinh k¥ thuét giai phiu bénh-té bao hoc ciia B6 Y
té.
2.2.9. Xir ly théng ké

Céc thi nghiém nudi cdy dugc b tri ngiu nhién, mdi thi nghiém dugc
lap lai 3 1an. Két qua thi nghiém dugc tinh trung binh va phan tich ANOVA
bang Duncan’s test v6i p<0,05 st dung phan mém SPSS ver 20.0./.

CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. ANH HUONG CUA PIEU KIEN NUOI CAY LEN QUA TRINH
TiCH LUY GYPENOSIDE TRONG TE BAO HUYEN PHU
3.1.1. X4y dung dwong cong sinh trwéng va tich lily gypenoside

Tir khi bit ddu nudi cdy dén giai doan 10 ngay, té bio sinh truong
rat it, chi tang tir 2 g 1én 2,280 g. Sau d6, sinh khdi té bao tang lién tuc tir 10
ngay dén 20 ngay nudi cdy, sinh khdi cao nhét dat 3,780 g twoi/binh, tuong
g voi 0,087 g khd/binh véi chi sb sinh trudng 13 1,89 sau 20 ngay nudi cay
(Hinh 3.1). Sau khi dat dinh, sinh khéi té bao giam lién tuc, dén ngay thu 24
chi thu dugc 3,010 g tuoi (0,059 g khd) voi chi sb sinh truong la 1,51.
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Hinh 3.1. Puong cong sinh truéng ciia té bao huyén phu

So véi sinh trudng cua té bao, su tich lity gypenoside trong té bao

Gido 6 lam dat cuc dai s6m hon tir 2-4 ngay. Kha ning tich liiy gypenoside
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trong té bao ting dan tir ngay thtr 10 dén ngay thir 16, 6n dinh trong khoang
ngay 16-18 sau d6 giam dan tir ngay thir 20. Ham luong gypenoside thu duoc
cao nhét 1a 42,122 mg/g vio ngay thir 18 (sai khac khong co y nghia thong
ké so voi ngay thir 16) (Bang 3.1). Trong khi do, ham luong Rb1 thu duoc
cao nhét roi vao khoang ngay thir 18-20 (khoang 0,05 mg/g kho), cham hon
so vdi tich lily gypenoside tong sé khoang 2 ngay.

Bang 3.1. Anh huéng ciia thoi gian nudi ciy 1én sinh truéng va tich liy

gypenoside

Thoi gian nudi cdy Gypenoside (mg/g Rbl (mg/g khd)
(ngay) kho)

10 28,291¢ 0,010¢
12 30,343¢ 0,011¢
14 36,210° 0,012¢
16 41,3212 0,022¢
18 42,122* 0,049°
20 34,100¢ 0,050
22 25,510¢ 0,041°
24 24,0814 0,024¢

Trén co s& su tich liy sinh khoi tuoi, sinh khoi kho, ham lugng
gypenoside tong s6 ciing nhu Rb1, chung t6i chon 18 ngay lam thoi diém
thu nhén té bao, vira dam bao thu dugc sinh khéi 16n vira thu duoc ham luong
céc hop chét cao.
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Hinh 3.2. Phé HPLC miu té bao



Nhu véy, su sinh tdng hop gypenoside noi chung va Rbl néi riéng
da dién ra trong té bao huyén phu ciy Giao c6 lam, trong d6 ham lwong
gypenoside 1an Rb1 trong té bao déu cao hon so véi callus, tuong dwong voi
mau than nhung van thdp hon mau 14 tuy nhién.

3.1.2. Anh huwéng ciia mdi trwong nudi cdy lén qua trinh tich liy
gypenoside trong té bao huyén phu
3.1.2.1. Anh hwéng ciia phoi hop cdc chit diéu hoa sinh truéng

Vé sinh khéi, c6 2 méi truong cho sinh khdi cao nhét sau 18 ngay
nudi cay, do 1a moi trudng bd sung 2,5 mg/L BAP két hop véi 0,5 mg/L IBA
(sinh khdi tuoi dat 3,501 g/binh) va méi trudng chira 2 mg/L KIN két hop
0,5 mg/L IBA (sinh khdi tuoi dat 3,693 g/binh). Cac méi truong con lai déu
cho hiéu qua thap hon.

Dbi véi qua trinh tich lily gypenosdie, cac méi trudng chira KIN va
IBA c6 hi¢u qua tich liy cao hon cac méi truong chua BAP va IBA, trong
d6 nong do KIN tir 1,5-2 mg/L cho hiéu quid cao nhdt (40-41 mg
gypenoside/g kho), ham luong Rb1 cao nhit thu duge ¢ méi trudng chira 2
mg/L KIN két hop 0,5 mg/L IBA (0,041 mg/g kho).

Bang 3.2. Anh huwéng ciia BAP hoiic KIN két hop véi 0,5 mg/L IBA 1én
sinh trudéng va tich liiy gypenoside

BAP KIN Khoi Khoi Gypenoside Rbl
(mg/L) (mg/L) lwgng lwgng kh6 (mg/g khd) (mg/g
twoi (g/binh) khd)
(g/binh)
1 - 3,203° 0,149 26,3607 0,025¢
1,5 - 2,822¢ 0,120¢ 34,601 0,043°
- 2,997% 0,138° 34,932° 0,049°
2,5 - 3,501° 0,161 35,850P 0,048
3 - 2,732° 0,113 25,0534 0,019°
- 1 2,573 0,121¢ 23,2874 0,025¢
- 1,5 2,860° 0,118° 40,900 0,034°
- 2 3,693¢ 0,157 40,240 0,041°
- 2,5 3,274 0,144 31,733¢ 0,032¢
- 3 2,369¢ 0,095¢ 24,190¢ 0,013f




3.1.2.2. Anh hwéng ciia nguon carbon
Két qua trinh bay ¢ bang 3.3 cho thay sucrose vin 1a nguon carbon
t6t nhit cho sinh truong (3,641 g twoi/binh) va tich lily gypenoside cua té
bao (39,845 mg gypenoside/ g khd), tiép theo 1a glucose. O tat ca cac ngudn
carbon khac, té bao déu sinh trudng va tich lity gypenoside khong tdt bang.
Biang 3.3. Anh hwéng ctia ngudn carbon 1én sinh trwéng va tich liy
gypenoside
Nguon  Khdéilwong  Khdilwong Gypenoside Rbl (mg/g
Carbon  twoi (g/binh)  kho (g/binh) (mg/g kho) Kkho)

Sucrose 3,641 0,157* 39,845? 0,037°
Glucose 3,247° 0,106° 22,3494 0,031°
Fructose  2,383°¢ 0,095° 27,862° 0,030°
Galactose 2,795¢ 0,114° 15,033¢ 0,034°
Lactose 2,311¢ 0,091° 31,397° 0,034°
Glycerol  2,471¢ 0,094° 29,905% 0,031°

3.1.3. Anh huéng ciia cic diéu kién nudi cdy Ién tich liy gypenoside
trong té bao huyén phu
3.1.3.1. Anh hwéng ciia ty Ié tiép giong
V6i lwong mau nudi cdy ban dau 1a 3 g, qua trinh nudi cdy cho hiéu
qua cao nhét, kha ning sinh truéng cua té bao tot (khdi lugng tuoi dat 5,392
g/binh) va tich Ity gypenoside cao (46,498 mg/g kho).
Bang 3.4. Anh huwdng ciia ¢& mau nudi ciy Ién sinh truwdng va tich liiy

gypenoside
Lwong mau Kh(_n lugng Kh? Hwgng Gypenoside Rb1 (mg/g
nubi cly (g "0 kho (mg/g khd)  khd)
(g/binh) (g/binh)
2 3,661° 0,082° 42,876° 0,049°
3 5,3922 0,128 46,498 0,038°
4 5,430 0,130 34,520°¢ 0,021¢

10



3.1.3.2. Anh hwéng ciia téc dé lic
Trong thi nghiém ctia ching t6i, tbc do lic 120 vong/phiit van cho
két qua tét nhét, cac tbe d6 lac cao hon hay thap hon déu khong cho két qua
t6t bang.
Bang 3.5. Anh hwéng ciia toc dd lic 1én sinh truéng va tich liy

gypenoside
Toc @6 lic  Khoi Khoi Rb1 ]
. " Gypenoside
(rpm) lwgng twoi  luwgng khé (mg/g (mg/g kho)
(¢/binh)  (g/binh)  khd) g8

100 3,462 0,066 - 13,542

120 5,430° 0,131 0,039 46,870°

150 4,521° 0,049° 0,022° 38,041°

3.1.4. Thir nghiém nudi cy té bao trong bioreactor

Trong 10 ngay dau cua qua trinh nudi cdy, sinh khi tuoi cua té bao
tang cham, chi dat 38,860 g trong khi khdi luong dau vao khoang 37,221 g.
Sau qué trinh thich nghi ban dau, sinh khdi té bao ting nhanh trong nhimng
ngay tiép theo, tir 38,860-45,611 g (1,341 - 1,792 g sinh khdi kho); trong d6
sinh khoi dat dinh ¢ ngay thr 18.
3.2. ANH HUONG CUA ELICITOR TRONG TANG CUONG KHA
NANG SAN XUAT GYPENOSIDE TU NUOI CAY HUYEN PHU
3.2.1. Anh huwéng ciia ndng dd elicitor 1én sinh trwéng va tich liy
gypenoside trong té bao

Két qua trinh bay & bang 3.7 cho thiy tét ca cic nong do MeJA déu
trc ché su sinh trudng cua té bao, sinh khdi kho dao dong tir 0,063 dén 0,118
g/binh (dbi chimg 0,190 g/binh). So véi dbi chimg, ham lwong gypenoside
tang 1én khi bo sung 25-100 pM MeJA, cao nhat khi b6 sung 50 uM (58,116
mg/g chét kho). Té bao duoc xtr Iy SA ¢6 su tich liy sinh khdi giam, ham
luong gypenoside thu dugc cao nhat khi xir Iy 100 pM SA (76,809 mg/g chit
kho), cao gép khoang 1,52 14n so véi ddi chimg khong xir 1y kich khang.

Két qua trinh bay & bang 3.8 cho thay YE la elicitor t6t nhat khi bo
sung vao thoi diém nudi cdy ban dau. Ham luong gypenoside tich liy cao
nhit khi 3 g/L YE duoc bd sung vao méi trudng nudi ciy (73,767 mg/g chét
kho), cao gap khoang 1,46 1an so voi dbi ching.
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Bang 3.7. Anh hudng ciia MeJA va SA 1én sinh truéng va tich liiy

gypenoside
Nong  Elicitor Khdi Khdi Gypenoside Rbl
do lwong lwong (mg/g khd) (mg/g
(mM) twoi (g) kho (g) kho)
0 - 5,732% 0,190* 50,545¢ 0,048¢d
55 MelJA 5,043b¢d 0,165% 54,546 0,052b¢d
SA 5,763* 0,204* 58,475 0,060°
50 MelJA 5,003 0,163 58,116 0,0530
SA 5,456 0,163% 63,980° 0,062°
100 MelA 4,876 0,094% 53,617 0,0414%
SA 5,187%¢ 0,141¢ 76,809* 0,075%
150 MeJA 4,854bde (,088% 32,552¢ 0,037°
SA 4,659¢d 0,107¢ 32,100¢ 0,061°
200 MelJA 4,472% 0,063¢ 29,514¢ 0,037°
SA 4,331°¢ 0,026" 9,724" 0,056

Bang 3.8. Anh hwéng ciia YE va Fox Ién sinh trwéng va tich liy

gypenoside
Nong  Elicitor Khoi Khoi Gypenoside Rbl
do lwgng lwgng khé6 (mg/g khé) (mg/g
(g/L) twoi () () kho)
0 - 5,4332 0,1712b¢ 50,4784 0,052°
! YE 5,499* 0,170%¢ 54,9744 0,061*
Fox 4,597 0,181* 36,790° 0,049%
5 YE 54112 0,131¢% 67,135° 0,063*
Fox 4,885%® 0,174 34,924° 0,050"
3 YE 5,410° 0,137% 73,767 0,066*
Fox 4,521% 0,1702b¢ 31,115% 0,043¢d
4 YE 5,424* 0,123¢f 60,915¢ 0,063*
Fox 4,076% 0,165 27,411¢ 0,040¢
5 YE 5,387* 0,105° 46,338° 0,062*
Fox 3,931¢ 0,142b¢de 23,066" 0,039¢
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3.2.2. Anh huéng cia thoi diém bo sung elicitor 1én sinh truéng va tich
lity gypenoside ciia té bao

SA cho hiéu qua tét nhat khi bd sung vao méi truong tir ngay thir 6,
ham lugng gypenoside thu duoc 1 79,721 mg/g khé, cao gip 1,58 1an so véi
d6i chirng khong xt 1y elicitor, gip 1,4 1an so v6i than va 2 1an so véi 14 cay
tu nhién.
Bang 3.9. Anh hwéng ciia thoi diém bd sung elicitor 1én sinh truémg va

tich lity gypenoside ctia té bao
Ngay xir  Elicitor  Khoi Khoi Gypenoside Rbl

ly lugng lugng  (mg/g khd) (mg/g
twoi (g)  kho (g) kho)
MeJA 4,968  0,207% 578520 0,052¢
0 SA 4,908 0,148 76,480 0,075¢
YE 4,855¢  0,186' 74,579 0,061°
MelA 5,110 0212 65,633 0,055¢hi
3 SA 4,906%  0,149' 76,661 0,088°
YE 4,980%  0,192" 61,202 0,056
MeJA 5,168%%  0,216% 73,461 0,055¢hi
6 SA 4,907 0,157 79,721° 0,093¢
YE 5,041 02048 57,543 0,035*
MeJA 5302  0,244>  73,901% 0,066
9 SA 5,025¢ 0,178 73,558 0,063¢"
YE 5,137 0,209° 54,1631 0,031
MeJA 52544 0229¢ 68,6220 0,067¢
12 SA 52594 0211F 70,547 0,059'
YE 5424> 02214 51,3200 0,027k
MeJA 5,018  0,191" 60,814 0,045
15 SA 5327% 02219 62,628 0,054¢hi
YE 6,048° 0252 49,989 0,024*

3.2.3. Anh huéng cia sy phoi hop nhiéu elicitor 1én sinh truwéng va tich
lily gypenoside ciia té bao

Cong thirc két hop t6t nhat (két hop ca 3 chét) cho lugng gypenoside
dat 103,810 mg/g kho, cao hon khoang 2,22 lan so voi té bao khong dugc
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xtr 1y elicitor va khoang 2,78 1an so v6i miu tu nhién.
Bang 3.10. Anh hwéng ciia phoi hop cic elicitor 1én sinh truéng va tich

lily gypenoside
Elicitor Khoi Khoi Gypenosi  Rbl1 (mg/g
lwgng twoi lwogng kho de (mg/g  kho)
(g/binh) (g/binh) kho)
MeJA 4,958 0,1722 73,114° 0,055¢
SA 3,887° 0,122% 79,830° 0,087°
YE 4,031° 0,152° 73,767° 0,067
MeJA + SA 3,475¢ 0,106° 79,487° 0,075°
MeJA + YE 4,623* 0,197* 77,554° 0,079°
SA+YE 4,275%® 0,105¢ 98,0442 0,108*
MeJA +SA+YE 4,633° 0,187* 103,810 0,127

Két qua phan tich HPLC chdng phd cac mau thu duoc cho thay khi
xtr Iy SA (mau xanh 14), mot s6 peak co dinh ting cao, trong khi cac peak
con lai twong dwong so voi cac cong thie xir Iy khac (Hinh 3.12). Két qua
phan tich ciing cho thdy c6 24 peak gi nhan rd & cac mau, trong d6 xir 1y
MelJA thu dugc sd peak nhiéu nhat (21/24). Mot sb peak khong ghi nhan &
dbi chirng nhu cac peak c6 thoi gian luu 7,73; 8,49; 15,78; 17,03; 17,81;
38,45 hay 40 phut, day 1a cac chat khong xuét hién hodc xuat hién dudi
ngudng phat hién, va dugc ting cudng tong hop trong cac cong thic co xir

ly elicitor (Bang 3.11).

Hinh 3.12. Pho HPLC té bao huyén phu gido c6 lam
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Bang 3.11. Cac peak gypenoside chinh trong té bao Giéo cb lam
S6 peak Thoi gian luu (phi) Dién tich peak (%)
YE SA  MeJa SYM Doi

chirng

1 1,04 96,42 94,18 95,63 9549 94,80
2 4,59 0,55 041 037 - 0,50
3 5,75 032 - 0,34 - 0,50
4 7,73 - 2,01 - 0,34 -

5 8,49 - 0,11 - - -

6 11,08 - 032 021 - 0,10
7 11,80 - - - - 0,20
8 12,40 023 0,63 051 040 0,40
9 13,39 0,23 0,61 0,62 049 0,40
10 14,21 0,11 028 024 0,20 0,20
11 14,89 - 0,09 0,06 0,07 0,10
12 15,78 - - 0,04 - -

13 17,03 - - 0,04 - -

14 17,81 - - 0,02 - -

15 22,59 0,13 0,08 0,08 021 0,20
16 25,28 0,60 044 032 0,77 0,80
17 32,00 043 029 029 0,78 0,80
18 36,54 034 0,19 049 0,28 0,60
19 38,45 - - 0,12 031 -
20 40,00 0,09 - 0,04 - -

21 41,14 - - 0,07 - -

22 48,20 0,18 0,13 021 0,14 0,20
23 54,60 0,11 0,05 0,01 0,08 0,10
24 55,22 0,25 0,18 0,17 044 0,40

3.2.4. X4c dinh mirc d biéu hién ciia cic gen CYP va UGT trong té bao
huyén phu
3.2.4.1. Phén ldp va xdc dinh dic diém ciia gen CYP va UGT

Két qua tham do voi cap moi dic hiéu cho 12 gen theo mo ta cla
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Zhang va cs (2021) cho thiy c6 4/7 gen CYP va 1/5 gen UGT c6 san phdm
khuéch dai ddc hiéu. Trong d6, gen CYP89A42 va UGT91AI thé hién su
khuéch dai manh nhat. San pham PCR gen CYP89A42 (CpQN) tuong dong
99,17% véi trinh tyr mRNA CYP8942 cua cdy giao c6 lam (md sb
MT416753), ciia gen UGT9141-ON tir cdy gido ¢ lam Quang Nam chi
tuong dong 92,55% so véi trinh ty tham chiéu (MN128698).
3.2.4.2. D dodn ciu triic khong gian va dic diém héa ly ciia enzyme

Két qua du doan cho thdy protein CYP89A2 c6 cau trac tuong dong 26%
voi sugiol synthase cta cay dan sam Salvia miltiorrhiza CYP76AH3. Enzyme
UGT91A1-QN ¢6 cdu trac tuwong dong 40% voi glycosyltransferase
OsUGT91C1 (apo form) ctia Oryza sativa subsp. japonica (Bang 3.12).

Bang 3.12. Dy doén ciu tric khong gian va dic diém 1y héa caa

enzyme
Pic diém CYP89A2 UGT91A1-QN
Gen hoan chinh (bp) - 1.460
cDNA 1.521 1.383
Chudi polypeptide 506 aa 460 aa
Khdi lwong phan tir (kDa) 58,44 52,786
Diém dang dién (pI) 7,06 5,66
Tm 55°C~65°C 55°C~65°C
Acid/base kiém kiém
Domain PRM, CBM_X, PX, PLCXc, UDPGT (224-

HSF, GLUCA, BRICHOS, 443)
BACK, HPT, KNOX2,
TPK Bl binding,
ClpB_D2 small va
MoCF _biosynth
o helix 15 16
B strain 8 15
3.2.4.3. Xdc dinh myrc dp phién md cia cac gen CYP va UGT
D4i voi cac gen CYP, trong t& bao huyén phu cac gen CYP7IBIY,
CYP86A8, CYP89A2 va CYP 94A1 phién ma manh, trong khi cac gen con lai
khéng dugc phién ma hodc phién ma rat yéu. Gen CYP71B19 phién mi manh
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nhét khi xir Iy SYM, ting 6,14 1an so v6i dbi chimg khong xir 1y elicitor. Trong
khi d6, cac gen khéc ting mirc 6 phién ma 1én nhiéu lan khi duoc xtr Iy voi MeJa.
Gen CYP86AS ting 8,25 1an so v6i dbi chimg, gen CYP94AI ting 10,01 lan va

gen CYP89A42 tang 11,14 1an (Bang 3.13).

Déi véi cac gen UGT, trong té bao huyén phui chi c6 gen UGT73B4 phién
ma manh, trong khi cac gen con lai khong dugc phién ma (khong phat hién). Gen
UGT?73B4 phién ma manh nhét khi xtr Iy SYM, ting t6i 15,35 lan so voi ddi chimg
khong xir 1y elicitor (Bang 3.14).
Bang 3.13. Mitc d biéu hién ciia cic gen CYP trong té bao huyén phu

Gen Miu xir I g‘;‘_;?sa o Gid tri 2-AACt
YE 26,30 33.67 0.30
SA 28,79 34.19 118
CYP7IBI9 MI 32,43 36,09 3,95
SYM 3335 3637 6,14
NC 28,94 34,58 1,00
YE 26,30 - -
SA 28,79 - -
CYP7743 M1 32.43 ; -
SYM 22.23 - -
NC 28,94 - -
YE 26,30 - -
SA 28.79 - -
CYPS647 M 32,43 - -
SYM 2223 - -
NC 28,94 - -
YE 26,30 30.53 0.22
SA 28,79 30,90 0,96
CYPS648 MJ 32.43 31,44 8,25
SYM 22.23 3137 0,01
NC 28,94 30.99 1,00
YE 26,30 35.01 0.10
CYP89A2 —g4 28,79 37.28 0.11
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MJ 32,43 34,27 11,14

SYM 22,23 35,72 0,00
NC 28,94 34,26 1,00
YE 26,30 35,96 -
SA 28,79 ] ;
CYP9041 MJ 32,43 ] ]
SYM 22,23 ] _
NC 28,94 ] 1,00
YE 26,30 ] ;
SA 28,79 37,64 0,38
CYP9441 MJ 32,43 36,58 10,01
SYM 22,23 _ _
NC 28,94 36,41 1,00

“-”: khong phat hién. MelJa: xur ly methyl jasmonate, SA: xtr ly salycilic acid,
YE: xir Iy dich chiét nAm men, SYM: xtr Iy dong thoi ca 3 elicitor, NC: ddi
chung khong xtr 1y elicitor.

Bang 3.14. Mirc d9 biéu hién ciia cic gen UGT trong té bao huyén phu

Gen Miu xir Iy gif_:?sa Gor Gid trj 2-AACt
YE 26,30 - i
SA 28,79 - i
UGT76B1 MJ 32,43 - i
SYM 22,23 - i
NC 28,94 - i
YE 26,30 - i
SA 28,79 - i
UGT74F2 M 32,43 3 i
SYM 22,23 - i
NC 28,94 - i
YE 26,30 3 i
SA 28,79 39,53 0,04
UGT73B4 5 32,43 36,17 5,38
SYM 33,35 35,57 15,35
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NC 28,94 35,11 1,00
YE 26,30 ] ;
SA 28,79 - -
UGT9141 MJ 32,43 _ ]
SYM 33,35 ] ]
NC 28,94 35,61 1,00
YE 26,30 - -
SA 28,79 ] ]
UGT9ICI MJ 32,43 ] ]
SYM 2223 - -
NC 28,94 34,72 1,00

33. THU NHAN VA THU NGHIEM HOAT TINH CUA
GYPENOSIDE TU TE BAO HUYEN PHU
3.3.1. Sén xuit cao chiét va ché phadm gypenoside

3.3.1.1. Sin xudt cao chiét

Céc mau cao duoc phan tich ham luong gypenoside bang phuong
phap quang phd va ham lugng Rbl bang ky thuat HPLC. Ham luong
gypenoside dugc thé hién & bang 3.15 cho thiy mau cao chiét té bio c6 ham

luong gypenoside 1a 472,159 mg/g kho, cao hon so v&i mau cao chiét ty
nhién 1a 369,489 mg/g kho. Cac mau cao nay duoc sir dung trong cac thi
nghiém tiép theo dé d4nh gia hoat tinh.

Bang 3.15. Su tich liily gypenoside trong miu cao chiét Gido c6 lam

MAiu Tw nhién Té bao huyén
phu

Gypenoside trong sinh khdi kho 37,270+ 4,710 48,844 + 3,933

(mg/g) ,

Rb1 trong sinh khoi khé (mg/g) 0,072 £0,021 0,041 £ 0,004

Gypenoside trong cao chiét (mg/g 369,489 + 472,159 £ 59,098

kho) 25,317

Rb1 trong cao chiét (mg/g kho) 0,697+ 0,081 0,394 +£0,021

3.3.1.2. Sin xudt ché pham gypenoside
Pé san xuét ché pham gypenoside, t& bao Giao c6 lam duoc nudi
cdy trong cac binh tam giac 250 mL chira 50 mL mdi trudng nudi cdy (294
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binh, chia 1am 7 1an nudi). BS sung elicitor phdi hop gdm MeJA (50 uM),
SA (100 uM) va YE (3 g/L) vao ngay thir 6 ctia qua trinh nudi cdy. Sinh kh6i
kho sau khi chiét voi methanol 80% thu dwogc 11,13 g cao chiét. Cao chiét
tiép tuc dugc tinh ché dé thu dugc khoang 5.2 g gypenoside dugc str dung
dé danh gia kha ning giy doc té bao.
3.3.2. Thir nghi¢m khi ning giy ddc té bao ung thu
3.3.3.1. Thir nghi¢m hoat tinh gdy dpc té bao ung thw ciia cao chiét toan
phin
Anh huwéng ciia cao chiét dén dong té bao A549

Cao chiét Gido c¢b lam cho théy su tc ché phu thudc vao néng do
d6i v6i su tang sinh té bao A549. Tuy nhién, kha niang trc ché ddi v6i dong
té bao A549 khong manh.
Anh huwéng ciia cao chiét dén dong té bao HepG2 va Huh7

Trong cac dong té bao ung thu gan ngudi, cao chiét té bao va cao
chiét ty nhién trc ché sy ting sinh cua ca té bao HepG2 va Huh7.
Anh huwéng ciia cao chiét dén dong té bao HL-60

Cao chiét té bao va cao chiét tw nhién &rc ché su ting sinh té bao ung
thu bach cdu ¢ ngudi ¢ hai ndng do cao nhét, 100 va 200 pg/mL.
3.3.3.2. Thir nghiém hoat tinh gay dic té bao ung thw ciia gypenoside
Anh huwéng ciia gypenoside dén dong té bao A549

Hiéu qua wrc ché & ndng d6 cao nhat (200 pg/mL) 1a 83,37 + 5,04
d6i v6i mau té bao va 33,76 + 2,70% dbi véi mau ty nhién.
Anh huwéng ciia gypenoside dén dong té bao HepG2 va Huh7

Thir nghiém & ndéng d6 200 pg/mL cho thay hoat tinh e ché cao
nhit trong mau chiét ty nhién (42,30 + 3,37 & HepG2 va 42,17 £ 2,03 &
Huh7) ciing nhu trong mau huyén phu t& bao (88,21 + 4,87 & HepG2 va
63,11 + 3,12 6 Huh7).
Anh huwéng ciia gypenoside dén dong té bao HL-60

Mau té bao va mau tu nhién e ché su tang sinh té bao ung thu bach
cau & nguoi ¢ hai ndng do cao nhat 1a 200 pg/mL (c6 sy khac biét c6 y nghia
thong ké gitra mAu tw nhién va mau té bao). Sy ting sinh té bao ung thu bach
cau & ngudi bi e ché ddng ké boi mau Gio c6 lam ¢ nong do 200 pg/mL
trong ca mAu tu nhién (37,80 + 3,81) va miu té bao (96,35 + 3,48).
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Bang 3.17. Kha ning trc ché cac dong té bao ung thw ciia gypenoside

Nong dd Kha niing trc ché (%, M + SD)
gypenoside MAu ty nhién MAu té bao
(ng/mL) ]

Té€ bao ung thw phoi A549

4 3,57+ 1,48 5,48 £1,70
20 8,47+1,70 8,57+0,71
100 22,86 + 1,28 53,78 £ 1,31"
200 33,76 2,70 83,37+ 5,04"
ICso > 200 94,07 £ 6,22
Té bao ung thu gan HepG2

4 8,45+ 0,46 15,04 £ 0,50
20 15,54+0,13 23,58 +£2,83
100 36,75+ 1,28 51,74 £ 1,24
200 42,30+ 3,37 88,21 £4,87"
ICso > 200 86,66 + 2,22
Té bao ung thuw gan Huh7

4 2,66 £0,12 1,53 £0,25
20 8,47 +£0,49 11,03+0,43
100 15,41+ 0,49 42,66 +227°
200 42,17 +£2,03 63,11 £3,12"
ICso >200 136,99 + 11,60
Té bao ung thw bach ciu HL-60

4 5,44 £ 0,37 4,79+ 0,18
20 10,82 + 1,19 10,88 1,75
100 17,42 +£1,37 38,46 £ 2,47
200 37,80 + 3,81 96,35+ 3,48"
ICso >200 119,30 + 5,45

*Sai khdc c6 y nghia thong ké véi P < 0,05.
3.3.3. Thir nghiém kha niing bao vé té bao tinh hoan ciia cao chiét
3.3.4.1. Anh hwéng ciia cao chiét dén khd nding cdi thién qud trinh sinh
tinh

Dich chiét tir té bao Gido cb lam nudi cdy huyén phu cai thién dang
ké qua trinh sinh tinh dién ra trong long 6ng sinh tinh. S lwong té bao dong
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tinh trong long 6ng da tang 1én dang ké (Hinh 3.21d).

Nhom chudt xir Iy nhiét c6 udng dich chiét giao cb lam tir huyén phu
té bao ¢o n6ng d96 testosterone trong mau la 3,19 + 2,65 ng/mL, cao hon so
v6i nhom chudt xir Iy nhiét c6 udng dich chiét gido ¢ lam tir cy tu nhién la
1,57 + 0,89 ng/mL.

ong sinh tinh & mé tinh hoan chudt.
3.3.4.2. Anh hwéng ciia cao chiét dén khd nding cdi thién nong dj
testosterone trong mau
Cao chiét ciia Giao cO lam gitip phuc hoi kha ning san xuét
testosterone ctia chudt stress nhiét. Cao chiét tir huyén phu té bao c6 két qua
gitip cai thién testosterone & chudt stress nhiét twong dwong véi dich chiét
cay tu nhién.
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KET LUAN VA KIEN NGHI
KET LUAN

1. Luén 4n da xdy dyung thanh cong hé thong nudi ciy huyén phu té
bao Gynostemma pentaphyllum & quy md binh tam gidc va budc dau mo
rong 1én hé thong bioreactor. Trong diéu kién nudi cdy tdi wu, t& bao huyén
phu c6 kha nang tich iy gypenoside ¢ mirc cao (khoang 46,9 mg/g kho trong
binh tam giac va khoang 40,1 mg/g kho trong bioreactor), cho thay hé thong
nudi cdy té bao 1a hudng tiép can kha thi nham tao ngudn nguyén liéu chu
ddong cho khai thac gypenoside.

2. Céc elicitor riéng 1& va phéi hop déu c6 kha ning cam tng lam
gia tang tich liiy gypenoside trong té bao huyén phu. Dic biét, xir Iy SA don
1¢ ¢6 thé 1am ting ham luong gypenoside 1én xap xi 80 mg/g kho, trong khi
phéi hop MeJA, SA va YE cho ham luong gypenoside cao nhat, dat trén 100
mg/g kho. Két qua cho thiy ton tai tac dong hiép dong gitra céc elicitor trong
diéu hoa sinh téng hop gypenoside.

3. Céc elicitor c¢6 kha ning didu hoa biéu hién cta nhiu gene thudc
hai ho CYP va UGT trong té bao huyén phi. Mot s6 gene CYP va UGT thé
hién murc ting phién ma dang ké (dén trén 10 1an so voi ddi ching), chimg
t6 con dudng sinh téng hop triterpen saponin da duoc hoat hda & murc phan
tir. Sy gia tang dong thoi biéu hién clia cdc gene tham gia cic budc oxy hoa
va glycosyl hoa gop phan giai thich co ché cua sy gia ting tich liy
gypenoside quan sat duoc.

4. Luan 4n da thiét 1ap duoc quy trinh lam giau gypenoside tir cao
chiét tong sb théng qua cac bude khir tap kém phén cuc va ky nudc, thu duoc
phan doan gidu gypenoside hoa tan tot trong methanol va DMSO, phi hop
cho phan tich HPLC va cac thir nghiém sinh hoc. Quy trinh nay tao co so
cho cac nghién ciru chuan hoa va phat trién ché pham trong tuong lai.

5. Gypenoside va cao chiét tir t& bao huyén phu Gynostemma
pentaphyllum thé hién tiém ning hoat tinh sinh hoc, trong d6 gypenoside trc
ché manh ddi véi té bao ung thu gan HepG2 (ICso khoang 86,7 ug/mL), dong
thoi cao chiét co kha ning bao vé t& bao tinh hoan, gbp phan cai thién qua
trinh sinh tinh va nong d¢ testosterone trong mo hinh chudt xir 1y nhiét.
Nhitng két qua nay khing dinh gié tri tng dung tiém ning cta hé thong nudi
céy té bao trong linh vuc dugc liéu.
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KIEN NGHI

Can tiép tuc nghién ctru téi wru cac dicu kién nudi cay va san xuét
gypenoside & quy mo pilot trong hé thong huyén phi té bao Gynostemma
pentaphyllum nham danh gia tinh 6n dinh ciia sinh truong, hidu suat tao sinh
khdi va kha nang tich lity gypenoside. Viéc hoan thién quy trinh & quy mo
pilot s& tao co so khoa hoc va cong nghé dé chu dong cung cip ngudn nguyén
lidu gypenoside v&i s6 lugng 16n va chat lugng on dinh cho nganh duoc.

Bén canh gypenoside, nén mé rong nghién ctru sinh tong hop va thu
nhan cac nhom hop chat thir cap khac nhu flavonoid tir nudi cdy huyén phu
Gido c6 lam nham da dang hoa ngudn hoat chét sinh hoc va nang cao gia tri
ung dung ctia cong nghé nudi céy té bao thuc vat trong san xuét duoc lidu.
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INTRODUCTION
1. RATIONALE OF THE STUDY

Gynostemma pentaphyllum (Thunb.) Makino is a medicinal
plant of the Cucurbitaceae family, widely distributed in East and
Southeast Asia, and known for diverse pharmacological activities such
as hepatoprotective, antitumor, and anti-inflammatory effects, as well
as regulation of glucose and lipid metabolism. Its major bioactive
constituents, gypenosides, are dammarane-type triterpenoid saponins
derived from the isoprenoid pathway. Compared with Panax ginseng,
G. pentaphyllum accumulates substantially higher levels of
triterpenoid saponins and exhibits a faster growth rate, making it a
promising and cost-effective alternative source of ginsenoside-like
compounds.

To reduce dependence on wild resources, the development of
in vitro production systems for G. pentaphyllum is necessary.
Suspension cell culture, typically established from callus, is an
effective platform for producing plant secondary metabolites.
Moreover, elicitors are widely used to stimulate secondary metabolite
biosynthesis and represent one of the most efficient strategies to
enhance gypenoside accumulation. Therefore, elicitor-treated
suspension cultures of G. pentaphyllum provide a sustainable and
efficient approach for gypenoside production.

Based on the aforementioned practical considerations, we
conducted the study entitled: “Investigation of the production and
activity determination of gypenosides from cell cultures of
Gynostemma pentaphyllum (Thunb.) Makino”.

2. RESEARCH OBJECTIVES

Establish a procedure for the production and isolation of
gypenosides from suspension cell cultures of Gynostemma
pentaphyllum (Thunb.) Makino.

3. OBJECTS AND SCOPE OF THE STUDY

Research Subject: Gynostemma pentaphyllum (Thunb.) Makino.
Scope of the Study

Time frame: from March 2021 to September 2025.

Research subjects: suspension cell cultures producing gypenosides
from G. pentaphyllum, cancer cell lines, and mouse testes.

Research locations: Institute of Biotechnology, Hue University; Hue
University of Medicine and Pharmacy; Institute of Biotechnology,
Vietnam Academy of Science and Technology.

1



4. RESEARCH CONTENTS

Content 1: Investigation of the effects of culture conditions on
gypenoside accumulation in suspension cells.

Content 2: Investigation of the effects of elicitors on enhancing
gypenoside production from suspension cultures.

Content 3: Investigation of the isolation process and bioactivity
testing of gypenosides derived from suspension cells.

5. SCIENTIFIC AND PRACTICAL SIGNIFICANCE OF THE
STUDY

Scientific significance:

The results of this study will provide new scientific evidence
on the potential for gypenoside production through suspension cell
cultures of Gynostemma pentaphyllum under elicitor treatment. It will
also generate data on the transcriptional levels of genes involved in the
gypenoside biosynthetic pathway in suspension cells, as well as the
anticancer potential of gypenosides.

Practical significance:

The findings will serve as a valuable source of information and
reference for the application of suspension cell culture techniques,
gene expression analysis, and the evaluation of gypenoside bioactivity
against cancer cell lines.

6. NOVEL CONTRIBUTIONS OF THE DISSERTATION

6.1. For the first time, a protocol for establishing suspension cell
cultures of Gynostemma pentaphyllum has been developed. The
culture conditions for G. pentaphyllum suspension cells in Erlenmeyer
flasks consisted of liquid basal MS medium supplemented with 2.0
mg/L kinetin (KIN) and 0.5 mg/L indole-3-butyric acid (IBA), with an
inoculation ratio of 3 g per 50 mL medium, maintained under shaking
at 120 rpm.

6.2. For the first time, a protocol for gypenoside production through
suspension cell culture with elicitor treatment has been established.
The highest gypenoside content was recorded at 79.721 mg/g dry
weight when treated with 100 uM salicylic acid (SA) after six days of
culture, approximately twice the level found in natural samples. When
combining the optimal elicitor concentrations of MeJA (50 uM), SA
(100 uM), and YE (3 g/L), the maximum gypenoside content reached
103.810 mg/g dry weight.

6.3. The transcriptional levels of 12 genes involved in the gypenoside
biosynthetic pathway in Gynostemma pentaphyllum suspension cells
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were evaluated under the influence of different elicitors. Among them,
CYP86AS increased 8.25-fold, CYP94A1 increased 10.01-fold, and
CYP89A2 increased 11.14-fold compared with the control when
treated with MeJA. The UGT73B4 gene exhibited the strongest
transcriptional activation under SYM treatment, with a 15.35-fold
increase relative to the control.
6.4. For the first time, the protective effects of Gynostemma
pentaphyllum cell extract on mouse testicular cells have been reported.
The extract derived from suspension cell cultures of G. pentaphyllum
demonstrated the ability to protect testicular cells, enhance
spermatogenesis, and increase testosterone levels in heat-stressed mice.
CHAPTER 2. MATERIALS AND METHODS

2.1. MATERIALS
Research subject: Gynostemma pentaphyllum (Thunb.) Makino.
Experimental materials:
- Suspension cells of G. pentaphyllum.
- Gypenosides derived from suspension cells.
- Cancer cell lines including hepatocellular carcinoma(HepG2, Huh7),
lung carcinoma (A549), and leukemia (HL-60) cells.
2.2. METHODS
2.2.1. Callus culture

Callus was maintained on basal MS medium supplemented
with 3% sucrose, 0.8% agar, 2.0 mg/L kinetin (KIN), and 0.5 mg/L
indole-3-butyric acid (IBA), adjusted to pH 5.8.
2.2.2. Suspension cell culture
2.2.2.1. Establishment of growth curve and gypenoside
accumulation

Suspension cells were cultured in 250 mL Erlenmeyer flasks
containing 50 mL of liquid medium with the same composition as the
optimized callus culture medium (without agar). Cell biomass was
harvested every two days of culture to determine fresh weight and dry
weight.
2.2.2.2. Determination of gypenoside content

Extraction of gypenosides: To determine the gypenoside
content in samples, cells were dried at 50 °C to constant weight and
extracted with 80% methanol using ultrasonic treatment at 40 °C.

Determination of gypenoside content: The total gypenoside
content was quantified by the vanillin colorimetric method. The
colorimetric reaction was measured using a spectrophotometer at 544
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nm.

Determination of Rb1 content: HPLC analysis was carried out
on an Alliance E2695 system equipped with a Symmetry® C18
column (4.6 mm x 250 mm x 5 um). The mobile phase consisted of
water and acetonitrile (34%) over a 20-minute run, with a column
temperature of 30 °C, a flow rate of 0.8 mL/min, and an injection
volume of 20 pL.
2.2.2.3. Effects of medium composition and culture conditions on
cell growth
- Plant growth regulators: combinations of cytokinins (BAP and KIN)
and auxin (IBA).
- Carbon sources: sucrose, glucose, fructose, galactose, lactose, and
glycerol.
- Inoculum size: different initial inoculum sizes ranging from 4% to
8%.
- Shaking speed: various agitation rates (100, 120, and 150 rpm).
2.2.3.4. Bioreactor culture experiment

The LiFlux GX system (Hanil, Korea) was used with a
working culture volume of 6 liters. The inoculation ratio was 10%
(v/v), and agitation was maintained at 150 rpm. All other parameters
were set at default conditions.
2.2.3. Elicitor treatment
2.2.3.1. Preparation of elicitors

The elicitors used in this study included MeJA, SA, YE, and
Fusarium (Fox) biomass.
2.2.3.2. Evaluation of elicitor concentration effects

The effects of elicitor concentrations were assessed by
supplementing each elicitor individually into the medium at different
concentrations at the beginning of the culture. Specifically, MeJA and
SA were applied at concentrations ranging from 25 to 200 uM, while
YE and Fox biomass were applied at concentrations from 1 to 5 g/L.
The control treatment consisted of cultures without -elicitor
supplementation.
2.2.3.3. Evaluation of elicitor application timing

Elicitors were added to the medium at different culture times
ranging from day 3 to day 15. The control treatment consisted of
elicitor supplementation at the initial time of culture.



2.2.4. Characterization of selected CYP and UGT genes
2.2.4.1. Total DNA extraction and gene amplification

Total genomic DNA was extracted from in vitro leaf samples
using the TopPURE Plant DNA Extraction Kit (ABT, Vietnam). PCR
reactions were carried out using total DNA as the template and 12
primer pairs previously reported by Zhang et al. (2021).
2.2.4.2. Gene sequencing and phylogenetic tree construction

The nucleotide sequences of PCR products representing two
groups of CYP and UGT genes were directly analyzed using the
Sanger sequencing method.
2.2.4.3. Prediction of enzyme characteristics and functions

The structural characteristics and potential functions of
representative CYP and UGT enzymes were predicted using
bioinformatics tools.
2.2.5. Determination of transcriptional levels of CYP and UGT
genes
2.2.5.1. Total RNA extraction and first-strand cDNA synthesis

Total RNA was extracted from cultured cells using the GeneJET
Plant RNA Purification Kit (Thermo Scientific, USA). First-strand
cDNA was synthesized using the First Strand cDNA Synthesis Kit
(#K1612, Fermentas) according to the manufacturer’s instructions.
2.2.5.2. Real-time PCR analysis
To evaluate the transcriptional levels of CYP and UGT genes,

real-time PCR reactions were performed with gene-specific primers,
using 18S rRNA as the internal reference (housekeeping gene).
2.2.6. Preparation of gypenoside extracts
2.2.6.1. Preparation of Gynostemma pentaphyllum crude extract

After extraction, the crude extract was evaporated to dryness
and subsequently re-dissolved to the desired concentrations.
2.2.6.2. Purification of gypenosides

The extraction and purification procedure was performed
according to Liang et al. (2014), with modifications adapted to
laboratory conditions.
2.2.7. Evaluation of anticancer activity
2.2.7.1. Sulforhodamine B (SRB) assay

Cytotoxicity was analyzed using the sulforhodamine B
staining method, as described by Vajrabhaya et al. (2018).
2.2.7.2. Tetrazolium (MTT) assay

The effect of G. pentaphyllum extracts on the growth and
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proliferation of HL-60 leukemia cells was evaluated using the MTT
assay.
2.2.8. Evaluation of the protective effects on mouse testes

Mice were randomly assigned to experimental groups: a
control group (10 mice) maintained at 25°C, a heat-stress group
exposed to 40°C (H40, 10 mice), a heat-stress group administered
natural Gynostemma pentaphyllum extract at 200 mg/kg (H40+N), and
a heat-stress group administered G. pentaphyllum suspension cell
extract at 200 mg/kg (H40+CS).
Heat stress treatment protocol

Heat stress was applied at 40 °C for 10 minutes, twice per day
with a 10-minute interval, six days per week (with rest on Sundays)
for a total of five consecutive weeks.
Determination of testosterone concentration

Plasma testosterone levels were measured using ELISA on an
automated immunoassay analyzer (Cobas e411, ROCHE).
Hematoxylin and Eosin (H&E) staining

Histological evaluation was performed using the Hematoxylin
and Eosin staining method, following the technical guidelines for
histopathology and cytology issued by the Ministry of Health.
2.2.9. Statistical analysis

The culture experiments were arranged in a completely
randomized design, with each experiment repeated three times.
Experimental results were expressed as mean values and analyzed
using ANOVA followed by Duncan’s test at p < 0.05, performed with
SPSS software version 20.0./.

CHAPTER 3. RESULTS AND DISCUSSION

3.1. EFFECTS OF CULTURE CONDITIONS ON GYPENOSIDE
ACCUMULATION IN SUSPENSION CELLS
3.1.1. Establishment of the growth curve and gypenoside
accumulation

From the beginning of culture until day 10, cell growth was
minimal, with biomass increasing only from 2 g to 2.280 g.
Subsequently, cell biomass increased continuously from day 10 to day
20, reaching a maximum of 3.780 g fresh weight per flask,
corresponding to 0.087 g dry weight per flask, with a growth index of
1.89 after 20 days of culture (Figure 3.1). After reaching this peak, the
biomass declined steadily, and by day 24 only 3.010 g fresh weight
(0.059 g dry weight) was obtained, with a growth index of 1.51.
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Figure 3.1. Growth curve of suspension cells

Compared with cell growth, gypenoside accumulation in
Gynostemma pentaphyllum suspension cells reached its maximum 2—
4 days earlier. The accumulation capacity gradually increased from
day 10 to day 16, remained stable between days 16—18, and then
declined from day 20 onwards. The highest gypenoside content
obtained was 42.122 mg/g on day 18 (not significantly different from
day 16) (Table 3.1). In contrast, the maximum Rbl content was
observed between days 18-20 (approximately 0.05 mg/g dry weight),
which was about two days later than the peak of total gypenoside

accumulation.

Table 3.1. Effects of culture duration on cell growth and

gypenoside accumulation

Culture Gypenoside  (mg/g Rbl (mg/g dry)
duration (days) dry)

10 28,291¢ 0,010¢

12 30,343¢ 0,011¢

14 36,210° 0,012¢

16 41,321* 0,022¢

18 42,1222 0,049

20 34,100¢ 0,0502

22 25,5104 0,041

24 24,0814 0,024¢

Based on the accumulation of fresh biomass, dry biomass,
total gypenoside content, and Rb1 levels, day 18 was selected as the
optimal harvesting time point, as it ensured both high biomass yield

and elevated accumulation of the target compounds.
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Figure 3.2. HPLC chromatogram of cell samples

Thus, the biosynthesis of gypenosides in general, and Rb1 in
particular, occurred in the suspension cells of Gynostemma
pentaphyllum. The levels of both total gypenosides and Rbl in
suspension cells were higher than those in callus, comparable to stem
samples, but still lower than those in natural leaves.

3.1.2. Effects of culture medium on gypenoside accumulation in
suspension cells
3.1.2.1. Effects of combinations of plant growth regulators

In terms of biomass production, two media yielded the highest
biomass after 18 days of culture: the medium supplemented with 2.5
mg/L BAP combined with 0.5 mg/L IBA (3.501 g fresh weight per
flask), and the medium containing 2 mg/L. KIN combined with 0.5
mg/L IBA (3.693 g fresh weight per flask). Other media resulted in
lower biomass yields.

Regarding gypenoside accumulation, media containing KIN
and IBA were more effective than those containing BAP and IBA.
Among them, KIN concentrations ranging from 1.5 to 2 mg/L resulted
in the highest gypenoside contents (40-41 mg/g dry weight). The
highest Rb1 content was obtained in the medium supplemented with 2
mg/L KIN and 0.5 mg/L IBA (0.041 mg/g dry weight).

Table 3.2. Effects of BAP or KIN in combination with 0.5 mg/L IBA on
cell growth and gypenoside accumulation

BAP KIN Fresh Dry Gypenoside Rbl
(mg/L) (mg/L) weight weight (mg/g dry) (mg/g
(g/flask) (g/flask) dry)
- 3,203 0,149 26,3604 0,025¢
1,5 - 2,822¢ 0,120° 34,601° 0,043°
- 2,997b 0,138° 34,9320 0,049*



2,5 - 3,501* 0,161* 35,850° 0,048*

3 - 2,732° 0,113 25,0534 0,019¢
- 1 2,573 0,121° 23,2874 0,025¢
- L5 2,860° 0,118° 40,900? 0,034¢
- 2 3,693 0,157* 40,240° 0,041°
- 2,5 3,274° 0,144 31,733¢ 0,032¢
- 3 2,369¢ 0,095¢ 24,1904 0,013f

3.1.2.2. Effects of carbon sources

The results presented in Table 3.3 show that sucrose
remained the most effective carbon source for both cell growth
(3.641 g fresh weight per flask) and gypenoside accumulation
(39.845 mg gypenoside/g dry weight), followed by glucose. For all
other tested carbon sources, both cell growth and gypenoside
accumulation were less efficient.

Table 3.3. Effects of carbon sources on cell growth and
gypenoside accumulation
Carbon Fresh weight  Dry weight Gypenoside Rbl (mg/g

source (g/flask) (g/flask) (mg/g dry) dry)

Sucrose 3,641° 0,157 39,8452 0,0372
Glucose  3,247° 0,106 22,3494 0,031°
Fructose  2,383¢ 0,095° 27,862¢ 0,030°
Galactose 2,795¢ 0,114° 15,033¢ 0,034°
Lactose 2,311¢ 0,091° 31,397° 0,034°
Glycerol  2,471°¢ 0,094° 29,905% 0,031°

3.1.3.1. Effects of inoculation ratio

With an initial inoculum of 3 g, the culture process yielded the
best results, with good cell growth (5.392 g fresh weight per flask) and
high gypenoside accumulation (46.498 mg/g dry weight).
Table 3.4. Effects of inoculum size on cell growth and gypenoside

accumulation
Fresh . .
Inoculum . Dry weight  Gypenoside Rb1 (mg/g
size () weight (g/flask) (mg/g dry)  dry)
(g/flask)
2 3,661° 0,082° 42,876° 0,049
3 5,3922 0,128? 46,498* 0,038°
4 5,430? 0,130? 34,520° 0,021¢




3.1.3.2. Effects of shaking speed

In our experiments, the shaking speed of 120 rpm yielded the
best results, while both higher and lower shaking speeds were less
effective.
Table 3.5. Effects of shaking speed on cell growth and gypenoside

accumulation
Shaking Fr(.esh Dr.y Rb1 Gypenoside
speed weight weight (mg/g (mg/g dry)
(rpm) (g/flask) (g/flash) dry) gig ary
100 3,462¢ 0,066° - 13,542¢
120 5,430° 0,1312 0,039* 46,870*
150 4,521° 0,049° 0,022° 38,041°

3.1.4. Suspension cell culture in a bioreactor

During the first 10 days of culture, the fresh biomass of cells
increased slowly, reaching only 38.860 g compared with the initial
inoculum of approximately 37.221 g. After this initial adaptation phase,
cell biomass increased rapidly in the following days, from 38.860 g to
45.611 g (corresponding to 1.341-1.792 g dry biomass), with the
maximum biomass observed on day 18.

3.2. EFFECTS OF ELICITORS ON ENHANCING
GYPENOSIDE PRODUCTION IN SUSPENSION CULTURES
3.2.1. Effects of elicitor concentrations on cell growth and
gypenoside accumulation

The results presented in Table 3.7 show that all concentrations
of MeJA inhibited cell growth, with dry biomass ranging from 0.063
to 0.118 g per flask (compared with 0.190 g per flask in the control).
Relative to the control, gypenoside content increased when 25-100
uM MeJA was added, with the highest level observed at 50 uM
(58.116 mg/g dry weight). In cells treated with SA, biomass
accumulation decreased, but the highest gypenoside content was
recorded at 100 pM SA (76.809 mg/g dry weight), approximately
1.52-fold higher than the untreated control.
The results presented in Table 3.8 demonstrate that YE was the most
effective elicitor when added at the initial stage of culture. The highest
gypenoside content was achieved when 3 g/ YE was supplemented
into the medium (73.767 mg/g dry weight), approximately 1.46-fold
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higher than the control.
Table 3.6. Effects of MeJA and SA on cell growth and gypenoside

accumulation
Concentration Elicitor Fresh Dry Gypenoside Rbl
(mM) weight  weight (mg/gdry) (mg/g
(2) (€] dry)
0 - 5,732% 0,190° 50,5454 0,048¢d¢
25 MelJA 5,043%d 0,165 54,546 0,052b¢d
SA 5,763 0,204* 58,475 0,060
50 MeJA 5,003%4 0,163 58,116 0,053b<d
SA 5,456® 0,163 63,980° 0,062°
100 MeJA 4,876 0,094% 53,6174 0,0414¢
SA 5,187%¢  0,141°  76,809° 0,075*
150 MeJA 4,854 (0,088% 32,552¢ 0,037*
SA 4,659%¢  0,107¢  32,100° 0,061°
200 MeJA 4,472%  0,063°  29,514° 0,037*
SA 4,331¢ 0,026"  9,724f 0,056

Table 3.7. Effects of YE and Fox on cell growth and gypenoside

accumulation
Concentration Elicitor Fresh  Dry Gypenoside Rbl
(g/L) weight  weight (mg/g dry) (mg/g
(2 ® dry)
0 - 5,433%  0,171%%¢ 50,478% 0,052°
1 YE 5,499°  0,170% 54,9744 0,061*
Fox 4,597%  0,181° 36,790° 0,049%
) YE 5411°  0,131% 67,135° 0,063*
Fox 4,885%® 0,174 34,924¢ 0,050%
3 YE 5410°  0,137% 73,767% 0,066*
Fox 4,521%  0,170%° 31,115% 0,043
4 YE 5424° 0,123 60,915°¢ 0,063*
Fox 4,076%  0,165%4  27.411¢ 0,040¢
5 YE 5,387 0,105" 46,338¢ 0,062*
Fox 3,931¢  0,142% 23,066 0,039¢

3.2.2. Effects of elicitor application timing on cell growth and
gypenoside accumulation

SA treatment was most effective when added to the medium
on day 6, yielding a gypenoside content of 79.721 mg/g dry weight.
This value was 1.58-fold higher than the untreated control, 1.4-fold
higher than stem samples, and twice as high as natural leaf samples.
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Table 3.8 . Effects of elicitor application timing on cell growth
and gypenoside accumulation

Treatment Elicitor Fresh Dry Gypenoside Rbl
timing weight weight (mg/gdry) (mg/g
(€3] (€] dry)
MeJA 4,968  0,207%  57,852" 0,052¢
0 SA 4,908%¢  0,148! 76,480% 0,075¢
YE 4,855¢ 0,186 74,579 0,061°
MeJA 5,110%4  0,212¢F 65,633 0,0558hi
3 SA 4,906%  0,149' 76,661 0,088°
YE 4,980%¢  0,192"  61,202¢ 0,056
MeJA 5,168%4 0,216% 73,461 0,055¢hi
6 SA 4,907% 0,157 79,7212 0,093*
YE 5,041 0,2048  57,543M 0,035k
MeJA 5,302%  0,244°  73,901% 0,066%
9 SA 5,025 0,178 73,558 0,063
YE 5,137%4 0,209" 54,1631 0,0311
MeJA 5,254%4  0,229¢ 68,6224 0,067¢
12 SA 5,259%d 0,211 70,547« 0,059
YE 5,424° 0,221¢ 51,321 0,027
MeJA 5,018%  0,191" 60,8142 0,045’
15 SA 5,327 0,2214 62,628 0,054ehi
YE 6,048° 0,252* 49,989 0,024k

3.2.3. Effects of combined elicitors on cell growth and gypenoside

accumulation

The optimal combination (including all three elicitors)
resulted in a gypenoside content of 103.810 mg/g dry weight, which
was approximately 2.22-fold higher than untreated cells and about
2.78-fold higher than natural samples.

Table 3.10. Effects of combined elicitors on cell growth and
gypenoside accumulation

Elicitor Fresh Dry Gypenosi  Rb1 (mg/g
weight weight de (mg/g dry)
(g/flask) (g/flask) dry)

MeJA 4,9582 0,1722 73,114° 0,055¢

SA 3,887° 0,122b 79,830° 0,087°

YE 4,031° 0,152° 73,767° 0,067

MeJA + SA 3,475¢ 0,106° 79,487° 0,075°

MeJA +YE 4,623% 0,197* 77,5540 0,079°

SA+YE 4,275% 0,105°¢ 98,0442 0,108

MeJA+SA+YE 4,633* 0,187* 103,810* 0,127*
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HPLC overlay analysis of the obtained samples revealed that
under SA treatment (green line), several peaks exhibited increased
intensities, while other peaks remained comparable to those observed
in different treatment conditions (Figure 3.12). The analysis also
indicated that a total of 24 peaks were clearly detected across all
samples, with MeJA treatment yielding the highest number of peaks
(21/24). Certain peaks, with retention times of 7.73; 8.49; 15.78;
17.03; 17.81; 38.45, and 40 minutes, were absent in the control but
appeared or were enhanced in -elicitor-treated samples. These
compounds were either undetectable or below the detection limit in
untreated cells and were induced upon elicitor application (Table 3.11).

-

Figure 3.12. HPLC chromatogram of Gynostemma pentaphyllum
suspension cells
Table 3.11. Major gypenoside peaks in Gynostemma
pentaphyllum suspension cells

Number Retention Peak area (%)

of peaks  time (min) yg SA MeJa SYM  Control
1 1,04 96,42 94,18 95,63 95,49 94,80

2 4,59 0,55 0,41 0,37 - 0,50

3 5,75 0,32 - 0,34 - 0,50

4 7,73 - 2,01 - 0,34 -

5 8,49 - 0,11 - - -

6 11,08 - 0,32 0,21 - 0,10

13



7 11,80 - - - - 0,20
12,40 0,23 0,63 0,51 0,40 0,40

9 13,39 0,23 0,61 0,62 0,49 0,40
10 14,21 0,11 0,28 0,24 0,20 0,20
11 14,89 - 0,09 0,06 0,07 0,10
12 15,78 - - 0,04 - -
13 17,03 - - 0,04 - -
14 17,81 - - 0,02 - -
15 22,59 0,13 0,08 0,08 0,21 0,20
16 25,28 0,60 0,44 0,32 0,77 0,80
17 32,00 0,43 0,29 0,29 0,78 0,80
18 36,54 0,34 0,19 0,49 0,28 0,60
19 38,45 - - 0,12 0,31 -
20 40,00 0,09 - 0,04 - -
21 41,14 - - 0,07 - -
22 48,20 0,18 0,13 0,21 0,14 0,20
23 54,60 0,11 0,05 0,11 0,08 0,10
24 55,22 0,25 0,18 0,17 0,44 0,40

3.2.4. Determination of CYP and UGT gene expression levels in
suspension cells
3.2.4.1. Isolation and characterization of CYP and UGT genes
Screening with gene-specific primers for 12 genes described
by Zhang et al. (2021) showed that 4 out of 7 CYP genes and 1 out of
5 UGT genes produced specific amplification products. Among them,
CYP89A2 and UGT91A1 exhibited the strongest amplification. The
PCR product of the CYP89A2 gene (CpQN) showed 99.17% sequence
similarity to the CYP89A2 mRNA sequence of Gynostemma
pentaphyllum (accession no. MT416753), whereas the UGT91A1-QN
gene from G. pentaphyllum (Quang Nam) showed only 92.55%
similarity compared with the reference sequence (accession no.
MN128698).
3.2.4.2. Prediction of three-dimensional structure and physicochemical
propetrties of enzymes
The prediction results indicated that the CYP89A2 protein shared
26% structural similarity with sugiol synthase (CYP76AH3) from Salvia
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miltiorrhiza. The UGT91A1-QN enzyme showed 40% structural similarity
with glycosyltransferase OsUGT91C1 (apo form) from Oryza sativa subsp.
Japonica (Table 3.12).
Table 3.12. Predicted three-dimensional structure and
physicochemical properties of enzymes

Characteristic CYP89A2 UGT91A1-QN
Full-length gene (bp) - 1.460

cDNA 1.521 1.383
Polypeptide chain 506 aa 460 aa
Molecular weight (kDa) 58,44 52,786
Isoelectric point (pI) 7,06 5,66

Tm 55°C~65°C 55°C~65°C
Acid/base base base

Domain PRM, CBM_X, PX, PLCXc, UDPGT (224-

HSF, GLUCA, BRICHOS, 443)
BACK, HPT, KNOX2,
TPK B1 binding,
ClpB_D2 small va
MoCF biosynth
a helix 15 16
{3 strain 8 15
3.2.4.3. Determination of transcriptional levels of CYP and UGT genes

For CYP genes in suspension cells, CYP71B19, CYPS6AS,
CYP89A2, and CYP94A1 were strongly transcribed, whereas the
remaining genes were either not transcribed or expressed at very low levels.
Among them, CYP71B19 exhibited the highest transcriptional activation
under SYM treatment, showing a 6.14-fold increase compared with the
untreated control. In contrast, other genes displayed substantial
transcriptional induction in response to MeJA treatment: CYP86AS
increased 8.25-fold, CYP94A1 increased 10.01-fold, and CYP89A2
increased 11.14-fold (Table 3.13).

Regarding UGT genes in suspension cells, only UGT73B4
showed strong transcription, while the others were not transcribed
(undetectable). UGT73B4 exhibited the highest transcriptional activation
under SYM ftreatment, with a 15.35-fold increase compared with the
untreated control (Table 3.14).

Table 3.13. Expression levels of CYP genes in suspension cells of
Gynostemma pentaphyllum
Treated Ct value

Gene sample GP-18S Gene 2-AACt value
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YE 26,30 33,67 0,30

SA 28,79 34,19 1,18
CYP71BI9 MJ 32,43 36,09 3,95
SYM 33,35 36,37 6,14
NC 28,94 34,58 1,00
YE 26,30 - -
SA 28,79 - -
CYP7743 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 - -
YE 26,30 - -
SA 28,79 - -
CYPS647 MJ 32,43 - -
SYM 2223 - -
NC 28,94 - -
YE 26,30 30,53 0,22
SA 28,79 30,90 0,96
CYPS648 MJ 32,43 31,44 8,25
SYM 2223 3137 0,01
NC 28,94 30,99 1,00
YE 26,30 35,01 0,10
SA 28,79 37,28 0,11
CYP8942 MJ 32,43 3427 11,14
SYM 2223 35,72 0,00
NC 28,94 34,26 1,00
YE 26,30 35,96 -
SA 28,79 - -
CYP90AI MJ 32,43 - -
SYM 2223 - -
NC 28,94 - 1,00
YE 26,30 - -
SA 28,79 37,64 0,38
CYP9441 MJ 32,43 36,58 10,01
SYM 2223 - -
NC 28,94 36,41 1,00

@ 9,

: not detected. MeJA: treatment with methyl jasmonate; SA:
treatment with salicylic acid; YE: treatment with yeast extract; SYM:
combined treatment with all three elicitors; NC: negative control
without elicitor treatment.
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Table 3.14. Expression levels of UGT genes in Gynostemma
pentaphyllum suspension cells

Treated Ct value
Gene sample GP-18S Gene 2-AACt value
YE 26,30 - -
SA 28,79 - -
UGT76B1 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 - -
YE 26,30 - -
SA 28,79 - -
UGT74F2 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 - -
YE 26,30 - -
SA 28,79 39,53 0,04
UGT73B4 MJ 32,43 36,17 5,38
SYM 33,35 35,57 15,35
NC 28,94 35,11 1,00
YE 26,30 - -
SA 28,79 - -
UGT9141 MJ 32,43 - -
SYM 33,35 - -
NC 28,94 35,61 1,00
YE 26,30 - -
SA 28,79 - -
UGT91C1 MJ 32,43 - -
SYM 22,23 - -
NC 28,94 34,72 1,00

3.3. ISOLATION AND BIOACTIVITY ASSAY OF
GYPENOSIDES FROM SUSPENSION CELLS
3.3.1. Preparation of extracts and gypenoside preparations
3.3.1.1. Preparation of extracts

The extracts were analyzed for gypenoside content using
spectrophotometric methods and for Rb1 content using HPLC. The
gypenoside content presented in Table 3.15 shows that the suspension
cell extract contained 472.159 mg/g dry weight, which was higher than
that of the natural extract at 369.489 mg/g dry weight. These extracts
were subsequently used in further experiments to evaluate bioactivity.
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Table 3.15. Accumulation of gypenosides in Gynostemma
pentaphyllum extracts

Sample Nature Cell suspension

Gypenoside in dry biomass (mg/g) 37,270 +4,710 48,844 + 3,933

Rb1 in dry biomass (mg/g) 0,072 + 0,021 0,041 £ 0,004

Gypenoside in extract (mg/g dry) 369,489 + 472,159 + 59,098
25,317

Rb1 in extract (mg/g dry) 0,697 + 0,081 0,394 + 0,021

3.3.1.2. Preparation of gypenoside preparations

To produce gypenoside preparations, Gynostemma
pentaphyllum cells were cultured in 250 mL Erlenmeyer flasks
containing 50 mL of culture medium (294 flasks, divided into 7 culture
batches). A combined elicitor treatment consisting of MeJA (50 uM),
SA (100 puM), and YE (3 g/L) was added on the 6th day of culture.
After extraction of the dried biomass with 80% methanol, 11.13 g of
crude extract was obtained. This extract was further purified to yield
approximately 5.2 g of gypenosides, which were subsequently used to
evaluate cytotoxic activity.
3.3.2. Cytotoxic activity assays against cancer cells
3.3.2.1. Cytotoxic activity of crude extracts
Effect of extracts on A549 cells

The Gynostemma pentaphyllum extracts exhibited dose-
dependent inhibition of A549 cell proliferation. However, the
inhibitory effect on A549 cells was not strong.
Effect of extracts on HepG2 and Huh?7 cells

In human liver cancer cell lines, both suspension cell extracts
and natural extracts inhibited the proliferation of HepG2 and Huh7
cells.
Effect of extracts on HL-60 cells

Both suspension cell extracts and natural extracts inhibited the
proliferation of human leukemia HL-60 cells at the two highest
concentrations, 100 and 200 pg/mL.
3.3.2.2. Cytotoxic activity of gypenosides
Effect of gypenosides on A549 cells

At the highest concentration tested (200 pg/mL), the
inhibitory effect reached 83.37 £ 5.04% for the suspension cell sample
and 33.76 £+ 2.70% for the natural extract.
Effect of gypenosides on HepG2 and Huh?7 cells

At 200 pg/mL, the natural extract showed maximal inhibitory
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activity (42.30 = 3.37% for HepG2 and 42.17 + 2.03% for Huh?7),
whereas the suspension cell extract exhibited significantly stronger
inhibition (88.21 £+ 4.87% for HepG2 and 63.11 £ 3.12% for Huh7).
Effect of gypenosides on HL-60 cells
Both the natural and suspension cell extracts inhibited the
proliferation of human leukemia HL-60 cells at the highest tested
concentration of 200 pg/mL, with a statistically significant difference
between the two samples. The proliferation of HL-60 cells was
markedly suppressed by G. pentaphyllum gypenosides at 200 pg/mL,
reaching 37.80 + 3.81% inhibition for the natural extract and 96.35 +
3.48% for the suspension cell extract.
Table 3.17. Inhibitory effects of gypenosides on cancer cell lines

Concentration Inhibitory activity (%, M + SD)
gypenoside Natural sample Suspension cell sample
(ug/mL)

A549 lung cancer cells

4 3,57+ 1,48 5,48 +1,70
20 8,47+ 1,70 8,57+0,71
100 22,86 + 1,28 53,78 +1,31"
200 33,76 £2,70 83,37 £5,04"
1Cso > 200 94,07 + 6,22
HepG2 liver cancer cells

4 8,45+ 0,46 15,04 = 0,50
20 15,54+ 0,13 23,58 + 2,83
100 36,75+ 1,28 51,74 +1,24"
200 42,30 £3,37 88,21 + 4,87"
ICso > 200 86,66 + 2,22
Huh?7 liver cancer cells

4 2,66 £0,12 1,53+0,25
20 8,47+ 0,49 11,03 + 0,43
100 15,41 + 0,49 42,66 +2.27"
200 42,17 +2,03 63,11 +£3,12"
ICso >200 136,99 £ 11,60
HL-60 human promyelocytic leukemia cells

4 5,44+ 0,37 4,79 +0,18
20 10,82+ 1,19 10,88 + 1,75
100 17,42 £ 1,37 38,46 £2,47"
200 37,80 + 3,81 96,35+ 3,48"
ICso > 200 119,30 £ 5,45
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*Statistically significant difference at P < 0.05.

3.3.3. Evaluation of the protective effects of extracts on testicular
cells

3.3.3.1. Effects of the extract on the improvement of spermatogenesis

The extract derived from suspension-cultured Gynostemma
pentaphyllum cells significantly improved spermatogenesis occurring
within the seminiferous tubules. The number of germ cells present in
the lumen of the seminiferous tubules markedly increased (Figure
3.214d).

In the heat-treated mouse group, those administered the
suspension-cultured G. pentaphyllum extract exhibited a serum
testosterone concentration of 3.19 + 2.65 ng/mL, which was higher
than that observed in the heat-treated group administered the natural
plant extract (1.57 + 0.89 ng/mL).
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Figure 3.21. Effects of Gynostemma pentaphyllum extract on the
microscopic structure of seminiferous tubules in mouse testicular
tissue.
3.3.3.2. Effects of the extract on the improvement of blood
testosterone levels

The extract of Gynostemma pentaphyllum restored the
testosterone production capacity of heat-stressed mice. The extract
derived from suspension cells demonstrated an improvement in
testosterone levels in heat-stressed mice comparable to that of the

natural plant extract.
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CONCLUSION AND RECOMMENDATIONS
CONCLUSION
1. The dissertation successfully established a Gynostemma

pentaphyllum cell suspension culture system at the shake-flask scale
and conducted an initial scale-up to a bioreactor system. Under
optimized culture conditions, the suspension cells exhibited a high
capacity for gypenoside accumulation (approximately 46.9 mg/g dry
weight in shake flasks and approximately 40.1 mg/g dry weight in the
bioreactor), demonstrating that cell suspension culture represents a
feasible approach for generating a sustainable and controllable
biomass source for gypenoside production.

2. Both individual and combined elicitors were able to induce
enhanced gypenoside accumulation in suspension-cultured cells. In
particular, single SA treatment increased gypenoside content to
approximately 80 mg/g dry weight, whereas the combined application
of MeJA, SA, and YE resulted in the highest gypenoside level,
exceeding 100 mg/g dry weight. These results indicate the presence of
synergistic effects among elicitors in regulating gypenoside
biosynthesis.

3. Elicitors were able to modulate the expression of multiple
genes belonging to the CYP and UGT families in suspension-cultured
cells. Several CYP and UGT genes exhibited marked transcriptional
upregulation (up to more than 10-fold compared with the control),
demonstrating that the triterpenoid saponin biosynthetic pathway was
activated at the molecular level. The concurrent increase in expression
of genes involved in oxidation and glycosylation steps helps to explain
the mechanistic basis of the observed enhancement in gypenoside
accumulation.

4. The dissertation established a gypenoside enrichment
procedure from the total extract through successive removal of low-
polarity and hydrophobic impurities, yielding a gypenoside-rich
fraction readily soluble in methanol and DMSO and suitable for HPLC
analysis as well as biological assays. This procedure provides a basis
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for subsequent standardization studies and the development of
gypenoside-based preparations in the future.

5. Gypenosides and extracts derived from suspension-cultured
Gynostemma pentaphyllum cells exhibited promising biological
activities, in which gypenosides showed strong inhibitory effects
against HepG2 liver cancer cells (ICso approximately 86.7 pg/mL),
while the extracts demonstrated protective effects on testicular cells,
contributing to improved spermatogenesis and testosterone levels in a
heat-stressed mouse model. These findings further confirm the
potential application value of the cell suspension culture system in the
field of medicinal plant biotechnology.

RECOMMENDATIONS

Further studies are required to optimize culture conditions and
gypenoside production at the pilot scale in Gynostemma pentaphyllum
suspension culture systems in order to evaluate growth stability,
biomass productivity, and gypenoside accumulation capacity. The
establishment and refinement of a pilot-scale process will provide a
scientific and technological basis for the reliable production of
gypenosides in large quantities with consistent quality for
pharmaceutical applications.

In addition to gypenosides, future research should be
expanded toward the biosynthesis and recovery of other classes of
secondary metabolites, such as flavonoids, from Gynostemma
pentaphyllum suspension cultures, thereby diversifying sources of
bioactive compounds and enhancing the application value of plant cell
culture technology in medicinal material production.
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