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MO PAU
1. TINH CAP THIET CUA BE TAI

Cay béch bénh (Eurycoma longifolia Jack) thuoc chi Eurycoma, ho
Simaroubaceae 1a mét trong nhiing loai thao dugc nhiét déi phé bién, co
ngudn goc & cac nudc Pong Nam A nhu Malaysia, Indonesia va Viét
Nam. Dich chiét caa ciy nay, dac biét 1 tir ré, dwoc sir dung dé ting cuong
testosterone & nam gidi. Dich chiét dugc sir dung nhu phuong thudc dan
gian cua ngudi ban dia dé khang khuan, ha sét, chéng viém, gy doc té
bao va kich thich tinh duc.

Eurycomanone la chit dic trung cua cay bach bénh, cé hoat tinh
chinh trong tang cuong sinh ly & nam gidi, cam (rng qua trinh apoptosis
& té bao ung thu,.... Gan day, nhu cau vé loai thao duoc nay ting rat
nhanh, vi vy, viéc trong & quy md I6n loai dugc liéu ndy mai c6 thé
dap ung dugc nhu cau I6n hién nay. Tuy nhién, cay bach bénh sinh
truong cham, cay truong thanh can téi 5 ndam mai thu hoach. Do do,
nudi cdy in vitro cay bach bénh dé san xut hop chat thir cp thay thé
cho ngudn nguyén liéu ty nhién la can thiét.

Chét kich khang 13 nhitng chét héa hoc dugc dung dé tac dong vao
con dudng chuyén hoa thir cdp nham ting cuong sinh tong hop céc chat
c6 gié tri dugc phém trong nudi céy té bao thuc vat. Theo Abraham va cs
(2011), dich chiét nim men d4 duoc ing dung trong nudi cay in vitro thuc
vat do kha nang kich thich co ché bao vé, ting san sinh cac chat chuyén
hoa thr cép c6 hoat tinh sinh hoc. Salicylic acid dugc xem la mot trong
nhiing tin hiéu quan trong trong phan ing tu v€ cla cay va ciing dugc stir
dung rong rai trong san xuat cic chat chuyén hoa tir nudi cay té bao thuc
vat. Methyl jasmonate ciing da dugc chirng minh 1a mot chit dong vai tro
quan trong trong viéc truyén tin hiéu diéu chinh kha ning phong vé cua
thuc vat va co thé kich thich sy san sinh cac cht chuyén hoa tha cp trong
nudi cay té bao.

Do d6, viéc sir dung chat kich khang thuc vat trong san xuat
eurycomanone tir cay béach bénh théng qua nudi cdy huyén pha té bao
htra hen s€ mang lai hiéu qua cao. Vi vay, nghién ctru ung dung nudi
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cay té bao cay béach bénh dé thu mot lugng sinh khéi Ion, ¢ kha ning
tich luy cao cac hop chat co hoat tinh sinh hoc nham chu dong ngudn
nguyén liéu, dam bao cho viéc tach chiét cac duoc chat 1a co y nghia
I6n v& mat khoa hoc va thuc tién. Xuit phat tir co s¢ trén, ching toi
thyc hién dé tai: “Nghién ciru anh hwéng caa mét sé chat kich
khang Ién su tich litly eurycomanone trong nudi ciy huyén phu té
bao cay bach bénh (Eurycoma longifolia Jack)”
2. MUC TIEU NGHIEN CUU

Xac dinh loai chat kich khang, ndng d6 va thoi gian xir ly thich
hop dé san xuat eurycomanone véi ham lwgng cao nhat tir huyén phi
té bao cay béach bénh (Eurycoma longifolia Jack).
3. NQI DUNG VA PHAM VI NGHIEN CUU
Noi dung nghién ciru

- San xuit sinh khdi té bao cay Bach bénh va khao sat qua trinh
tich lily eurycomanone trong té bao;

+ Nghién ctru kha ning sinh trudng cia callus va té bao huyén
phu cdy bach bénh;

+ Xay dung duong cong sinh trudng va duong cong tich liiy ctia
té bao huyén phu;

+ Nghién ciru anh hudng ctia méi truong nudi cay 1én kha ning
sinh truong va tich lily eurycomanone cua té bao huyén phu.

- Nghién ciru anh hudng ciia ndng d6 va thoi gian xir 1y cac chat
kich khang: salicylic acid, methyl jasmonate, dich chiét ndim men 1én
kha ning sinh trudng va tich lily eurycomanone cuia té bao huyén phi.
Pham vi nghién ciru

Nghién ctru dugc thue hién trén callus cta cay bach bénh, str dung 03
chat kich khang: salicylic acid, methyl jasmonate, dich chiét nAm men, C4c
nghién ctru duoc tién hanh trong pham vi phong thi nghiém.

4. PONG GOP MOI CUA LUAN AN

Luén an c6 cac dong géop mdi nhu sau:

Day la cong trinh dau tién sir dung cac chat kich khang (methyl
jasmonate, salicilic acid va dich chiét ndim men) dé nghién ctru cai

2



thién kha nang tich lily eurycomanone ciia té bao huyén phu cay bach
bénh (Eurycoma longifolia Jack).

Luan an da tim ra dugc moéi truong thich hgp cho su sinh trudng
cua callus cay bach bénh, d6 1a méi trudng co ban MS ¢6 b sung 1,25
mg/L NAA va 1,00 mg/L KIN, callus sinh trueéng manh véi chi sé sinh
truong dat 10,07; di tim ra diéu kién nudi cy thich hop cho té bao
huyén phu 13 méi truong MS long ¢6 bd sung 1,25 mg/L NAA va 1,00
mg/L KIN, ngudn carbon 1a 3% sucrose.

Nghién ctru ciing di xac dinh dugc methyl jasmonate & ndng do
0,02 mM, bd sung sau 4 ngay nudi cdy cho hiéu qua tich liy
eurycomanone cao nhat sau 14 ngay nudi cdy, cao hon 10 1an so voi
mau ddi ching 1 té bao khong xir ly chét kich khang va khoang 8 lan
S0 Vi mau ty nhién.
5. CAU TRUC LUAN AN

Luén an dwoc trinh bay trong 109 trang A4. Trong do, phan M&
dau 5 trang, phan Téng quan tai liéu 35 trang, phan Déi tuong va
Phuong phép nghién ctru 7 trang, phin Két qua nghién cau 21 trang,
phan Ban luan 17 trang, Két luan va Kién nghi 1 trang, Danh muc cac
cong trinh cdng bé 1 trang, Tai liéu tham khao 19 trang, phan Phu luc
3 trang. Luan an co 150 tai li¢u tham khao, trong d6 c6 137 tai liéu
tiéng Anh. Phan két qua nghién ctiru ¢6 12 bang va 12 hinh.

Chuong 1
TONG QUAN TAI LIEU

1.1. GIOI THIEU CAY BACH BENH
Bach bénh Ia cay thao moc, thuong xanh, sinh truong cham, la
cay bui hodc cay gd nho, chiéu cao téi da 15-18 m va ra qua sau 2-3
nam nudi trong. Tuy nhién, dé cay tich liiy cac hop chat sinh hoc tét
nhat c6 thé mat dén 25 nam, nhung vi muc dich thwong mai, hiu nhu
ré cua cdy duoc thu hoach sau 4-5 nam. Hau nhu tat ca cac bo phan
cta cay dugc sir dung trong cac phuong thudc dan gian. Dich chiét ciia
ré duoc sir dung dé phuc hdi nang lugng va sinh lyc, ting cuong luu
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thong mau, va duoc bd sung vao thanh phan thao dwoc cho phu nit sau
khi sinh. L& cua né duoc str dung boi cac thay thude dia phuong dé
diéu trj sot rét, khéi u, bénh vé nudu ring, ngoai ra ching con dwgc
chita mot s6 bénh 1ay qua duong tinh duc nhu giang mai, lau. Thanh
phan hoat chét chinh caa cay bach bénh la quassinoid. Quassinoid la
mot nhom triterpenoid giam cip giau oxy, phan bd chu yéu trong ho
Simaroubaceae.
1.2. HQP CHAT THU CAP THUC VAT

O thyc vat, c6 nhiéu loai hop chat hitu co hodc cac chit chuyén
hoa duoc tao ra trong qua trinh trao ddi chit. Cac hop chit thir cip cua
thuc vat thuong dwoc tong hop tir cac san phdm caa quang hop nhu:
alkaloid dwoc tong hop tir cAc amino acid; cac hop chét nhu steroid,
terpenoid va cardiac glycoside duoc téng hop tir acetic acid; cac chat
khang sinh va vitamin duoc téng hop tir cac carbohydrate. Nhitng
thanh tuu dat duogc trong linh vic cdng nghé sinh hoc, dac biét la
phuong phap nuéi cdy té bao thuc vat, da cung cap mot phuong thic
méi cho qua trinh thuong mai hda cac chit héa hoc ¢ ngudn gdc tur
thuc vat. Phuong phap nay s& mé rong va ting kha ning thu hdi cac
hoéa chat c6 gid tri, mot su thay thé tir quy mé ndng nghiép truyén thong
Ién quy md cong nghiép trong san xuat cac hop chat thir cap.
1.3. CHAT KICH KHANG THUC VAT

Chat kich khang c6 thé dugc dinh nghia 1a mét chat hozc mot
hdn hop cac chat ma khi dua mot nong do thap vao hé thdng té bao
séng s¢ khoi dau hodc cai thién su sinh tong hop cac hop chat dic
trung. Su kich khang la qué trinh cam ung hoic ting cudng sinh tong
hop céc chat trao d6i do sy thém vao mot lwgng nho chat kich khang.

Chat kich khang c6 thé duoc phan loai dua vao tinh tu nhién caa
chang, gom chat kich khang sinh hoc va phi sinh hoc hoic dua vao
ngudn gdc caa ching, gdm chat kich khang ngoai sinh va ndi sinh. Su
tang cudng san Xuat cac hop chat trao ddi thir cap tir nudi cay té bao thyuc
vat théng qua su kich khang d& mo ra mét linh vuc nghién cau mai,
mang lai loi ich kinh té quan trong cho nganh dugc. Mét vai théng sb
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nhu tinh chon loc va ndng d6 cua chét kich khang, thoi gian kich khang,
thoi ky kich khang, dong té bao, sy diéu hoa sinh truéng, thanh phan
dinh dudng, chat lugng ctia nguyén liéu thanh té bao... anh hudéng dang
ké dén su tang cuong san pham tich lity.

Jasmonic acid (JA) va methyl jasmontae (MeJA) la cac phan tir
tin hiéu trong stress sinh hoc va phi sinh hoc. Tac dung rong réi cua
chiing c6 thé duoc giai thich bai trén thyuc té cac phan tir ndy hoat dong
nhu cac chat kich khéang véi phd rong cac con duong tin hiu. MeJA
va JA da duoc ching minh 14 c6 thé kich thich san xuit mot vai hop
chit (alkaloid, terpenoid, phenolic phytoalexin, coumarin va taxane) &
nhiéu loai thuc vat.

Dich loc nudi ciy ndm, dich chiét nAm men (YE-Yeast Extract)
va xéc vi khuan cé thé gay ra kha nang dap tng bao vé trong té bao
thuc vat. Tuy nhién, céc loai kich khang nay 1a hon hop phuc tap cia
nhiéu cht héa hoc, chi mot phan trong dé ¢6 hidu qua cam ing su tich
lity cac hop chét dic trung.

1.4. G1OI THIEU VE EURYCOMANONE

Eurycomanone chi duoc tim thiy duy nhét trong cay bach bénh,
¢6 nhiéu nhét & trong ré. Pay 1a hop chat quassinoid chinh trong cay
bach bénh, n6 dwoc sir dung nhu 13 chat chi thi dé danh gia chat luong
cac san pham duoc liéu tir cay ndy. Eurycomanone c6 mét sb hoat tinh
sinh hoc nhu lam ting san xuét testosterone & tinh hoan chudt, hoat
tinh chéng tham (antiulcer activity), gdy doc cac dong té bao ung thu
va khang sét rét.

Phan tich HPLC cac san pham duoc liéu & Malaysia cho thiy
eurycomanone xuat hién trong 58,9% cac san pham duoc liéu, ham
lwgng eurycomanone trong cay bach bénh khoang 0,8-1,5% (w/v).



Chuong 2

POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

Déi twong nghién ciru 1a callus dwoc cam ung tir ré cay bach
bénh (Eurycoma longifolia Jack) in vitro trong nghién ciru cia TS. VO
Chau Tuén. Hat cua cdy bach bénh thu thap tai huyén Pai Loc, tinh
Quang Nam duoc nudi cdy tao cdy in vitro, sau do ré cua cdy in vitro
8 tuan tudi duoc sir dung dé cam tng tao callus. Cac thi nghiém duoc
thuc hién tai phong nudi cdy md va té bao thyc vat, Khoa Sinh-Moi
trudng, Truong Pai hoc Su pham, Dai hoc Pa Nang.

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Méi trwong va diéu kién nudi cdy ban dau

Méi trudong ding dé nudi ciy 1a méi truong MS co ban
(Murashige and Skoog, 1962) c6 bd sung cac chat diéu hoa sinh trudng
(PHST) khéc nhau tuy theo muc dich cua tirng thi nghiém. Mo6i truong
nubi cdy c6 ngudn carbon la sucrose 3%, dwgc lam dic bang agar
0,8%, pH duoc diéu chinh dén 5,8 sau d6 duoc khir tring ¢ 121°C (1
atm) trong 20 ’phL]t.

2.2.2. Nubi cay callus cay bach bénh

Callus (3 g) dugc nudi cy trén moi truong MS co ban b sung
cac chit diéu hoa sinh truong 13 2,4-D, NAA va KIN (kinetin) & cac
nong do khic nhau dé khao sat kha nang ting sinh cua callus ciy bach
bénh. Sau 2 tuin nudi cdy (14 ngay), callus duoc thu nhan, loai bo
nudc bam bén ngoai callus bang phuong phap loc (gidy loc Whatman
No.1) va x4c dinh khdi lugng twoi. Sau d6 callus duoc siy dén khi khéi
luong khong d6i & nhiét do 50°C, dé xac dinh khdi lugng kho. Chi sb
sinh truéng (Gl-growth index) cua té bao dugc xac dinh bai cong thic:
Gl = Wia/Wo. Trong d6: Wi VA Wo 12 khéi Tugng tuoi cia té bao tai
thoi diém danh gia va thoi diém bat dau nudi cay.

2.2.3. Nudi cdy huyén phu té bao cay bach bénh

Sau khi danh gia duoc méi truong tét nhat cho su sinh truong

cua callus, 3 g callus 14 ngay tudi (twong duong 1,7 g callus sau khi
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loc chan khdng) c6 mau vang nhat, roi, tir méi trudng ran dugc nudi
cay long trong binh tam giac c6 thé tich 250 mL chta 50 mL mdi
truong dé nudi cay té bao huyén phu. Cong thire mdi truong cho callus
sinh truéng tét nhat duoc sir dung dé nudi ciy huyén phi té bao. Qué
trinh nui ciy dugc thuc hién vai tée do lac 120 vong/phut. Sinh khdi
té bao duoc thu sau mdi 2 ngay nudi ciy cho dén 20 ngay dé xay dung
dudng cong sinh trudng va dudng cong tich lily eurycomanone cua té
bao.

2.2.4. Xdc dinh sw anh hwéng ciia nguon carbon 1én s sinh truéng
va tich liiy eurycomanone ciia huyén phu té bao cay bach bgnh

Sau khi xac dinh duoc thoi gian tich liy sinh khdi va
eurycomanone téi uu, tién hanh khao sat anh huéng cua cac ngudn
carbon khac nhau Ién kha nang sinh truéng va tich lily eurycomanone
cua té bao.

CAac ngudn carbon: sucrose, fructose va glucose duoc bd sung
riéng 1é vao méi truong nudi cdy huyén ph té bao & cac nong do khac
nhau (mdi ngudn carbon sir dung 3 mirc ndng d6: 20, 30 va 40 g/L).
Sau thi gian nuéi cdy nhét dinh (da xac dinh & muc 2.2.3), sinh khéi
té bao duoc thu hoach dé xac dinh khdi luong twoi, khdi luong kho va
ham ham luvgng eurycomanone tich liy dugc.

2.2.5. Xdc dinh sw dnh hwéng ciia pH méi truwong |én su sinh truong
va tich lily eurycomanone ciia huyén ph té bao cay bach bénh

Dé khao sat anh huong ciia pH I1én kha ning sinh truong va
tich lily eurycomanone cua té bao, sir dung méi truong nudi cay voi
ngudn carbon thich hop nhat (da xac dinh & muc 2.2.4) cho su sinh
truong va tich liiy, diéu chinh gia tri pH cua méi trudng tir 4,75 dén
6,75 trudc khi khir tring, khoang chénh léch pH gitra cac moi trueong
la 0,5. Sau 14 ngay nudi cay, sinh khéi té bao duoc thu hoach dé xac
dinh khéi luong twoi, khdi lugng khé va ham lugng eurycomanone tich
Ity duoc.



2.2.6. Xur Iy chdt kich khang
Xac dinh anh hweng cia nong dé chat kich khang 1én si sinh treeng
va tich lily eurycomanone cua huyén phi té bao cay bach bénh

Anh huéng cia nong do cac chat kich khang dugc danh gia
bang cach bo sung riéng 1é YE, MeJA va SA vao moi truong voi cac
nong d6 khac nhau tai thoi diém bat dau nudi cay (thoi diém kich
khang 13 0 ngay). Trong d6, SA va MeJA ¢6 ndng dé tir 0,01-1 mM,
YE tir 20-250 mg/L. Déi ching la cong thac khong b sung chét kich
khang. Sau thoi gian nudi ciy nhat dinh, sinh khéi té bao dugc thu
hoach dé xac dinh khéi lwong twoi, khéi lugng kho va ham luong
eurycomanone.
Xéc dinh anh hieong cua thoi diém kich khang I18n si sinh trirong va
tich lily eurycomanone cua huyén phu té bao cay bach bénh

Nong d6 cua chat kich khang cho huyén phu té bao cay bach
bénh sinh trudng va tich liy t6t nhit (da xac dinh & trén) duoc lva
chon dé danh gia thoi diém kich khang tdi wu. Chét kich khang dugc
bd sung vao mdi truong & thoi diém tir 2 — 12 ngay nudi ciy (mdi cong
thirc thi nghiém cach nhau 2 ngay). Béi chung 1a cng thie b sung
chat kich khang tai thoi diém ban dau. Sau thoi gian nudi cay nhat
dinh, té bao duoc thu hoach dé xac dinh khéi luong tuoi, khdi lugng
khé va ham lwgng eurycomanone.
2.2.7. Chiét xudt eurycomanone

Eurycomanone duocC chiét xuat theo phuong phap cua
Mohamad va cs (2013) c6 diéu chinh dé pht hop véi diéu kién cu thé
cua phong thi nghiém. Sinh khéi kho cua té bao (callus, huyén pho té
bao, ré cay tu nhién) duoc nghién thanh bot min, sau d6 chiét bang
cach ngdm 0,5 g mau trong 10 mL methanol (Merck), lic 120
vong/phit & 60°C trong 8 gio, sau dé dé ling va thu dich chiét. Quy
trinh chiét duoc I4p lai 3 1an. Dich chiét (khoang 30 mL) dugc loc qua
gidy loc Whatman (No.1) va c6 dic & 50°C. Sau do, két tua duoc hoa
tan trong 5 mL methanol, loc qua mang loc Minisart 0,2 um (Sartorius,
Goettingen, Pirc), dé phan tich HPLC nham xac dinh ham luwong
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eurycomanone.

Mau callus va huyén phu té bao duoc thu hoach & céc thi
nghiém, mau ré cay khoang 5 nam tudi dwoc thu thap ngoai tu nhién
tai huyén Bai Loc, tinh Quang Nam.

2.2.8. Phan tich HPLC

Ham luong eurycomanone duoc xac dinh biang may sic ky
I6ong hiéu nang cao (HPLC) theo phuong phap cta Norhidayah va cs
(2015) c6 diéu chinh phi hop véi diéu kién phong thi nghiém. 20 pL
dich chiét duoc tiém vao may HPLC bang Hamilton syringe. Diéu kién
chay HPLC ¢ nhiét do phong, cot C18 (Xbridge: 5 um, 4,6 x 250 mm),
téc d6 chay: 0,8 mL/pht, thoi gian chay: 17,5 phut, detector doc &
budc song 245 nm, pha tinh 1a silica gel va pha dong la acetonitrile:
H,0O (15:85).

Quy trinh phan tich HPLC dugc thuc hién trén may LC-20
Prominence (Shimadzu, Kyoto, Nhat Ban), voi SPD-20A UV-VIS
detector, sir dung phin mém LC-Solution. Cac hda chét st dung dé
phan tich HPLC duoc cung cap boi hing Merck & Co.Inc. (Darmstadt,
Duc). Buong chuin cia eurycomanone dwoc sit dung dé xac dinh ham
lugng eurycomanone chira trong mau phan tich.

Eurycomanone cua hang Santa Cruz (CA, My) duoc dung lam
chat chuan dé xac dinh ham luong eurycomanone. Ham luong
eurycomanone dugc xac dinh dira theo dudng chuan dugc xay dung tir
dién tich peak cua cac nong do eurycomanone chuan khac nhau trong
phan tich HPLC, phuong trinh duong chuan 1a y = 3504672,8353x +
6163,5917 (R?=0,9984), trong d6 x 1a ham lwong eurycomanone, y la
dién tich peak HPLC.

2.2.9. Xur ly théng ké

Céc thi nghiém dugc bd tri ngdu nhién, mdi thi nghiém duoc lap
lai 3 1an, mdi lan gdm 5 binh nudi cay.

Két qua thi nghiém dugc tinh trung binh va phéan tich ANOVA
bang Duncan’s test voi p<0,05 st dung phan mém SPSS ver 20.0./.



Chuwong 3
KET QUA NGHIEN CUU
3.1. ANH HUONG CUA CHAT PIEU HOA SINH TRUONG
LEN KHA NANG SINH TRUONG CUA CALLUS
3.1.1. Anh huéng cia cht didu hoa sinh truong riéng lé
3.1.1.1. Anh huong cua 2,4-D
Bang 3.1. Anh huong cua nong d6 2,4-D Ién kha nang sinh truéng cua

callus
2,4-D Khoi Khéi Chi sb sinh Hinh thai callus
(mg/L) lwgng luwgng truéng
twoi(g)  kho (g) (GI)
0,5 6,56° 0,36° 2,19 Vang nhat, mong nuéc
1,0 6,84 0,39P 2,28 Vang dam, ran, roi rac
15 7,472 0,48% 2,49 Vang dam, mong nudc
2,0 7,562 0,55% 2,52 Vang dam, mong nudc
2,5 7,412 0,42° 2,47 Vang dam, mong nuéc

Chuthich: Céc chir céi khac nhau trén cung mét cét chi sw sai khdc c6 y nghia
thong ké cua cac trung binh mau véi p < 0,05 (Duncan'’s test).
Khi nuéi ciy callus 1én méi truong chi ¢ 2,4-D, & tat ca cac ndng do khao
sat callus déu sinh truong tot, chi s6 sinh truong dat trén 2, khi luong tuoi
dat 6,56-7,56 g/binh (tuong (mg vai khéi lugng kho dat 0,36-0,55 g/binh).
Trong d6, cong thirc bd sung 2 mg/L 2,4-D cho két qua tét nhat, chi s sinh
truong cua callus dat 2,52, khdi lugng tuoi va kho 1an lugt 1a 7,56 va 0,55
g/binh (Bang 3.1).
3.1.1.2. Anh huéng caa NAA

Két qua nghién ciu cho thady NAA cho hiéu qua cao nhat ¢
nong d6 1,25 mg/L, sinh khéi callus tir 3 g nudi cdy ban dau dat dén
23,59 g tuoi (tuong Gng vai 0,93 g khd) véi chi sé sinh truong (GI) 1a
7,8. Trong khi d6, sinh khdi tich lu thap trén méi trudng nudi cay co
bo sung tir 2-2,25 mg/L NAA, sinh khdi tuoi dat lan luot 14 17,24 va
16,79 g (twong (g véi 0,65 va 0,62 g kho).
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Bang 3.2. Anh huong ciia NAA dén kha nang sinh truong cia callus cay

bach bénh
NAA Khoi Khéi  Chi sé sinh Hinh thai callus
(mg/L) lwgng luwgng truéng
twoi (g)  kho (g) (Gl)
0,50 20,479 0,79¢ 6,8 Vang nhat, mong nu6c
0,75 21,92° 0,88" 7,3 Vang nhat, mong nu6c
1,00 21,30° 0,87 7.1 Vang dam, ran, roi rac
1,25 23,592 0,932 7,8 Vang dam, ran, roi rac
1,50 18,508 0,72¢ 6,2 Vang dam, ran, roi rac
1,75 18,21° 0,71¢ 6,1 Vang dam, ran, roi rac
2,00 17,24 0,65° 57 Vang nhat, mong nu6c
2,25 16,79° 0,62f 5,6 Vang nhat, mong nuéc

3.1.2. Anh hwéng ciia két hop cac chat PHST
Trong ndi dung nghién ciru anh huéng cua cac chit didu hoa
riéng ¢, chding tdi nhan thiy sir dung NAA ¢ hiéu qua hon so vdi 2,4-D,
vi thé chiing t6i str dung NAA trong thi nghiém két hop vai KIN.
Bang 3.3. Anh huong cua NAA va KIN dén kha nang sinh truong cua callus
cay bach bénh
NAA KIN Khéilwgng Khdi Chisé  Hinh thai callus

(mg/l) (mg/l) twoi (g) lwgng sinh
khé (g) truwéng
0,50 23,43¢ 0,92¢ 7,8 Vang nhat, mong nudc
0,75 30,98 1,262 10,3  Vang nhat, mong nuéc
1,00 32,342 1,31* 10,7  Vangdam, ran, roi rac
1,25 1,25 28,80° 1,11° 9,6  Vangdam, ran, roi rac
1,50 24,65° 0,94¢ 8,2  Vangdam, ran, roi rac
1,75 20,494 0,79¢ 6,8  Vang nhat, mong nuéc
2,00 18,70¢ 0,78¢ 6,2  Vang nhat, mong nuéc

Két qua két hop giira 1,25 mg/L NAA va KIN cho thiy sinh
khéi callus dat cao nhat (30,98-32,34 g tuoi/binh, twong ng véi 1,26-
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1,31 g khé/binh) thu nhan tir moi truong MS chira 0,75 — 1,00 mg/L
KIN, GI dat twong wng la 10,3-10,7 (Bang 3.3). Két qua nay ching to
rang bo sung NAA két hop v6i KIN thac ddy hon nira viéc sinh trudng
cua callus khi so sanh véi bo sung riéng tirng chét diéu hoa sinh trueong.
3.1.3. Sw tich lity eurycomanone trong callus cdy bdach bénh

Két qua phan tich HPLC mau dich chiét tir callus 14 ngay tudi
trén moi truong tot nhat (MS co ban ¢d bd sung 1,25 mg/L NAA va
1,00 mg/L KIN) va ré cay béach bénh ty nhién khoang 5 nam tudi cho
thdy tat ca cac mau déu xuat hién 1 peak c6 thoi gian luu gidng véi
chit chuan eurycomanone (khoang 4,15 phat). Ham luong
eurycomanone trong callus 1a 0,17 mg/g chat khd (bang khoang 8% so
v6i mau ré cay tu nhién la 2,09 mg/g).
3.2. THIET LAP NUOI CAY HUYEN PHU TE BAO
3.2.1. Xdy dung dwong cong sinh truwong va tich liiy eurycomanone

18 12

1

Sinh khot twoi (g/binh)
N
o o o
e o (]
Sinh khoi khé (g/binh)

o
Y

—o—TLT —=—TLK

o

Thi gian nudi cdy (agiy)
Hinh 3.1. Buong cong sinh truéng cua té bao

Két qua nghién ctru dugc trinh bay & hinh 3.1 cho thiy pha thich
nghi dién ra ngan (khoang 2 ngay), sau d6 1a pha sinh truong nhanh
(kéo dai dén ngay tht 14), pha 6n dinh dién ra ngin sau d6 nhanh
chéng chuyén qua pha chét. Vai ty 18 tiép miu khoang 1,7 g bau dau,
sinh truong té bao dat cuc dai vao ngay thi 14, khdi luong tuoi thu
duoc 1a khoang 15,67 g/binh (0,69 g kho/binh), cao gap 9,21 lan sinh
khéi tuoi ban dau.
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Hinh 3.2. Phé HPLC phan tich ham lwong eurycomanone trong té bao. A.
Eurycomanone chuan, B. Dich chiét eurycomanone tir té bao huyén phu 14
ngay tudi

18 A1

16 1

1.4 A

12 4

0.8 1

0.6 -

Eurycomanone (mg/g kho)

0.2 1

Thoi gian nudi cy (ngay)
Hinh 3.3. Puong cong tich liiy eurycomanone
Phén tich HPLC duoc tién hanh trén dich chiét té bao va két
qua cho thay mot peak véi thoi gian luu 1a 4.194 phit, tuong tu nhu
cua chit chuan eurycomanone (4.141 phat) (Hinh 3.2). Nhu vay,
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eurycomanone di duoc tong hop trong té bao in vitro cay bach bénh
va sy bién doi sinh hoc dudng nhur khong c6 sai khac y nghia.

Két qua xay dung duong cong tich lity cho thdy eurycomanone
da dugc san xuat trong qua trinh nudi cdy tir ddu dén ngay 20, ham
lwong cao nhit (1,65 mg/g kho) ciing thu duoc vao ngay thir 14 giéng
nhu sy tich lity sinh khdi té bao (Hinh 3.3).

3.2.2. Anh hwéng nguon carbon dén sw sinh truéng ciia té bio

Két qua trinh bay & bang 3.4 cho thiy glucose thich hgp cho
sinh trudng cua té bao, dic biét 1a ¢ nong do 3% (sinh khéi tuoi dat
20,30 g), tuy nhién & mdi trudng nay sy tich lity sinh khbi khd khdng
tt (chi dat 0,59 g). Trong khi d6, sucrose ¢ nong dd 3% su sinh
truong cua té bao khong tét bang glucose (sinh khéi tuoi dat 17,43
g) nhung su tich lity sinh khdi kho lai tét hon rat nhiéu (0,72 g). Khi
nudi cdy té bao trén moi trudng chua fructose té bao khdng sinh
truong, hda nau va chét sau vai ngay.

Bang 3.4. Anh huong ctia ngudn carbon Ién sy sinh trudng cua té bao cay

bach bénh
Ngudn carbon Khéi lugng Khéi lwgng  Eurycomanone

(%) twoi (9) kho (g) (mg/g)
2 17,58° 0,43¢ 0,47¢
Glucose 3 20,30? 0,59° 0,77¢
4 12,57¢ 0,44° 1,36°
2 17,62° 0,44¢ 1,54%
Sucrose 3 17,43° 0,722 1,702
4 18,00° 0,61° 1,11°

2 - - -

Fructose 3 - - -

4 ; ] ]
O moéi truong nudi cdy chira sucrose 3%, Sy san Xuat

eurycomanone cua té bao dat cao nhat (1,70 mg/g). Anh huéng cua

nong d6 glucose Ién sy tich luy eurycomanone thip hon sucrose.
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3.2.3. Anh hwong ciia pH méi trwong dén sw sinh truwéng ciia té bao
Trong nghién ciru cia ching t6i, pH ciia méi truong nudi cay
dugc diéu chinh giao dong trong khoang 4,75-6,75 trudc khi khi tring.
Két qua nghién ctru trinh bay & bang 3.5 cho thy su tich liiy sinh khdi
twoi va sinh khdi kho déu tét nhat & pH 5,75. O c¢ong thirc méi trudng
nay, sy tich lity sinh khéi twoi va kho, ham lwong eurycomanone déu
dat cao nhat, tuong ung 1a 17,27 g/binh, 0,76 g/binh va 1,67 mg/g khd.
Biang 3.5. Anh huong cua pH méi truong dén sy sinh trudng cua té bao
pH  Khoilwgng twoi (g)  Khdi legng kho (g) Eur (mg/g)

4,75 11,04¢ 0,49 0,49°
5,25 15,47° 0,68 1,38°
5,75 17,272 0,76% 1,672
6,25 13,68° 0,60° 1,34°
6,75 13,52¢ 0,60° 1,31°

3.3. ANH HUONG CUA CHAT KIiCH KHANG LEN SU SINH
TRUONG TE BAO VA TiCH LUY EURYCOMANONE
3.3.1. Khdo sdt dnh huéng ciia nong dp chit kich khdng dén su tich
liiy eurycomanone
3.3.1.1. Anh hudng cua dich chiét nAm men

S ligu trinh bay & bang 3.6 cho thay YE c6 tac dung tc ché
su sinh trudng cia té bao, khbi lugng kho ctia mau c6 xir Iy kich khang
YE dat 0,41 dén 0,51 g/binh (miu d6i ching 0,72 g/binh). Tuy nhién,
su tich luy eurycomanone ting dat cuc dai khoan 3,71 mg/g kho khi
xtr 1y voi nong do 200 mg/L YE (twong tng 1,82 mg/binh), cao hon
dbi ching khoan 2 1an.
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Bang 3.6. Anh huong cua dich chiét nam men 1én sinh truong va tich liy
eurycomanone cua té bao cay bach bénh

YE Khéi lwong twoi Khéi lwong khé  Eurycomanone
(mg/L) Q) @) (mg/g)

bC 17,432 0,722 1,704

20 14,7°¢ 0,42¢ 1,614

50 14,98° 0,47¢ 1,714

100 15,24b 0,46¢ 1,794

150 13,96° 0,41¢ 2,28°

200 17,082 0,49° 3,712

250 16,682 0,51° 3,07°

DC: ddi chiing khong bo sung YE.
3.3.1.2. Anh huong cua methyl jasmonate

Khac véi khi xi ly bang YE, kich khang bang MeJA anh
huéng mot cach rd rét dén sy sinh truéong cua té bao bach bénh. Sy
sinh trudng cua té bao giam mot cach dang ké khi ndng d6 MeJA ting
tir 0,01- 0,50 mM. O ndng d6 1,00 mM MeJA, té bao héa nau, khong
phét trién (Bang 3.7). Tuy nhién, ham luong eurycomanone dat cao
nhat 6,60 mg/g chat khd & nong d6 0,02 mM MeJA (tuong ung 3,16
mg/binh), két qua nay cao cao hon 4 1an so véi ddi chang.

Bang 3.7. Anh huong cua methyl jasmonate 1én sinh trudng va tich Iy
eurycomanone cua té bao

MeJA Khdi lwgng twoi  Khéi lrong khé  Eurycomanone
(mM) (¢)] 9 (mg/g)

bC 17,432 0,728 1,70°

0,01 10,58° 0,43° 5,17°

0,02 8,14°¢ 0,48° 6,602
0,05 5,22¢ 0,61° 1,23¢

0,10 2,29¢ 0,33¢ 1,11¢

0,20 1,63f 0,22¢ 0,51f

0,50 0,768 0,07f 0,85¢

1,00 - - -

DC: dbi chig khdng bd sung MelA.
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3.3.1.3. Anh huong cua salicylic acid
Bang 3.8. Anh huong cua salicylic acid 1én sinh trudng va tich liy
eurycomanone cua té bao

SA Khéi lwong twoi Khéi lwong khé  Eurycomanone
(mM) (@) (@) (mg/g)

bC 17,43b 0,722 1,70°

0,01 16,32° 0,48°¢ 3,302

0,02 19,082 0,56° 3,512

0,05 14,679 0,52° 3,352

0,10 2,86° 0,37°¢ 0,9¢

0,20 - - -

0,50 - - -

1,00 - - -

DC: ddi chiing khong bo sung SA

Két qua trinh bay & bang 3.8 cho thay s irc ché manh cua SA
I&n kha ning sinh trudng caa té bao bach bénh & nong do 16n hon 0,05
mM. O ndng d6 0,20 — 1,00 mM SA, té bao hoa nau, khong phéat trién.
Trong d6, ham lugng cua eurycomanone ciing tang khoan 2 1an khi so
sanh v6i mau d6i chung trong méi truong ¢6 bd sung SA 0,02 mM
(eurycomanone dat 3,51 mg/g kho, twong tng 1,96 mg/binh).

3.3.2. Khdo sdt dnh hwong ciia thoi gian kich khdng dén sw tich liiy
eurycomanone
3.32.1. Anh huong cua thoi diém kich khang YE lén sy tich liy
eurycomanone

Ham luong eurycomanone trong c4c té bao khi xt Iy bang 200
mg/L YE ¢ ngay thir 6 ciia qua trinh nudi cay dat gia tri cao nhat Ia
6,25 mg/g chat khd (twong ng 3,125 mg/binh), cao gip 3,68 va 2,98
lan so véi mau déi chirng khong dwoc xir Iy chat kich khang va mau ré
clia cdy 5 nam tudi.
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Bang 3.9. Anh huong cua thoi diém kich khang YE 1én sy tich lity

eurycomanone

Thoi diém kich Khéi lwong  Khéi lwong  Eurycomanone
khang (ngay) twoi (9) kho (g) (mg/g)

0 17,08 0,49 3,71°

2 16,86° 0,49 3,87°

4 17,20 0,50° 4,83°

6 16,67° 0,50° 6,25°

8 18,212 0,522 4,49

10 17,01° 0,50° 2,124

12 18,42 0,50 2,02¢

3.3.2.2. Anh hudéng coa thoi diém kich khang MeJA Ién su tich liy

eurycomanone

Két qua nghién ctru anh huéng cua thoi gian xu 1y 0,02 mM
MeJA 1én kha ning sinh truéng cua té bao cho thdy MeJA &c ché manh
dbi vai sinh khéi tuoi, thoi gian xir ly chit kich khang cang dai kha
ning sinh trudng cua té bao cang bi we ché. Déi vai sinh khi kho, xu
ly chét kich khang tir 8-10 ngay lam ting kha ning tich liiy sinh khdi
kho6. Ham luong eurycomanone trong cé4c té bao khi xir Iy bang MeJA
sau 4 ngay nudi cay dat gia tri cao nhat Ia 17,36 mg/g kho (9,54
mg/binh) (Bang 3.10), cao gap khoang 10 va 8 lan so véi mau dbi
chirng va mau ré cua cay 5 nam tudi.
3.3.2.3. Anh huong cua thoi diém kich khang SA 1én su tich liy
eurycomanone

Khi b sung vao méi truong nudi ciy 0,02 mM SA, sinh khoi
té bao ¢ tat ca cac thoi diém bo sung déu giam, trong d6 bd sung vao
dau giai doan sinh truong (2-6 ngay) s& Gc ché manh nhat. Ham luong
eurycomanone trong té bao chi dat cao nhat 1a 5,20 mg/g (2,44
mg/binh) khi SA duoc bd sung vao trong moi truong sau 4 ngay nudi
cay (Bang 3.11). Nhu vay, su kich thich qué trinh sinh tong hop cua
eurycomanone & nhitng thoi diém kich khang khac nhau la khac nhau,
trong khi sy sinh truong cua té bao khdng bi anh huong boi thoi diém
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nay. Hau hét cac mau xu Iy, sinh khdi té bao dat tir 0,46 dén 0,56 g
kho/binh.

Bang 3.10. Anh huong cia thoi diém kich khang MeJA Ién sy tich liy
eurycomanone

Thoi diém kich Khéi lwong  Khdi lwong  Eurycomanone
khang (ngay) twoi () kho (g) (mg/g)
0 8,14¢ 0,48% 6,60¢
2 8,32¢ 0,50% 12,83°
4 9,21¢ 0,55 17,362
6 10,43° 0,562 9,18°
8 11,40 0,49% 5,99¢
10 13,832 0,42° 3,81°
12 14,09 0,43° 2,77

Bang 3.11. Anh hudng cua thoi diém kich khang SA 1én su tich liy

eurycomanone
Thoi diém kich Khdi lwgng Khéi lwgng  Eurycomanone
khang (ngay) twoi (9) kho (g) (mg/g)
0 19,082 0,562 3,51°
2 15,58¢ 0,46° 4,26°
4 16,00° 0,47° 5,207
6 15,90°¢ 0,47° 5,018
8 17,09° 0,50%® 2,374
10 18,00° 0,532 2,014
12 17,36° 0,50%® 1,97¢
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Chuong 4
BAN LUAN
4.1. ANH HUONG CUA CHAT PIEU HOA SINH TRUONG
LEN KHA NANG SINH TRUONG CUA CALLUS

Anh huéng caa chat diéu hoa sinh truéng thwe vat 1én s sinh
truong cua callus trén cay bach bénh da duoc nhiéu tac gia nghién ctu
va cong bd. Trong khi d6 Mahmood va cs (2010) cho rang 2,4-D la
loai auxin phui hop nhit dé cam tng tao callus ciing nhu nhan sinh khéi
callus tir nhidu ngudn géc khéc nhau caa cdy béach bénh, callus tao
thanh tir mau 14, cudng 14 don, cudng 14 kép va 14 mam trén cac moi
truong c6 bd sung 2,4-D déu cho két qua tdt nhat véi ty 16 tao callus tir
78,33-88,33%. Vi vay, ching tdi st dung 2,4-D 1a chét diéu hoa sinh
truong dau tién dé khao st kha nang sinh truong cua callus. Tuy nhién,
trong nghién ciru caa ching tdi 2,4-D khong phai 1a chit diéu hoa sinh
truéng cho hiéu qua tét nhat. Khi bd sung riéng I¢ 2,4-D, cong thic bd
sung 2 mg/L 2,4-D cho két qua tét nhit, chi sb sinh truéng cua callus
chi dat 2,52 (Bang 3.1).

Mot sb nghién ctiu cho thdy khi viéc két hop gitra auxin va
cytokinin vao méi truong nudi cay thic day manh mé viéc tao callus trén
nhiéu giéng cay. Theo hudng d6, ching t6i di sir dung két hop NAA va
KIN Ién kha ning sinh truong cua callus cay bach bénh, két qua thu dugc
la rat kha quan. Két qua két hop gitta 1,25 mg/L NAA va 1,00 mg/L KIN
cho thay sinh khéi callus dat cao nhat (32,34 g tuoi/binh, twrong ng Voi
1,31 g kho/binh, GI dat twrong tng 1a 10,7 (Bang 3.3). Trén thé gidi, viec
str dung ca NAA va KIN trong nudi cay callus cay bach bénh dé san
Xuat hop chit thir cp da dugc thuc hién. So vai nghién ctiu cia ching
t6i, ndng d6 chat diéu hoa sinh truéng ma cac tac gia sir dung la thap
hon.

4.2. THIET LAP NUOI CAY HUYEN PHU TE BAO
4.2.1. Su tich liiy sinh khoi twoi va khé trong nuéi cdy huyén phit

Trong nghién ctru cta chiing t6i, sinh truong té bao dat cuc dai

vao ngay thir 14 cta qua trinh nudi cay (Hinh 3.3), khdi luong twoi thu
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duoc la khoang 15,67 g/binh (0,69 g khd/binh), cao gap 9.21 lan sinh
khéi twoi ban dau. Két qua thu duoc cua chung t6i cao hon kha nhiéu
S0 VGi cac nghién ciru da cong bd trude day. Keng va cs (2010) thu
duoc sinh khéi cao nhat (3,1 g twoi/0,22 g kho) vao ngay thu 13 khi
nudi cay 0,5 g té bao cay bach bénh trong méi trudng MSB (thay ddi
tir moi truong MS) dugc xi ly vai 2 mg/L NaH2PO..
4.2.2. S tich lity eurycomanone trong nudi cdy huyén phu

Qua mot sb nghién ctru trude day cho thiy, da sb truong hop
nuodi céy callus hodc té bao thuc vat déu cho ham luong cac chét thi
cap cao hon nhiéu 1an so véi trong diéu kién tuy nhién. Nguyén Hoang
Loc va cs (2010, 2011) da nghién ciru san xuat solasodine tir callus cay
ca gai leo nhan thdy ham luong solasodine cao hon khoang 8,5 1an so
voi tach chiét tir ré cdy tu nhién 1 nam tudi. DI v6i cay béach bénh
trong nghién ciru ndy, eurycomanone da duoc san xuat trong qué trinh
nudi ciy tir ddu dén ngay 20, ham luong cao nhét (1,65 mg/g kho) ciing
thu dugc vao ngay thir 14 gidng nhu su tich liy sinh khdi té bao (Hinh
3.7). Két qua nay cao hon so v&i nghién ciru cia Mohamad va cs
(2013), ham legng eurycomanone trong cay bach bénh 6-7 nim thu
thap tir Muar (Malaysia) chi gan 1,4 mg/g khé.
4.2.3. Anh hwéng cia nguon carbon va pH méi truong

Nguon carbon dugc xem l1a ¢ anh huong dén sy phat trién cua
té bao va su san xuit cac chat cd ngudn géc thuc vat trong nudi cay in
vitro. Trong nghién ctru cua chiing t6i ndng do sucrose 3% la thich hop
nhat cho sinh truong cua té bao. O néng d6 nay, su sinh truéng cua té
bao dat kha tét, sinh khéi twoi dat 17,43 g va sinh khéi kho dat 0,72
g, Su San Xuat eurycomanone cua té bao ciing dat cao nhat (1,7 mg/g).

Bén canh nguon carbon, pH méi trudng ciing anh huong lén
dén su sinh truong va tich liiy hop chét thir cip cua té bao. Trong
nghién ctru cua ching tdi, pH 5,75 cho két qua thu dugc tot nhat. O
cong thirc méi trudng ndy, sy tich liy sinh khdi twoi va kho, ham luong
eurycomanone déu dat cao nhat, trong tng la 17,27 g/binh, 0,76 g/binh
va 1,67 mg/g khd. Két qua nghién ciru cta chiing t6i thu duoc tuong
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ty nhur két qua nghién ctru ciia Siregar va cs (2004), tac gia nhan thay
pH 5,75 Ia ti wu cho nudi ciy té bao cay nay.
4.3. ANH HUONG CUA CHAT KICH KHANG LEN SU SINH
TRUONG TE BAO VA TiCH LUY EURYCOMANONE
4.3.1. Anh hwéng ciia chit kich khéng lén sinh triwéng té bao
Thong thudng, bd sung cac chit kich khang vao méi truong
nudi cdy déu trc ché kha ning sinh truong cua té bao, két qua nay duoc
cong bé trén nhiéu cdng trinh nghién ciru trude day. Trong nghién cau
cua ching tdi, YE it ¢6 sy tac dong 1én su sinh truéng cua té bao, MeJA
ic ché manh trong khi SA ting kha ning sinh truong cua té bao khi
duoc xir Iy & ndng d6 thip (Bang 3.6-3.8).

Déi véi YE, day 1a mot hop chat bao gdm nhiéu thanh phan khac
nhau, ngoai cac amino acid, vitamin va khoang chat, ... Vi viy, YE
thuong it (rc ché qua trinh sinh trudng cia té bao cua ciy bach bénh,
dzic biét 1a ¢ sinh khéi tuoi (Bang 3.6). MeJA 14 chét tc ché sinh truéng
té bao va ting cudng san xuat hop chat thir cAp trong nudi ciy ré cay
Bupleurum falcatum L., Taxus spp. va lda. Trong nghién ciru cta
chiing t6i, trong méi truedng c6 MeJA sinh trudng cua té bao bach bénh
bi ¢ ché manh so voi doi chang (Bang 3.7). Két qua nay ph hop voi
cac nghién ciru trude diy vé su G ché ciia MeJA 1én sinh truong cua
té bao thuc vat. Bi véi SA, trong hau hét cac cong trinh nghién ciu
duoc cdng b, viéc xtr ly chat kich khang bang SA sé& tc ché su sinh
truong cua té bao. Trong nghién ciru cua chiing toi, su sinh trudng cua
té bao khi bd sung SA déu thip hon khi khong b sung SA, ca khdi
luong tuoi 1an khéi lwong kho nhu & hau hét cac cong bd khac trude
day.

4.3.2. Anh hwéng ciia chit kich khdng 1én tich liiy eurycomanone
Tur két qua nghién ciru cua chdng tdi cho thiy, YE khi b6 sung
vao mdi trudng nudi ciy di anh hudng dén su tich liy eurycomanone
cua té bao cay bach bénh. B sung YE Vi cac nong do tir 150-250
mg/L déu lam ting manh ham luong eurycomanone, néng do 200
mg/L ham luong eurycomanone cao gap ddi déi chirng (Bang 3.6)
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D6i véi MeJA, ham lugng eurycomanone dat cao nhat trong
nghién ciru cia ching toi 1a 6,60 mg/g kho, thu dwgc & nong do 0,02
mM MeJA, két qua nay cao hon 4 1an so véi dbi chang va cao gap doi
so voi YE (Bang 3.7). Nhin chung, MeJA da anh huong I1én kha nang
sinh téng hop eurycomanone trong té bao bach bénh rd rét hon ca YE
va SA, ham lugng eurycomanone thu dugc dat gén gép doi.

Viéc str dung SA lam chat kich khang dé ting cudng tong hop
cac hop chit thir cAp tir nudi cy té bao thuc vat rat phd bién. Ham
lwong eurycomanone trong té bao cay béach bénh ting dan khi bé sung
SA tir 0,01-0,05 mM, sau d6 giam va gan nhu té bao khdng phat trién
va chét. O mai truong c6 bd sung 0,02 mM SA, lwong eurycomanone
trong té bao dat cao nhat (3,51 mg/g khdi lwong khé), twong dwong khi
xtr Iy YE va thap hon khi xir Iy MeJA khoang 50%. Trong nghién ctu
cta ching t6i, ham luong SA st dung la kha thip (0,01-0,05 mM),
twong dwong v6i mot sb nghién ctu di cong bd. Ching han,
Yousefzadi va cs (2010) di bé sung 10 pM SA vao ngay th ba khi
nudi ciy té bao cay Linum album, ham luong podophyllotoxin thu
duoc 333 pg/g khéi lwong khd, cao gap ba 1an so véi té bao nudi ciy
trén moi trudng khong bo sung SA.

4.3.2. Anh hwong cia thoi gian kich khang

Xtr ly chét kich khang tai thoi diém bat dau nubi ciy gay ra su tc
ché su sinh truong cua té bao bach bénh. Sinh khdi kho chi dat 0,57-0,71%
(xtr ly bang YE), 0,1-0,85% (xt ly bang MeJA) va 0,51-0,78% (xir ly
bang SA) so véi mau dbi ching sau 14 ngay nudi ciy (p <0,05). Nguoc
lai, ham lugng eurycomanone da ting tir 1,34 dén 2,18 lan (xir Iy bang
YE), 0,1 dén 0,85 lan (xu Iy bang MeJA) va 3,04 dén 3,88 lan (xu ly bang
SA) (p <0,05). Thoi diém kich khang thich hop phu thudc vao kha ning
dap ung cua cac loai thuc vat khac nhau. Két qua cua ching ti cho
thdy rang thoi diém thich hop nhat dé xu ly chat kich khang té bao
bach bénh Ia tir 4 dén 6 ngay sau khi nudi ciy.
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KET LUAN VA KIEN NGHI
KET LUAN

Tir cac két qua nghién ciru, chdng toi rit ra céc két luan nhu sau:

1. Mbi truong nudi cay callus bach bénh c6 hiéu qua cao nhét 1a
MS co ban ¢ b sung 1,25 mg/L NAA va 1,00 mg/L KIN, callus sinh
truong manh voi chi s sinh truéng 1a 10,07, khdi lwong kho dat 1,31
g/binh va ham lugng eurycomanone 13 0,17 mg/g chét kho.

2. biéu kién tét nhat dé nudi cay té bao huyén phu bach bénh Ia
moi truong MS long chira 1,25 mg/L NAA va 1,00 mg/L KIN, 3%
sucrose, pH 5,75. Sinh khdi tuoi, sinh khéi khoé va ham luong
eurycomanone thu dugc twong (tng la 17,27 g/binh, 0,76 g/binh va 1,67
mg/g chat khd sau 14 ngay nudi ciy.

3. Methyl jasmonate la chat kich khang thich hop nhét dé ting
cudng san Xuit eurycomanone trong té bao cay bach bénh. MeJA 0,02
mM duoc bd sung vao méi trudng tai ngdy thir 4 caa qua trinh nuoi
ciy da tang lugng eurycomanone tich liy 1én téi 17,36 mg/g chét kho,
cao hon 10 1an so véi té bao khong xtr ly chat kich khang va khoang 8
1an so v&i mau tu nhién (r& cay bach bénh khoang 5 nam tudi).

KIEN NGHI

Dé tai can duoc tiép tuc nghién ctru theo huéng wng dung, mo
rong ¢ quy mo pilot, thim do thém cac chat kich khang khac, tir d6
hoan thién quy trinh san xuat dé cé thé p dung vao san xuat & quy md
cbng nghiép.
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INTRODUCTION
1. RESEARCH NECESSITY

Longjack (Eurycoma longifolia Jack, Simaroubaceae) is a tropical
medicinal plant, originated from Southeast Asian countries, namely
Malaysia, Indonesia, and Vietnam. Root extracts obtained from E.
Longifolia are used for increasing men’s testosterone levels. Longjack is
also known as a traditional tonic having antimicrobial, anti-inflammatory,
antipyretic, aphrodisiac, and anticancer effects.

Eurycomanone is the main bioactive compound of longjack,
with noteworthy benefits, including treating men’s sexual
insufficiency and inducing apoptosis in cancer cells. Mass-cultivation
of longjack is one of the methods for meeting the demand of
Eurycomanone, which has recently rocketed. Unfortunately,
longjack’s growth rate is low. Specifically, it takes approximately five
years for longjack’s cultivation before harvesting. Therefore, longjack
cell suspension culture is the most suitable alternative approach to
secondary metabolite productions since it does not depend on naturally
cultivated plants.

Elicitors are chemicals having the capacity of enhancing the
biosynthesis of valuable secondary metabolites. According to Abraham et
al. (2011), yeast extract (YE), triggering plant defenses, has been used as
an elicitor for increasing the amounts of bioactive compounds produced
by micropropagation. Salicylic acid (SA) and methyl jasmonate (MeJA)
are also important elicitors for bioactive compound productions, with
critical signaling roles in activation of plant defenses.

Considering the competence of secondary metabolite productions
based on elicited cell suspension culture, this study was conducted to find
the optimal protocol for producing large biomass of suspension-cultured
longjack cells with high eurycomanone content. By this means, we can
create a sufficient source of eurycomanone without depending on whole
plants.



By the above-mentioned bases, we present our study named “The
effects of elicitors on eurycomanone biosynthesis of suspension-
cultured longjack cells (Eurycoma longifolia jack)”.

2. RESEARCH TARGETS

Determining the optimal types of elicitor, elicitors’
concentrations, and elicitor treatment duration for obtaining the
highest eurycomanone amount from suspension-cultured longjack
cells (Eurycoma longifolia Jack)
3. RESEARCH CONTENT AND SCOPE
Research content

- Investigating the suitable conditions for cell biomass
production and eurycomanone biosynthesis;

+ Determining callus and suspension-cultured cells’ growth
rates;

+ Constructing the growth curve and the eurycomanone
accumulation curve of suspension-cultured cells;

+ Examining the effects of culture media on suspension-
cultured cells’ growth and eurycomanone accumulation;

- Finding the optimal concentrations and treatment durations of
several elicitors (SA, MelJA, and YE) for enhancing suspension-
cultured cells’ growth and eurycomanone accumulation.

Research scope

This study was on longjack callus, treated with the three elicitors
(MeJA, SA, and YE). All experiments were conducted at the laboratory scale.
4. NEW FINDINGS OF DISSERTATION

This is the first study on using elicitors (MeJA, SA, and YE) to
enhance the eurycomanone content of suspension-cultured longjack
cells (Eurycoma longifolia Jack).

The optimal media for longjack calli’s growth and longjack cell
suspension culture were determined (MS medium + 1.25 mg/L
NAA/1.00 mg/L KIN (growth index = 10.07) and liquid MS medium
+ 1.25 mg/L NAA/1.00 mg/L KIN + 30 g/L sucrose, respectively).
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0.02 mM MeJA supplementation on the fourth day of culture
had the highest capacity of stimulating eurycomanone production,
with the maximum eurycomanone amount obtained after 14 days of
culture. The optimal eurycomanone amount was ten times higher than
the control cultures (with no elicitor treatment) and eight times higher
than the naturally cultivated plants.

5. DISSERTATION STRUCTURE

This dissertation has 109 pages, with five pages for the
introduction, 35 pages for the literature review, seven pages for the
materials and methods section, 21 pages for the results, 17 pages for
the discussion, one page for the conclusion and suggestions, one page
for the list of published articles, 19 pages for the references, and three
pages for the appendix. The dissertation has 150 referenced materials,
including 137 English materials. A total of 12 figures and 12 tables
were presented in the results section.



Chapter 1
LITERATURE REVIEW

1.1. LONGJACK INTRODUCTION

Longjack is a herbal, evergreen, and slowly grown plant, with a
maximum height of 15-18 m and fruiting time of 2-3 years. It takes 25
years to obtain the best amounts of bioactive compounds in longjack.
However, longjack’s roots are generally harvested after 4-5 years of
cultivation for trading. Almost all parts of longjack have been used as
traditional tonics. Root extracts of this plant can restore energy and
vitality, enhance blood flow, and be the herbal ingredient for women
after childbirth. Longjack’s leaves have been used by local healers for
malaria, tumor, gum diseases, syphilis, and gonorrhea treatments. The
main bioactive compound of longjack is quassinoid. Quassinoids are a
group of highly oxygenated degraded triterpenoids in the
Simaroubaceae family.
1.2. PLANT SECONDARY METABOLITES

There are many organic compounds and metabolites created in
plant metabolism. Plant secondary metabolites are generally
synthesized by using the products of photosynthesis (alkaloids from
amino acid; steroids, terpenoids, and cardiac glycoside from acetic
acid; antibiotics and vitamins from carbohydrates). Biotechnology
achievements in the field of plant tissue culture have provided methods
for commercializing plant bioactive compounds. Those methods can
increase the production scale and yield of plant bioactive compounds.
1.3. ELICITORS

Elicitors are compounds or a complex of compounds, having the
capacity of initializing or enhancing the biosynthesis of a particular
substance in plant cells. Elicitation is the induction or enhancement of
plant secondary metabolite productions, triggered by using a small
elicitor amount.

Elicitors are classified based on their nature (biotic and abiotic
elicitors) or their origins (endogenous and exogenous elicitors).

4



Enhancing secondary metabolite productions based on elicitors is a new
research topic, bringing high benefits for the pharmaceutical industry.
Several factors, including elicitors’ concentrations, treatment duration,
stage of treatment, plant cell lines, plant growth regulations, and cell
wall quality, can significantly affect the accumulation of bioactive
compounds.

Jasmonic acid (JA) and methyl jasmonate (MeJA) are signaling
molecules in biotic and abiotic stresses. The strong effects of JA and
MeJA are caused by participating in a wide variety of signaling
pathways. MeJA and JA can stimulate the biosynthesis of many
compounds in different plant species (alkaloid, terpenoid, phenolic
phytoalexin, coumarin, and taxane).

Fungi culture’s filtrates, YE, and dead baterial cells can trigger
plant defenses. However, these elicitors consist of many compounds,
with only a few molecules being responsible for stimulating bioactive
compound synthesis and accumulation.

1.4. EURYCOMANONE INTRODUCTION

Eurycomanone, a quassinoid, can only be found in longjack.
This bioactive compound mainly accumulates in the root of longjack
and acts as a marker for medicines’ quality made from the species.
Eurycomanone has the capacities of increasing testosterone levels in
rat testicles, preventing ulcers, treating malaria, and being cytotoxic to
cancer cell lines.

58.9 % of Malaysian medicines contain eurycomanone,
according to HPLC analysis. Eurycomanone concentration in longjack
ranges from 0.8 % to 1.5 % (w/v).



Chapter 2

MATERIALS AND METHODS
2.1. PLANT MATERIALS

Calli induced from longjack in vitro roots (Eurycoma
longifolia Jack), obtained from Dr. Vo Chau Tuan’s study, were plant
materials for this research.

In vitro plantlets were regenerated from longjack seeds,
collected from Dai Loc Ward, Quang Nam province. Roots of eight-
week-old plantlets were used for callus induction. These procedures
were conducted in the Faculty of Biology and Environmental Sciences,
College of Pedagogy, Da Nang University.

2.2. EXPERIMENTAL METHODS
2.2.1. Culture medium and conditions

Basal MS medium (Murashige and Skoog, 1962)
supplemented with different plant growth regulators (depending on
experiments’ purposes) was the culture medium for the experiments.
The culture media (pH 5.8) were added with 3 % sucrose, 0.8 % agar,

and autoclaved at 121°C, 1 atm, in 20 minutes.
2.2.2. Longjack callus culture

To examine the most suitable condition for callus growth, 3 g
of longjack calli were cultured on MS medium given different
concentrations of 2,4-D, NAA, and KIN. After 14 days of culture, calli
were filtered by using Whatman filter paper No. 1 and then weighed
to determine the fresh weight. Next, calli were dried at 50°C until the
dry weight remains unchanged. The cells’ growth index (GI) was
calculated by using the following formula:

Where W14 is the callus fresh weight after 14 days of culture
and W is the callus fresh weight at the beginning of culture.
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2.2.3. Longjack cell suspension culture

3 g of separated, 14-day-old, light yellow calli, cultured on
solid medium, were tranferred into 50 mL of liquid medium, contained
in a 250 mL Erlenmeyer flask. The optimal medium compositions for
callus growth were used for cell suspension culture. Flasks were
shaken at 120 rpm. The cells were cultured in 20 days. Cell biomass
was collected every two days to construct the growth curve and the
eurycomanone accumulation curve.
2.2.4. Effects of carbon source on the growth and eurycomanone
accumulation of suspension-cultured longjack cells

The effects of different types of carbon sources were examined
after determining the optimal amount of time for biomass increasing
and eurycomanone accumulation.

Different concentrations of sucrose, glucose, and fructose (20,
30, and 40 g/L) were separately added into the liquid culture medium.
After a particular number of culturing days (determined in section
2.2.3), biomass fresh weight, dry weight, and accumulated
eurycomanone concentration were determined.

The optimal carbon source was used for further experiments.
2.2.5. Effects of pH on the growth and eurycomanone accumulation
of suspension-cultured longjack cells

The pH of the culture medium was adjusted to different values,
ranging from 4.75 to 6.75 (step = 0.5), before autoclaving to examine
the effects of pH on the growth and eurycomanone accumulation of
suspension-cultured cells. After 14 days of culture, biomass fresh
weight, dry weight, and accumulated eurycomanone concentration
were determined.
2.2.6. Elicitor treatments

Effects of elicitor concentration on the growth and
eurycomanone accumulation of suspension-cultured longjack cells

Different concentrations of YE, MelA, and SA were
separately supplemented into the culture media at the beginning of

7



culture (day 0) to examine the effects of elicitor concentration on the
growth and eurycomanone accumulation of suspension-cultured
longjack cells. SA and MeJA concentrations ranged from 0.01 to 1.00
mM, while YE concentrations ranged from 20 to 250 mg/L. The
control medium in this experiment contained no elicitor. After a
particular number of culturing days, biomass fresh weight, dry weight,
and accumulated eurycomanone concentration were determined.

The optimal concentration of elicitor was used for the next
experiment.

Effects of elicitation time on the growth and eurycomanone
accumulation of suspension-cultured longjack cells

Elicitors were added into the culture medium at different
times, day 2, day 4, day 6, day 8, day 10, and day 12, to examine the
effects of elicitation time on the growth and eurycomanone
accumulation of suspension-cultured longjack cells. Elicitors were
added into the control medium at the beginning of culture. After a
particular number of culturing days, biomass fresh weight, dry weight,
and accumulated eurycomanone concentration were determined.
2.2.7. Eurycomanone extraction

Eurycomanone was extracted according to the modified
protocol of Mohamad et al. (2013). The dry biomass from callus,
suspension-cultured cells, and longjack roots was homogenized into
fine powder.

Next, 0.5 g of the powder was immersed in 10 mL methanol
(Merck) and then shaken at 120 rpm (60°C, eight hours). After that,
the extract was obtained. Repeat this step at least three times.

30 mL of the extract had then been filtered by using Whatman
filter paper No.1 before being concentrated at 50°C.

After that, the obtained precipitates were dissolved by using 5
mL of methanol and then filtered by using Minisart 0.2 um membrane
(Sartorius, Goettingen, Germany).

Finally, the HPLC analysis was conducted to determine the
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amount of eurycomanone.

The calli and suspension-cultured cells were obtained from the
above experiments. The longjack roots were collected from 5-year-old
plants, grown in Dai Loc Ward, Quang Nam province.

2.2.8. HPLC analysis

Eurycomanone amount was determined by HPLC analysis,
according to the modified protocol of Norhidayah et al. (2015). 20 pL
of the extract was injected into the column by using a Hamilton
syringe. The HPLC analysis were carried out at ambient temperature
with a C18 column (Xbridge: 5 um, 4.6 x 250 mm), flow rate: 0.8
mL/min, run time: 17.5 min, detector wavelength: 245 nm. The
stationary phase was silica gel and the mobile phase was
acetonitric:H»O (15:85, v/v).

The HPLC was performed on a LC-20 Prominence system
(Shimadzu, Japan) with a SPD-20A UV-VIS detector using LC-
Solution software. All solvents were of analytical grade and were
purchased from Merck & Co. Inc. (Germany).

A standard curve of eurycomanone (Santa Cruz, USA) was
used for measurement of the eurycomanone content in the samples.
The standard curve’s equation is as follow:

y = 3504672.8353x + 6163.5917 (R? = 0.9984),

Where X is eurycomanone concentration and y is the areas of

HPLC peaks.
2.2.9. Data analysis

Each experiment was randomly done in triplicates, with a total
number of culture flasks of 15 (5 x 3).

Raw data were analyzed by ANOVA. Means were compared by
Duncan’s test. All the statistical analyses were conducted by SPSS
(ver. 20.0) software, with an alpha of 0.05.



Chapter 3
RESULTS
3.1. EFFECTS OF PLANT GROWTH REGULATORS ON
CALLUS GROWTH
3.1.1. Effects of individual plant growth regulators on callus growth
3.1.1.1. Effects of 2,4-D on callus growth
Table 3.1. The impacts of 2,4-D on the growth and characteristic of
longjack callus

2,4-D Fresh Dry Growth Callus characteristic
(mg/L)  weight weight(g) index (Gl)
()
0.5 6.56° 0.36° 2.19 Light yellow, watery
1.0 6.84% 0.39° 2.28 Yellow, friable,
separated
15 7.472 0.48® 2.49 Yellow, watery
2.0 7.56° 0.55% 2.52 Yellow, watery
2.5 7.412 0.42° 2.47 Yellow, watery

Note: Within a column, means having a letter in common are not significantly
different at the 5 % level by Duncan’s test.

The calli grew well on all tested culture media, containing 2,4-D,
with the fresh weight ranging from 6.56 to 7.56 g/flask and the dry weight
ranging from 0.36 to 0.55 g/flask. 2 mg/L was the best 2,4-D concentration,
with the GlI, fresh weight, and dry weight of 2.52, 7.56 g/flask, and 0.55
o/flask, respectively (Table 3.1).
3.1.1.2. Effects of NAA on callus growth

The results in Table 3.2 showed that 1.25 mg/L was the best
NAA concentration. Specifically, the fresh weight of callus rocketed
from 3.00 g to 23.59 g. The maximum dry weight (0.93 g) and GI (7.8)
were also obtained from the MS medium given 1.25 mg/L NAA.

In contrast, the low fresh weights (17.24 g and 16.79 g) and
dry weights (0.65 g and 0.62 g) were observed in the media

supplemented with 2.00 or 2.25 mg/L NAA, respectively.
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Table 3.2. The impacts of NAA on the growth and characteristic of longjack
callus
NAA Fresh Dry Growth Callus characteristic
(mg/L) weight  weight  index (Gl)

(%) (9

0.50 20.47¢ 0.79¢ 6.8 Light yellow, watery

0.75 21.92° 0.88° 7.3 Light yellow, watery

1.00 21.30¢ 0.87° 7.1 Yellow, friable,
separated

1.25 23.592 0.932 7.8 Yellow, friable,
separated

1.50 18.50¢ 0.72¢ 6.2 Yellow, friable,
separated

1.75 18.21° 0.71¢ 6.1 Yellow, friable,
separated

2.00 17.24f 0.65¢ 5.7 Light yellow, watery

2.25 16.79 0.62f 5.6 Light yellow, watery

3.1.2. Effects of plant growth regulators’ combinations on callus

growth

As is highlighted in Tables 3.1 and 3.2, NAA was more
suitable than 2,4-D for stimulating callus growth. Thus, we combined
1.25 mg/L NAA and different concentrations of KIN in this
experiment to determine the best combination for the growth of
longjack calli.
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Table 3.3. Effects of NAA-KIN combinations on the growth of longjack

calli
NAA KIN Fresh Dry  Growth Callus characteristic
(mg/l) (mg/l) weight(g) weight index

(@)

0.50 23.43° 0.92¢ 7.8 Light yellow, watery
0.75 30.98%® 1.26% 10.3 Light yellow, watery

1.00 32.347 1.312 10.7 Yellow, friable,
separated

195 1.25 28.80° 1.11° 9.6 Yellow, friable,
separated

1.50 24.65° 0.94°¢ 8.2 Yellow, friable,
separated

1.75 20.49¢ 0.79¢ 6.8 Light yellow, watery
2.00 18.70° 0.78¢ 6.2 Light yellow, watery
The optimal fresh weights (30.98 — 32.34 g/flask), dry weights
(1.26 — 1.31 g/flask), and Gls (10.3 — 10.7) were obtained in the MS
media given 1.25 mg/L NAA and 0.75 — 1.00 mg/L KIN (Table 3.3).
These results proved that NAA-KIN combinations further improved
the growth of calli compared to individual plant growth regulators.
3.1.3. The accumulation of eurycomanone in longjack calli
The HPLC analysis results of the 14-day-old callus (obtained
from the MS medium given 1.25 mg/L NAA and 1.00 mg/L KIN) and
the five-year-old longjack roots showed that all the samples had one
peak, with the retention time being similar to standard eurycomanone
solution of 4.15 minutes. Eurycomanone concentration in callus was
0.17 mg/g dry matter, which was equal to 8 % of the eurycomanone
content in longjack roots (2.09 mg/g).
3.2. LONGJACK CELL SUSPENSION CULTURE
3.2.1. Constructions of the growth curve and eurycomanone
accumulation curve
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Figure 3.1. The suspension-cultured cells’ growth curve

The lag phase of suspension-cultured cells was short
(approximately two days). Cells’ exponential phase lasted for about 14
days. The stationary phase was extremely short and it was immediately
followed by the death phase (Figure 3.1). The biomass reached its
maximum value on the 14" day, from 1.7 g of initial cultured cells.
The optimal fresh weight of 15.67 g/flask (0.69 g dry biomass/flask),
obtained on day 14, was 9.21 times higher than that of the initial
biomass.
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Figure 3.2. Chromatograms of HPLC analyses for cells’ eurycomanone
concentration determination. A. Standard eurycomanone, B. Eurycomanone
extract obtained from 14-day-old suspension-cultured cells
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Figure 3.3. Eurycomanone accumulation curve

According to the HPLC analysis, the retention time of cell
extract (4.194 minutes) was similar to that of standard eurycomanone
solution (4.141 minutes) (Figure 3.2). Therefore, eurycomanone was
synthesized by longjack in vitro cells. Additionally, its biological
modifications seem to be insignificant.

Eurycomanone accumulation started from day O to day 20.
Being similar to cell biomass, the highest eurycomanone concentration
(1.65 mg/g dry matter) was also obtained on day 14 (Figure 3.3).
3.2.2. Effects of carbon sources on cell growth

3 % glucose was the most suitable for cell growth, with the
maximum fresh weight of 20.30 g. However, cells’ dry weight (0.59
g) was low in the MS medium given 3 % glucose (Table 3.4). In
contrast, the optimal cells’ dry weight of 0.72 g was obtained from
the medium supplemented with 3 % sucrose, though this medium
could not stimulate the formation of cells with high fresh weight
(17.43 g). Cells did not grow, became brown, and died after several
days on the medium added with fructose.
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Table 3.4. The impacts of carbon sources on longjack cells’ growth
Carbon sources  Fresh weight Dry weight ~ Eurycomanone

(%) (@) (9) (mg/g)
2 17.58° 0.43° 0.47¢
Glucose 3 20.307 0.59° 0.77¢
4 12.57°¢ 0.44¢ 1.36°
2 17.62b 0.44¢ 1.54%
Sucrose 3 17.43° 0.722 1.702
4 18.00° 0.61° 1.11°¢
2 - - -
Fructose 3 - - -
4 - - -

The maximum eurycomanone concentration (1.70 mg/g) was
obtained from the medium supplemented with 3 % sucrose. Sucrose’s
impacts on eurycomanone accumulation were stronger than glucose.
3.2.3. Effects of pH on cell growth

In our study, the pH values of the culture medium were
adjusted in the range of 4.75 — 6.75 before autoclaving. The highest
fresh weight (17.27 g/flask), dry weight (0.76 g/flask), and
eurycomanone concentration (1.67 mg/g dry matter) were obtained on
the medium with a pH value of 5.75 (Table 3.5).

Table 3.5. The impacts of pH on longjack cells’ growth

pH Fresh weight (g) Dry weight (g) Eurycomanone
(mg/g)
4.75 11.04¢ 0.49¢ 0.49°
5.25 15.47° 0.68° 1.38°
5.75 17.272 0.762 1.672
6.25 13.68° 0.60° 1.34
6.75 13.52¢ 0.60° 1.31°
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3.3. EFFECTS OF ELICITORS ON CELL GROWTH AND
EURYCOMANONE ACCUMULATION
3.3.1. The impacts of elicitor concentrations on eurycomanone
accumulation
3.3.1.1. Effects of yeast extract on cell growth and eurycomanone
accumulation

YE had inhibitory effects on cell growth, with the dry weight
ranging from 0.41 to 0.51 g/flask (control’s dry weight: 0.72 g/flask)
(Table 3.6). However, the optimal eurycomanone concentration (3.71
mg/g dry matter), which was two times higher than the control, was
obtained from the medium given 200 mg/L YE (1.82 mg/flask).

Table 3.6. The impacts of YE on longjack cell growth and eurycomanone
accumulation

YE Fresh weight Dry weight Eurycomanone
(mg/L) @) (@) (mg/g)
Control 17.43° 0.722 1.70¢

20 14.70b° 0.42¢ 1.61¢

50 14.98° 0.47¢ 1.71¢

100 15.24° 0.46¢ 1.79¢

150 13.96¢ 0.41° 2.28°

200 17.08? 0.49° 3.71°

250 16.68° 0.51° 3.07°

Coltrol: no YE supplemented
3.3.1.2. Effects of methyl jasmonate on cell growth and eurycomanone
accumulation

In contrast to YE, MeJA significantly affected the longjack
cells’ growth. Cell growth fell when MeJA concentration increased
from 0.01 to 0.50 mM. Cells were brown and did not grow on the
medium supplemented with 1.00 mM MeJA (Table 3.7). However, the
highest eurycomanone concentration of 6.60 mg/g dry matter, which
was four times higher than the control, was obtained from the medium
given 0.02 mM MeJA (3.16 mg/flask).
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Table 3.7. The impacts of methyl jasmonate on longjack cell growth and
eurycomanone accumulation

MeJA Fresh weight Dry weight Eurycomanone
(mM) (@) (9 (mg/g)
Control 17.432 0.722 1.70°
0.01 10.58° 0.43¢ 5.17°
0.02 8.14¢ 0.48° 6.60%
0.05 5.22¢ 0.61° 1.23¢
0.10 2.29° 0.33¢ 1.11¢
0.20 1.63f 0.22¢ 0.51f
0.50 0.76° 0.07f 0.85°
1.00 - - -

Coltrol: no MeJA supplemented
3.3.1.3. Effects of salicylic acid on cell growth and eurycomanone
accumulation
Table 3.8. The impacts of salicylic acid on longjack cell growth and
eurycomanone accumulation

SA Fresh weight Dry weight Eurycomanone
(mM) (9 (@) (mg/g)
Control 17.43° 0.722 1.70°
0.01 16.32¢ 0.48°¢ 3.30°
0.02 19.08? 0.56° 3.51°
0.05 14.67¢ 0.52° 3.35°
0.10 2.86¢ 0.37° 0.90¢
0.20 - - -
0.50 - - -
1.00 - - -

Coltrol: no SA supplemented

SA concentrations, which are higher than 0.05 mM, had great
inhibitory effects on longjack cell growth (Table 3.8). Cells were
brown and did not grow on the media supplemented with 0.20 — 1.00
mM SA. Eurycomanone content of cells cultured on the medium
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containing 0.02 mM SA was two times higher than the control, with
the eurycomanone concentration of 3.51 mg/gary mater (1.96 mg/flask).
3.3.2. The impacts of elicitors’ treatment time on eurycomanone
accumulation
3.3.2.1. Effects of YE’s treatment time on eurycomanone accumulation

The maximum eurycomanone content of 6.25 mg/g dry matter
(3.125 mgf/flask), which was 3.68 and 2.98 times higher than the
control and the five-year-old natural roots, was obtained by using 200
mg/L YE on day 6 of culture (Table 3.9).

Table 3.9. The impacts of YE’s treatment time on eurycomanone
accumulation

Treatment time Fresh weight Dry weight  Eurycomanone

(day) 9 (9 (mg/g)
0 17.08 0.49° 3.71°
2 16.86" 0.49° 3.87°
4 17.20° 0.50° 4.83
6 16.67° 0.50° 6.25
8 18.212 0.522 4.49°
10 17.01° 0.50° 2.12¢
12 18.422 0.50° 2.02¢

3.3.2.2. Effects of MeJA’s treatment time on eurycomanone accumulation
0.02 mM MeJA had great negative impacts on the increase of
cells’ fresh weight. Specifically, the inhibitory level of MeJA on cells’
growth increased when the MeJA treatment time rose. In contrast, the
increment of cells’ dry weight was observed when cells were treated
with MeJA on days 8 — 10. Eurycomanone content in cells elicitated
by MeJA after four days of culture reached the highest value of 17.36
mg/g dry matter (9.54 mg/flask), which was ten and eight times higher
than the control and the five-year-old natural root sample (Table 3.10).
3.3.2.3. Effects of SA’s treatment time on eurycomanone accumulation
All tested 0.02 mM SA treatment times made cells’ fresh

weight decrease. Supplementing SA on days 2 — 6 had the greatest
18



inhibitory effects on cell growth. The highest eurycomanone content
was only 5.20 mg/g dry matter (2.44 mg/flask) when SA treatment was
applied after four days of culture (Table 3.11).

All the above-mentioned results showed that elicitors’
treatment time could affect eurycomanone biosynthesis. In contrast,
elicitors’ treatment time did not affect cell growth. Particularly, in all
tested treatment times, cells’ dry weight always ranged from 0.46 to
0.56 g/flask.

Table 3.10. The impacts of MeJA’s treatment time on eurycomanone
accumulation

Treatment time Fresh weight  Dry weight  Eurycomanone

(day) 9) (@) (mg/g)
0 8.14¢ 0.48% 6.60°
2 8.32¢ 0.50% 12.83
4 9.21¢ 0.55° 17.36°
6 10.43° 0.56° 9.18°
8 11.40 0.49% 5.99¢
10 13.83¢ 0.42° 3.81¢
12 14.09? 0.43 2.77"

Table 3.11. The impacts of SA’s treatment time on eurycomanone
accumulation

Treatment time Fresh weight Dry weight  Eurycomanone

(day) 9 (9 (mg/g)
0 19.08? 0.56° 3.51°
2 15.58° 0.46" 4.26
4 16.00° 0.47° 5.20°
6 15.90° 0.47° 5.012
8 17.09° 0.50% 2.37°
10 18.00° 0.53¢ 2.01°
12 17.36 0.50% 1.97°
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Chapter 4
DISCUSSION
4.1. EFFECTS OF PLANT GROWTH REGULATORS ON
CALLUS GROWTH

There are many authors reporting the impacts of plant growth
regulators on the growth of longjack callus. Mahmood et al. (2010)
claimed that 2,4-D was the most suitable auxin for longjack callus
induction and multiplication from many types of explants (leaves,
petioles of single and double compound leaves, and cotyledons). The
highest induction rates (78.33 — 88.33 %) were obtained from media
given 2,4-D (Mahmood, 2010). Thus, we examined 2,4-D first for its
effects on callus growth. However, our study results showed that 2,4-
D was not the best plant growth regulator for callus growth, with the
low GI of 2.52 obtained from the medium added with 2 mg/L 2,4-D
(Table 3.1).

Several studies indicated that auxin-cytokinin combinations
could stimulate callus formation of many plant species. Therefore, we
tested the effects of NAA-KIN combinations on the growth of longjack
callus and obtained good results. Specifically, the highest fresh weight
(32.34 g/flask), dry weight (1.31 g/flask), and GI (10.70) were obtained
by combining 1.25 mg/L NAA and 1.00 mg/L KIN (Table 3.3). NAA-
KIN combinations have been globally used in longjack callus culture for
secondary metabolite productions. However, NAA and KIN
concentrations utilized by other authors were lower than those utilized
by us.

4.2. CELL SUSPENSION CULTURE ESTABLISHMENT
4.2.1. Fresh and dry biomass accumulations in cell suspension
culture

In our study, the optimal cell growth was observed on day 14
of culture (Figure 3.3), with the fresh weight of 15.67 g/flask (0.69 ¢
dry cells/flask), which was 9.21 times higher than the initial fresh
weight. Our results were better than previously published research of
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several authors. Specifically, Keng et al. (2010) cultured 0.5 g of
longjack cells on the MSB medium (a modified version of the MS
medium) given 2 mg/L NaH,PO,4 and obtained the highest fresh weight
(3.1 g) and dry weight (0.22 g) of cells on day 13.
4.2.2. Eurycomanone accumulation in cell suspension culture

Many previously published studies have demonstrated that
secondary metabolite contents in plant cells or calli were higher than
those in the naturally cultivated plants in most cases. Nguyen Hoang
Loc et al. (2010, 2011) researched into producing solasodine from
Solanum trilobatum. The authors found that solasodine concentration
in S. trilobatum calli was 8.5 times higher than that in the one-year-old
naturally grown plant. In the case of longjack, eurycomanone was
synthesized from day O to day 20 of culture, with the maximum
eurycomanone concentration (1.65 mg/g dry matter) and biomass
obtained on day 14 (Figure 3.7). These results were higher than those
of Mohamad et al. (2013), who reported a low eurycomanone content
(1.4 mg/g dry matter) in six-to-seven-year-old longjack (from Muar,
Malaysia).
4.2.3. Effects of carbon sources and pH

Carbon sources can affect cell development and the
biosynthesis of plant-originated substances in micropropagation. In
our study, 3 % sucrose was the most suitable carbon source for cell
growth. Cells could grow relatively well in the medium given 3 %
sucrose, with the fresh weight, dry weight, and eurycomanone
concentration of 17.43 g, 0.72 g, and 1.7 mg/g, respectively.

Medium’ pH also has impacts on cell growth and bioactive
compound accumulations. In our study, 5.75 was the best pH value,
with fresh weight, dry weight, and eurycomanone concentration of
17.27 g, 0.76 g, and 1.67 mg/g dry matter, respectively. Our result was
similar to that of Siregar et al. (2004), who also claimed that 5.75 was
the optimal pH for longjack cell growth.
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4.3. EFFECTS OF ELICITORS ON CELL GROWTH AND
EURYCOMANONE ACCUMULATION
4.3.1. Effects of elicitors on cell growth

Supplementing elicitors into culture media generally inhibits
cell growth, as stated in many previous studies. In our study, YE had
little effect on cell growth. In contrast, MeJA and low concentrations
of SA had great inhibitory and stimulatory impacts on the growth of
cultured cells, respectively (Table 3.6 — 3.8).

YE contains many amino acids, vitamins, and minerals. Thus, it
generally does not harm longjack cell growth and fresh weight
increment (Table 3.6). MeJA is a cell growth inhibitor and enhances
secondary metabolite biosynthesis in cultured Bupleurum falcatum L.,
Taxus spp. roots and rice. In our study, longjack cell growth was
strongly inhibited by MeJA (Table 3.7). This result was in line with
previous works about MeJA’s inhibitory effects on plant cell growth.
In terms of SA, in most previous studies, SA suppressed cell growth.
In our study, the fresh weight and dry weight of cells cultured in the
medium with SA were also lower than those in the medium without
SA.

4.3.2. Effects of elicitors on eurycomanone accumulation

Our study results showed that YE could affect eurycomanone
accumulation of longjack cells. YE concentrations of 150 — 250 mg/L
stimulated eurycomanone biosynthesis, with the maximum
eurycomanone concentration (being two times higher than the control)
obtained by using 200 mg/L YE (Table 3.6).

The eurycomanone concentration of 6.60 mg/g dry matter
(which was two and four times higher than YE and the control,
respectively) was obtained by using 0.02 mM MeJA (Table 3.7). MeJA
impacts on longjack cells’ eurycomanone biosynthesis were clearer
than SA and YE.

Using SA as an elicitor for enhancing secondary metabolite
productions in plant micropropagation is common. Eurycomanone
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concentration in longjack cells increased when SA concentrations rose
from 0.01 to 0.05 mM. Cells did not grow and died at SA
concentrations being higher than 0.05 mM. The highest eurycomanone
concentration (3.51 mg/g dry matter), which was nearly equal to YE
treatment and 50 % lower than MeJA treatment, was obtained by 0.02
mM SA. In our study, the tested SA concentrations (0.01 — 0.05 mM)
were low and similar to several published studies. To illustrate,
Yousefzadi et al. (2010) used 10 uM SA on day 3 of Linum album cell
culture. The obtained podophyllotoxin concentration was 333 pg/g dry
matter, which was three times higher than cells cultured on media
without SA.
4.3.2. Effects of elicitors’ treatment time

Elicitor treatments at the beginning of culture inhibited longjack
cell growth. The dry weight values of cells elicitated by YE, MeJA, and
SA were only equal to 0.57 —0.71 %, 0.10 — 0.85 %, and 0.51 — 0.78 %
of the control’s dry weight after 14 days of culture, respectively (p < 0.05).
In contrast, eurycomanone concentrations of cells treated with YE, MeJA,
and SA increased 1.34 — 2.18, 0.1 — 0.85, and 3.04 — 3.88 times,
respectively (p < 0.05). The optimal elicitor treatment time depends on
different plant species. Our results showed that the most suitable time
for elicitor treatment of longjack cells was from day 4 to day 6 after
being cultured.
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CONCLUSIONS AND SUGGESTIONS
CONCLUSIONS

From the study results, we came to the following conclusions:

1. The optimal medium for longjack callus culture was the MS
medium given 1.25 mg/L NAA and 1.00 mg/L KIN, with the highest
Gl, dry weight, and eurycomanone concentration of 10.07, 1.31
g/flask, and 0.17 mg/g dry matter, respectively.

2. The best condition for longjack cell suspension culture was
the liquid MS medium (pH 5.75) supplemented with 1.25 mg/L NAA,
1.00 mg/L KIN, and 3 % sucrose. The highest obtained fresh weight,
dry weight, and eurycomanone concentration were 17.27 g/flask, 0.76
g/flask, and 1.67 mg/g dry matter, respectively, after 14 days of
culture.

3. Methyl jasmonate was the most suitable elicitor for enhancing
eurycomanone biosynthesis of longjack cells. Supplementing 0.02
mM MelJA into the medium on day 4 of culture increased
eurycomanone concentration to 17.36 mg/g dry matter which was ten
and eight times higher than the cells not elicitated and the five-year-
old natural root sample, respectively.

SUGGESTION

This research should be further improved to be more practical
and scaled up to the pilot plant. Additionally, more elicitors should
also be tested. All these improvements would complete the procedure
of producing eurycomanone, which could be applied for industrial-
scale production.
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