PAI HOC THAI NGUYEN CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAI HQC SU PHAM Pac lip - Tu do - Hanh phiic
S6: 0 3 /QD-DHSP Thdi Nguyén, ngay 04 thang 04 néim 2025

QUYET DINH
vé viée bd nhi¢m chic danh phé gido sw, nhi¢m ky 2025-2030
cho 6ng Hoang Phi Hiép

HIEU TRUONG TRUONG DAI HQC SU PHAM

Can ctr Nghi dinh 56 31/CP ngay 04 thang 4 ndm 1994 ctia Chinh phii vé vige
thanh lap Dai hoc Thai N,g,uyen

Cén ctr Théng tie s6 10/2020/TT-BGDDT ngay 14 thang 5 ndm 2020 ctia B
trieomg Bé Gido duc va Dao tao ban hanh Quy ché 6 chite va hoat dgng ctia dai hoc
ving va cdc co 56 gido duc dai hoc thanh vién;

Cén ctr Nghi quyét s6 39/NQ-HPDHTN ngay 19 thang 11 ndm 2021 cia Hgi
dong Dai hoc Thdi Nguyén ban hanh Quy ché t6 chirc va hoat déng ctia Dai hoc Thdi
Nawyén; Nghi quyét s6 58/NQ-HDDHTN ngtty 08 thing 7 néim 2022 vé vigc sita dbi bé
sung diéu 11 ctia Quy ché 16 chire va hoat dong ctia Dai hoc Thdi Nguyén dicgc ban
hanh kém theo Nghi quyét s6 39/NQ-HPDHTN ngay 19 thdng 11 ndm 2021 cia Hoi
déng Pai hoc Thai Nguyén;

Cdn cir Nghj quyét sé 40WQ—H£)T ngay 29 thang 12 ndm 2020 cia Hai dong
tricong Trieong Pai hoc S pham ban hanh Quy ché 18 ehire va hoat dong ctia Trieomg
Bai hoc St pham; Nghi quyét s6 S4/NQ-HDT ngay 12 thang 12 ndm 2022 ciia Hpi c'r'cing
tricomg Trieomg Dai hoc Sie pham vé viée Stra dbi, bé sung mét 6 diéu va stra doi phy
luc ctta Quy ché té chirc va hoat déng ciia Truong Pai hoc St pham ban hanh kém theo
Nghi quyét s6 40/NO-HPT rzgay 29 thang 12 ndam 2020 cua Hoi dong mrcmg Truong
Dai hoe S pham, Ngk: quycf 56 72/NQ-HDT ngay 24 thdng 10 ndm 2024 vé viéc Stra
ddi, bé sung mot sé diéu cia Nghi quyét s6 40/NQ-HPT ngay 29 thang 12 nam 2020
ctia Hoi dong trieong ban hanh ery che 16 chite va hoat dong ctia Truong Dai hoc Sir
pham;

Can cir Quyét dinh s6 37/201 B/Qf)-ﬂ"' g ngay 31 thang 8 nam 2018 ctia Thit heomg
Chinh phit ban hanh Quy dinh tiéu chudn, thit tue xét cong nhdn dat tiéu chudn va bo
nhiém chire danh gido su, phé gido su; thii tuc xét iy bé cong nhén chitc danh va mién
nhiém chire danh gido si, pho gido sw; Quyét dinh s6 25/2020/0P-TTg ngay 31 thing
8 néim 2020 ctia Thit tieéng Chinh phit Stea doi, bo sung mét sé dicu cvia Quyét dinh sé
37/2018/0D-TTg ngay ngay 31 thang 8 nam 2018 cua Thii teéng Chinh pht ban hanh
Quy dinh tigu chudn, thit tue xét cong nhan dat tiéu chudn va b6 nhigm chice danh gido
s, pho gido sw; thit tuc xét hiy bo cong nhan chire danh va mién nhiém chire danh gido

e

s, pho gido sir;



‘2
Cén ctt Quyét dinh s6 89/QD-HPGSNN ngay 19 thing 11 nam 2024 cia Chii
tich Hoi a’é"ng gido st Nha nuede edng nhdn dat-tiéu chudn chitc danh gido sir, phé gido
s nam 2024; ‘ ,
Can ctr Bién ban cugc hop Hji dong xét bé nhi¢m chire danh gido su, pho gido
s nam 2024 cua Truong Dai hoc S pham ngay 13 thdang 12 nam 2024;
Theo dé nghi ctia Trieéng phong Phong Hanh chinh - T4 chite.

QUYET PINH:

Piéu 1. BS nhiém 6ng Hoang Phi Hiép (sinh ngdy 15/8/1984, qué quan: Binh
Luc, Ha Nam), tién s1, Khoa Sinh hgc vao chirc danh phé gido su nganh Sinh hoc, chuyén
nganh Cong nghé sinh hoc, nhiém ky 2025-2030.
Diéu 2. Ong Hoang Phu Hi€p thye hién nhi¢m vu clia pho g;ao sur tai Khoa Samh
hoc, Truong Dai hoe Su pham - Pai hoc Thai Nguyén.
Quyen va nghfa vu cta 6ng Hoang Phi Hiép dugc thue hién theo quy dinh hién
hanh ciia Nha nuée.
Viée danh gid hing nim déi véi pho gzéo sur duge thuc }ucn nhu quy dinh hién
hanh ddi véi giang vién.
Pidu 3. Quyét dinh c6 hidu lwe ké tir ngay 01 thang 01 nim 2025.
Cac Trudng don vi: Phong Hanh chinh - T4 chire, Phong Ké hoach - Tai chinh.
Khoa Sinh hoe, cac don vi, ¢d nhadn ¢6 lién quan va éng Hoang Pha Hiép chiu trach
nhiém thi hanh Quyét dinh ndy./.
Noinhin: ™ )
- BO Gido duc vaDao tao (¢ b/c);
- DHTN (de b/c);

- Nhur Biéu 3;
- Luu: VT, HCTC (11).
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B DAO TAO SAU DAI HOC, NGHIEN CUU VA BOI MO
CONG DPONG CAC PAI HQC VA €O SO PAO TAO PAIHQC
BOURGOGNE - FRANCE - COMTE

BANG TIEN S

Cain cir lugt gido duc, nhét 14 céc didu khoan L.612-7, L.613-1, D.613-3 va D.613-6 ;
Ciin ¢t ludt nghién ciru, nhét [a diéu khoan L.412-1 :

Can cir nghi dinh ngay 28/03/2017 lién quan t6i viéc Uy nhiém cho céng dé{lg cac dai hoc
va co s& dao tao dai hoc Bourgogne - France - Comté ¢6 dii tu cdch cép bang tot nghiép
quoc gia ;

Cin cir vao hd so minh chimg duge cung cp bdi dng NGUYEN BUC HUNG, sinh ngay

12 thing 7 néim 1986 tai Thai Nguyén (VIET NAM) nhim daing ky theo hoc Tién s ; /g{
Can cir bién ban ciia hdi dong ddo tao chimg nhén s§ chimg nhin ngudi c6 tén néi trén da flo/s
bao vé thanh cdng ngay 9 thang 11 ndm 2020 ludn 4n T:ién s§ ¢6 tiéu d& "Ting cudng cac [ =l
sén pham thudc c6 ngudn gde tu nhién: tir chiét xuit t&i déng gobi vién nang", dugc W {
nghién clru va chudn bi tai trudng do tao Tién sy "Moi trudmg Sirc khoe", trude mot hoi R

dong bao v¢ ludn 4n do Ba Dominique LAURAIN-MATTAR, Gido su dai hoc 1dm Chu X
Tich hoi dong, va gdm Ba Odile CHAMBIN, Gido sur dai hoc, Ba Anne SAPIN MINET,
P.Gido su, Ba Anne-Claire MITAINE-OFFER, Gido su dai hoc ;

Cin cir quyét dinh cua hdi ddng bao vé ludn 4n :

Bing TIEN SI linh vire DUQC HQC, duge thyc hién tai Dai hoc Dijon, dugc cdp cho
ong NGUYEN PUC HUNG, nién khoa dai hoc 2019-2020 va trao cho 6ng hoc vi Tién
s,

dé éng dugc hudng céc quyén va dic quyén gin véi van bing nay.

Dugc lam ngay 5 thang 2 ndm 2021

Ngudi dge dp bing Tich Bgi hoc BFC  Gidm déc Vién han lam Ving

Nguyén Dirc Hiing Dominique GREVEY  Chuéng 4n dai hoc (ky, déng déu)

Sg: UBFC 15319148 (ky, déng dau) Jean-Francois CHANET
201920200185
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R EPUBLTIQUE FRANGATISE

. MINISTERE DE r.mzmmﬂozmz,mz._, mcwmh_mc_ﬂ DE LA RECHERCHE ET DE LINNOVATION
! _ nozzcz.édwc_czc.mxmqmwmem?mzmmm?ﬁzamcz?mmmﬁmmocwoomzm-m?zﬁmmhozqm

DOCTORAT

Vu le code de Iéducation, notamment ses articles L.612-7, L.613-1, D, m%.i ;
*,

Vu le code de 1a recherche, notamment son article L.412-1 o

Vu l'arrété du 28 mars 2017 relatif a I'aceréditation de la nos..H

Boursogne Franche-Comté Mhabilitant & déliveer des diplmos

nationaux ; A5 ey e
Vu les pigecs justificatives produites par Monsieur Duc &uﬁ%&éz né Ic 12 juillet 1986 & Thai Nguycr .1.. gu en vue de son inscription en doctorat ;
& by Vu le procés-verbal du jury attestant que Uintéressé a auﬁ cﬁ@ navembre 2020 unc thése portant sur le m&nw cﬁwﬂ & Valorisation des produits médicamenteux naturels
de T'extraction 4 I'encapsulation » d.mﬁ. _
préparée au scin de 1"école doctorale ..mssa_ﬂﬁng 36,. devant un jury présidé par Mme Dominique CAUS -MATTAR, Professcur des Universités, ¢t composé
de Mme Odile CHAMBIN, Professcur des C:_daﬂnﬂmwan Anne SAPIN-MINET. Maitre de conférences, Qdﬂ Anne-Claire MITAINE-OFFER, Professcur des
# Universités ; _ 47

Vu la délibération du jury : p
Le dipléme de DOCTORAT en PHARMACIE, “.ﬁ@m% in de I'Université de Dijon,
5 L cst délivré & Monsieur Duc Hung NGUYEN
’ au titre de I'année universitaire 2019-2020
ct confére le grade de docteur,

Fait le 5 février 2021

Ez u.mw__nhﬁ.x.

; hm rectenr de lz région nnhh.nﬁhmﬁmu
W 7 . ananmbs_. quaunnu.&nmh

# Le Président dUBFC
Duc Hung NGUYENM Dominique GREVEY

N UBFC 15318148 201920200185



T6i: Hoang Cong Pinh, chimg minh nhén dan sé 090679420, cép ngy
19/03/2011, tai Cong an tinh Thai Nguyén.
Cam doan da dich chinh xéc, pht hop véi ndi dung Vén ban tiéng Phép
sang tiéng Viét, dugc chup dinh kém theo.
Ngay 27 thang 05 nam 2021

NGUOI DICH

/é L/ éf K

¢
i

Hoang Cong Dinh



TP-CC-26
(Ban hanh kém theo Thong tw s6 01/2021/TT-BTF)

LOI CHUNG CUA CONG CHUNG VIEN

Hom nay, ngay 27 thang 05 nam 2021 (Ngay hai muoi bay thang nam,
nam hai nghin khéng tram hai muoi mot).

T@f Vin phong Cong chimg Bui Ha, dia chi: té 04, phudng Trung Vuong,
thanh pho Thai Nguyén, tinh Thai Nguyén.

Téi: Buti Thi Ha, Céng chimg vién, trong pham vi trach nhiém cua minh
theo quy dinh ciia phép luét,

CHUNG NHAN:

- Ban dich nay do 6ng Hoang Céng Dinh, cong tac vién phién dich cua
Vin phong Cong chimg Bui Ha, tinh Théi Nguyén dich tir tiéng Phap sang tiéng
Viét;

- Chir ky trong bén dich ding 14 chir ky cta 6ng Hoang Céng Dinh;

- Nbi dung ban dich chinh xéc, khong vi pham phép luat, khéng trai dao
dirc x4 hoi;

- Van ban cdng chimg nay dugc l4p thanh 06 (sau) ban chinh, m6i ban

gdm 04 to, 04 trang, lvu 01 ban Vin phong Cong chimg Bui Ha, tinh Thai
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BO GIAO DUC VA PAO TAO CONG HOA XA HQOI CHU NGHIA VIET NAM
CUC QUAN LY CHAT LUQNG Doc lap - Tu do - Hanh phiic

fﬁ kX -}%JT*} 5" “1 Egm‘“]

W%J Wi % t LY. 5& } Wap |
CUC fﬁ{U T\ f U ( QU JANLY CH K? LUONG
(@NGNHA

Vian béng cua Trufmg Dai hoc Bourgogne - Franche-Comtg, Cﬁng hoa Phap
$6 higu: UBFC 15319148; cap ngdy 05 thang 02 nam 2021 cho:
Ong Nguyén Dtic Hiing 2
Sinh ngay 12 thang 7 ném 1986
: La van bang Tlen i
Chuyen nganh c‘léo tao: Ducyc hoc
Thm glan dao tao 04 ndm '
Hmh thire dao tao: TlLlC tiép tat Cong hoa Phap _ _ _
 Nhén X€t: Tl inh do dao tao tu.rcmg duong Biéc 8 trong Khung tunh do quoc gia

Viét Nam
Ha Ngi, ngay 035 thang “7" néim 2084,

S6 vio sb cp gidy cong nlhan: 0025.(10 M/TS

Dia chi cdng théng tin dién tir truy cap dé kiém tfa: https:/naric.edu.vn/front/tra-cuu-van-bang
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CAC QUYET PINH TUYEN DUNG/
HOP DPONG LAO PONG CUA GIANG VIEN

THAM GIA PE AN MO NGANH
SINH HOC UNG DUNG



- =

Mue lue Trang
o Hoc ham/ | Nganh do tao ghi theo | o5
STT | Ho va tén, ngay sinh bt vin bE“mg t5¢ nghiép Quyt:n 1-

: Phan 3
1 | Vii Thi Thu Thay PGS.TS Di truyén hoc 34
2 |Nguyén Thi Ngoc Lan PGS.TS Sinh 1y hoc thuc vt 34
3 |Chu Hoang Mau GS.TS Di truyén hoc 34
4 |Tu Quang Tan PGS.TS | Di truyén hoc chon gidng 34
5 | S¥ Danh Thudng PGS.TS Thue vét hoe 34
6 |Nguyén Hitu Quén PGS.TS Cong nghé sinh hoc 34
7 |Hoang Van Ngoc PGS.TS Dong vat hoc 34
8 |Pham Thi Thanh Nhan PGS.TS Di truyén hoc 34
9 |Nguyén Thi Thu Nga PGS.TS Di truyén hoc 34
10 |Hoang Phu Hiép PGS.TS Di truyén hoc 34
11 |Nguyén Ptc Hing PGS.TS Duoc hoc 34
12 | Tir Quang Trung Tién st Dinh dudngva thirc an 34
13 |Lwong Thi Thay Van Tién si Trong trot 34
14 |Nguyén Vil Bio Thac si Sinh thai hoc 34




DAl HOC THAI NGUYEN CONG HOA XA HQ!I CHU NGHTA VIET NAM
Truong Dai hoe Su pham Déclap - _Tu do - Hanh phiic
86" 244./QD-TCCB

Théi nguyén, ngay 16 thdng 6 ndm 2004.

QUYET DINH CUA HIEU TRUBNG
VIV thu nhédn va phdn céng cong tdc cdn bé

HIEU TRUONG TRUONG DAI HOC SU PHAM

- Can cit nghi dinh s8 31/CP ctia Thi tuéng Chinh phii vé viéc thanh lap
Dai hoc Théi nguyeén ;

- Cén ot quy ché t6 chic vi hoat dong ctia Dai hoc Thai nguyén duge
ban hanh tai Quyét dinh s6 2103/GD - BT ngay 25/06/1997 ctia B trudng Bo
Gido duc Dao tao;

- Céin ct cong van s6 510/CV-TCCB ngay 16/6/2004 vé viéc tuyén dung
vién chiic cua Pai hoc Thai Nguyén;

QUYET DINH

Diéu 1: Nay thu nhan va phan cong cong tdc ong Hoang Vin Ngoc v€ lam Gidng
vién tai Khoa Sinh - K§ thuat nong nghiép - Trudng Pai hoc Su pham.

- Nhiém vy cu thé clia 6ng Hoang Vian Ngoc do 6ng Trudng Khoa Sinh -
K thuat néng nghiép phan coéng.

- Ong Truéng Khoa Sinh - K§ thuat nong nghiép c6 tréch nhiém cir cdn bo
huéng dén tap su 6ng Hodng Vin Ngoc.
Diéu II: Ong HoangVan Ngoc phai qua thdi gian tap su 12 théng: duge hutng
luong he s6 85% 2,16 ciia ngach Gidng vien (15111) va cdc khoén phu cép khdc
theo quy dinh hién hanh k€ tir ngay 16/6/2004.
Diéu ITI: Thi trudng céc don vi trong trudng, 6ng Trudng Khoa Sinh - K¥ thuat
néng nghiép va 6ng Hoang Vin Ngoc chiu trdch nhiém thi hanh quyét dinh
nay./.

Noi nhdn:
- Nhur diéu III
- Lunu (IC, TCCB, Tai chinh) \ §-§




DAl HOC THAI NGUYEN CONG 11OA XA HOI CHU NGHIA VIET NAM

TRUONG DAI HOC SUPHAM boc lap - Tu do - Hanh phic
S6 LY j /QD -TCCB Théi Nguyén, ngay 25 thang 02 ndm 2008
QUYET DINH

V¢é viée tiép nhan va bo tri cong tac cho cin bo
HIEU TRUOGNG TRUONG PAI HOC SU PHAM

- Ciin ctt Nghi dinh s6 31/CP, ngay 04/4/1994 ctia Chinh phu vé viéc thanh
lap Dai hoc Théi Nguyén ;

- Cin cit Quy ché t6 chifc va hoat dong cia Pai hoc Thdi Nguyén dugc phé
duyét tai Quyét dinh s6 3647/QD-BGDDT ngay 10/7/2007 ctia Bo Gido duc va
bao tao;

- Cn ctt Quyét dinh s6 121/QD-TCCB ngay 25/02/2008 cla Gidm déc Dai
hoc Théi Nguyén vé viéc tuyén dung vién chdc nam 2007;

QUYET DINH

Piéul: Tiép nhan ba Pham Thi Thanh Nhan vé lam gidng vién Khoa Sinh -
KTNN Truong Dai hoc Su pham. Nhiém vu cu thé cia ba Pham Thi Thanh Nhan
do éng Trudng Khoa Sinh - KTNN phéan cong.

Piéu 2: Ba Pham Thi Thanh Nhan dugc hudng lvong ngach Gidng vién
(ma ngach 15.111), hé s6 85% x 2,67 va dugc hudng ché do bio hiém xd hoi, bdo
hiém y 1€, phu cfp wu d3i gido vién theo quy dinh clia Nha nuéc ké tir ngiy
01/02/2008.

Piéu 3: Cic bo phan cong tdc c6 lién quan, Ban chl nhiém Khoa Sinh -
KTNN va ba Pham Thi Thanh Nhan chiu trich nhi¢m thi hanh quyét dinh nay./.

T

Noi nhan: "{L "WIH‘I@“ 'RUOGNG
- Nhu Dléu 3 ‘ Ry l’l s \
- L VT,TCCBAR N
// q‘ ‘U 2, .J’u'
II\::'{\U /
E ‘;,.f_-"/’

St

PGS-TS Nguyén Vin Léc

buogc quet bang CamScanner



BO GIAO DUC VA DAO TAO CONG HOA XA HOI CHU NGHIA VIET NAM

DAI HOC THAI NGUYEN Doc lap - Tu do - Hanh phic
S6 121 /QD-TCCB Thdi Nguyén, ngay 25 thang 02 nam 2008
QUYET DINH

Vé viée tuyén dung vién chice ndm 2007

GIAM POC DAl HQC THAI NGUYEN
- Can cif Nghi dinh s6 31/CP ngdy 04/4/1994 ctia Chinh phi vé viéc thanh lap Dai
hoc Thdi Nguyén,
- Can ¢t Quy ch€ 16 chitc va hoat dong clia Dai hoc Thdi Nguyén dugc phé duyét tai
Quyét dinh s6 3647/QD - BGDDT ngay 10/ 7/2007 ctia B6 trudng Bo Gido duc va Dao tao;
- Can ctt Nghi dinh s6 116/2003/ND - CP ngay 10/10/2003 ctia Chinh phu vé viéc
wyén dung, sir dung va quan ly cdn bo, cong chic trong cic co quan nha nude va Nghi dinh
s6 121/2006/ND - CP ngiy 23/10/2006 ctia Chinh phl stra d6i, bé sung mot s6 diéu cua
Nghi dinh 116/2003/ND - CP ngay 10/10/2003 clia Chinh phi vé viéc tuyén dung, sit dung
va quan ly can bo, cong chic trong cdc co quan nha nude
) - Cin ct Quyét dinh s6 118/QD - TCCB ngdy 22/02/2008 clia Pai hoc Thédi Nguyen
vé viéc cong nhan kél qua trdng tuyén vién chitc nam 2007,
Theo dé nghi clia 6ng Trudng ban Ban T4 chife cin bo,
QUYET DINH:
Piéu 1. Tuyén dung cic 6ng, ba (c6 tén trong danh sdch k&m theo) da tring tuyén
K¥ thi tuyén vién chitc nam 2007 clia Dai hoc Thai Nguyén; ké tir ngay 01/02/2008.

STT | Ho va tén | Ma ngach vién chiic | H.S5 luong | Mék tinh luong.
17 | Pham Thi Thanh Nhan | 15111 | 85%x267| 02/2008

Piéu 2. Luong va cdc ché do khdc clia cc ong, ba c6 tén trong danh séch tai diéu )
duge thuc hién theo Nghi dinh 116/2003/ND - CP ngay 10/10/2003, Nghi dinh s6
121/2006/ND - CP ngay 23/10/2006 ctia Chinh phu sira d6i, b6 sung mot s6 diéu ciia Nghi
dinh 116/2003/ND - CP ngay 10/10/2003 ctia Chinh phi vé viéc tuyén dung, sit dung va
quan l¢ c4n bo, cong chitc trong céc cd quan nha nude; Quy dinh vé chinh sach trong tuyén
dung v wu dai d6i véi gidng vién ban hanh kém theo Quyét dinh s6 805/QD - TCCB ngay
05/10/2007 cha Gidm d6c Dai hoc Thdi Nguyén.

Piéu 3. Cc 6ng (ba) Chanh Van phong, Trudng ban chitc nang, Thi trudng cic don

vi ¢6 lién quan va cdc 6ng, ba c6 tén d diéu 1 chiu trich nhiém thi hanh quy€t dinh nay.

GIAM POC

Noi nhdn: Da ky, GS.TS. Tt Quang Hién

- Nhu diéu 3;

- Luu VP, TCCB.
BO GIAO DUC VA DAO TAO TRICH SAO BAN CHINH

DAI HOC THAI NGUYEN
. Thdi Nuyén, ngay 29 thang 02 nam 2008
S6: 93 /QPSL- TCCB KT. GIAM POC

Wﬁ%@g&n«i POC

: ’.: '\i \

bugc quet bang Camscanner



BO GIA0 DUC VA DAO TAO CONG HOA XA HOI CHU NGHIA VIET NAM
DAI HOC THAINGUYEN ~ Doclap - Tu do - Hanh phie,

- ouvropw. - .
Vé viée tuyén dung vién chice ndm 2007

GIAM DOC DAT HOC THAI NGUYEN
- Can cit. Nghi dinh s0 31/CP ngay 04/4{1994cua8hfnh Pﬁﬁ

hoc Thdi Nguyén; T B
g clia Dai hoc Thdi Nguyeé,
1

5121 QDTCCB  Thdi Nguyn, ngay 25 thang 02 nam 2008

- Can et Quy ché 4 chic v hoat don ai hoc Tl

Quy€t dinh s6 3647/QD - BGDDT ngay 10/ 7/2007 ctia Bo trudng B

: - Cin oif Nghi dinh s6 116/2003/ND - CP ngay 10/

tuyén dung, st dung v quan Iy cdn bo, cong chiic trong céc

s6 121/2006/ND - CP ngay 23/10/2006 clia Chinh phit sira

- Nghi dinh 116,2003/ND - CP ngay 10/10/2003 ctia Chir

- vaquan Iy cdn 56, cOng chife trong cdc co quan nha nude 3

- Can ct Quyét dinh 6 118/QD - TCCB ngay 22/02/200

vé viéc cong nl an K&t qua tring tuyén vién chite nam 2007,

~ Theo dé nghi ciia 6ng Trudng ban Ban T6 chitc c4n b
. QUYET PINH:

Diéu 1. Tuyén dung cdc 6ng, ba (c6 tén trong danh

Ky thi tuyén vin chie nam 2007 clia Dai hoc Théi Ng

.Bqu'

|STT | yo vatén | Mangach vién ch

14 |Nguyin Thi Thu Nga | LTSI

- Diéu2. Luong va cdc ché do khdc clia cdc 6ng,
- duoc thyc hi¢n theo Nghi dinh 116/2003/ND - C
12172006/ND - CP ngay 23/10/2006 ctia Chinh phi
dinh 116/2003,ND - CP ngay 10/10/2003 ctia Chin]
quin 1y cdn bo. cong chifc trong cde co quan nhi nud

- dung va wu dai d6i v6i gidng vién ban hanh kém the
05/10/2007 clia Gidm doc Dai hoc Thai Nguyén £
Diéu 3. Céc ong (bd) Chanh Vin phong, Trudng ban ¢
vi €6 lién quari va cdc 6ng, ba c6 tén § diéu | chiu nhi

Noi-ﬁ}_ujm Sa
- Nhu diéu 3

BO GIAO DUZ VA PAO TAO
PAI HOC THAT NGUYEN

T

$6: 90 iIDSL- TCC




 PAI HOC THAINGUYEN CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG PATHOC SU PHAM Doc lap - Ty do - Hanh phic
A
S5 : A‘l;,}f /OD -TCCB Thai Nguyén, ngay 14 thdng 8 ndm 2008
QUYET PINH

V¢ viée bo tri cong tac cho vién chiie
HIEU TRUONG TRUGNG DAI HOC SU PHAM

- Cin ¢t Nghi dinh s6 31/CP, ngay 04/4/1994 cta Chinh phi v¢ vi¢c thanh lap
Pai hoc Thai Nguyén;

- Ciin ctt Quy ché t8 chifc va hoat doéng cha Pai hoc Thdi Nguyén duge phé
duyét tai Quyét dinh s6 3647/QD-BGDDT ngay 10/7/2007 ctia Bo trudng Bo Gido dyc
va Pao tao;

- Can cit Quyét dinh s6 636/QD-TCCB ngay 31/7/2008 ctia Gidm déc Pai hoc
Thdi Nguyén vé viéc tuyén dung vién chitc dot 1 nim 2008;

QUYET PINH:

Piéul: Tiép nhan 6ng Hoang Phi Hiép vé lam giang vién Khoa Sinh-KTNN
Trudng Pai hoc Su pham. Nhiém vu cu thé clia 6ng Hoang Phi Hi¢p do ong Trudng
khoa Khoa Sinh-K'TNN phan cong.

Piéu 2: Ong Hoang Phi Hiép dugc hudng luong ngach Giang vién (ma ngach
15.111), hé s6 85%.2,34 va dugc hudng ché d6 bdo hiém xd hoi, bdo hiém y &, phu
cép wu ddi gido vién theo quy dinh clia Nha nude, k€ tir ngay 01/8/2008.

Piéu 3: Cic bo phan cong tdc cb lién quan, Ban chli nhiém Khoa Sinh-KTNN

vi ong Hoang Phi Hiép chiu trdch nhiém thi hanh quyét dinh nay /.

e e L 1,

Noi nhdn:
- Nhu diéu 3
- Lwu VT, TCCB
oy
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PGS.TS Nguy&n Btre Hung
| DAl HOC THAI NGUYEN CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAI HQC SU PHAM Doc lap - Ty do - Hanh phic
S§:4 5' ﬂ,j’ QD -HCTC Thei Nguvén, ngéy 20 thang 9 ndm 2012

QUYET DPINH

vié viée Ky hop ddng tao ngudn gidng vién nim 2012

HIEU TRUONG TRUONG PAI HQC SU PHAM

Can ctr Nghi dinh s6 31/CP, ngay 04/4/1994 cua Chinh pha vé viée thanh
lap Dai hoe Thai Nguyén:

Cén ctr Quy ché td chire véa hoat dgng ctia Pai hoc Thai Nguyén duge phé
duyét tai Quyét dinh s6 3647/QP-BGDDT ngay 10/7/2007 cua B Gido duc va
Dao tao;

Can cir két qua thi tao ngudn giang vién ndm 2012 va bién ban hop Hoi
dong thi tuyén tao ngudn giang vién ngay 19/9/2012;

Cén clr nhu cAu cia cac khoa chuyén mén va dé nghi cia Truong phong
Hanh chinh-T4 chirc,

QUYET PINH:

Pidu 1. Ky hop ddng lao ddng lam tro giang dbi véi 13 thi sinh da tring
tuyén ky thi tao nguén giang vién ndm 2012 (c6 danh sach kém theo).

Pidu 2. Cac can bd cb tén & Didu | duge hudmg 85% hé sb luong 2,34 - md
ngach giang vién (15.111) va dugc tham gia dong bao hiém theo quy dinh cuta
Nha nudc, ké tir ngay 01/10/2012.

Kinh phi chi tra 14y tir nguén thu ngodi ngén sach Nha nude.

Piéu 3. Thi trudng cde don vi c6 lién quan, Cac can b cd tén & Didu 1
chiu trach nhiém thi hanh quyét dinh nay./. gzl

Noi nhin: HIEU TRUONG
- Nhu kinh gui: i"ﬁ}ﬁ\

- Lua VT, HCTC. S N

157" TruNG

E L pALHE

SUPHAM /

PGS. TS Pham Héng Quang




DAI HOC THAI NGUYEN CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG DAL HOC SUPHAM Déc lap - Tu do - Hanh phiic
S6 : 2893/QD-DHSP Thai Nguyén, ngay 04 thang 9 ndm 2015
QUYET DINH

Vé viée tuyén dyung vién chirc nim 2015

HIEU TRUONG TRUONG PAI HOC SU PHAM

Can ¢l Nghi dinh s6 31/CP. ngay 04/4/1994 cia Chinh phu v& viéc thanh lap Dai
hoc Théi Nguyén;

Cin cir Théng tu s6 08/2014/TT-BGDDT ngay 20/3/2014 clia Bé Gido duc va Pio
tao ban hanh Quy ché 4 chire va hoat déng cua dai hoc viing va céc co s¢ gido dyc dai hoe
thanh vién;

Céin et Ludt vién chire nam 2010:

Cin cir Quyét dinh s6 2664/QD-DHSP ngay 19/8/2015 cia Higu trudng Truémg Dai
hoc Su pham vé viée thanh ldp Hoi dong thi tuyén vién chirc nim 2015: 4 i' "

Can cir Bién ban s6 2809/BB-HCTC ngay 31/8/2015 cua Hoi dan'g thi tuyén vién
chirc vé vige xét két qua thi va cong nhan trung tuyén déi véi thi sinh dy thi tuyén vién chie
ndm 20135; '

Xét dé nghj cua Truéng phong Phong Hanh chinh-Té chirc,

: QUYET DINH:
Piéu 1. Tuyén dung 14 vién chitc ndm 2015 cua Trudng Pai hoe Su pham (c6 danh
sach kém theo) ké tir ngdy 01/9/2015.

STT Ho va tén M ngach He 56 lwong | Méc tinh luong
vién chirc
13 | Tir Quang Trung 15.111 2,67 01/9/2015

Diéu 2. Céc vién chic ¢d tén ¢ Didu | dugc hudng luong va cac ché do theo quy
dinh hién hanh ké tir ngay 01/9/2015.

Piéu 3. Trudng phong Hanh chinh - T4 chirc, Phong K& hoach - Tai chinh, cdc don
vi c6 lién quan va 14 vién chirc c6 tén & Diéu | chiu trdch nhiém thi hanh quyét djnh nay./.

Noi nhén: HIEU TRUONG

- Nhu Diéu 3 (dé vh); Di ky, PGS.TS Pham Hdng Quan
- Luu VT, HCTC. % ' g Quang

........................................................ R R

DAl HOC THAI NGUYEN TRICH SAO BAN CHINH
TRUONG PAI HOC SUPHAM
$6 : 314 QD-DHSP Thai Nguyén, ngay-{fthéng 9 nam 2015
h “RTHIEU TRUONG

/3 PHO HIEU TRUONG
i TRUDNG el
DALHOC LA

SUPHA b
NRN S 4
’ﬁ;‘;sﬂ;@g}g‘/l)uy Hung
TR
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DAl HOC THAI NGUYEN " CONG HOA XA HOI CHU NGHIA VIETNAM -
Truomg Pai hoc Su pham Poc lap - Tu do - Hanh phiic

56 .§44./QP-TCCB o0o
Thdi Nguyén, ngay 13 thang 7 nam ?001

QUYET PINH CUA HIEU TRUGNG \ BAN SAOJ

V/v thu nhdn va phdn céng cong tdc can bo

HIEU TRUGNG TRUGNG PAI HOC SU PHAM

- Can cit Nghi dinh s6 31/CP ngay 04/4/1994 ciia Thit tuéng Chinh phii vé
viéc thanh 1ap Pai hoc Thai Nguyén;

- Cin cit quy ché t6 chic va hoat déng cia Dai hoc Thai Nguyén duoc ban
hanh tai quyét dinh s6 2103/GD-PT ngay 25/6/1997 cua Bo truong Bo Gido duc va

Pao tao; . R

- Can cit Quyét dinh s6 160/QB-TCCB ngay 1 ﬁ/'%pt% fﬁ'l rh%é%ﬂ AN (.HINH

Thdi Nguyén vé viéc thu nhan va phan cong cong tdg car

Ngay 20 -83- 2025
| Sd chiing lhu‘cS L0, C‘{Jven soﬂ.J....QC[ZBS

Piéu I Nr.l.)" thu nhan va phéan cong cong tic ba Luong Thi Thuy Van vé-lam
~ giang vién tai khoa Sinh-KTNN, Truong Dai hoc Su pham.

QUYET PINH

Nhiém vu cu thé cua ba Lwong Thi Thuy Van do 6ng Truong khoa Sinh-
KTNN phan cong.
Pién II: Ba Luong Thi Thuy Van phm qua thdi gian tap su 12 thang, dugc

hudng lwong 85% hé s6 khdi diem 1.92 ctia ngach giang vién dai hoc va cac khoan
phu cép khic theo quy dinh hién hanh ké tir ngay 13/7/2001.

Piéu III; Thu truéng cdc don vi trong trudng, 6ng Trudng khoa Sinh-KTNN
= ahiém thi hanh quyét dinh nay./.

Noi nhan:
- Nl diéw 11
- L (HC, TCCEB Tai vu)

- HIBUTRUONG -
0 S LN
oy

CONG CHUNG VIEN | %N@,uyen Van Loc
| HA THI HOAN

. 58-MH




“BO GIAO DUC VA DAO TAO CONG HHOA XA HOI CHU NGHIA VIFT NAM
DALITOC THAINGUYEN ' boc lap - Tu do - Hanh phiic
- e NI/
sa Afo /Ob-TCCB

Thaii: Navain ooy 12 theing 7 aniin 200

guvirons — [BAN SAO|

CUA GIAM HOC DATHOC THAI NGUYEN
(Viv Thu nhan va phdn cing cong tic can bo)

GIAM BOC DAI HOC THAI NGUYEN

- Cin ¢ NElu dinh 50 31/CP ngay 04/4/1994 cua C hlll]l phu ve viée thanh lap
Bai hoe Thdi Nguyén; _
- Ciin e Quy che 16 chite va hoat dong ctia Daithoe Thai Nguyén ban himh

theo Quyet dinh s6 2103/GD-DT ngdy 25/6/1997 ctia B trudng B0 Gido due v Dao
(a0,

Ciin et Quyét dinh s6 4116/QD-BGD&DT-TCCE ngd i 2 a0 ey Bo
trudng B Gido duc va Do {ao vé vige ticp nhan cdn boj g ANSA0 NAY DUNG VOTBAN CHINH

- Theo dé nghi ctia dng Trudmg Ban Té chiie Cin bONgay: 71 ~03- 2025

QUYET DINH 86 chung thmﬁ.ﬁ.ﬂﬂuyen sl ...8c1/8s

biéu l Nay thu nhin va phan cong cong tdie bi | mmL Thi Thuy Van v

widng vien tai trudng Dai hoe Su pham thuoe Dai hoe Thai Nguycn.

Nhi¢m vu. vu cu (hé Lllcl ba Luong Thi Thuy Van do ong Hi¢u truong nha

Arudng phan cong.

Bicu 2: B2 Luong Thi Thuy Van phdi qua thoi gian tap sie 12 thing, duoc
hudng lrong 85% he sd khai diém 1.92 cha ngach gidng vién dai-hoe v cde Khodn
phu ¢dp khéc theo quy dinh hién hanh ké tir ngdly nhan cong tac.

Diéu 3: Cde ong Chinh Vin phong, Trudng céc ban chire nang cia Dai hoce
Thai Nguyén, ong Hicu trudng trudmg Dai hoe Su pham va ba Luong 'Thi ‘Thuy Van
chiu trdach nhi¢m thi hanh quyét dinh nay./.

*
Nui nhan:

N!ur dre}f

‘CONG CHUNG VIEN
HA THI HOAN




3O GIAQ DUC YA PAD TAO CONG HOA XA HO1 CHU NGHIA VIfi NAM
______ _ Do idgp - Ty do Harh phur

NG /f" E/OD-BAD&DT-TCCB Hﬂ" Néi, ngay Feo tflé?f!g 77—-'m?m 206

QUYET DINH |
CUA BO TRUGNG BO GIAO BUC YA DAO TAO
Vé viée tuyén dung cong chirc

BO TRUONG B(‘) GIAO DUC VA PAO TAO

- (in ¢t Nghl dinh s6 29/CP ngdy 30/3/1994 cta Chinh pht vé nhiem vu,
quyén han v (8 chiie bo midy cia Bd Gido duc va Dao tao;

- Ciin ot Nghi dinh s6 15/CP ngay 2/3/1993 cta Chinh phit vé nhiem vy,
ueyén han v triieh nhiém quan 1y Nha nude ctia Bo, co quan ngang Bo;

o ity it {;)uy'é'l"('linh sO I%H()/QD BGD&DT-TCCB ngay 25/5/1999 clia Bo
friegmg Bo Gido due va Dao ao vé vie giao quyén ky quyé€tdinh vé nban su cho Vu
frecing Vi FS chide Can h; :

= Theo dé nghi cla ong Gidm ddc Dai hoe Thdi Nguyén tai cong vin so:
JMCVITOCB ngiy 10/4/2001 v nguyén vong ciia duong su;

- Theo dé nghi cta dng Vu trudng Vu T6 chiie Cin bo.

- QUYET DINK

Bion 12 Nay tuyén dung Ba Luong Thi Thuy Van, sinh ngly 26/02/1978 lam

gittng vien ai hoe 'Thdi Nguyén.

Bity 2: Ba Luong Thi Thuy Van trai qua thoi gian tap su 12 thdng tinh i
ngay nhan viée; huong juong 85% hé s6 luong khdi diém 1,92 cta ngach gidng vién
dai hoe v ede khoan phu efp theo quy dinh ctia Nha nudc,

Dity 3: Cic ong Chdnh viin phong, Vu trudng Vu Té chic - Can bo, Vu
tricmg Yy K& hoach va Tai chinh, Gidm déc Dai hoe Thdi Nguyén va ba Luong Thi

Thuy Van ¢o trdach phiem thi hanh quyét dinh nay.

TUQ. BO TRUQ.I?G BO (x[AO DUC VA PAO lAOTp

VU TI thN“G v fo €HUC - CAN BO
Noi nhan: gee iy
- Nhirdiéun 3
Lo VP, Vg TCCB.

mlmn Thu

-~
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Z_f 0 GIAO DUC VA PAO TAO CONG HOA XA HOI CHU NGHIA VIET NAM
/

PAI HOC THAI NGUYEN - Péc lap - Tu do - Hanh phic

V- :
s 446-/CV-TCCB Thdi Nguyén, ngay 11 thdng 6 nam 2004

TRUONG DAL HOC sb‘@%ﬁf‘fﬁ&’ﬁ% iénchis ndm 2004)

PEN

CV.

Ng;;:.../lfi.’”.éj 200...1%-

BAh...

nh giri: Trudng Pai hoc Su pham thuge Pai hoc Thai Nguyén

Can cit Quyét dinh s6 2876/QP-BGD&DT-TCCB ngay 01 thing 6 nam
12004 ciia Bo Gido duc va Dio tao vé viéc tuyén dung vién chic Dai hoc Théi
. Nguyén nam 2004

Dai hoc Thal Nguyén théng bdo danh sich nhu'ng ngum dé tring tuyén

x tmng ky thi tuyén vién ChlIC Dai hoc Théi Nguyén nim 2004 clia mro'ng Pai hoc

© . Su pham (¢4 danh szick kem theo). - - -

: “ ldm thu tuc tuyén dung - ‘_‘;:_ _

Dé nghl Nhi mrcmg théng bao cho nhu‘ng nglrﬁn co tén trong danh séch :
__:Bung 15h30 ngay 15/6/2004 co mat tai Jghdnghop B Bat hoc Thdi N; guyén dé

""" ATIESIAM DOC
Noi nhan: / TRUONG 'BAN BAN TCCB
- Nhu trén ’ ’v: ' rL ' '-1_‘9‘ ¥
- Luu VP, TCCB. gale iy (L

Ngo Van Hai
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Lty TC2B
DAI HOC THAI NGUYEN CONG HOA XA HOI CHU NGHTA VIET NAM

Truong Dai hoc Sw pham Doc lap - Tw do - Hanh phie
S6: F08./0P-TCCB

Thai nguyén, ngay 16 thdng 6 nim 2004.

QUYET BINH CUA HIEU TRUONG
VIV thu nhdn va phan coéng céong téc Ccir_':_ bo

HIEU TRUONG TRUSNG DAI HOC SU PHAM

- Can ctt nghi dinh s6 31/CP chia Tha twéng Chinh phii vé viéc thanh lap
Dai hoc Théi nguyén ;

- Can cd quy ché t6 chic va hoat dong ctia Pai hoc Thai nguyén duac
ban hanh tai Quyét dinh s6 2103/GD - DT ngay 25/06/1997 cla B0 trudng Bo
Gido duc Dao tao;

- Can ctf cong van s6 510/CV-TCCB ngay 16/6/2004 vé viéc tuyén dung
vién chic chia Pai hoc Thai Nguyén;

QUYET PINH

Diéu I: Nay thu nhan va phan cong cong téc ba Vi Thi Thu Thuy vé 1am Gidng
vién tai Khoa Sinh - Ky thut nong nghiép - Trudng Pai hoc Su pham.
- Nhiém vu cuy thé clia ba Vi Thi Thu Thuy do 6ng Truéng Khoa Sinh -
Ky thuat néng nghiép phan cong.
- Ong Trudng Khoa Sinh - Ky thuat néng nghiép c6 trdch nhiém cit cin bo
huéng dan tap su ba Vi Thi ﬁl?r[huj’z “
! Diéu I1: Ba Vi Thi Thu "Ilf-luj’f phéi qua thdi gian tap sy 12 thing; duoc hudng
., luong hé s6 85% 2,16 cha ngach Gidng vién (15111) va c4c khoan phu cdp khic
| theo quy dinh hién hz‘inh ké ti ngay 16/6/2004.
Diéu I11: Thi trudng cdc don vi trong trudng, ong Truong Khoa Sinh - K§ thuat
nong nghiép va ba Vu Thi Thu Thuy cﬁiu trach nhiém thi hanh quyét dinh nay./.
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3 |Chu Hoang Mau GS.TS Di truyén hoc 34
4 |Tu Quang Tén PGS.TS Di truyén hoc chon gidng 34
5 |S§ Danh Thuong PGS.TS Thyec vat hoc 34
6 |Nguyén Hitu Quin PGS.TS Céng nghé sinh hoc 34
7 |Hoang Vian Ngoc PGS.TS Dong vat hoc 34
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9 |Nguyén Thi Thu Nga PGS.TS Di truyén hoc 34
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11 |Nguyén Dic Hing PGS.TS Duoc hoc 34
12 | Tir Quang Trung Tién si Dinh dudngva thuc dan 34
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14 |Nguyén Vii Bio Thac si Sinh thai hoc 34
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F oW OB B R e

Abstract: Ficus simplicissima Lour. is an Asian species of fig tree in the family Moraceae. The chloro-
plast (cp) genome of F. simplicissima m3 was sequenced using the Pacbio sequel platform. The F,
simplicissima cpDNA has a size of 160,321 bp in length, of which GC content accounts for 36.13%.
The cp genome of F. simplicissima consists of a single large copy (LSC) with a size of 91,346 bp, a
single small copy (S5C) with a size of 20,131 bp, and a pair of inverted repeats with a size of 24,421
to 24,423 bp. The cp genome of F. simplicissima has 127 genes, including 85 protein-coding genes,
eight rRNA genes, and 34 tRNA genes; 92 simple sequence repeats and 39 long repeats were de-
tected in the cpDNA of F. simplicissim. A comparative cp genome analysis among six species in the
Ficus genus indicated that the genome structure and gene content were highly conserved. The non-
coding regions show more differentiation than the coding regions, and the LSC and S5C regions
show more differences than the inverted repeat regions. Phylogenetic analysis supported that F.
simplicissima m3 had a close relationship with F, hirta. The complete cp genome of F. simiplicissima
was proposed as a chloroplast DNA barcoding for genus-level in the Moraceae family and the psbA-
trnH gene region for species-level identification.

Keywords: chloroplast genome; DNA barcode; Ficus simplicissima; medicinal plants; phylogeny

1. Introduction

The chloroplast (cp) genome is circular and relatively conserved among plants in
terms of size, structure, and gene content [1]. The cp genome generally comprises two
copies of inverted regions that divide the genome into a large single-copy region (LSC)
and a small single-copy region (SSC). The cp genome provides genes participating in pho-
tosynthesis, transcription, and translation. In addition, its non-coding intergenic spacer
regions are highly conserved and can be used for phylogenetics, population genetics, and
species identification [2]. Earlier research used partial cp sequences for plant barcoding
[3], but they are only universal for some plant taxa and have limitations at lower taxo-
nomic levels [4,5]. Therefore, the whole cp genome is informative and extensive for plant
barcoding [6,7]. With the advance of next-generation sequencing, whole chloroplast ge-
nome acquisition is now simpler and faster than ever. Coverage of four cp junctions be-
tween the inverted repeat (IR) and single-copy regions is performed by a third-generation
sequencer, the PacBio system with Single Molecule Real-Time (SMRT) technology [8].

Ficus simplicissima Lour. is a species of fig tree in the Ficus genus. This genus contains
about 1000 species of trees, shrubs, and vines and is distinct with a unique fruit structure
known as syconium [9]. The species is found predominantly native to East Asian tropical
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regions. In folk medicine, F. simplicissima was used to treat pneumonia, vitiligo, diarrhea,
tonsillitis, cough, and rheumatic pain and promote lactation [10]. Moreover, combining
modified Radix Fici Simplicissimae with Western medicines was considered a potential
treatment for SARS-CoV-2 patients [11].

Although the Ficus genus has different applications, its phylogenetic relationship is
controversial. The Ficus classification system was based on morphological characteristics,
and analysis of ribosomal DNA was reported by Corner (1965) and Huang et al. (2022).
The information on the cp genomes of Ficus can be used in species identification and phy-
logenetic analysis of Ficus species [12,13]. However, the cp genome of F. simplicissita Lour.
needed more because there were only raw reads of the cp genome of F. simplicissima Lour.
at the China National GenBank [13].

The purpose of this study was to sequence and annotate the cp genome of F. simpli-
cissima Lour m3; cp genome analysis, evaluate diversity and molecular evolutionary anal-
ysis of Ficus genus in the Moraceae family, search for cpDNA markers as potential DNA
barcodes for Ficus species identification.

2. Materials and Methods
2.1, Plant Material, DNA Extraction, and cp Genome Sequencing

Ficus simplicissima Lour. m3 seeds were collected in the Thai Nguyen province (Hung
Son township, Dai Tu district), then cultured on Murashige and Skoog medium.
Regeneration of plants in vitro and plants grown in pots and in experimental gardens.
Ficus simplicissima samples were identified by comparative morphology by the
Department of Botany, Thai Nguyen University of Education, Vietnam (Figure 1). Fresh
leaves from plantlets were harvested for genomic DNA extraction using the DNeasy®
Plant Mini Kit. Absorption spectroscopy analysis on a Shimadzu Biospec Nano instru-
ment at wavelengths A260 and A230 assessed DNA sample purity.

(c) (d)

Figure 1. Sample image of Ficus simplicissima Lour. m3 regenerated from seeds collected in the Thai
Nguyen province (Hung Son township, Dai Tu district). (a) Plants regenerated in vitro from seeds
grown in the experimental garden and (b) grown in pots, they are kept at the Department of Biology,
Thai Nguyen University of Education; (c,d) fruit of F. simplicissima.

The concentration of DNA was determined using a Qubit 3 Fluorometer and Qubit
HS DNA reagents. The integrity of the gDNA is assessed by 0.8% agarose gel electropho-
resis. Besides, the total genomic DNA was used for library preparation using SMRTbell
Express Template Prep Kit 2.0 (Pacific Biosciences, Menlo Park, CA, USA) following the
manufacturer’s protocol (Pacific Biosciences). SMRTbell libraries were loaded on one chip
and sequenced on a Pacbio SEQUEL system at the Key Laboratory for Gene Technology,
Institute of Biotechnology (Hanoi, Vietnam).

2.2, Genome Assembly and Annotation

The cp genome sequences were determined via pbmm?2 (https://github.com/Pacific-
Biosciences/pbmmz2, accessed on 20 August 2022) by mapping to Ficus hirta cp genomes
(NC_051532.1) as the reference. Afterward, the CANU program [14] was used to assemble
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Cloning and Overexpression of GmDREB2 Gene from a
Vietnamese Drought-resistant Soybean Variety

Dao Xuan Tan', Ho Manh Tuong’, Vu Thi Thu Thuy', Le Van Son’? and Chu Hoang Mau'’
Thai Nguyen University of Education; Vietnam. “Institute of Biotechnology, Vietnam Academy of Science and
Technology; Vietnam '

ABSTRACT

This work studied the amplification, cloning and determination of the GmDREB2 gene from the soybean cultivar
DT2008 and five Vietnamese local soybean cultivars (DT26, DT51, DVNS, CB, CBD) and designed the vector
carrying the structure containing GmDREB2 gene from cultivar DT2008 (best drought tolerant). The coding region
of GmDREB?2 gene isolated from six soybean cultivars was 480 nucleotides in length, encoding 159 amino acids.
The recombinant structure was designed as 355- GmDREB2- c-myc and its expression was analysed in transgenic
tobacco plants. Recombinant DREB2 protein was expressed in five transgenic tobacco lines with molecular weights
close to 20 kDa. During the drought conditions, the proline accumulation of the transgenic fo baceo lines was higher
than on wild-type (WT) plants, with the rate from 211.17 to 332.44% after five days of drought stress, and from
262.79 to 466.04% after nine days of drought stress. The two lines, TG2 and TG12 had the highest increase rate.
These results provided the basis to generate drought-tolerant soybean plants by GmDREB2 overexpression.

Key words: drought-resistant, GmDREB? gene, gene transfer, soybean, transcription factors

INTRODUCTION COR78/RD29A promoter involved in the drought,
low temperature and high salt stresses.
Soybean (Glycine max (L.) Merrill) is a species of ~ Trans factor- DREB protein can bind to cis- acting
legume, which has economic values and high element to stimulate the expression in the plants
nutrition, plays a key role in improving the soil by stress signal from the environment. DREB
fertility and the sustainable usage of arable land  protein belongs to the transcript factor AP2/ERF
resources. It is globally an important crop, family, which can control the expression of genes
including in Vietnam. However, soybean is induced by the drought, high salt and low
considered one of the most drought sensitive  temperature stresses, resulting in the tolerant
crops, hence, studies for enhancing the drought ability of environment stresses in the plants. DREB
tolerant ability are significant in improving the  genes have been isolated from different crops such
productivity and qualities of soybean. Some genes a8 Arabidopsis, Oryza sativa (L.), Zea mays (L.),
have been described as having responded to  Triticum aestivum and other crops (Li et al. 2005;
drought stress in the transcription level (Li et al. ~ Chen et al. 2007; Andeani et al. 2009). At least 10
2005). In 1994, Yamaguchi and Shinozaki members of GmDREB subfamily were identified
discovered a cis- acting element, which responded in the genome of soybean (GmDREBa,
to dehydration and was controlled by the GmDREBD, GmDREBc, GmDREBI, GmDREB2,
GmDREB3, GmDREBS,  GmDREBG, and

* Author for correspondence: chuhoangmau@tnu.edu.vn
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GmDREB7) (Riechmann et al. 2000). Chen et al.
(2007) isolated GmDREB2 gene from soybean and
based on the sequence identity of the AP2 domain,
GmDREB2 gene was classified into A-5 subgroup
in DREB gene subfamily. Upregulation of
GmDREB2 gene is induced by the drought, high
salt, and ABA environment. The expression of
GmDREB2 gene in transgenic tobacco plants
accumulated high levels of proline (Kobayashi et

al. 2008). The nucleotide sequence of GmDREB2

gene was published in GeneBank by Wang et al.
(2006). GmDREB2 was found in soybean under
drought stress, low temperature and high salt
conditions. These results indicated that GmDREB2
gene could improve the drought-tolerance of
soybean (Chen et al. 2007; Kobayashi et al. 2008;
Mizoi et al. 2013). This work aimed to study the
cloning and expression of GmDREB2 gene from
Vietnamese drought-resistant soybean cultivars in
order to provide basis for improving the drought
tolerance of soybean in Vietnam.

MATERIAL AND METHODS

Material

The Vietnamese soybean cultivars, labeled CB,
CBD, DT26, DT51, DVNS5 and DT2008 offered
by the Vietnam Institute of Agricultural Genetics
were used for isolation and molecular cloning of
GmDREB2 gene. Cloning vector pBT, vector
pRTRA7/3 containing the 35S promoter and c-
myc tag, pBI121 vector were provided by the
Laboratory of Applied DNA Technology. A.
tumefaciens CV58, N. tabacum K326 were
provided by the Laboratory of Plant Cell
Biotechnology, Institute of Biotechnology,
Viemam.

Methods

Total RNA of soybean was extracted using the
Gene JET Plant RNA Purification Mini Kit
(Thermo Scientific) according to the instructions
of manufacturer. The cDNA was synthesized from
the total RNA using RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific). DREB2 cDNA
was amplified by the PCR using primer pairs,
which were designed from the nucleotide sequence
in the GenBank database of DREB2 code number
DQ054363 (Wang et al. 2006).

GmDREB2-Ncal:

5 CATGCCATGGATGGAAGAAGCGGGTTTAG 3
GmDREB2-Notl :

5 TTGCGGCCGCATCTTCAGGTTTGGGA 3?

Tan, D. X. et al.

The PCR reaction was done as following: 94°C for
4 min, followed by 30 cycles of 94°C for 30 s,
58°C for 30 s, 72°C for 30 s, and 1 cycle of 720
for 10 min. The amplified PCR products were
analyzed by electrophoresis on 1% agarose gel in
{X TAE electrophoresis buffer. The amplified
products were cloned according to Sambrook and
Russell (2001). PCR products were purified from
agarose gel using DNA extraction kit (Fermentas)
and ligated into pBT, then were transformed into
E coli DHSq. Plasmid isolation was performed
using the Plasmid Miniprep kit (Qiagen). The
nucleotide sequence was determined using the
sequencing machine ABI PRISM@ 3100 Advant
Genetic Analyzer (Applied Biosystem). The
analysis of nucleotide sequence was done by the
BioEdit software and DNAstar.

Construction of 355- GmDREB2- ¢- my¢

The target gene from the cloning vector pBT-
GmDREB2 was cut out from the cloning vector
pBT using restriction enzymes Ncol and Notl,
then ligated into pRTRA 7/3, which carried 35S
promoter and c-myc tag.

Construction of transgenic  vector and
transferred into tobacco plants

The recombinant structure 355- GmDREB2- c-myc
were cut out from the vector pRTRA, then ligated
into pBI121 and transformed into E. coli DHSa.
The recombinant vector was isolated following
Sambrook and Russell method (2001), then was
checked using the restriction enzyme Hindlll. The
existence of GmDREB2 gene was identified by the
PCR  using primer  pairs GmDREB2-
Neol/GmDREB2-Nofl. The selected recombinant
vector  pBI 121/35S-GmDREB2-c-myc was
transformed into A. tumefaciens CVs8.
Transformation of pBI121/358-GmDREB2-c-myc
into tobacco cultivars K326 by A.tumefaciens was
performed following the protocol of Topping et al.
(1998). The transgenic samples were regenerated
on MS medium supplemented with BAP,
cefotaxime (500 mg/L) and kanamycine (50mg/L).
To investigate the existence of the target gene,
tobacco leaves were used for DNA extraction and
PCR reaction with specific primer pairs,
GmDREB2- Ncol/Notl. Transgenic tobacco plants,
which were confirmed to be positive by PCR, were
subjected for the analysis of expression of the
recombinant GmDREB2 by Western Blot.

Braz. Arch. Biol. Technol. v.58 n.5: pp. 651-657, SeptfOct 2015
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CONG NGHE GEN VA PROTEIN

DAC BIEM TRINH T BOAN GEN matK VA rbcl. CUA CAY VU BO
(Ficus simplicissima LOUR.)

Hoang Pha Hiép, Vii Van Trung, Luc Vin Dwong, Nguyén Thj Thu Ha, Vi Thi Thu Thiy’, Chu Hoang Mau
Trwdng Dai hoc Sw pham - Bai hoe Thai Nguyén

TOM TAT

Cay Vu bd (Ficus simplicissima Lour.) hay con goi 12 Thé hoang k¥, Vi bd s€, Vi1 cho, Vi lgn, Ngii phin, Sung
ba thuy. F. simplicissima. 13 1 trong khodng 850 loai thuc chi Pa dé (Ficus). Cac b phan cia cdy Vi bd duogce sir
dyng 1am thubc bao gdm r&, nhya, than va 14. Ciy Vi bo thutmg duge sir dung dé chita cac bénh nhir phong thip
t€ bai, ho do lao phé quéan, ra md héi trdm, mét moi chén tay, viém gan, phy nf sau sinh khéng c6 sita. O Viét
Nam, cdy duoge goi 13 Vi bd ¢6 nhiéu logi khéc nhau, vi vy, viéc sir dung ma vach DNA dé hj trg dinh danh céy
Vi bo 1a cin thiét, Trong nghién ctru ndy, trinh ty doan gen matK va rbel cia cdy Vi bo dwoc xéc dinh. Két qua
cho thiy, doan gen matK c6 kich thuée 778 nucleotide va doan gen rbeL c6 kich thuée 602 nucleotide. So sanh
hai doan gene matK va rbcL bing BLAST trén NCBI dé cho thiy do tuong dong & mirc trén 99% véi cdc trinh tu
gen matK va rbel thuge chi Ficus. Khoing cich trung binh giita cde miu dwoc x4c dinh béng phﬁn mém MEGAX
12 0,231%. Cdy phat sinh ching loai dugc xdy dyung dya trén trinh ty doan gen matK va rbel biing phuong phép
Maximum Parsimony véi gi4 trj bootstrap 1p lai 1000 d cho thdy duge sy khéc biét & mire duéi lodi véi hé sb
bootstrap trong khoang 46 - 71,

Tir khéa: Cay duge lidu, ma vach DNA, matK, rbcL, VA bo.

MO DAU

Cay Vi bo hay con goi la Thé hoang ky, Vi bd s8, Vi ché, Va lon, Ngéi phun, Sung ba thily,... thuc chi Da d& hay
con gol la chi Sung (Ficus), ho Dau tim (Moraceae). C4c bd phan ciia céy Vi bé dwore sir dung lam thude bao gbm
ré, nhyra, than va la. Cac bal thubc sir dung nguyén ligu la Vi bo thudng chiva phong thap & bai, ho do lao phé
quan, ra mé héi trém, mét méi chan tay, viém gan, Phu n& sau sinh khéng c6 si¥a [1].... Trén thé giéi da co mot s6
nghién cteu v& chi Ficus. Trong nghién ctiu ctia Lepcha va Shama nam 2021, tac gia da xac dinh dwgc 36 trong 115
loai ¢6 & Sikkim, An D9. Téc gia ciing da d& cap toi vai trd clia chi Ficus trong doi séng clia ngwdi dan trong cAc linh
vire nhw thdo dugre chira bénh, thirc &n chan nuoi,... [2]. O Vigt Nam, nam 2014, Nguyén Thj Tam va cs. nghién clru
thanh cbng vé viéc nhan giong in vitro cay Vi bé [3]. Vi Thj Thu Thiy va cs. (2022) ciing da mé ta x4c dinh va mé ta
duoc céc ddc diém vé hinh thai, giai phau co quan dinh dwdng, xac djnh kha néng khang mét sé vi khun gay bénh
ctia dich chiét ethanol tir ré cay Vi bo [4]. Cac nghién ctru v cay Vi bd cho thay cay cé nhidu loai 21-2]. Vi vay, viéc
slr dung ma vach DNA d& phan loai cay Vi bo I3 cn thiét. Ma vach DNA la mot doan gen ngén, chuan dwoc st dyng
@& dinh danh cac loai sinh vét chua biét béng phuong phap so sanh véi trinh ty DNA oiia ngan hang gen. O thyc vat,
mot s6 gen da dwoc siv dung dung cho phéan loai nhu gen matk, rbel, rpoB, rpoCH1... Trong d6, gen matK va rbel. 1a
mét trong céc gen dugc sir dyng lam ma vach cho nhidu loai thyc vat [5}-[7]... Nam 2009, Kress va dtg da nghién
ctru st dyng ma vach DNA @& phan loai 296 loai thudc céy thén gb, than bui trén dao Barro Colorado, Panama., Mudi
loai Ficus da dwoc xac dinh quan hé bing matK va trH-psbA [7]. Bai béo nay cung cAp théng tin vé d3c didm trinh
tw hai doan gen matK va rbcl. ctia loai Ficus simplicissima L. thu thap tai Th&i Nguyén nham bg sung trinh tw gen luc
lap cho muc dich phan loai loai Ficus.

NGUYEN LIEU VA PHU'ONG PHAP
Nguyén liéu

La non cua céy VU bd (Ficus simplicissima L.) thu thap tai x& Hing Son, huyén Bai Twr, tinh Thai Nguyén dwgrc siv
dung lam vat ligu nghién ctru. Mau cay d3 dwoc xac dinh va mé ta dugc céc déc diém vé hinh thai, gidi phau theo
nghién ctru theo nghién ctru trueére day cta Va Thi Thu Thay va cs. [4].

Tach chiét DNA

Téch chiét va tinh sach DNA t8ng sé bing phuong phép CTAB theo Saghai-Maroof va cs. (1 984) [8]. C4c bwérc cor
ban gom: Rira sach I4 non (dang banh té) bang nudc cat; Nghign khoang 50-100 mg l& cho dén dang bot min trong
nitrogen I6ng, b6 sung 600 L dung dich CTAB 2X d& U & 65°C, ddo déu. Thu djch va tiép tyc & dich & 65°C trong
1 gi¢. Thém 100 pL dung dich Chloroform: Isoamyl alcohol, l&c manh, ly tam 13,000 vong trong 5 phut. Hat 500 pL
dich trong phia trén chuyén sang éng Eppendorf méi, thém 500 WL dung dich Isopropanol do nhe, &1 & nhiét @6
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Ficus simplicissima Lour. contains flavonoids and saponins with strong
antioxidant capacity, used to treat a number of diseases such as
inflammation, allergies, stomach ulcers... However, the content of natural
synthetic flavonoids very low in Ficus simplicissima Lour. (about 0.897
mg/g fresh leaves). Therefore, a method has been proposed to enhance
the flavonoid content in Ficus simplicissima Lour. plant is the application
of tissue culture techniques to create hairy root lines to increase biomass.
This study presents the results of the induction and culture of hairy root
lines through A. rhizogenes in Ficus simplicissima Lour., Of the two
materials infecting with 4. rhizogenes (stem segment, leaf tissue), leaf
tissue is the suitable material for hairy root formation. Bacterial density
corresponds to ODgop = 0.8; AS concentration 150 pmol/l; infection time
10 minutes; co-cultivation time 2 days; The concentration of cefotaxime
550 mg/l were suitable conditions for induction of hairy root formation

_ from leaf tissue. MS medium in liquid state, without adding growth

regulators, cultured in shaking condition is the suitable medium for hairy
root growth. The results of checking the presence of rolC gene by PCR
method and the absence of virD2 gene confirmed that 5 hairy root lines
were created from Ficus simplicissima Lour. plant.

NGHIEN CUU CAM UNG VA NUOI CAY TAO RE TG CAY VU BO

(Ficus simplicissima Lour.)

Vii Thj Thu Thity, Vii Manh Cwing, Trin Thj Hong, Chu Hoang Miu, Nguyén Thj Thu Nga®
Truong Pai hoe Sw pham — PH Thai Nguyén

THONG TIN BAI BAO

TOM TAT

Ngity nhin bai: 23/9/2022
Ngiy hodn thién: 19/10/2022
Ngay ding: 26/10/2022

TU KHOA

Agrobacterium rhizogenes
Ma la

Sinh khéi

Vi bo

RE to

Céy Vabod (Ficus simplicissima Lour.) chita flavonoid va saponin c6
kha nang chﬁng oxy hoa manh, duge ding dé diéu trj mét s bénh
nhu viém nhlern di tmg, loét da day... Tu;/ nhién, ham lwgng
flavonoid tong hop ty nhién trong céy Vi bo rét thip {khoéng 0,897
mg/g l& tuoi). Do d6, mét phuong phép dd duge dé xudt dé ting
cmmg ham lugng flavonoid trong ciy Vi bo 1a ung dung k¥ thudt
nudi chy md tao dong ré to tdng sinh kho: Nghién cu‘u nay trinh bay
két qua qué trinh cdm {mg vi nudi cly tao doéng ré to théng qua 4.
rhizogenes & ciy Vi bo, Trong 2 loai vat liéu liy nhidm véi 4
rhizogenes (doan thﬁn md 13) thi md 14 13 vit liéu thich hap cho tao
1é to. M4t d§ vi khudn tuong {ing vdi gid tri ODggo =0, 8 nong do AS
150 |.unoUl thoi gian nhiém khuén 10 phat; thdi glan dong nudi cdy 2
ngay; néng d§ cefotaxime 550 mg/l 1a nhimg diéu kién thich hop cho
cam {mg tao 1€ to tir mé 14, Méi truomg MS & trang théi long, khong
bd sung chit didu héa sinh truong, nudi trong diéu kién ldc 14 méi
trudng thich hop cho sy tang trudng ré to. Két qui kiém tra sy c6 mit
cua gen rolC bing phlm’ng phap PCR v sy véing mit ctia gen virD2
da khing dinh 5 dong ré to duge tao ra tir cdy Va bo.
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1. Gidi thigu

Cay Vi bo (Ficus simplicissima Lour.) 14 logi cdy chua dugc tréng phd bién, moc hoang dai
trong rimg thir sinh & nuéce ta. B§ phan ding 14 1& va vo 1é, thu hai quanh nim, duge ding thay thé
hoang ky nén c6 tén goi khéc 1a tho hoang ky. Trong vii b ¢6 rﬂ}iéu‘acid hitu co, céc acid amin, cac
chat triterpen, alcaloid va coumarin, Ciy duge six dung lam thudc bang cach thu héi trong ty nhién.
Cic b phan ctia cdy Vi bo duge sir dyng lam thude bao gdm ré, nhya, thin va 1a. Céc bai thudc sir
dung nguyén li¢u 12 Va bo thudng 12 bai thube b c6 tac dyng kién ty, bd phé, hanh khi loi thap,
trdng gin cdt. Mt s6 bénh cé sit dung V1 bo nhu chita phong thép t€ bai, ho do lao phé quén, ra
m6 hdi trgm, mét moi chén tay, &n it bung truén g, viém gan, phu nit sau sinh khéng ¢ sira...

Theo Béi Duy Ban (2008), ¢ da s6 cdc ho thye vit, 1€ 12 noi téng hgp va tich Iy céc chat
chuyén hoa thir cdp chinh bao gdm triterpen, alkaloid va coumarin, Céc cht ndy c6 hoat tinh sinh
hoc manh, 13 d6i twgng nghién ctru ciia nhidu nha khoa hoc. Chi tinh riéng coumarin, it nhAt cling
¢6 1300 coumarin khéc nhau di duge xdc dinh. Coumarin c6 céc hoat doéng chéng huyét khéi,
chéng viém va gidn mach. Coumarins ciing c6 thé c6 tc dung khéng virus va rit déc dbi véi loai
gdm nhim. Mot s6 hop chét coumarin c6 thé sit dung dé chita bénh nim Candida am dao. Ngoai
ra, coumarin c6 thé tao ra céc dai thuc béo, tic dong tiéu cyc dén nhiém tring do vi khuén [1]...
Theo Sivanesan va cong s (2009), nhiing hop chét thit cfp tdng hop & 18 cay ¢6 thé duge tong
hop theo cch tuong ty trong ré to [2].

Agrobacterium rhizogenes, con dugc goi 14 Rhizobium rhizogenes, 13 vi khudn dit Gram am
va 1a mam gay bénh thuc vit. 4. rhizogenes lay nhiém qua vét thuong va giy bénh 1@ to trén
nhiu loai thyc vat ¢6 hoa bing cach chuyén mot sé gen cam img r& (root-inducing plasmid, Ri
plasmid) vdo h¢ gen thuc vat. Sy biéu hign Ri plasmid & thyc vt din dén ting sinh téng hop
hormone thyc vat auxin, dnh hudng dén sy phat trién cua r& va thic déy su ra ré bén [3]. Kha
nding tao ra hé théng ré phét trién v han ndy da dugc nghién ciry, tir 6 tim hiéu vé kha ning san
xuét cic dugc chit & thuc vat va protein tai tb hop [4]. Dong A. rhizogenes ATCC 15834 dugc sit
dung cho viée nudi céy 1€ to dau tién trén ca chua lam cy mé hinh [5]. & Viét Nam, tmg dung k¥
thudt nudi cy mo té bao dé tao dong ré to ting sinh khi ciing di thanh céng trén nhiéu cy dugc
liéu nhu Cay Thé nhén sim (Talinum paniculatum Gaertn.), Pan Sam (Salvia miltiorrhiza
Bunge), Ding 8am (Codonopsis javanica)... [6]-[8]. Véi muc dich buée diu nghién ciru tao sinh
khi 1é to dé khai thac cac chit cé hoat tinh sinh hoc tir cdy dugc ligu, bai bdo ndy bao cdo két
qué nghién ctru céc yéu t6 anh hudéng dén kha ning cam Gng va tao sinh khi ré to cay Vi bo.

2. Phuong phiap nghién ciru
2.1. Vit ligu

Méu thue vat

Qua Vi bo thu tai x3 My Yén, huyén Pai T, tinh Thai Nguyén dugc sit dung cho nudi ciy in
vitro. Mau nghién ciru duoc dinh danh boi PGS.TS S§ Danh Thudng, treong Dai hoc Su pham -
Dai hoc Thai Nguyén. Chon qua Vi bo chin dé thim, khong bj sau bénh (Hinh 1A). Loai b 16p
thit qua, thu hat va rira hat bing nudc sach nhidu Iin, Hat duoc 14c trong ethanol 70% trong
khoang thoi gian 1 phit. Trang hat 5 14n bing nuéc ct khir tring. Tiép tuc lic hat trong dung
dich javen 60%, lic d&u trong khodng thoi gian 15 phit. Sau d6 rira sach hat bang nu6c cat khir
tring 5 lan, r&i cdy 1én méi trudng MS co bin (Hinh 1B). S mju hat gieo vao mdi binh co thé
tich 250 ml khoang 50 - 60 hat. Nudi chy tai phong sinh truéng voi diéu kién chiéu sang theo
quang chu ky 16 gitr sing va 8 gits t6i, nhiét do phong 25°C + 2°C, cwomg dd chiéu sang 2000 lux.
L4 va thin cdy Vi bo in vitro khodng 6-8 tudn tudi duge sir dyng 1am vat ligu khao sat tao 1 to
(Hinh 1C).

Chitng vi khudn

Chung Agrobacterium rhizogenes (A. rhizogenes) ATTC 15834 dugc cung cép tir Vién Cén g
nghg sinh hoc - Vién Han 14m Khoa hoc va Cong nghé Viét Nam.
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Ficus simplicissima Lour collected in Thai Nguyen was compared
with the morphology and anatomy of wild plants and in vitro plants.
The results of the comparison showed that there is no difference. F.
simplicissima Lour has a woody stem, tap-root, simple leaves, board
of leaves are not lobed, edges of leaves are serrated. The anatomy of
nutrient organs of the plant by double staining method showed cork,
phylum, soft tissue, libe and xylem. The similarity between the
morphology and anatomy of the plant is the basis for increasing the
biomass of biologically active substances in the plant. The pure
ethanol extract obtained by the Ultrasound-assisted extraction method
from F.simplicissima Lour was resistant S. aureuns from 22.67 mm
(extraction 2" to 23.67 mm (extraction 1*). Correspondingly, P.
aeruginosa from 18,00 mm to 20,33 mm and C. freundii from 18.33
mm to 19.67 mm. When the extract concentration was reduced to
50% the antibacterial ability was reduced to 50%, the antibacterial
ability was reduced and no antibacterial ability when the extract was
reduced by 25%.

DAC DIEM HINH THAIL GIAI PHAU VA KHA NANG KHANG KHUAN CUA
CAY VU BO (Ficus simplicissima Lour)

Vii Thi Thu Thity’, Vii Viin Trung?, Nguyén Thi Thu Ha', Trin Thj Hong', Chu Hoang Miu""
!Trieomg Pai hoc Suw pham - PH Thdi Nguyén

8¢ Gido due va Pdo tao Bic Giang

THONG TIN BAI BAO

TOM TAT

Ngay nhéin bai: 17/01/2022
Ngiy hodn thién: 28/01/2022
Ngiy diing: 28/01/2022

TU KHOA

Ciy Vi bo

Giai phéu

Hinh thai

Khang khuén
Dich chiét ethanol

Cay Vi bod (Ficus simpﬁcissr’ma Lour) thu hii tai Thai Nguyén duge
so sdnh hinh thai va giai phiiu ciia cdy ngoai tur nhién va cdy in vitro,
khong nhéin thay sur khéc biét. Ciy V(i bo dang than gb, r& coc, 14 don
nguyén, phién 14 khong chia thity, mép la co khia ring cwa. Giai phau
co quan dinh dufng cla cay trong ngodi ty nhién va cdy in vitro bing
phuong phap nlm{_)m kép vdi tiéu ban tam thoi xédc d;nh tét cdu tric
clia céc 16p: bén, ting phai sinh, mé mém, libe va gd. Sy tuong, dbng
gitta hinh théi va giai phu cia cﬁy 14 cin cir dé ting sinh khéi cic
chit cé hoat tinh sinh hoc trong ciy Vi bd. Dich chiét ethanol nguyén
chit thu dugc bing phucm phép hd tro song siéu 4m tir & ciy Vi bo
c6 kha ning khang vi khuédn S. aureuns tir 22,67 mm (lin chxév t 2) dén
23,67 mm (l4n chiét 1). Tuong ung & P. aeruginosa dugc 18,00 mm
dén 20,33 mm va C. freundii duge 18,33 mm dén 19,67 mm, Khi néng
d5 dich chiét giam xubng 50%, kha ning khang vi khuéin b giam va
khong c6 kha ning khéng khudn khi dich chiét giam dén 25%.
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1. Giéi thigu

Trong nhimg nim gan ddy, cac nghién ciru vé cdy dugc liéu & nuée ta da d& cip dén tinh da
dang va tim hiéu kién thirc ban dija trong chita trj bnh & ngudi [1], [2]; ddng thoi phan tich thanh
phan héa hoc va danh gid hoat tinh sinh hoc ctia cac dugc chét tir cdy dugc ligu [3]. Ung dung
cbng nghé sinh hoc trong viée ning cao higu qua khai thac cac duoc chit bing cach sir dung coéng
nghg t bao de tang sinh khéi cdy duge liu [4], st dung cong nghé gen trong cai thi¢n ham luong
duge chét trong cdy duge ligu 14 nhimg cach tiép cin méi, mang tinh thoi sy. C6 thé ké dén mot
sb nghién ctru nhv ting cudng bidu hién gen AcF3 'S F lam ting tong hop flavonoid & cly O diu
[5], biéu hién manh gen CHI lién quan dé ting cudng tich ldy flavonoid & cdy Sam dat [6],
chuyén gen nhim nang cao him lugng alkaloid & céy dira can [7] va binh véi [8]...

Cay Vi bd 1a mét trong s6 céc loai thio duge duge thu hai trong ty nhién dé lam thude. Vi bo

c6 nhiéu logi, tAt ca déu 1 cic cdy chua dugc trdng chinh thic va Vi bo hay cén goi 1a Thé
hoang ky, Vit b sé, Vi ché, Vi lon, Ngai phin, Sung ba thiy... ¢6 tén khoa hoc 1 Ficus
simplicissima Lour, Vi bo (Ficus simplicissima Lour) 13 1 trong khodng 850 loai thuéc chi Pa
dé, con goi 1a chi Sung (Ficus), ho Dau tam (Moraceae), b6 Gai (Urticales), phén 16p Sau Sau
(Hamamelididae), 16p Hai 14 mém (Magnoliopsida) [9], [lo.
Céc bd phin clia cly Vi bd dugc sir dung lam thude bao gom r¢, nhya, thin va la. Cac bai
thude str dyng nguyén ligu 1a Vi bd thuong 13 bai thude bd cb tic dung kién ty, bd phé, hanh khi lgi
thép, trang gén cbt... [11]. Ung dung ki thuat nudi cdy in vitro vio viée nhén gidng nhim bao tdn va
phit trién ngudn gen cay dugc lidu kha thanh cong trén nhidu déi tugng cay trdng. Sy tdng hop céc
chat & cdy ngodi tw nhién ciing c6 thé duge tong hop theo céch twong tir trong cay in vitro [12]. Bai
béo ndy trinh bay két qua phén tich hinh thai, gidi phdu va d4nh gid kha ning khéng khudn cta dich
chiét clia ciy Vit bd nhim tao co s& cho vige ting dung cong nghé gen va cong nghé té bao thuc vit
vao viéc nghién ctru, khai théc cic chét ¢6 hoat tinh sinh hoc tir ciy Vi bo.

2. Phwong phép nghién ciu

Hat ctia cay Vi bo thu thip tai xi Hing Son - Dai Tir - Thai Nguyén duoc lam sach, sau do
gieo v0 tring in vitro trén moi truong Murashige-Skoog thinh cdy hoan chinh va tréng trong
vuon thye nghiém ctia khoa Sinh hoc duge sir dung 1am vat ligu nghién ctru hinh thai (Hinh

; i i s ™ 3 B i -

[ : = A

C D

Hinh 1. Hinh dnh mffa cdy Vi bo lam vét ligu r:gfn‘é‘rg citu. A, B: Cady va hat Vil bo thu thdp tai Thai Nguyén
10/2020; C: Mau in vitro tir doan thin sau 5 tuén tuéi; D: Méu cdy in vitro trong ngoai vuon wom

Phuong phép xéc dinh tén khoa hoc loai Vi bo dugc thyc hién bing phuong phép hinh thai so
sanh dya trén tai li¢u vé “Cay co Vigt Nam” ciia Pham Hodng H§ (2003) [9],

Phuong phép lam tiéu ban giai phiu dya trén tai li¢u cia Hoang Thi San va cs (2003) [13].
Theo do, cdc bude lam tiéu ban giai phiu 13: (1) Cit miu thanh nhiing 14t méng, tiy sach noi
chat cla té bao bing javen trong 20-30 phut. Loai dung dich tiy bing axit acetic 10% trong
15 phit; (2) Nhuém kép mau tiéu ban gom: nhuém do bing dung dich carmin trong 20-30
phit, nhu¢ém xanh véi xanh methylen trong 1 phit, sau d6 rira sach biang nuéc ct; (3) Quan
sdt tiéu ban trén kinh hién vi & do phong dai 40, chyp anh va phan tich,
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PAI HQC THAI NGUYEN CONG HOA XA HOI CHU NGHTA VIET NAM
TRUONG DAI HQC SU PHAM Pjc lip — Ty do — Hanh phic
S6: /6 46*QD-DIISP Thdi Nguyén, ngdy 44 thdng 5 ndm 2016
QUYET PINH

Veé vige thanh 1ap Hi dong khoa hoe ddnh gla nghlf;m thu cfp co sé
dé tai Béo ton va luu gilr quy gen cip Bo niam 2015

HIEU TRUONG TRUONG DAL HOC SU PHAM

Cin cir Nghij dinh s6 31/CP ngay 04/4/1994 cta Chinh phu vé viéc thanh 1dp Dai
hoc Thai Nguyén;

Cin cr Thong tu s6 08/2014/1'T-BGDPT ngay 20/3/2014 clia B truong Bo
GD&D'l' vé viée Ban hanh Quy ché to chire va hoat dong cua dai hoe viug va céac cu
sO gido duc cua dai hoc thanh vién; '

Cin ctr théng tw sb 22/2011/TT-BGDPT ngay 30/5/2011 ctia B truang Bo
GD&DT ban hanh quy dinh vé hoat d6ng khoa hoc va cong nghé trong céc co s& gido
duc dai hoc;

Cin cir quyét dinh s6 84/QD-DHIN ngdy 27/01/2011 cia Giam déc Pai hoc Théi
Nguyén ban hanh qui dinh v coug the quan Iy KH&CN cta Pai hoe Thal Nguyén;

Xét dé nghi ciia Truéng phong Phong KH-CN&HTQT,

QUYET PINH:

Diéu 1. Thanh 18p Hoi ddng khoa hoc dénh gia nghiém thu cip co s¢ d& tai Bao
tdn va luu git quf gen cép B nim 2015, ma s6 B2015-15-11-GEN: “Béo ton va luu
giir ciy that di¢p nhit chi hoa (Paris polyphylla sm) phuc vu khai thic va phat
trién nguon gen ciy thubc quy & ving cao nguyén d4 Ha Giang” do TS. Vii Thi
Thu Thity 1am cht nhiém, Truong Pai hoc Su pham - Pai hoc Thai Nguyén la co
quan chii trl gdm céc thanh vién trong danh séch kém theo.

Pidu 2. Hoi dong ¢6 nhiém vy dénh gid toan dién viéc thyuc hién @8 tai theo
thuyét minh da dwoc Bd Gido duc va Pao tao phé duyét. Sau khi hoan thanh nhiém vy,
Hoi dong tu giai thé. Quyét dinh nay ¢6 hiéu lyc 45 ngay ké tir ngay ky.

Piéu 3. Truong phong Phong KH-CN&HTQT, Trudng khoa Sinh hoc, cic thanh
vién trong Hbi ddng va chi nhiém d8 tai chiu trich nhiém thi hanh Quyét dinh nay./ ;4/

KT I-IIEU TRUON G

Noi nhin:
- Higu truéng (dé b/c);
- Nhu Diéu 3 (dé t/h);
- Luu: VT, KHCNY”
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ABSTRACT
Adinandra megaphylla Hu which belongs to Adinandra genus, Theaceae family, only narrowly distributed in
Vietnam. Biological activities of this plant's secondary compounds have been left open yet. In this study, the
antibacterial, antioxidant abilities and inhibiting cancer cell lines activity of leaf extract of A. megaphyila collected
in Lao Cai province, Vietnam were initially investigated. Poultice extracted from leaves of Adinandra megaphylla
with three solvents of ethanol, ethyl acetate and dichloromethane were quantified and determined composition of
the polyphenol, flavonoid and coumarin groups. The ethanol extract, ethyl acetate extract and dichloromethane
extract have been shown to inhibit the growth of Staphylococcus aureus, Bacillus subtilis, Seratia marcessens,
Sarcina lutea, Lactobacillus plantarum and Escherichia coli at concentration of 200 pg mL". The ethyl acetate
extract and dichloromethane extract have DPPH free-radical activities; the EC50 value reached 30.3 and 33.2
pg mL™, respectively. In particular, antimicrobial and free-radical activities of the dichloromethane extract were
better than ethanol and ethyl acetate extracts. Extracts from A. megaphylla showed inhibition of gastric, lung
and breast cancer cell lines with values of 67.76, 77.02 and 84.46 pg mL", respectively. Research results show
that A. megaphylla is a potential plant containing many compounds with antibacterial, antioxidant abilities and
inhibiting cancer cell lines. '

KEY WORDS: ADINANDRA MEGAPHYLLA, ANTIOXIDANT, ANTIBACTERIAL, ANTI-CANCER, POULTICE.

INTRODUCTION

Vietnam has high potential for medicinal plants, which
their chemical composition and pharmacological
activities of some herbaceous species have been studied
in previous studies (Hung et al., 2019; Minh et al., 2010;
Vu et al., 2019), but there are still many species that
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have not been assessed their medicinal value, including
Adinandra megaphylla of the genus Adinandra, the
tea family (Theaceae). In the world, there are about 85
species in the Adinandra genus distributed in Bangladesh,
Cambodia, China, India, Indonesia, Southern Japan, Laos,
Malaysia, Myanmar, New Guinea, Philippines, Sri Lanka,
Thailand, Vietnam and African rainforests, In China, the
genus Adinandra has 22 species, of which up to 17 are
endemic (Min and Bruce, 2007). In "An illustrated flora
of Vietnam"”, Pham Hoang Ho (1999) indicated that the
genus Adinandra in Vietnam contains about 11 species
which scattered throughout the country.

Species of the genus Adinandra consist of secondary
compounds with antibacterial, anti-inflammatory,
antioxidant, anti-free radical and anti-cancer activities.
However, studies on the genus Adinandra have been




Nguyen et al.,

mainly focused on the species Adinandra nitida. In 2008,
Liu et al. isolated camellianin A from A. nitida Merr, ex
Li by column chromatography and determined its content
by HPLC. At the same time, their study demonstrated
high antioxidant capacity from flavonoids extracted
by DPPH and free radical cleaning method (Liu et al.,
2008). In addition, Liu et al. (2013) optimized flavonoid
extraction method and obtained camellianin A from
A. nitida leaves; flavonoids were also reported to have
antioxidant ability at the concentration of 0.02 mg mL"
(Liu et al., 2013).

Thus, previous studies have shown that flavonoids
like epicatechin, apigenin, quercitrin, camellianin A
and camellianin B to have biological and antioxidant
activities. Chemical composition of A. nitida has been
isolated and determined by Wang et al. (2008) using
column chromatography. The structure of saponins
compounds comprise 6 types, including 2alpha, 3alpha,
19alpha- trihydroxy-olean-12-en-28-oic acid-28-0-
beta-D-glucopyranoside; arjunetin; sericoside; glucosyl
tormentate; nigaichigoside F1 and arjunglucoside I
Among of which, 2alpha, 3alpha, 19alpha-trihydroxy-
olean-12-en-28-oic acid-28-0-beta-D-glucopyranoside
is a new substance, The remaining substances were first
discovered in A. nitida (Wang et al., 2008).

Moreover, in the Adinandra genus, Adinandra lienii was
initially studied for its geographical distribution and
matK sequence to help identify this species in Lao Cai
province, Vietnam. Meanwhile, there have been not any
studies on chemical composition and biological activity
of total extracts from Adinandra megaphylla yet. In
this study, we present results of qualitative analysis of
chemical composition and evaluation of antibacterial,
antioxidant, anti-cancer activities of the A. megaphylla
Hu extracts.

MATERIAL AND METHODS

Figure 1: Morphological characteristics of A. megaphylla
Hu collected in Lao Cai province, Vietnam, Life form (A),
branches with buds (B, C), flowers (D)

A. megaphylla samples: A, megaphylla samples was
collected from Lao Cai province, Vietnam in the
1200-1800 m altitude at 21°59'15"N; 104°19'28"'E.
A. megaphylla Hu samples (branches with leaves and
flowers) were collected to determine the scientific
name in laboratory. A. megaphylla Hu leaves were
used for poultice extraction with ethanol, ethyl acetate
and dichloromethane. The scientific name of species

is determined by comparative morphological methods
according to monograph including “An Illlustrate Flora
of Vietnam” and “Flora of China” (Figure 1).

Bacterial strains and cancer cell lines: Bacterial strains
(Bacillus subtilis, Serratia marcescens, Escherichia coli,
Sarcina lutea, and Lactobacillus plantanum) were selected
for the antibacterial activity assay. They were grown in
liquid Luria-Bertani (LB) medium (0.5% (w/v) yeast
extract, 1.0% (w/v) peptone, 1.0% (w/v) NaCl, pH 7.0)
overnight at 28°C, and the diluted bacterial suspension
(106"mL™") was ready for detection. Solid LB medium
contained additionally 2.0% (w/v) agar. Cancer cell lines,
including the breast cancer cell line (MDA-MB-231), the
stomach cancer cell line (AGS) and the lung cancer cell
line (A549) were used in cytotoxicity assays.

Materials and chemicals: Yeast extract and peptone were
purchased from Bio Basic Inc. (USA); Ethanol, ethyl
acetate and dichloromethane were from Fluka (China);
TLC silica gel 60 F254 was from Merck (Germany).

Method of sample preparation: The leaves of A.
megaphylla are washed thoroughly, then cut into pieces
and dried at a temperature of 50°C to constant mass.
The crushed sample is extracted twice with ethanol in
an ultrasonic machine at room temperature. The crude
extracts were collected by solvent removal under reduced
pressure conditions, at 50°C and extracted with solvents
of dichloromethane and ethyl acetate. The residue of
ethanol, dichloromethane and ethyl acetate were cleaned
solvent and dried at 50°C to collect ethanol extract,
dichloromethane extract and ethyl acetate extract,
respectively.

Polyphenols were detected by reaction with iron salts
(I)/sulfuric acid: Reaction with iron salts (1I1): 5 mL
of ethanol extract were added into two tubes, denoted
by I and II, respectively. The tube Il was supplemented
with 0.5 mL iron salts (Ill), shake and observe color.
Depending on the number and location of hydroxyl
groups in polyphenol molecules, results are green, blue
or brown.

Reaction with sulfuric acid: 2 mL of ethanol extract were
added info two tubes, denoted by I and II, respectively.
The tube II was supplemented with 1-2 drops of H,SO,,
shake and observe color. Add H,SO, concentrate to
flavones and flavonols to give a deep yellow; to
chalcones and aurones to produce a red, crimson red or
bright red solution; to flavanones to give orange red.

Flavonoids were detected by reaction with hydrochloric
acid and magnesium powder:The tube contained 0.05g
ethanol extract and 10 mL CI—[JOH, which were shaken,
heated to dissolve and filtered through filter paper, 2 mL
of filtrate was added into two tubes, denoted by I and
II, then was added a pinch of magnesium powder and
shaken. The tube II was supplemented with five drops
of HCI and boiled for 3 mins. The solution changed to
yellow, red to green colors, as it contained flavonoids.
Coumarin was detected by reaction with NaOH solution:
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2 mL of ethanol exiract were added into two tubes,
denoted by T and II. The tube II was supplemented with
0.5 mL of 10% NaOH solution. Two tubes were boiled,
cooled down to room temperature and added 4 mL
distilled water. The tube II is more transparent or clear
than tube [, indicates the presence of coumarin. When
the two test tubes were added with a few drops of HCI,
the solution turned a dull yellow, so the coumarin was
determined following this method (Nguyen and Hung,
2008).

Thin layer chromatographic method (TLC): Ethanol
extract from A. megaphylla leaves were detected by
TLC (3.5 x 10 cm layer of silica gel 60), performed with
two mobile phases of n-hecxane/acetone (1:1, v/v) and
dichlomethane/n-hexane (3:1, v/v). The products were
visualized by spraying the TLC plate with 10% (v/v)
sulfuric acid in ethanol and incubating at 100°C until
color appeared.

Determination of antibacterial activity of extracts:
Antibacterial activity of extracts was performed
according to the method of Mahesh and Satish (2008).
In order to determine antibacterial activity of the
extracts, 70 mL of diluted bacterial suspension (106" mL"")
was brushed on 0.5-cm-thick LB plates. The LB plates
were perforated with 0.5-cm-diameter holes, and each
hole was supplemented with 100 mL of each ethanol,
ethyl acetate and dichloromethane extract from A.
megaphylla Hu leaves with different concentrations (20,
60 and 200 pg mL") or with DMSO for the control. The
inhibition activity of extracts against bacterial growth
was observed after incubation at 30°C for 18-40 hours.
The antibacterial levels were determined by diameter of
inhibition zones (in millimeters) around the holes. The
diameter of antibacterial ring was determined by the
formula: H = D-d (mm). In which: D is the diameter of
the antibacterial ring from the center of perforations
(mm); d is the diameter of perforated agar (mm).

Determination of oxidation activity of extracts:
Antioxidant activity of A. megaphylla extracts was
determined by Tabart et al. (2009) using DPPH radical
scavenging. 100 uL of each extract at five concentrations,
including 0.5, 2, 8, 32 and 64 pg mL! were added with
2.9 mL of 0.1 mM DPPH solution mixed in methanol
solution, shook and left in the dark for 30 min at room
temperature, the absorbance was measured at 517 nm.
The inhibition of DPPH radical by the samples was
calculated by following formula: DPPH activity (%) = 100
x (Ac - As)[Ac, in which Ac: the absorbance of control,
As: the absorbance of sample. Antioxidant activity was
determined based on EC, values (the concentration
of DPPH free radical scavenging samples is 50%)
(Tabart et al., 2009).

Cytotoxic assays: Cancer cytotoxicity was determined
using the method of Monks et al. (1991) (Monks et al,,
1991). Poultice extracted from A, megaphylla leaves was
prepared and tested at four concentrations, including
100, 20, 4 and 0.8 pg mL". Ellipticine was used as a
reference at four concentrations: 10, 2, 0.4 and 0.08 pg

Nguyen et al.,

mL~". Dimethyl sulfoxide (DMSO) at 10% concentration
was used as a negative control. Total protein content of
a cell is determined based on the optical density (0D)
when proteins of the cell are stained with sulforhodamine
B (SRB). The OD results were read on a wave step of 515
nm in an ELISA Plate Reader. OD values are proportional
to the amount of SRB, which is attached to protein
molecules. The larger the OD value, higher the amount
of protein and higher the amount of cells. Cytotoxicity
was expressed as the concentration of drug that inhibited
cell growth by 50%. Inhibitory concentration 50% (IC, )
is the concentration of the sample at which it can inhibit
50% of cells. The substance is considered to have good
activity when IC,; = 5 mM (Hughes et al., 2011).

RESULTS AND DISCUSSION

Results of thin layer chromatographic analysis show that,
there were 7 marks in the ethanol extract and 6 marksin
the ethyl acetate extract for the n-hexane/acetone at a
1:1 ratio (Figure 2A), There were 3 marks in the ethanol
extract and 6 marks in the ethyl acetate extract for the
dichloromethane/n-hexane solvent system at a 3:1 ratio
(Figure 2B). Thus, on the thin layer chromatographic
analysis with two different solvent systems showed that
the extract from A. megaphylla Hu has many bands with
different colors.

Figure 2: Results of thin layer chromatographic analysis
of ethanol extract (A) and ethyl acetate extract (B) in the
n-hexanefacetone at a 1:1 ratio (I) and dichloromethane/n-
hexane solvent system at a 3:1 ratio (1)

P e T A T T S S e T T S

Figure 3: Color reactions for detection of polyphenols
(A, B), flavonoids (C) and coumarin (D, E) in the ethanol
extract from leaves of A. megaphylla. The ethanol extract
before (I) and after (II) reacting with iron salts (IIl) (3A);
with sulfuric acid (3B); with Mg in HCI solution (3C); with
NaOH (3D); with HCl solution (3E).
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The extract of A. megaphylla was quantified polyphenols,
flavonoids and coumarin by different reagents. The
results were shown in Figure 3.

Polyphenols in the ethanol extract was detected by
reacting with iron salts (I1I), the solution in the tube II
turned dark green due to reaction between polyphenols
and iron salts (III). The solution in the tube Il turned dark
yellow (Figure 3B), if flavonoid reacted with sulfuric
acid. According to flavonoids qualitative, the solution
in-the tube II changed color from yellow to dark red
(Figure 3C). Coumarin was detected by reaction with
109% NaOH solution, the results showed in tube II is
more transparent than tube I (Figure 3D). Then, when a
few drops of HCl were added to both tubes, the tube II
changed from dark opaque yellow to light transparent
yellow color (Figure 3E). Therefore, it is clear from these
results that the extract of A. megaphylla leaves contained
polyphenols, flavonoids and coumarin. Previous studies

have also demonstrated that leaves of Adinadra nitida
contained total flavonoids Gao et al, 2010; Chen et
al., 2017. Bioactive compounds in these plants have an
important role in producing medicinal products as well
as a basis for further research.

Antibacterial activity of ethanol, ethyl acetate and
dichloromethane extracts from leaves of A. megaphylla
Hu was tested at different concentrations using bacteria
via the agar diffusion method (Table 1 and figure 4).
The ethanol extract had no bactericidal effects at a
concentration of 20 pg mL’!, and had low activity
at 60 and 200 pg mL' concentrations on B. subfilis.
Whereas, the ethyl acetate and dichloromethane extract
showed antibacterial activity against B. subtilis at all
concentrations tested, and the dichloromethane extract
at 200 pg mL* had the strongest antibacterial activity
(Figure 4A).

Table 1. Antibacterial activities of extracts from leaves of A. megaphylla Hu

No. Bacterial Experimental concentrations of the extracts
El | B2 { E3 | E4 [ E5| E6 E?J E8 | E9

1 _B. subtilis - &+ 1+ ol e T 0o s

2 | S. macescens | - = k= : M i g e

3 S. lutea - - - - = - SN I e

4 L. planfarum | + | 44 | 44+ | ++ | ++ |+ | 4+ | 4 [+

5 E. coli RN [FUPIFRY [P (IR PP RTIP [P U o

Note: (-) No inhibition (no antibacterial zones); (+) Weak inhibition (the diameters
of inhibition zones are from 1 to 5 mm]; (++) Inhibition (the diameters of inhibition
zones are from 6-10 mm); (+++) Strong inhibition (the diameters of inhibition

zones are >10mm).

The ethanol exiract at concentration of 20 (E1); 60 (E2) and 200 (E3) pg mL™'; the
ethyl acetate extract at concentration of 20 (E4); 60 (ES5) and 200 (E6) pg mL";
the dichloromethane extract at concentration of 20 (E7); 60 (E8) and 200 (E9) pg

mL,

s s

Figure 4: Antibacterial activities against B. subrilis (A), S.
marcescens (B), S. lutea (C), L. plantarum (D) and E. coli
(E) of A. megaphylla Hu extracts; DC: Dimethyl sulfoxide

The ethanol, ethyl acetate and dichloromethane extracts
had no antibacterial activity against S. macescens at
all concentrations (Figure 4B). For S. lufea bacteria,
the ethanol extract, the ethyl acetate extracts at
concentration of 20, 60 and 200 pg mL"' and the
dichloromethane extract at concentration of 20 pg mL"'
had no antibacterial activity. While, the dichloromethane
extract at 60 and 200 ug mL ™! concentrations had strong
antibacterial activity against S. lutea (Figure 4C). The ethyl
acetate and dichloromethane extract had antibacterial
activity against L. plantarum at all concentrations tested,
and the strongest antibacterial activity was observed
with the dichloromethane extract at 200 pg mL*
(Figure 4D). The ethanol, ethyl acetate and dichloromethane
extracts had antibacterial activity against E. coli at all
concentrations; The strongest resistance activity was at
60 pg mL! for the dichloromethane extract, followed by
the ethyl acetate (Figure 4E).
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Abstract: Two new pregnane glycosides, parasiticoside A (1) and parasiticoside B (2), were isolated from the
leaves of Hoya parasitica. Their structures were determined by spectroscopic analysis 1D and 2D NMR, and mass
spectrometry (HR-ESI-MS in positive mode) techniques as 30,20-dihydroxy-pregn-5-ene-3-0-p-D-
fucopyranoside-20-0-p-D-glucopyranoside (1), and 3p,20-dihydroxy-pregn-5-ene-3-0-uo-L-rhamnopyranosyl-
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1. Introduction

The Hoya genus, belonging to the Apocynaceae plant family, contains about 350 species, some
of which are planted for ornamental purposes. Majority of species of this genus are distributed in tropical
and subtropical South and Southeast Asia [1]. Some species of the genus such as . kerrii, H. parasitica,
were reported to possess biological activities including antibacterial, anticancer, antinociceptive,
antioxidant, and anti-inflammatory activities [2-6]. Previous phytochemical studies on the genus
revealed the presence of pregnanes, triterpenoids, sesquiterpenoids, pregnane glycosides, androstanes,
phenolic compounds, and oligosaccharides [2,3,7-12].

H. parasitica (synonym: H. acuta) of the Hoya genus is commonly known in Viet Nam as
waxvine, waxflower, or “Lan cam cu”, This species is a parasite creeper with a fragrant flower, whose
aerial part is used to cover wounds, increase the milk supply, and treat melasma in children [13]. A
previous phytochemical investigation on this plant reported the isolation of triterpenes, triterpenoids,
pregnanes, phenolic compounds, triterpenoids [3,11,14]. As part of our ongoing studies for investigation
of phytotoxic natural products from Vietnamese medicinal plants, the leaves of H. parasitica were
further investigated in the present study, led to the isolation of two new pregnane glycosides, named as
parasiticoside A (1) and parasiticoside B (2). This paper reports the isolation and structural
determination of these new compounds.
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and subtropical South and Southeast Asia [1]. Some species of the genus such as H. kerrii, H. parasitica,
were reported to possess biological activities including antibacterial, anticancer, antinociceptive,
antioxidant, and anti-inflammatory activities [2-6]. Previous phytochemical studies on the genus
revealed the presence of pregnanes, triterpenoids, sesquiterpenoids, pregnane glycosides, androstanes,
phenolic compounds, and oligosaccharides [2,3,7-12].

H. parasitica (synonym: H. acuta) of the Hoya genus is commonly known in Viet Nam as
waxvine, waxflower, or “Lan cam cu”. This species is a parasite creeper with a fragrant flower, whose
aerial part is used to cover wounds, increase the milk supply, and treat melasma in children [13]. A
previous phytochemical investigation on this plant reported the isolation of triterpenes, triterpenoids,
pregnanes, phenolic compounds, triterpenoids [3,11,14]. As part of our ongoing studies for investigation
of phytotoxic natural products from Vietnamese medicinal plants, the leaves of H. parasitica were
further investigated in the present study, led to the isolation of two new pregnane glycosides, named as
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2. Materials and Methods

2.1. General Experimental Procedures

An Elmasonic S10H ultrasonicator (Elma, Switzerland) was used for the extraction of the leaves
of species. The purification of the compounds was performed on a vacuum liquid chromatography
(VLC) system on silica gel RP-18 (75-200 pm, Silicycle, Canada), and silica gel 60 (63-200 pm, Sigma-
Aldrich, France). The isolation and further purification of saponins from the subfractions were carried
out on medium-pressure liquid chromatography (MPLC) system by using stationary phase on Merck
silica gel 60, particle size 15-40 pm (Germany) with a Gilson M 305 pump and a fraction collector
(Biopharmacia). A Biichi glass columns (460 mm x 25 mm, 110 mm x 15 mm) were used in the MPLC
system. Thin-layer chromatography (TLC) and high-performance thin-layer chromatography (HPTLC)
were performed on Merck silica gel 60F;s4 (Germany), development with CHCl:-MeOH-H,0-AcOH
(70:30:5:1). TLC and HPTLC spots were visualized by spraying the plates with a mixture of EtOH-
H2S0,4 (50:1), heated at 100 °C for 10 min. Optical rotation was determined on an AA-10R automatic
polarimeter (Optical Activity LTD, England). High resolution electrospray ionization mass spectrum
(HR-ESI-MS) was carried out on a Bruker micrOTOF II mass spectrometer (Bruker, Germany) in
positive-ion mode. Gas chromatography (GC) was carried out on a ThermoQuest Trace Gas
Chromatograph apparatus (Thermo Scientific, USA) using an OV-17 on Silanox (0.3 mm x 50 m)
column. 1D and 2D NMR were recorded on an NMR Inova 600 MHz spectrometer (Agilent
Technologies, USA) in pyridine-ds.

2.2. Plant Material

Hoya parasitica was collected from at Hop Thanh, Son Duong, Tuyen Quang, Viet Nam in
February 2023 at geographic coordinates of 21°41°04” N, 105°29°03" E, and authenticated by Prof.
Thuong Danh Sy, Department of Botany. The voucher specimen (N® HOYP202302TQ1) was deposited
in the Department of Biology, Thai Nguyen University of Education, Thai Nguyen, Viet Nam.

2.3, Extraction and Isolation

The extraction of the dried powdered leaves (53.6 g) of H. parasitica was performed by the
ultrasound-assisted method using the solvent EtOH/H»0O (75:35) at the condition following: 200 W, 60
°C, 45 min, 500 mL each x 2 times. After filtration and evaporation, 6.18 g of crude of extract was
yielded and further separated by a VLC silica gel RP-18 and eluted respectively with H.O 100%,
EtOH/H20 50:50, EtOH 100%, respectively resulting 3 fractions (A-C) based on a TLC analysis.
Fraction B (519.6 mg) was chromatographed on a MPLC silica gel 60 (CHCL:/MeOH/H:0 80:20:2,
75:25:3, v/v/v) resulting 5 subfractions (B1-B5). Subfraction B2 (32.5 mg) was submitted again on a
successive MPLC silica gel 60 (CHCly/MeOH/H:0 80:20:2, v/v/v) affording 1 (3.3 mg). Compound 2
(3.1 mg) was obtained from subfraction B3 (64.5 mg) by a successive MPLC silica gel 60
(CHCl3/MeOH/H,0 75:25:3, vivlv).

Parasiticoside A (1): Amorphous white powder, [x]3® = —38° (MeOH, ¢ 0.30). HR-ESI-MS: m/z
649.3563 [M+Na]* (caled. for Cs3HsiNaO;,649.3558). 'H and 'C NMR data are given in Table 1.

Parasiticoside B (2): Amorphous white powder, []4® = —45° (MeOH, ¢ 0.22). HR-ESI-MS: m/z
795.4142 [M+Na]* (caled. for CssHsNaOys5,795.4137). 'H and *C NMR data are given in Table 1,

2.4. Acid Hydrolysis and GC Analysis

Hydrolysis of 3 mg of each pregnane glycoside was performed with 5 mL of 2N aq. CF;COOH
(4 mL) and water (1 mL) for 3h at 95 °C. The reaction mixture was then diluted in water (10 mL) and
extracted with 5 mL of CH:Clz (3 times). The CH,Cl: layer was evaporated with MeOH until the solvent
became neutral to give the sugar residue, and further chromatographed by TLC over silica gel using
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Quang

Thu mau O dau. Thiét ké cip
mdi PCR va nhén ban gen
AcF3'S'H tr cdy O dau
Nghién ciru hé théng tdi sinh
phuc vu chuyén gen. Phén
tich dac diém ciha gen
AcF3'S'H.  Chuyén  gen
AcF3'5'H vao thube 14 va vao
cay O déu

9. PON VI PHOI HQP CHINH

Tén don vi
trong va ngoai nudc
Phong Cong nghé té bao thuc vat,
Vién Cong nghé sinh hoc, VAST.

Ho va tén ngudi dai dién
don vi
PGS.TS. L€ Véan Son

Noi dung phoi hop
" nghién ctu
Phan tich Real time RT-
PCR va mdt s k¥ thuét
phén tir khac
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HOTDONG BANH GIA, NGHIEM THU - CONG HOA XA HOI CHU NGHIA VIET NAM
CAP BO DE TAI KH&CN CAFBE), Pée lip - Ty do - Hanh phic
BO GIAO DUC VA BAO TAO Sl

Thei Nuuyén, ngay 23 thang 1 ndm 2021

BIEN BAN HOP HO1 DONG DANH GIA, NGHIEM THU CAP BQ
DE TAI KHOA HOC YA CONG NGHE CAP BQ

1. Tén a4 tii: Nghién et bidu hién gen ma héa flavonoid 3§ -hydroxylase dé tang cutmg tich Loy

flavonoid & ciy O dhu {Aconituny carmiichaeli Debx.)

Mi sbr BRO20-TNA-11
2. Chi shiém dé @ TS, Nguyén Thy Ngoc Lan
3. Té chie chiz tri: Dai hoe Thai Nguyén
4, Quydt dinh thanh 1p He ddng: $&4240°Q0-BGDET ngay 171172021 cha B GDEDT
5. Npay hop: 28112021
6. Diadidm: Phing hop ATH, Troémg Bai hoe Sw pham « Dai hoe Thai Nguyén
7. Thanh vién cua Hi déng: Tong so: §F  cé mit: 6F viing mat:
8, Ehich mdi diny

9. K&t lujn v kidn nghi coa HOi ddng:
9.1, Vi mire 46 dap img e véu cdu s6 Tugng. khéi lugng sin phim theo Thuyét minh & 1

B Aa  Stp diy H i’ ,&@ va W’W m*;,fﬁﬂ;
tho thupdl b b cligh _phé olud/
9.2, vé& chilt lugng sin phim vi gha ui khoa hoe, gid ui thie 1idn cia ede ki qud thye hign $8 14
ohs? Ly o fhGs Cuir R A, e S Mo A i
ke 155 chn &b phi Agp 8 Al mioA b ke g/

9.3 Két qua ddnh gid xép loal chung céa dé @i
a) Kbt qua danh pid, xép logi cia Hoi ding & mire sau (ddnh ¥io & nemg dng):
03 Xudt she & Pt O Khéng dat
) Phin Judn gidi caa hoi ddng vé kit qua danh gid xép logi (chon ¥ vdo 6 twong timg va ludn gidi):
[ Dé tai dwoe xép loai *Xult sk hai nhimg 1y do ey thé dudi diiy:

R

[ D tai duoe xip loai "Dat” b phitg lj')do e thé dudi day:
‘p = ¥ J

i ot fy N ool ki fleo il srich

9

0

£ P 1 duge xép loai “Khéng gt bii nhimg 1§ do ey thé dudi day:
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9.4. Kién nghi ciia Hi dbng:
a) Chi nhigm & i diba chinb, bb sung vl hoin thién héo cio thng kéL, bito cdo 1ém it & nhiing
vin dé sau (néu co);

b} BG Gido dye va Dao tpo nghidm thu che san pham dietii Ely-
Danh mye sin phiim Khon Tige dip dng duoe yéu ¢l hop ding:
T : Téﬂ sin I}h.m\ R i '[.rh.l clw

AT 7z @ ;@a B

et s et et o e e T T 7 o S SR St S (S - | e ———

¢} Chuyén giao, sir dyng két qua the hiée d& 1 (ndu ey (& cor quan, dia chi ap dyung, sir dyng timg
kit qui thyre hign & 1ai):
"

T

d) Coog b, xult bin két qui the hign dé ti:
) Khiing edng bd, xudit ban két qud thice hign 9& ti.

\

Rién ban hop Hai ddng duge thing qua vl sy thong nhdt elw cie thanh vién Hei dong dy hq; '

ngdy 25 thing 11 nam 2021 el 1
THU KV CHU TJCH HO1 DONG ey
¢ o
TS. Nguyén Diee Hilg PGS.TS. Nguydn Thi Tim

XAC NHAN cﬂa BO GIAO DUC VA DAO TAD
o P, BO TRUONG
VU TRUONG YAfKHDA HOE, mm NGHE VA MOI TRUONG

et

S TRUONE VU HOR B CONG NGHE VAT
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lidu. Céc dia chi (rng dung bao gom:

Céc phong thi nghiém Sinh hoc va Céng nghé sinh hoc ctia cdc trudng dai hoe thanh
vién thudc DPai hoc Thai Nguyén.

Tiang cudng nidng luc nghién ciru, ddo tao ctia Trudng Pai hoc Su pham - Dai hoc Thai
Nguyén. D& tai gép phén tao diéu kién cho cac can bo tré, sinh vién tham ra nghién ciru khoa
hoc, tao ra san phAm phuc vy phét trién kinh t& xa hoi khu vyc trung du, mién ndi Béc bo.
Gop phén sir dung hiéu qua hé thng thiét bj nghién ciru ciia trudng Pai hoc Su pham - Pai
hoc Thai Nguyén.

Tao diéu kién cho phat trién dao tao nganh Cong nghé sinh hoc, Di truyén hoc, Sinh
hoc thuc nghiém tai Trudng Dai hoc Su pham va céc truong dai hoc thanh vién khéc thuge
Pai hoc Thai Nguyén.

18. TAC PONG VA LQI iCH MANG LAI CUA KET QUA NGHIEN CUU
18.1. Doi véi linh vyre gido duc va dao tao

Két qua nghién ctiu cia dé tai 14 tai liéu phuc vy nghién ciru, ddo tao sinh vién, hoc
vién cao hoc, nghién clru sinh nganh sinh hoe, cong nghé sinh hoc, gbp phdn néng cao chat
lugng, hiéu qua dao tao va nghién ciru khoa hoc ctia Trudng Dai hoc Su pham, Truong Dai
hoc khoa hoc thudc Pai hoe Théi Nguyén. Pdng thoi 13 sy gin két gifra viée hoc tap 1y thuyét
v6i thye hanh va tng dung céc tién bd ciia cong nghé sinh hoc hién dai trong diéu kién thyc
ti€n Viét Nam. Hoc vién, sinh vién thyc hién céc thi nghiém trong dé tai dwgc tiép can voi
cOng nghé mai, rén luyén k¥ nidng nghién ciru, thi nghiém phuc vu cho thyc tién chuyén mén
sau ndy. D& tai gop phén dao tao cén bé co trinh d cao thac s, tién si.

18.2. Péi véi linh vire khoa hoe va cong nghé c6 lién quan

Két qua nghién clru cia dé tai s& 1a co s¢ Gng dung k¥ thudt ting cudng biéu hién gen
vao viée ning cao su tich lily cdc hop chit c6 hoat tinh sinh hoc, phuc vu cong tac cham soc
sirc khoe cong dong.

18.3. Pdi voi phit trién kinh té-xa hoi

Két qua nghién ctu tao vector chuyén gen va tao duge céc dong O dhu chuyén gen c6
ham luong flavonoid cao 1am co s& cho viée sir dung dé chuyén vao céc gidng cay duoc liéu
khac, tao cac gidng cdy dugc liéu, néng cao gid tri sir dung trong cong tic chdm sdc sirc khoe
cong ddng. Két qua nghién ctru ciia d& tai mé ra trién vong tao cdy duge liéu c6 sy tich lily
duge chét cao bing ky thuat chuyén gen.

18.4. D6i v6i td chire chii tri va cdc co sé (g dung két qui nghién ciru

Pé tai gép phin bdi dudng kha ning nghién ciru cla cée giang vién tré, hinh thanh
nh6ém nghién ctru manh vé linh vyc (mg dung cong nghé gen & cy trng trong cic co s& gido
duc dai hoc lién quan dén Sinh hoc va Céng nghé sinh hoc ctia Pai hoc Théi Nguyén. Dong
thoi, két qua nghién ciru khing dinh kha ning 1am chu céng nghé sinh hoc hién dai (mg dung

trong ndng nghiép ctia td chirc chi tri va cée co s¢ (mg dyung két qua nghién ctru.

21



Trong d6: N gﬁn sich Nha nuée: 750 triéu ddng;

Ty >
19. KINH PHI THU'C HIEN DE TAI VA NGUON KINH PHI
Kinh phi thye hién d& tai: 750 trigu ddng

Céc ngudn khéc: 0

Pon vi tinh: dong |

Pt Glm p0C

Chi nhlém dé tai

"TT | Khoan chi,ndi dung chi | Thoigian | Tong kinh | Ngubn kinh phi | Ghi
thue hién phi fir NSNN | ngudn | chi
khic
, t(;":é-;l; tién céng lao dong truc 2020-2021 530.589.000 [ 530.589.000 0
Chi mua Vit tu, nguyén, 149.680.000 | 149.680.000 0
2 | nhién, vat lidu 2020-2021
Chi sira chira, mua sim i 0 0 0
3 san ¢6 dinh
4 | Chi hdi thao khoa hoc 2020-2021 | 18.405.000 | 18.405.000
. | Chi trd dich vu thué ngoai 0 0 0
5 i
phuc vy nghién ciru
s | Chi diéu tra, khio st thu 0 0 0
thép s6 liéu
Chi viin phong, pham, théng 7.200.000 | 7.200.000
1 tin lién lac, mg 2020-2021 v
g Chi hop hoi d&ng danh gia, 2021 4.950.000 4.950.000 0
nghiém thu cfp co s&
9 | Chi quan ly chung 2020-2021 | 37.500.000 37.500.000 0
10 | Chi khic 2020-2021 1.676.000 1.676.000 0
Tong céng 750.000.000 | 750.000.000 0
Bay trim nim muwoi triéu ﬂfmg chan ./.
(Dir todn chi tiét cde muc chi kém theo va xdc nhdn ciia co quan chi tri).
Ngay 12 thdang 02 ndm 2020

TS. Nguyén Thi Ngoc Lan

in HA(gdbOnghdng  ndm 2020
PGS, TS, NgUY Corquart 68 i gl

TL. BQ TRUONG BQ GIAO DUC VA DAO TAO

VU TRUONG VU C

e mugmguuxHo;\HoccowensHE\rA M1
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One New Steroidal Saponin from the Leaves of Cordyline fruticosa (L.) A.
Cheyv.

BENTHAM
SCIENCE

Tu Quang Tan', Nguyen Thi Hai Yen?, Chu Hoang Mau' and Nguyen Duc Hung"”’

'Department of Bielogy, Thai Nguyen University of Education, 24000, Thai Nguyen, Vietnam; zDepm'fmenr of Genetics,
Thai Nguyen University of Sciences, 24000, Thai Nguyen, Vietnam

Abstract: The aim of this study is to isolate and identify new chemical constituents from Cordyline
Jruticosa (L.) A, Chev, growing in Vietnam. Cordyline firuticosa (L.) A, Chev. (Synonym: Coreyline
terminalis L. Kunth), belongs to the Asparagaceae family, is one of the popular plants in folk medi-
cine. This plant has been used to treat various diseases, such as sore throat, neck pain, bloody urine,
kidney diseases, headache, infections of mammary glands, and inflammation in the digestive tract.
Previous study on the leaves of C. fiuticosa (L.) A. Chev. reported the presence of cholestane glyco-
sides with cytotoxic activity. The leaves of Cordyline fruticosa (L.) A. Chev. were provided by a
flower shop in Thai Nguyen city, Vietnam in 2021 (21°35'53" N, 105°50'17" E). The extraction was
performed by the ultrasound-assisted method using the solvent EtOH/H;0. The crude extract was
chromatographed on silica gel to yield onc compound. The structure elucidation of isolated compound
was determined by spectrascopic analysis 1D and 2D NMR, and mass spectroscopy (HR-ESI-MS in
positive mode), A new steroidal saponin was isolated from the leaves of Cordyline fruticosa (L.) A.
Chev. The structure of compound was determined as 26-O-B-D-glucopyranosyl-furosta-5,(25)27-
diene-1B,3B,22a,26-tetrol-1-0-B-D-glucopyranoside. Phytochemical study on the leaves of Cordyline
fruticosa (L.) A. Chev. lead to the isolation and elucidation of one new steroidal saponin. Previous in-
vestigation on species of Cordyline genus revealed the presence of steroidal saponins, so this study
has a significant benefit to complete the chemotaxonomic data about saponins from genus Cordyline
and thus Asparagaceae family. The biological test of this compound should be further carried out in
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the next study.
Keywords: Cordyline fruticosa (L.) A. Chev., Asparagaceae, furostane, steroidal sapenin, spectroscopic analysis, human leu-
kemia cells.
1. INTRODUCTION The study on the leaves of C. fruticosa (L.) A. Chev. report-

ed the presence of cholestanc glycosides with cytotoxic ac-
tivity against HL-60 human leukemia cells [11]. Our previ-
ous study on the roots of C. fruticosa (L.) A. Chev. Involved
the isolation and purification of two new steroidal saponins
[12]. In the continuous research of the plant, the isolation
and structure determination of a new furostanol saponin,
namely 26-0-#-D-glucopyranosyl-furosta-5,(25)27-diene- 15,
3f,22a,26-tetrol-1-0-f-D-glucopyranoside (1), were report-
ed. The structure of 1 was determined by 1D and 2D NMR
spectroscopic analysis (IH, '3{3, COSY, TOCSY, HSQC,

The distribution of the genus Cordyline, Asparagaceac
family, is mainly in New Zealand, Australia, and Southeast
Asia. Some species of this genus have been used as folk
medicine to treat dysentery, rheumatism, and inflammation
[1-4]. The previous phytochemical studies on some species
of the genus Cordyline, including C. cannifolia, C. stricta,
C. rubra, and C. fruticosa have been investigated for the
presence of steroidal saponins [3, 5-10]. Pharmacological
studics on those compounds have revealed that they possess

Letters in Organic C‘hemz’sz‘ry

interesting biological actions, particularly cytotoxic and an-
timicrobial activities [9, 10]. Cordyline fiuticosa (L.) A,
Chev. is an ornamental plant that could be found in Vietnam.

* Address correspondence to this author at the Department of Biology, Thai
Nguyen University of Education, 24000, Thai Nguyen, Vietnam;
E-mail: hungnd@tnue.edu.vn

1875-6255/23 $65.00+.00

HMBC, ROESY), together with mass spectrometry (HR-
ESI-MS in positive mode), and by comparison with data
published in the literature.
2. RESULTS AND DISCUSSION

The HR-ESI-MS of compound 1 displayed a pscudo-
molecular peak at m/z 793.4107 [M+Na]', indicating the

i 2023 Bentham Science Publishers
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Two new triterpene glycosides from the seeds of Dimocarpus longan

Tan Quang Tu, Hung Duc Nguyen ', Mau Hoang Chu

Thai Nguyen University of Education, Thai Nguyen, Viet Nam

ARTICLE INFO ABSTRACT

Keywaords:

Dimocarpus longan Lour,
Sapindaceae

Triterpene glycoside
Structural elucidation
Saponin

Two undescribed triterpene glycosides, 3-[(O-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosylJoxy]olean-12-
en-28-oic acid O-p-D-xylopyranosyl-(1—2)-0-[p-D-xylopyranosyl-(1—-6)]-p-D-glucopyranoside (1) and 3-[(O-
p-D-xylopyranosyl-(1-+3)-0-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranosyl)oxylolean-12-en-28-o0ic acid O-
a-L-rhamnopyranosyl-(1-2)]-0-[f-D-xylopyranosyl-(1-+6)]-p-D-glucopyraneside (2), named longanosides A and
B, respectively, were isolated from the seeds of Dimocarpus longan Lour, by various chromatography methods.
The structures of the isolated compounds were established by interpretation of spectroscopic data (1D and *D

NMR) and mass spectrometry (HR-ESI-MS).

1. Introduction

Dimocarpus longan Lour., belonging to the genus Dimocarpus and thus
the Sapindaceae family, is widely distributed throughout the world,
especially in Southeast Asia, including Vietnam (Zhang et al., 2020). The
fruit of D. longan has gained wide popularity with consumers and is used
in folk medicine to treat diseases by promoting blood metabolism,
soothing nerves and relieving insomnia (Xue et al,, 2015). Despite
containing high levels of polyphenolic compounds which could be an
exploitable source of natural phenolic antioxidants, the seeds of
D. longan are largely wasted or burned as fuel during processing (Li et al.,
2014; Rangkadilol et al., 2005; Soong and Barlow, 2004), To search for
structurally unique and biologically active compounds from medicinal
plants in Vietnam, the present study focused on the isolation and iden-
tification of two undescribed triterpene glycosides from the seeds of
D. longan. This is the first report on the isolation of triterpene glycosides
from the Dimocarpus genus.

2, Results and discussion

The aqueous ethanolic crude extract of the seeds of D. longan Lour.
was isolated and purified by various chromatographic methods running
on normal-phased silica gel resulting in new compounds 1 and 2 (Fig. 1).
The structural determination of isolated compounds was carried out by
1D and %D NMR ('H, 3¢, COSY, TOCSY, HSQC, HMBC, and ROESY) and
mass spectrometry (HR-ESI-MS in positive mode). The sugar moieties of
isolated compounds were identified by extensive °D NMR analysis as
o-L-arabinopyranosyl (Ara), o-L-thamnopyranosyl (Rha), p-D-

* Corresponding author,
E-mail address: hungnd@tnue.edu.vn (H.D. Nguyen),

https://dol.org/10.1016/j.phytol. 2023,05.003

xylopyranosyl (Xyl) and p-D-glucopyranosyl (Glc). This identification
was further proven by the retention times of the sugar moieties resulting
from acid hydrolysis at tg = 10.06 (L-Ara), 10.66 (D-Xyl), 11.07 (L-Rha),
and 17.51 min (D-Glc). The absolute configurations of sugars were
determined to be D for Xyl and Gle, and L for Ara and Rha by GC analysis
(Nguyen et al., 2020), The relatively large BJH.LH.Z values of Ara, Xyl and
Gle (7.6-8.2 Hz) indicated a B anomeric orientation for Xyl and Gle, and
an o anomeric orientation for Ara. The large *Jip1,c1 values of Rha
(166-168 Hz) confirmed that the anomeric protons were equatorial
(a-pyrancid anomeric form) (Nguyen et al., 2021).

Compound 1 was isolated as a white amorphous powder. The mo-
lecular formula of 1 was determined to be CsyHgaO24 based on a pseu-
domolecular ion peak at m/z 1183.5912 (caled. for 1183.5876) in the
HR-ESI-MS spectrum. The 'H NMR spectrum revealed the presence of
seven tertiary methyl groups at 8y 1.29 (s, H-23), 1.13 (s, H-24), 0.88 (s,
H-25), 0.96 (s, H-26), 1.35 (s, H-27), 0.96 (s, H-29), and 1.03 (s, H-30);
one oxymethine proton signal at 8§y 3.32 (m, H-3); and a trisubstituted
olefinic proton at dy 5.49 (br t, J = 3.5 Hz, H-12), The HMBC spectrum
showed “Jy.c and 3y couplings from the methyl protons (CHz 23, 24,
25, 26, 27, 29 and 30), which allowed the assignments of most carbons
and protons of this aglycone (Table 1). Moreover, C-3 and C-28 of the
aglycone moiety were observed at dc 88.9 and 178.2, respectively,
suggesting that 1 is a 3,28-bisdesmoside (Kuroda et al., 2014). The 'H
NMR spectrum of 1 in the sugar region displayed signals of five
anomeric protons at 5y 4.86 (d, J= 7.6 Hz), 5.05 (d, J = 7.6 Hz), 5.26 (d,
J=7.6 Hz), 6.05 (d, J = 8.0 Hz) and 6.20 (br ), which were correlated
in the HSQGC spectrum with five anomeric carbon signals at §c 105.1,
105.3, 106.8, 96.2 and 101.6, respectively (Table 2). The correlation of

Received 12 January 2023; Received in revised form 5 May 2023; Accepted 10 May 2023
1874-3900/® 2023 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.
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ISOLATION AND STRUCTURE ELUCIDATION
OF A NEW SPIROSTANE GLYCOSIDE
FROM THE LEAVES OF Dracaena fragrans

Tan Tu Quang, Mau Chu Hoang,
and Hung Duc Nguyen*

A new spirostane glycoside was isolated from the leaves of Dracaena fragrans. The structure of this compound
was elucidated as spirosta-5,25(27)-diene-1p,3p-diol-1-O-0i-L-rhamnopyranosyl-(1-2)-0-fa-L-
arabinopyranosyl-(1—3) ]-B-D-xylopyranoside, which was determined by spectroscopic analysis 1D and
2D NMR, and mass spectrometry (HR-ESI-MS in positive mode).

Keywords: Dracaena fragrans, Asparagaceae, spirostane glycoside, NMR, neoruscogenin.

The distribution of the genus Dracaena, Asparagaceae family, is found mainly in Africa, Australia, India, and Southeast
Asia[1]. Some species of this genus have been used as folk medicine to treat hemorrhage, stomach, wounds, leucorrhea,
fractures, diabetes, and tumors [2-6]. Previous phytochemical studies on species of the genus Dracaena have been
investigated for the presence of steroidal saponins [7-10]. Pharmacological studies of those compounds revealed that
they possess interesting biological actions including anti-inflammatory, cytotoxic, antimicrobial, antifungal activities
[1, 11-15]. Dracaena fragrans (L.) Ker Gawl. belongs to the Dracaena genus, and is a common ornamental plant distributed
mainly in West Africa and Southeast Asia. In our continuous research of the plants in Vietnam, in order to complete the
chemotaxonomic data of the Dracaena genus, thus the Asparagaceae family, the isolation and structure determination of a new
spirostane glycoside, namely spirosta-5,25(27)-diene-1 8,3 f-diol-1-O-o-L-rhamnopyranosyl-(1 —2)-0-[ ¢~L-arabinopyranosyl-
(1-3)]-B-D-xylopyranoside (1), is reported herein. The structure of the isolated compound was determined by 1D and 2D
NMR spectroscopic analysis, together with mass spectrometry and by comparison with data published in the literature.

The HR-ESI-MS of compound 1 displayed a pseudo-molecular peak at m/z 861.4272 [M + Na]", indicating the
molecular formula of C43Hgc0,¢ The 'H NMR spectrum of the aglycon part of 1 showed signals of two tertiary methyl
protons at § 1.44 (s, H-18), 0.86 (s, H-19), a secondary methyl group at & 1.05 (d, J = 7.0 Hz, H-21), an olefinic proton at § 5.59
(H-6), and two exomethylene protons at & 4.82 and 4.86 (each br.s, H-27), which were previously characterized to a
spirostane-type steroid [16]. Furthermore, the presence of typical carbon signals in the '3C NMR spectrum at § 139.1 (C-5),
124.7 (C-6), 109.5 (C-22), 144.0 (C-25), 64.8 (C-26), and 108.8 (C-27), together with the '"H—'3C cross-peaks observed in
the HMBC spectrum between 8y 4.07, 4.48 (each br.d, J=11.7 Hz, H-26) and 8, 109.5 (C-22) confirmed that the aglycon was
a spirostane-type steroid [13, 16, 17].

The sugar moieties of 1 were determined by 2D NMR analyses including HSQC, HMBC, COSY, TOCSY, and
ROESY as one xylopyranosyl, one arabinopyranosyl, and one rhamnopyranosyl. The absolute configurations of sugar moieties
were further identified to be D for xylose, and to be L for arabinose and rhamnose on the basis of the acid hydrolysis and GC
analysis. The relatively large vicinal coupling constant values at J = 7.0-7.6 Hz observed for the anomeric proton determined
the f-anomeric configuration of the xylopyranosyl moiety, and the @-anomeric configuration of the arabinopyranosyl moiety.
The large 1JH-1,{3-I value of the Rha at 167 Hz confirmed that the anomeric proton was equatorial (o~pyranoid anomeric form)
[18, 19].

Department of Biology, Thai Nguyen University of Education, 24000 Thai Nguyen, Vietnam, e-mail:
hungnd@tnue.edu,vn. Published in Khimiva Prirodnykh Soedinenii, No. 3, May—June, 2023, pp. 441-443. Original article
submitted August 20, 2022,
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A NEW FUROSTANOL GLYCOSIDE FROM Dracaena cambodiana

‘Thuy Thi Xuan Vi,' Hung Duc Nguyen,? Tan Quang Tu,?
Thu Thi Mai Lo,! and Mau Hoang Chu?”

A new furostanol glyeoside (1), along with spirosta-5,25(2 7)-dien-1p, 3p-diol [-O-ci-L-rhamnopyranosyl-
(1 —2)-0-L-arabinopyranoside (2), were iselated from the leaves of Dracaena cambodiana. The structure
of 1 was clucidated as (25R)-26-0-B-D-glucopyranosyl-22c-methoxy-o-furosi-1 B,3B, 26-triol-i-O-p-D-
glicopyranoside, which was determined by spectroscopic analysis 1D and 2D NMR, and mess spectroscopy
(HR-ESI-MS in positive mode).

Keywords: Asparagaceae, Dracaena cambodiana, turostanol glycoside, NMR, spirostanol glycoside.

The genus Dracaena, with more than 60 species, is distributed in tropical and subtropical regions of the world [1].
Some plants of this genus such as D. draco, D. cochinchinensis, and D. cambodiana, have been used in traditional Chinese
medicine due to (heir astringent and antidiarrheal effects for promoting blood circulation and treating traumatic and visceral
hemorrhages [2, 3]. D. cambodiana Pierre ex Gagnep. belongs to the Dracaena genus, thus the Asparagaceae family, and is
distributed in natural places in India, Cambodia, China, Laos, Thailand and Vietnam [4]. A survey of the literature showed that
the species . cambociena has already been chemically studied and found to contain steroidal saponins, which possess interesting
biological activities such as cytotoxic and antimicrobial activities [4-6]. In our continuous research of this plant collected in
Vietnam, the isolation of a new furostanol glycoside, namely (25R)-26-0O-B-D-glucopyranosyl-22 e-methoxy-5o-furost-
13.38.26-triol-1-0-B-D-glucopyranoside (1), along with one known spirosta-5,25(27)-dien-1p,3 f-diol 1-O-o-L-
rhamnopyranosyl-( | —2)-0-L-arabinopyranoside (2), are reported herein in order to complete the chemotaxonomic data of the
Dracaena genus, thus the Asparagaceae family, The structures of isolated compounds were determined by 1D and 2D NMR
gpectroseopic analysis, together with mass spectrometry (HR-ESI-MS in positive mode), and by comparison with data published
in the literature,

Compound 1 was obtained as a white powder and gave a pseudo-molecular peak at m/z 811.4455 [M + NaJ" in the
HR-ESI-MS, indicating the molecular formula of C gH¢O, 5. The 'TTNMR spectrum of 1 showed two tertiary methyl signals
al 8 0.83 (s, T1-18), 1.01 (s, 11-19), and two secondary methyl signals at81.12 (d, I = 6.4 Hz, 11-21), 1.15 (d, ] = 7.0 Hz, H-27).
In the '*C' NMR, the signals of cight characteristic carbon signals at 8 38.6 (C-20), 15.1 (C-21), 112.2 (C-22), 32.4 (C-23),
29,5 (C-24), 41,7 (C-25), 73.9(C-26), 15.2 (C-27) suggesled the aglycon of 1 as an (R)-isomer furostane-type skeleton {Table 1)
The 25R arientation of the 27-methyl group was determined by calculating the difference among the chemical shifts of the
geminal protons of the glycosyloxy methylene Hy-26 (4, = 0.35 < 0.48) [7]. Furthermore, the signal of another terliary
methyl group at 8, 3.35 (s) in the I NMR spectrum indicated the presence of a methoxy group linked at the (-22 position of
the aglyeon. This was confirmed by the [TMBC cross-peak between 8;;3.35 (s, OCHy) and - 112.2 (C-22). The conliguration
of the 22-OCH, was deduced to be o-orientation due to a correlation observed in the ROESY spectrum between &, 3.35 (s, OCH;)
and & 1.12 (ri'. T=06.4 11z 11-21)[8, 9]. The I1-3¢ orientation was confirmed by the correlations in the ROESY spectrum
at 8y, 2.23 (m, 11-5)/8;, 4.00 (dd, J = 11.1, 2.1 Hz, H-1), and 8, 2.23 (m, I1-5)/8,, 3.92 (m, H-3) [10]; thus, the structure of the
aglveon of 1 was characterized as (25R)-22 er-methoxy-5 o-furostane-1 f,35,26-triol.

1) Tay Bac University, 34100, Son La, Vietnam; 2) Thai Nguyen University of Education, 24000, Thai Nguyen,
Vietnam, e-mail: chuhoangmau@tnu.edu.vn, Published in Khimiya Prirodnykh Soedinenii, No. 6, November-December,
2024, pp. 934-936. Original article submitted March 11, 2024.
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TABLE 1. 'H (600 MI1z) and 13C (150 MIlz) NMR Data of 1 (Py-ds, &, ppm, J/Hz)

C alom ay B¢ C atom B de
I 4.00 (dd, I=11.1,2.1) 80.8 22 - 112.2
2 2.02(q, T=11.1); 2.78 368 23 207;2.12 324
3 3.92 (m) 67.1 24 1.63:1.93 29.5
4 1.63; 1.69 36.4 25 1.88 (m}) 417
5 2.23(m) 40.7 26 4.15 (br.d, J=123) 739
6 1.31; 1.35 287 4,50 (br.d, 1 =12.3)
7 0.88; 1.62 323 27 1.15(d, T=7.0) 15.2
(.42 364 MeO 3.35(8) 47.2
9 1.48 554 Gle I-] 503 (d. 1 =7.6) 100.2
10 - 43.1 2 4.03 75.4
1 1.40;2.99 241 3 4.24 78.0
12 1.18; 1.65 403 4 4,06 722
13 - 402 5 3.99 (m) 78.1
14 0.95 56.3 6 425 (dd, J=11.5,53); 458 62.8
15 135 1.92 321 Gle 11-1 4.96(d, J=17.6) 104.4
16 482 (q.T=17.6) 81.2 2 4,04 74.9
17 1.89 62.2 3 4.35 719
18 0.83 (s) 16.6 4 421 ) e
19 1.01 (s) 8.0 5 3.98 (m) 78.2
20 223 (q, T=0.4) 38.6 6 4,33 (dd, T=11.3, 5.1),4.54 624
21 1.12 (d, T =64) 15.1

— HMRBC ~—= ROESY

Fig. 1. Key [IMBC and ROESY correlations of compound 1.

The 'H NMR spectrum of 1 in the sugar region showed two anomeric protons at 8 5.03 (d,J=7.6 Hz) and 4.96
(d. J = 7.6 Hz), which were further identified as two glucopyranosyl units. The absolute configurations of sugar moieties were
further identified to be D for glucose. The anomeric configuration of B-D-Glc was established by coupling constants of the
anomeric proton signals in the IH NMR spectrum [ 11, 12]. The HMBC spectrum showed the correlation between &; 5.03 (d,
] 7.6 Hz, Gle | H-1)and 8¢ 80.8 (C-1), indicating the Gle | moiety attached to the C-1 position of the aglycon. This was
turther confivmed by the correlation in the ROESY spectrum between 8y 5.03 (d, J=7.6 Hz, Gle 1 H-1) and & 4.00 (dd,
J=11.1,2.1 lTz. H-1). The other TMBC correlation between 4.96 (d, J = 7.6 Hz, Gle 11 TI-1) and 8. 73.9 (C-26) and the
ROESY correlation between 4.96 (d, 1 = 7.6 Hz, Gle II H-1) and 8;; 4.50 {br.d, ] = 12.3 Hz, H-26b) confirmed the
glycosidic linkage of the Gle 11 at the C-26 position of the aglycon. All the preceding evidence led to the elucidation of
148 (ESR}—2(i-()—ﬁ-D—glumpyranosyl-22a—methoxy-5¢x—furost—Iﬁ,B,B,Zﬁ—triol-i-O—,@-D—glucopyranosidc (Fig. 1).
The known compound was identified as spirnsla-s‘25(27}~dien-I,B,Sﬁ-d'ml 1-0-g-L-rhamnopyranosyl-(1—>2)-0-L-
arahinopyranoside (2) [13].
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EXPERIMENTAL

General Experimental Procedures. Optical rotations were measured on an AA-10R automatic polarimeter
(Optical Activity LTD). ' and '3C NMR were performed in pyridine-ds on a Varian Inova 600 MHz spectrometer with
reference to tetramethylsilanc (TMS) as the internal standard (600 MHz for '11, 150 MHz for 13, Agilent Technologies).
HR-ESI-MS was recorded in positive-ion mode on a Bruker mictOTOF 1l mass spectrometer. The extraction was performed
on the ultrasound apparatus (Elmasonic S10H, Elma). The isolation of compound 1 was performed on a vacuum liquid
chromatography (VLC) on RP-18 silica gel (75-200 pm, Silicycle). Medium-pressure liquid chromatography (MPLC) was
performed on silica gel 60 (15-40 pm, Merck), whereas TLC was carried out on precoated Kieselgel 60 F254 (Merck) plates
developed with CIICTT3—Me(J]I—HZ(}—ACOH, 70:30:5:1 and was visualized by spraying with 2% vanillin in solvent
EtOH-11,50, (100:2) followed by heating.

Plant Material. The leaves of D. cambodiana were collected in a natural place in Thai Nguyen City, Vietnam,
in 2022 (21°34°32” N, 105°48'48" 1i). The voucher specimen (No. NDI1202202DCL) was kept in the herbarium of the
Faculty of Biology. Thai Nguyen University of Education, Thai Nguyen, Vietnam,

Extraction and Isolation. The dried powder of the leaves of D. cambodiana (73.3 g) was extracted by the
ultrasound-assisted method using the solvent EtOIT-H,0 (70:30) at the following conditions: 50°C, 45 min, 400 mL each x 3 times.
After removal of the solvent under vacuum, the crude extract (4.14 g) was subjected to a VLC on silica gel RP-18, cluting with
each 500 mL of solvents including EtOH-H,0 (0:100, 50:50, 100:0) to yield 3 fractions named DC.1-DC.3. Fractions DC.2
(402.1 mg) was subjected to an MPLC on silica gel NP-60 using solvent CHCl,-MeOT-H,0, 75:25:3, 70:30:5, 60:32:7 to
yield 3 subfractions named DC.2.1-DC.2.3. MPLC of subfiaction DC.2.2 (43.2 mg) on silica gel NP-60 using CHCl3-MeOH-1 1,0,
70:30:5 as cluent afforded compound 1 (2.9 mg). Subfraction DC.2.3 (33.8 mg) was chromatographed on another MPLC on
silica gel NP-60 using CHCl;-MeOH-11,0, 70:30:5, resulting in compound 2 (2.8 mg).

(25R)-26-0-f-D-Glucopyran osyl-ZZa-mctlmxy-S&—furost-l{3,3ﬁ,26-tl'iol-1.-O-ﬁ-D-g!ucopyranusiclc (1),
white amorphous powder, [0} 28° (¢ 0.25, MeOH). 'H NMR (600 MHz) and 13C NMR (150 MHz) spectral data arc
shown in Table 1. IIR-ESI-MS m/z 811.4455 [M -+ Na]" (caled for CyollggNaO 5, 811.4450).

Acid Hydrolysis and GC Analysis. The protocol for identification of the sugar moieties and the absolute
configurations of the isolated compound was detailed as previously reported [14].
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TWO NEW SPIROSTANOL GLYCOSIDES FROM THE AERIAL PART
OF Cordyline fruticosa

Hung Duc Nguyen,* Tan Quang Tu, Nga Thi Thu Nguyen,
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Two new spirostanol glyceosides, (25S)-5a-spirosta-103,3B-diol 1-O-0-L-rhamnopyranosyl-(1—2)-3-D-
JSucopyranoside (1) and 5o-spirost-(25)27-ene-1P,3p-diol 1-O-o-L-rhamnopyranosyl-(1—2)-(4-O-
sulfo)-B-D-fucopyranosyl 3-O-a-L-rhamnopyranoside (2), were isolated from the aerial part of
Cordyline fruticosa (L.) 4. Chev. Their structures were determined by spectroscopic analysis 1D and 2D NMR,

and mass spectrometry (HR-ESI-MS in positive mode).

Keywords: Asparagaceae, Cordyline fruticosa (L.) A. Chev., cytotoxicity, NMR, steroidal saponin.

Cordyline fruticosa (L.) A. Chev. (syn.: Cordyline terminalis (L.) Kunth), belongs to the Asparagaceae family, and is
one of the popular plants used in folk medicine [1]. This plant has been used to treat various diseases, such as sore throat, neck
pain, bloody urine, kidney diseases, headache, infections of mammary glands, and inflammation in the digestive tract [1, 2].
Previous chemical investigations of C. fruficosa revealed the presence of steroidal glycosides [2-5]. In addition, this plant has
been determined to possess biological properties such as antioxidant [6], antimicrobial and cytotoxic activities [2, 7]. In the
interest of searching for new biological compounds from the Vietnamese plants, we report herein the isolation and purification
of two new steroidal glycosides from the aqueous ethanolic extract of the aerial parts of C. fiuticosa. The structural determination
of isolated compounds was further determined from various spectroscopic data.

Compound 1 displayed a pseudo-molecular ion peak at m/z 747.4311 [M + Na]* (calcd 747.4290) in the HR-ESI-MS
spectrum, indicating a molecular formula of CygHg,O,,, thus a molecular weight of 724. The TH and 13C NMR spectroscopic
data showed signals of spirostanol-type aglycone as described in the literature data [8] (Table 1) with two tertiary methyl
groups at &y; 0.86 (s, H-18), 1.20 (s, H-19), and a secondary methyl group at &,y 1.04 (d, ] = 6.4 Hz, H-21). The C-25
configuration was deduced to be S by the value > 0.35 of the difference among the chemical shifts (3, = 8, — §,) of the geminal
protons at H,-26 (3,,, = 0.41 ppm) [9]. The *C NMR spectrum of 1 showed signals of a hemiacetal function at 8 109.2 (C-22),
two oxygenated carbons at 8 80.2 (C-1) and 67.8 (C-3), together with five characteristic carbon signals at §; 32.9 (C-23),
28.8 (C-24),42.1 (C-25), 65.0 (C-26), 14.9 (C-27), a spirostanol-type steroid was suggested, The orientation of the H-5 of the
aglycone was defined as an o-orientation, proved by the cross-peaks in the ROESY spectrum at 8, 3.86 (H-1)/8;; 0.99 (H-5),
814 2.20 (H-2ax)/8y; 1.20 (s, H-19), and 8 2.79 (H-2eq)/dy; 0.99 (H-5) (Fig. 1). Thus, the aglycone of 1 was characterized
as (258)-5 o-spirosta-13,3 5-diol.

In the sugar region, the signals of two cross-peaks in the HSQC spectrum at 8;,/8- 4.78 (d, J = 7.6 Hz)/99.8, and
6.38 (br.s)/101.2, indicated the presence of two sugar units, Fuc and Rha, respectively (Table 2). The linkage of Fuc to the C-1
position of the aglycone was confirmed by the HMBC correlation at 8,;/84.78 (d, J = 7.6 Hz, Fuc H-1)/80.2 (C-1), and by the
ROESY correlation at 8,/8;; 4.78 (d, J = 7.6 Hz, Fuc H-1)/3.86 (dd, J = 11.1, 2.9 Hz, H-1). The Rha was proved to be linked
to the C-2 position of the Fuc by the HMBC correlation at 8,,/8 6.38 (br.s, Rha H-1)/74.3 (Fuc C-2), and by the ROESY
correlation at 8,;/3,; 6.38 (br.s, Rha H-1)/4.51 (dd, J = 9.4, 7.6 Hz, Fuc H-2). All the aforementioned evidence led to an
identification of 1 as (255)-5 e-spirosta-1£,3 f-diol 1-O-@-L-rhamnopyranosyl-(1-—2)--D-fucopyranoside. The aglycone with
a 5 f-hydroxyl derivative was previously isolated from the whole plant of Reineckea carnea [10].

Thai Nguyen University of Education, 24000, Thai Nguyen, Vietnam, e-mail: hungnd@tnue.edu.vn. Published in
Khimiya Prirodnykh Soedinenii, No. 3, May—June, 2024, pp. 411-414. Original article submitted September 4, 2023.
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TABLE 1. 'H and '3C NMR Data of the Aglycone Part of 1 and 2 (Py-ds, 8, ppm, J/Hz)

C atom ] .

5 [ & B | &
1 3.86(dd, J=11.1,2.9) 80.2 444 (dd, J=11.7,4.1) 79.8
2 2.20, 2.79 335 225(q,1=11.7,2.60 33.1
3 395 67.8 3.797 68.6
4 1.69, 1.76 39.0 1.36, 1.73 34.8
5 0.99 42.5 0.98 42.5
6 1.26, 1.35 29.7 1.28, 1.34 29.7
7 0.85,2.05 32.1 0.84, 1.66 32.1
8 1.51 36.2 1.52 (m) 36.2
9 1.01 54.9 1.16 553
10 - 41.3 = 424
11 1.44,3.14 (dd, 7= 12.9,2.9) 237 1.42,3.14 23.1
12 1.20, 1.61 40.5 1.18, 1.63 40.2
13 - 40.4 - 40.1
14 1.12 56.2 1.06 56.8
15 1.56, 2.07 32.2 1.42,2.00 322
16 4.56 (g, 1=17.6) 81.3 4.54 (q, J=7.0) 814
17 1.82 63.0 1.82 62.8
18 0.86 (s) 16.9 0.83 (s) 16.6
19 1.20 (8) 8.5 1.30 (s) 8.7
20 1.96 (g, J=6.4) 41.8 1.95(q,J=7.0) 41.7
21 1.04 (d, T=6.4) 14.7 1.04 (d,1=17.0) 14.7
22 - 109.2 - 109.4
23 1.80, 1.83 32.9 1.77, 1.80 329
24 2.28,2.74 28.8 2.25,2.70 28.7
25 1.98 (m) 42.1 - 144.1
26 4.07 (brd, 1=12.3) 65.0 4.04 (brd, J=12.3) 64.8

448 (br.d, J=12.3) 4.45 (br.d, 1=12.3)

&1 1.11 (d, J=7.0) 14.9 4.78 (br.s), 4.82 (br.s) 108.6

—»= HMBC -<—>» ROESY
Fig. 1. Key HMBC and ROESY correlations of compounds 1 and 2.

Compound 2 was isolated as a white amorphous powder with a molecular formula of CysH,,0,48, proved by
the HR-ESI-MS (m/z 971.4309 [M + Na]*). The 'H and 13C NMR data of the aglycone of 2 were in agreement with
those of 1, the main difference being the presence of an exomethylene group with protons at &y 4.78, 4.82 (br.s each,
H,-27) in compound 2. In the HMBC spectrum, the correlations of quaternary carbon signals at 8¢ 109.4 (C-22) and
144.1 (C-25) with methylene protons at 8y 4.04 (br.d, J = 12.3 Hz, H-26a) and 3, 4.45 (br.d, J = 12.3 Hz, H-26b)
proved the elucidation of aglycone of 2 as 5a-spirost-(25)27-ene-18,3 f-diol (Table 1). In the sugar region, the 'H NMR
spectrum of 2 showed signals of three anomeric protons at 8 4.77 (d, I = 7.6 Hz), 6.33 (br.s) and 5.54 (br.s), which
gave corrclations with three anomeric carbon signals in the HSQC spectrum at 8- 99.7, 101.3, and 100.2, respectively.
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TABLE 2. 'H and '*C NMR Data of the Sugar Part of 1 and 2 (Py-ds, 8, ppm, J/Hz)

C atom a 2
By l d¢ Sy J dc
Fuc
1 478 (d, 1="1.6) 99.8 4.77(d,1="1.6) 99.7
2 4.51(dd, 1=94,7.6) 74.3 452 (dd,7=94, 7.6) 75.5
3 4.14(dd,7=94,24) 76.5 4.20 76.2
a4 3.99 (br.s) 73.0 5.16 (br.s) 78.4
5 3.64 (br.g, J=5.9) 71.0 3.85 70.3
6 1.52(d, T=5.9) 17.0 1.74 (d, ] = 6.4) 17.2
Rha
1 6.38 (br.s) 101.2 6.33 (br.s) 101.3
2 4.78 (br.s) 72.2 4.78 (br.s) 72.1
3 4.60 (dd, J=9.9,24) 72.3 4,60 (dd, 1 = 9.4, 3.5) T2l
4 4.34 (dd, T=9.4,9.9) 73.8 434 (dd, 1=9.9,9.4) 73.9
5 4.82 (dq, 7=9.4,5.9) 69.1 4.82 (dq, 1 =19.9, 5.9) 69.0
6 1.74 (d, T=5.9) 18.7 1.76 (d, 1= 5.9) 18.8
Rha Il
| 5.54 (br.s) 100.2
2 4,58 (br.s) 72.4
3 4.65(dd,1=94, 3.5) 72.0
4 434 (dd, T=9.9,9.4) 73.8
5 437 (dg,7=9.9,5.9) 69.8
6 1.72 (d, 1= 5.9) 18.2

Starting mainly with the TOCSY and ROESY spectra, the sugars were identified as Fuc, Rha I, and Rha II. The HMBC
correlation at &y 4.77 (Fuc H-1)/6, 79.8 (C-1) and the ROESY correlation at 8; 4.77 (Fuc H-1)/8; 4.44 (dd, T = 11.7, 4.1,
H-1), indicated the glycosidic linkage of the Fuc to the C-1 of the aglycone (Fig. 1). The HMBC correlation at 8y 6.33 (br.s,
Rha I H-1)/8¢ 75.5 (Fuc C-2) and the ROESY correlation at 8;; 6.33 (br.s, Rha I H-1)/3; 4.52 (dd, J = 9.4, 7.6 Hz, Fuc
H-2) proved that Rha I was linked to the C-2 position of the Fuc. Furthermore, the downfield shift observed at the C-3 position
of the aglycone of 2 compared to that of 1 (74.8 and 67.8, respectively) suggested a glycosidic linkage. The HMBC correlation
at 8y 5.54 (br.s) (Rha IT H-1)/8 74.8 (C-3) and the ROESY correlation at 8 5.54 (br.s)/8y 3.77 (H-3) determined that Rha IT
was linked to the C-3 position of the aglycone (Table 2).

The 'H and '3C NMR data of 2 were in accordance with those of convallamarogenin (3, 1-O-a-L-rhamnopyranosyl-
(1—20)-B-D-fucopyranosido-3-0-o-L-rhamnopyranoside) in the literature data [11]. The structural differences between these
compounds were located at the H-5 of the aglycone and the C-4 of the Fuc unit. The orientation of H-5 of the aglycone of 2 was
identified as an c-orientation proved by the correlation at 8;; 4.44 (H-1)/8; 0.98 (H-5) in the ROESY spectrum, while this
orientation in 3 was determined as a B-orientation. Another difference was observed in the HSQC spectrum of 2 which the
downficld shifts at 8,/8, 5.16 (br.s, Fuc H- 4)/78.4 (Fuc C-4) indicated that the hydroxyl group at C-4 position of the Fuc was
substituted, while the same hydroxyl position in compound 3 was unsubstituted. The substituent in 2 was further identified
as SO, H, confirmed by the difference of molecular weight by 80 amu between those of compounds [2]. All the preceding
evidence led to the elucidation of 2 as 5-spirost-(25)27-ene-1 3,3 8-diol 1-O-0~L-rhamnopyranosyl-(1—2)-(4-O-sulfo)--D-
fucopyranosyl 3-O-o-L-rhamnopyranoside.

EXPERIMENTAL

General Experimental Procedures. Optical rotation was measured on an AA-10R automatic polarimeter.
HR-ESI-MS data was carried out on a Bruker micrOTOF II mass spectrometer in a positive-ion mode. NMR spectra including
'H, 13C, HSQC, HMBC, COSY, TOCSY, and ROESY were performed in pyridine-ds on NMR Inova 600 MHz spectrometer
(Agilent Technologies). An Elmasonic S10H ultrasound apparatus was used for the extraction. Vacuum liquid chromatography
(VLC) was performed using RP-18 silica gel (75-200 pm, Silicycle). Medium-pressure liquid chromatography (MPLC) was
performed on silica gel 60 (15-40 pm, Merck). Thin-layer chromatography (TLC, 60F,s,, Silicycle) and high-performance
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thin-layer chromatography (HPTLC, 60F,s,, Merck) were used to verify the purity of isolated compounds using solvent
system CHCl;-MeOH-H,0-AcOH, 70:30:5:1. Saponins in samples were detected using a vanillin-H,S0, reagent.

Plant Material. The aerial part of C. fruticosa were collected in 2021 at the flower stage in Thai Nguyen City,
Vietnam (21°35°53"N, 105°50"17”E). The plant material was identified by Dr. Hung Duc Nguyen and the voucher specimen
under code number NDH202101 was stored in the Department of Biology, Thai Nguyen University of Education,
Thai Nguyen, Vietnam.

Extraction and Isolation. The extraction of the dried powdered aerial part (18.7 g) of C. fiuticosa was performed
by the ultrasound-assisted method using the solvent EtOH-H,0 (75:35) at the condition following: 200 W, 60°C, 45 min,
300 mL each x 2 times. Afier filtration and evaporation, 6.18 g of crude of extract was yielded. An aliquot of the resulting
extract (3.6 g) was further fractionated by VLC (RP-18, silica gel, H,O 100%, EtOH-H,0, 50:50, EtOH 100%) yielding 3
fractions (A—C) based on a TLC analysis. Fraction B (808.7 mg) was separated twice on MPLC silica gel 60 (15-40 pm,
CHCl1;-MeOH-H,0, 90:10:1, 80:20:2, 75:25:3) resulting in five subfractions (B1-B5). Subfraction B3 was submitted again
on a successive MPLC silica gel 60 (15-40 pm, CHCl,-MeOH-H, 0, 80:20:2) affording 1 (3.9 mg). The remaining fractions,
rich in saponin, were combined and further chromatographed on MPLC on silica gel 60 (15-40 um, CHCl;-MeOH-H,0,
80:20:2, 75:25:3) affording compound 2 (4.1 mg).

(255)-50-Spirosta-15,33-diol 1-0-¢-L-rhamnopyranosyl-(1—2)--D-fucopyranoside (1), white amorphous powder,
[0(]2[,5 -36° (¢ 0.29, MeOH). TH NMR (600 MHz) and '3C NMR (150 MHz) spectral data are shown in Tables 1 and 2.
HR-ESI-MS m/z 747.4311 [M + Na]" (caled for C3qHg,NaO,,, 747.4290).

So-Spirost-(25)27-ene-13,33-diol 1-0-c-L-rhamnopyranosyl-(1—2)-(4-0-sulfo)-p-D-fucopyranosyl 3-0-o-L-
rhamnopyranoside (2), white amorphous powder, [a]%-46° (¢ 0.15, MeOH). "H NMR (600 MHz) and '3C NMR (150 MHz)
spectral data are shown in Tables 1 and 2. HR-ESI-MS m/z 971.4309 [M + Na]" (caled for C,4sH,,NaO,4S, 971.4281).

Acid Hydrolysis and GC Analysis. The sugar moieties and those absolute configurations of isolated compounds
were determined as previously described [12]. The retention times of the sugars were found to be 7z = 11.07 min (L-Rha),
13.82 min (D-Fuc).
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1. Introduction

The genus Cordyline consists of 27 species distributed in tropical region (Mimaki et al.
1998). Some species of the genus have been used in the traditional medicine to treat
diseases (Calixto et al. 1990; Mimaki et al. 1997; Mimaki et al. 1998; Lense 2012;
Manicketh et al, 2022). Previous investigations on these plants revealed the presence
of steroidal saponins, some of those substances possess interesting biological
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properties, mainly in cytotoxic and antimicrobial activities (Jewers et al. 1974; Blunden
et al. 1984; Yang et al. 1989; Yang et al. 1990; Yokosuka et al. 2012; Fouedjou et al.
2014; Ponou et al. 2019; Nguyen et al. 2021).

Cordyline fruticosa (L) A. Chev. is an ornamental plant which could be found in Viet
Nam. Previous study on the leaves of C. fruticosa (L) A. Chev. reported the presence of
cholestane glycosides with cytotoxic activity (Yokosuka et al. 2012). As our interest of
searching for new compounds from the Viethamese plants, we reported herein the
isolation and structural determination of two new steroidal saponins from the roots of
C. fruticosa (L) A. Chev. The structural determination of isolated compounds was car-
ried out by a combination of spectroscopic analysis (1D and 2D NMR) and mass spec-
trometry (HR-ESI-MS), together with comparison their values in literature data.

2. Rasults and discussion

The aqueous ethanolic crude extract of the roots of C. fruticosa (L.) A. Chev. was iso-
lated and purified by various chromatographic methods running on normal phased sil-
ica gel resulting new compounds 1 and 2. The structural determination of isolated
compounds was carried out by spectroscopic analysis ('H, 3¢, COSY, TOCSY, HSQC,
HMBC, ROESY) and mass spectroscopy (HR-ESI-MS in positive mode). The sugar moi-
eties of these compounds were determined by 2D NMR analyses including HSQC,
HMBC, COSY, TOCSY and ROESY as two glucopyranosyl for 1, and one fucopyranosyl,
one rhamnopyranosyl, one glucopyranosyl for 2. The absolute configurations of sugar
moieties were further identified to be D for glucose (Glc) and fucose (Fuc), and L for
rhamnose (Rha). The relatively large values from 7.6 to 8.2Hz revealed a  anomeric
orientation for Fuc and Glc. The relatively large Jc.q, w1 value of Rha from 166 Hz indi-
cated an o-equatorial pyranoid form for this anomeric proton.

Compound 1 was isolated as a white amorphous powder with a molecular formular
of CaoHssO15, proved by the HR-ESI-MS (m/z 809.4334 [M +Nal*). The 'H and 3C NMR
spectroscopic of the aglycone moiety of 1 was in good agreement with the signals of
a furostanol saponin as described in the literature data (Mimaki et al. 1998; Nguyen
et al. 2021; Table S1). The "H NMR spectrum of the aglycone moiety of 1 displayed
signal of two tertiary methyl groups at dy 0.82 (s, H-18), 1.01 (s, H-19), a secondary
methyl group at &y 1.08 (d, J=6.4Hz, H-21), and two exomethylene protons at dy
507 and 5.37 (each 1H, br s, H-27). Moreover, in the "H NMR spectrum, the signal of
another tertiary methyl group at dy 3.33 (s) revealed the presence of a methoxy group
at C-22 position of the aglycone. The 13C NMR spectrum displayed signals of a hemia-
cetal function at dc 120.4, three secondary alcoholic functions at d¢c 80.9 (C-1), 65.7 (C-
3), and 81.0 (C-16), and one primary alcoholic function at dc 71,6 (C-26), suggested a
220-methoxy-5a-furost-25(27)-ene type steroid. The COSY spectrum showed the signal
of an oxygen bearing a methine proton at dy 3.99 (dd, J=11.1, 47 Hz, H-1) correlated
to the 8y 2.02 (H-2ax) and dy 2.87 (H-2eq), and the HMBC correlation between dy 0.82
(s, H-19) and d¢ 81.2 (C-1) revealed the location of a hydroxyl group at the C-1 pos-
ition at the p-orientation and a glycosidic linkage at the C-1 position of the aglycone.
Furthermore, tracing out the correlations in the ROESY spectrum led to an identifica-
tion of o-orientation for the H-1 and H-5 of the aglycone, proved by the cross-peaks
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A NEW OLEANANE TRITERPENOID SAPONIN
FROM Dimocarpus longan

Thuy Thi Xuan Vi,! Hung Duc Nguyen,2”
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A new oleanane triterpenoid saponin was isolated from the seeds of Dimaocarpus longan Lour. The structure
of this compound was elucidated as 3-O-B-D-xylopyranosyl-(1—3)-0.-L-rhamnopyranosyl-(1—2)-B-D-
xyvlopyranosyloleanolic acid 28-0-B-D-xylopyranosyl-(1—-2)-B-D-glucopyranosyl ester (1), named
longanoside C. The structure was determined by means of HR-ESI-MS in positive mode and extensive
1D and 2D NMR spectroscopic studies.

Keywords: Dimocarpus longan Lour., Sapindaceae, oleanane triterpenoid, saponin.

As part of our chemical investigation into plants of the Sapindaceae family, we have examined the saponin
fraction of Dimocarpus longan Lour. This plant is well known as longan (dragon’s eye) in the Traditional Chinese and
Vietnamese Medicine that is used to treat nerve and blood diseases [1-3]. The powder of dried seed of D. longan Lour.
is used to treat diseases of the blood, stomach, and lymphomata of the neck [4]. We have previously reported the isolation
of two novel saponins, longanosides A and B [5]. In this paper, we describe the isolation, structure elucidation, and the
complete 'H and 13C NMR assignments of one more compound, longanoside C (1), with an oleanane skeleton.

Compound 1 was obtained as a white, amorphous powder. It was deduced to have the molecular formula C43Hg O,
as indicated from positive-ion HR-ESI-MS data (m/z 1183.5893 [M +Na]"). The 'H and 13C NMR spectra showed signals due
to 30 aglycone carbon signals, including seven tertiary methyl groups at 8y 1.35 (s, H3-23), 1.21 (s, Hy-24), 0.85 (s, H3-25),
0.98 (s, Hy-26), 1.33 (s, H3-27), 0.98 (s, H;-29), and 1.04 (s, H;-30); ane oxygenated methine at §3.35 (dd. J=11.5, 3.8 Hz,
H-3); and an olefinic proton at § 5.47 (br.t, J = 3.5 Hz, H-12), which were associated with the relevant carbons at § 28.4 (C-23),
17.3 (C-24), 15.5 (C-25), 17.3 (C-26), 26.4 (C-27), 33.1 (C-29), 23.9 (C-30), 88.3 (C-3), 122.5 (C-12) through the HSQC
spectrum. The signals at 8. 122.5 (C-12), 144.9 (C-13) in combination with the previously assigned seven tertiary methyl
carbon signals in the 13C NMR spectrum suggested that 1 might belong to an oleanane-type saponin. The downfield *C NMR
chemical shift at § 88.3 (C-3) and the upfield '?C NMR chemical shift at 8 178.4 (C-28) suggested that 1 might be a bidesmosidic
saponin with glycosidic linkages at C-3 through an ether bond and at C-28 through an ester bond (Table 1) [6].

The 13C NMR data of 1 showed the presence of five anomeric carbon signals at § 106.3, 101.5, 107.2, 105.1,
and 96.1, which correlated with the protons at 8 4.84 (d, ] = 7.6 Hz), 6.49 (br.s), 5.27 (d, J = 7.6 Hz), 5.11 (d, ] = 7.6 Hz),
and 6.03 (d, J = 8.2 Hz) in the HSQC spectrum respectively, indicating the presence of five sugar units. As the result
of acid hydrolysis of 1, these sugars were further determined to be one glucose (Glc), one rhamnose (Rha), and three
xyloses (Xyl I, Xyl II, and Xyl IIT) by TLC comparison with authentic samples. The anomeric configuration of Gle
and Xyl units has been determined as S-configuration on the basis of their coupling constant (Ty;_, = 7.6, 8.4 Hz) [7, 8].
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ABSTRACT

Haya verticillata var verticillata, an epiphytic plant, is both an or-
namental and a valuable medicinal plant. However, H. verticillata
has a similar morphology to other species belonging to the Hoya
genus, so it is challenging to distinguish the H. verticillata var verti-
cillata, plant accurately. Alternatively, if H. verticillata var verticillata,
is deformed or powdered, it is more challenging to identify. This
dataset includes information on H. verticillata var verticillata, sam-
ples collected from the natural environment and four chloroplast
DNA markers to support H. verticillata var verticillata, species iden-
tification. Phylogenetic analysis based on sequences of intergenic
spacer regions (trnK-rps16, rps16-trnQ, psbl-atpA, and ndhC-trnV)
shows that H. verticilata var verticillata, is very closely related and
distributed in the same group as Hoya carnosa with a Bootstrap co-
efficient of 99-100 %. Four intergenic spacer region sequences, trnk-
rps16, rps16-trnQ, psbl-atpA, and ndhC-trnV from the chloroplast
genome are potential DNA barcoding candidates to distinguish H.
verticilata var verticillata, from different species in the Hoya genus.
© 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC license
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Specifications Table

Subject Biological Sciences
Specific subject area Biotechnology, Genetics diversity, Molecular Phylogenetics, Evolution
Type of data Raw, sequence data, tables, figures, text files
Data collection llumina NovaSeq 6000 (Illumina) sequencer
Data source location GenBank: OR475244.1
NCBI Reference Sequence: NC_085236.1
Data accessibility Repository name; NCBI

Data identification number: Not applicable

Direct URL to data: The NCBI links to the sequenced data can be accessed at:
https:/fwww.nebinim.nih.gov/nuccore [(OR475244,1
https:f/www.nchi.nim.nih.gov/nuccore /NC_085236.1

1. Value of the Data

* Hoya verticillata var verticillata, an epiphytic plant, has significant medicinal value. H. verticil-
lata var verticillata contains many biologically active medicinal substances, effective in treat-
ing some for human diseases.

- A dataset on intergenic spacer region sequences, trnK-rpsi16, rps16-trnQ, psbl-atpA, and
ndhC-trnV from the chloroplast genome can be used to develop potentially useful molecular
markers and support species identification, especially when plant specimens are deformed
and in powder form.

- The analysis of molecular phylogeny and evolution of Hoya genus based on the intergenic
spacer regions sequences.

2. Background

Hoya verticillata var verticillata, an epiphyte that climbs and belongs to the Apocynaceae fam-
ily [1], is a precious medicinal plant. H. verticillata var verticillata widely used in traditional
medicine to treat kidney diseases, urinary tract disorders, rheumatism, jaundice, fever and di-
arrhea [2]. Therefore, accurate species identification is the basis for the effective use of H. verti-
cillata var verticillata in medical treatment in traditional medicine in Vietnam.

Chloroplast DNA has a double circular structure, and different regions in the DNA molecule
have different mutations [3]. Therefore, it is possible to determine close or distant relationships
of plant objects based on the different levels of variation of a particular DNA region. So, regions
with high variability are used for phylogenetic analysis and selected as potential DNA barcodes
to support species identification. The complete chloroplast genome of H. verticillata var verticil-
lata has been sequenced, analyzed and registered on GenBank with code OR475244.1 |4]. Ac-
cordingly, some intergenic spacer regions belonging to the large single-copy region (LSC) with
high nucleotide diversity (Pi), such as trnK-rps16, rps16-trnQ, psbl-atpA, and ndhC-trnV, were
identified. So, these IS regions may be potential DNA markers for identification and phylogenetic
analysis of Hoya that need to be explored.

3. Data Description

The present work employs data on H. verticillata var verticillata specimens. The leaf samples
and specimens of H. verticillata var verticillata samples (Voucher HOYP202305TN) were collected
in May 2023 at Hang Trai area, Tan Long commune, Dong Hy district, Thai Nguyen province,
Vietnam, in the coordinates of 21°43'34" N, 105°50'52" E (Fig. 1). The H. verticillata var verticillata
plant has a cylindrical root with a strongly developed main root and lateral roots. The small tree
trunk is climbing and has 5-20 mm long aerial roots. Leaves are simple, growing oppositely on
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QUY PHAT TRIEN KHOA HQC Poe lip - Ty do - Hanh phiic
vA CONG NGHE QUOC GIA
Sé: 59 /QD-HPQL-NAFOSTED Ha Ngi, ngay A6 thdng A4 néim 2022
QUY]’JT PINH

v viée cong nhin két qua danh glé dd tai nghién ctru co' bdn trong khoa hgc tu
nluen va ky thufit do Quy Phat trién khoa hoc va cong nghé Quoc gia tai trg

HQI DPONG QUAN LY
QUY PHAT TRIEN KHOA HOC VA CONG NGHE QUOC GIA

Cén ctr Nghi dinh sé6 23/2014/ND-CP ngay 03 thing 4 nidm 2014 cia
Chinh phii vé Diéu I¢ 16 chire va hoat dgng ciia Qup Phdt trién khoa hoc va cong
nghé Qude gia dwpe siva déi, b6 sung mgt s6 diéu theo Nghj dinh s6 19/2021/ND-
CP ngay 15 thang 3 nam 2021 cua Chinh phi;

Cén cir Thong tw s6 37/2014/TT-BKHCN ngay 12 thdng 12 ndm 2014 cua
Bé trucmg B Khoa hoc va Cong nghé quy dinh quan Iy dé tai nghién citu co
ban do Quy Phdt trién khoa hpc va cong nghé Quéc gia tai tro; ‘

Can cir Quyer dinh s6 30/0D-HPQL-NAFOSTED ngay 17 thing 3 nam
201 7 Quyét c'z’;nk 56 198/0D-HPQL-NAFOSTED ngay 09 thdng 10 ndm 2017,
Quyét dinh sé 114/QP-HPQL-NAFOSTED ngay 04 thdng 7 ndm 2018, Quyér
dink 58 192/0D-HPOL-NAFOSTED ngdy 09 thdng 11 ndm 2018, Quyét dinh sé
38/0D-HPOL-NAFOSTED ngay 18 thang 3 ndm 2019, Quyét dinh s6 147/QP-
HDQL-NAFOSTED ngay 05 thdng 8 ndm 2019, Quyét dinh sé 45/QD-HEQL-
NAFOSTED ngay 06 thdng 3 ndm 2020 ctia Hpi déng qudn Iy Qup vé viée phé
duyét Danh muc kinh phi cho cdc dé tai nghién ciru co ban trong khoa hoc ty
nhién va kj thudt duge Quy Phat trién khoa hoc va céng nghé Quoc gia tai trg
thwe hién ndm 2016, 2017, 2018, 2019;

Céin cte Quyét dinh s6 259/0D-HPQL-NAFOSTED ngay 31 théng 12 nam
2019 ciia Chii tich Hgi déng quan Iy Qui vé viée thanh Idp cde Hpi dong khoa
hoc nganh trong khoa hoc twr nhién va ky thudt nhiém ky 2019 - 2021;

Cén cit Quyét dinh sé 42/0D-HPQL-NAFOSTED ngdy 26 thang 5 nam
2022 ciia Chi tich HDQL Quy vé viée Kéo dai thoi gian hoat dong cde Hpi
déng khoa hoc ngénh trong linh viee khoa hoc tw nhién va kj thudt nhiém ky
2019-2021;

Céin cit hop dong khoa hoc thwc hién dé tai nghién citu co ban gita Quv
V&i 18 chite chii tvi 8 i va chi nhiém dé tai;



Tvén co s6 két qua twe vén ciia cde Hgi dong Khoa hoc nganh dénh gid két
thiie dé tai nghién ciru co ban trong KHIN&KT do Quy Phat trién khoa hoc va
cong nghé Qatéc gia tai ro;

Theo dé nghi ciia Gidm dée Quf Phdt trién khoa hpc va cong nghé Quée
gia.

QUYET PINH:

Didu 1. Céng nhan két qua dénh gid nghiém thu déi véi 67 dé tai nghién
ctru co ban trong khoa hoc ty nhién va ki thudt do Quy Phét trién khoa hoc va
cdng nghé Québc gia tai trg (Chi tiét tai Phy lyc 1 va Phu lyc 2 kém theo).

Didu 2. Giao Co quan diu hanh Quy Phét trién khoa hoc va céng nghé
Quéc gia tién hanh céc thi tuc thanh quyét todn va thanh Iy hop déng déi vdi
chc dd tai nghiém thu két qua “Pat” theo quy dinh hién hanh; dé& xudt phuong 4n
xir 1y tai chinh, trinh Héi ddng Quan Iy Quy phé duyét ddi véi cdc dé tai nghiém
© thu két qua “Khéng dat”.

Pidu 3. Giam dc Quy Phét trién khoa hoc va céng nghé Quéc gia, Thi
trudmg t& chire chit tri d& tai, Chi nhiém @& tai, Thi truéng céc t6 chic va cé
nhin ¢ lién quan chiu trdch nhiém thi hinh Quyét dinh néy.//

TM Hol PONG QUAN LY QUY

Noi nhdin:
- Nhtr Piéu 3;
- Luu; VT, TKHC nganh.
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Keywords:
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Sapindaceae

Triterpene glycoside
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Two undescribed triterpene glycosides, 3-[{0-a-L-rhamnopyranosyl-(1-+2)-a-L-arabinopyranosyloxy]olean-12-
en-28-oic acid O-p-D-xylopyranosyl-(1-2)-0-[p-D-xylopyranosyl-(1-+6)]-p-D-glucopyranoside (1) and 3-[(O-
p-D—xylopyranusyl-{l-—>3)-D-u—brhamnopyranosyl—(l—»2]-u—1.-arab£nopyranusy1]oxy]olean-lz-en-284:lc acid O-
@-L-rhamnopyranosyl-(1-2)]-0-[p-D-xylopyranosyl-(1-+6)]-f-D-glucopyranoside (2), named longanosides A and
B, respectively, were isolated from the seeds of Dimocarpus longan Lour. by various chromatography methods.
The structures of the isolated compounds were established by interpretation of spectroscopic data (1D and D

NMR) and mass spectrometry (HR-ESI-MS).

1. Introduction

Dimocarpus longan Lour., belonging to the genus Dimocarpus and thus
the Sapindaceae family, is widely distributed throughout the world,
especially in Southeast Asia, including Vietnam (Zhang ctal., 2020), The
fruit of D, longan has gained wide popularity with consumers and is used
in folk medicine to treat diseases by promoting blood metabolism,
soothing nerves and relieving insomnia (Xue et al, 201 5). Despite
containing high levels of polyphenolic compounds which could be an
exploitable source of natural phenolic antioxidants, the seeds of
D, longan are largely wasted or burned as fuel during processing (1 ietal,
U014 Ranghkadilol et al., 2005; Soony and Barlow, 2004), To search for
structurally unique and biologically active compounds from medicinal
plants in Vietnam, the present study focused on the isolation and iden-
tification of two undescribed triterpene glycosides from the seeds of
D. longan. This is the first report on the isolation of triterpene glycosides
from the Dimocarpus genus.

2. Results and discussion

The agueous ethanolic crude extract of the seeds of D. longan Lour.
was isolated and purified by various chromatographic methods running
on normal-phased silica gel resulting in new compounds 1 and 2 (Fig, 1).
The structural determination of isolated compounds was carried out by
1D and 2D NMR (*H, 3¢, COSY, TOCSY, HSQC, HMBC, and ROESY) and
mass spectrometry (HR-ESI-MS in positive mode). The sugar moieties of
isolated compounds were identified by extensive 2p NMR analysis as
o-L-arabinopyranosyl ~ (Ara), «-L-rhamnopyranosyl (Rha), p-D-

* Corresponding author.
E-mail address: Liinznddmue.2divn (HD. Nguyen).

littps:, Ydoiorgy LD GG, Tphyrel 2023.05.003

xylopyranasyl (Xyl) and p-D-glucopyranosyl (Gle). This identification
was further proven by the retention times of the sugar moieties resulting
from acid hydrolysis at tg = 10.06 (L-Ara), 10.66 (D-Xyl), 11,07 (L-Rha),
and 17.51 min (D-Glc). The absolute configurations of sugars were
determined to be D for Xyl and Gle, and L for Ara and Rha by GC analysis
(Mgmiyen el al., 2020). The relatively large 3JH_1,H.2 values of Ara, Xyl and
Glc (7.6-8.2 Hz) indicated a B anomeric orientation for Xyl and Glc, and
an « anomeric orientation for Ara. The large *Jy.,c.1 values of Rha
(166-168 Hz) confirmed that the anomeric protons were equatorial
(o-pyrancid anometic form) (Nguyen et al., 2021),

Compound 1 was isolated as a white amorphous powder. The mo-
lecular formula of 1 was determined to be Cs7Hgz024 based on a pseu-
domolecular ion peak at m/z 1183.5912 (caled. for 1183.5876) in the
HR-ESI-MS spectrum. The 'H NMR spectrum revealed the presence of
seven tertiary methyl groups at &y 1.29 (s, H-23), 1.13 (s, H-24), 0.88 (s,
H-25), 0.96 (s, H-26), 1.35 (s, H-27), 0.96 (s, H-29), and 1.03 (s, H-30);
one oxymethine proton signal at 6 3.32 (m, H-3); and a trisubstituted
olefinic proton at 8y 5.49 (br t, J = 3.5 Hz, H-12). The HMBC spectrum
showed 2J;1.c and *Jyi.c couplings from the methyl protons (CHz 23, 24,
25, 26, 27, 29 and 30), which allowed the assignments of most carbons
and protons of this aglycone (Table 1), Moreover, C-3 and C-28 of the
aglycone moiety were observed at éc 88.9 and 178.2, respectively,
suggesting that 1 is a 3,28-bisdesmoside (Kuroda et al,, 2014). The 'H
NMR spectrum of 1 in the sugar region displayed signals of five
anomeric protons at 6 4.86 (d, J=7.6 Hz),5.05(d, J=7.6 Hz), 5.26 (d,
J = 7.6 Hz), 6.05 (d, J = 8.0 Hz) and 6.20 (br s), which were correlated
in the HSQC spectrum with five anomeric carbon signals at ¢ 105.1,
105.3, 106.8, 96.2 and 101.6, respectively (Iable 2). The correlation of

Received 12 January 2023; Received in revised form 5 May 2023; Accepted 10 May 2023
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ISOLATION AND STRUCTURE ELUCIDATION
OF A NEW SPIROSTANE GLYCOSIDE
FROM THE LEAVES OF Dracaena fragrans

Tan Tu Quang, Mau Chu Hoang,
and Hung Duc Nguyen*

A new spirostane glycoside was isolated from the leaves of Dracaena fragrans, The siructure of this compound
was elucidated as spirosta-5,25(27)-diene-1p, 3B-diol-1-O-0.-L-rhamnopyranosyl-(1—2)-0-[a-L-
arabinopyranosyl-(1 —3)]-B-D-xylopyranoside, which was determined by spectroscopic analysis 1D and
2D NMR, and mass spectrometry (HR-ESI-MS in positive mode).

Keywords: Dracaena fragrans, Asparagaceae, spirostane glycoside, NMR, neoruscogenin,

The distribution of the genus Dracaena, Asparagaceae family, is found mainly in Africa, Australia, India, and Southeast
Asia [1]. Some species of this genus have been used as folk medicine to treat hemorrhage, stomach, wounds, leucorrhea,
fractures, diabetes, and tumors [2—6]. Previous phytochemical studies on species of the genus Dracaena have been
investigated for the presence of steroidal saponins [7-10]. Pharmacological studies of those compounds revealed that
they possess interesting biological actions including anti-inflammatory, cytotoxic, antimicrobial, antifungal activities
[1, 11-15). Dracaena fragrans (L.) Ker Gawl. belongs to the Dracaena genus, and is a common ornamental plant distributed
mainly in West Africa and Southeast Asia. In our continuous research of the plants in Vietnam, in order to complete the
chemotaxonomic data of the Dracaena genus, thus the Asparagaceae family, the isolation and structure determination of a new
spirostane glycoside, namely spirosta-5,25(27)-diene-1,3 f-diol-1-O-or-L-rhamnopyranosyl-(1 —2)-0- er-L-arabinopyranosyl-
(1-3)]-B-D-xylopyranoside (1), is reported herein. The structure of the isolated compound was determined by 1D and 2D
NMR spectroscopic analysis, together with mass spectrometry and by comparison with data published in the literature,

The HR-ESI-MS of compound 1 displayed a pseudo-molecular peak at m/z 861.4272 [M + Na]*, indicating the
molecular formula of C 3Hg60,6 The 111 NMR spectrum of the aglycon part of 1 showed signals of two tertiary methyl
protons at & 1.44 (s, H-18), 0.86 (s, I1-19), a secondary methyl group at 8 1.05 (d, T=7.0 Hz, 11-21), an olefinic proton at 8 5.59
(11-6), and two exomethylene protons at & 4.82 and 4.86 (each brs, H-27), which were previously characterized to a
spirostane-type steroid [16]. Furthermore, the presence of typical carbon signals in the '3C NMR spectrum at 8 139.1 (C-5),
124.7 (C-6). 109.5 (C-22), 144.0 (C-25), 64.8 (C-26), and 108.8 (C-27), together with the I111—13C cross-peaks observed in
the HMBC spectrum between 8, 4.07, 4.48 (each br.d, J=11.7 IIz, 11-26) and 5, 109.5 (C-22) confirmed that the aglycon was
a spirostane-type steroid |13, 16, 17].

The sugar moieties of 1 were determined by 2D NMR analyses including HSQC, HMBC, COSY, TOCSY, and
ROESY as one xylopyranosyl, one arabinopyranosyl, and one rhamnopyranosyl. The absolute configurations of sugar moieties
were further identified to be D for xylose, and to be L for arabinose and rhamnose on the basis of the acid hydrolysis and GC
analysis. The relatively large viemal coupling constant values at J = 7.0-7.6 Hz observed for the anomeric proton determined
the B-anomeric configuration of the xylopyranosyl moiety, and the o-anomeric configuration of the arabinopyranosyl moiety.
The large 'Jyy 1 ¢ value of the Rha at 167 1z confirmed that the anomeric proton was equatorial (-pyranoid anomeric form)
[18, 19].

Department of Biology, Thai Nguyen University of Education, 24000 Thai Nguyen, Vietnam, e-mail:
hungnd@tnue.edu.vn, Published in Khimiya Privodnykh Soedinenii, No. 3, May-June, 2023, pp. 441-443. Original article
submitted August 20, 2022,
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One New Steroidal Sapomn from the Leaves of Cordyline ﬁ‘ut:cosa (L.) A.
Chev.

Tu Quang Tan', Nguyen Thi Hai Yen®, Chu Hoang Mau' and Nguyen Duc Hung"’

!'Dupartment of Biology, Thai Neuyen University of Education, 24000 Thai Ngnyen Va‘srnnm Deparbneuf of Geneﬂcs,
Thai Nguyen University of Sciences, 24000, Thai Negwyen, Vietnam

Abstract: The aim of this study is 1o isolate and identify new chemical conslituents from Cordyling
fruticosa (L) A, Chev, growing in Vieinom. Cordyline fruticosa (L.} A. Chov, (Synonym; Cordyline
terminalis 1. Kunth), belongs to the Asparagiceae family, is one of the popular plun!s in folk medi-
cine, This plant has been used to treat yarious diseases, such as sore throat, neck pain, h]oad]' urine, |
kidney diseases, headache, infeciions of mammary glands, and inflammation in the digestive tract,
Previens study on the lenves of C. fruticosa (L.) A. Chev. reported the presence of cholestane glyco-
sides with cytotoxic activity, The leaves of Cordyline fruticosa (L.) A. Chev. were provided by a
flower shop in Thai Nguyen tity, Vietnam in 2021 (21°35'53" N, 105°50'17" ), The extraction was
Ecdrh bl performed by the ultrasound-assisted method using the solvent EiOiUR;O The crude extract was
ARTICLE HISTORY chromatographed on siliea gel to yield one compound, The structure elucidation of isolated compound
i . was determined by spectroscopic analysis 1D and 2D NMR, and mass spectroscopy (HR-ESI-MS in
Belval My Ib b positive mode). A new steroidal sapenin was {solated from the leaves of Cordyline fruticosa (L.) A.
Aniepiod Novermbar 04, 2022 Chev, The structure of compound was determined as 26-O-f-D-glucopyranosyl-farosta-5,(25)27-
Do diene-1B,3p.22a,26-tetrob-1-O-P-D-glucopyranaside, Phylochemical study on the leaves of Cordyline |
li s sssaetsae  fruticosa (L) A. Chey. lead to the isolation and elucidation of one new steroidal saponin. Previous in-
vestigation on species of Cordyline genus revealed the presence of steroidal saponins, so this smdy
has & significant benefit to complete the chemotazonomic data about saponins from genus Cordyline
and thus Asparagaceae family. The biological test of this compound should be further carried out in

the next study. |
Keywordst Cordyline fruticosa (L) A, Chev., Asparagaceae, furostane, steroidal saponin, spectroscopic analysis, humau leu-
kemia cells.
1. INTRODUCTION The study on the leaves of C. fruticosa (L.) A. Chey, report- j

_ed the presence of cholestane glycosides with cytotoxic ac-

The distribution of the genus Cordyline, Asparagaccac
family, is mainly in New Zealand, Australia, and Southeast
Asia. Some species of this genus have been used as [olk
medicine to treat dysentery, theumatism, and inflammation
[1+4], The previous phytochemical studies on some species
of the genus Cnmj'hm' including C. cannifolia, C. siricta,
C. rubra, and C. fruricasa have been investigated for the
presence of swruldai saponins [3, 5-10]. Pharmacological
studics on those compounds have revealed that they possess
interesting biological actions, particularly eytotoxic and an-
timicrobial activites [9, 10]. Cordyline fruticosa (L.) A.
Chev. is an ormamental plant that could be found in Vietnam.

* Address correspondence to this authar at the Department of Biology, Thai
Mguyen University of Eduestion, 24000, Thai Nguyen, Viet Nom;
E-mail; hunpad@impe.eduvi

1570-1786/23 $65.004,00

tivity against HL-60 human leukemia cells [11]. Our previ-
ous study on the roots of C. fruticosa (L.} A. Chev, Involved
the isolation and purification of two pew steroidal saponins
[12]. In the continuous rescarch of the plant, the isolation
and structure determination of a new furostanol saponin,
namely 26-0-f-D-glucopyranosyl-furosta-5,(25)27-diene-14,
34,22a,26-tetrol-1-0-f3-D-glucopyranoside (1), were report-
ed, The stcture of 1 was determined by 1D and 2D NMR
spectroscopic analysis ('H, C, COSY, TOCSY, HSQC,
HMBC, ROESY), together with mass spectrometry (HR-
ESI-MS in positive mode), and by comparison with data
published in the literature,

2. RESULTS AND DISCUSSION

The HR-ESI-MS of compound 1 displayed a pscudo-
molecular peak at m/z 793.4107 [(M+Na]’, indicating the

£ 2023 Benthwin Science Publishers
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Three new minor steroidal glycosides were isolated from the whole ~ Accepted 10 August 2023
plants of Hoya parasitica (Wall. ex Hornem.) Wight. Their structures KEYWGRDS
were ﬂ]rther elucid._ated as 3[3,4(1-d|hydroxy—SB—sp]rost—QS]Z?»en-'lB—yl Apgcynaceae; Hoya
O-a-L-arabinopyranoside (1), 3B-hydroxy-58-spirost-25(27)-en-1B-yl- parasitica (Wall. ex
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3B,40,23,24-tetrahydroxy-53-spirostan-1B-yl O-a-L-rhamnopyranosyl-(1->2)-  spectroscopic analysis;
B-D-fucopyranoside (3) through interpretation of the spectroscopic steroidal glycoside
data (one-dimensional and two-dimensional) and mass spectrometry
(HR-ESI-MS). To the best of our knowledge, this is the first report of
the isolation of spirostane-type steroidal saponins from the Hoya
genus. : : ;
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Abstract

Capparis &éaﬂgemis Sy & D.V. Hai, a new species from Kbang District, Gia Lai Province, Vietnam, is de-
scribed and illustrated. The new species is morphologically similar to Capparis versicolor bur differs by sev-
eral characters such as emarginate leaf apex, hairy margin of:scpals; smaller fruits, and fewer sceds per fruit.

Its ecology and conservation status are provided along with a taxonomic key to the closely allied species.

Keywords

Capers, Capparis versicolor, Gia Lai Province, taxonomy

Introduction

| Capparis Tourn. ex L. is one of the largest genera of the family Capparaceae and is im-
| portant due to its economic and medicinal value (Rivera et al. 2003; Jiang et al. 2007;
Chedraoui et al. 2017). The genus consists of 139 species distributed in tropical and

Copyright Danh Thuong Sy et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
i BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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subtropical Old World to Mongolia (POWO 2019). It occupies mostly xeric habitats,
and is characterized by the presence of thorns and saccate outer sepals (Jacobs 1965;
Hall et al. 2002, 2004). The genus is represented by the four formal sections namely
Capparis, Sodada, Monostichocalyx, and Busbeckea (Jacobs 1965) (Jacobs 1965). In
Vietnam, they are represented by 37 species, three subspecies and two varieties (Ho
1999; Ban and Dorofeev 2003; Sy et al. 2018). The central highlands of Vietnam pos-
sesses a rich floristic diversity and includes five provinces namely Lam Dong, Dak Lak,
Dak Nong, Gia Lai and Kon Tum. Our earlier explorations in these areas have resulted
in the discovery of two new Capparis species, namely C daknongensis and C. gialaiensis
(Sy etal. 2013, 2015). The present discovery signifies the importance of the highlands
of Vietnam and demands more floristic survey and explorations in these areas.

Material and methods

While revising the taxonomy of Capparis in Vietnam, a floristic exploration trip was
conducted during 2011 to Kbang District of Gia Lai Province. During this trip, an
interesting Capparis species with young flowers and ripened fruits was encountered.
However, only one individual could be located at that time. During our other trips
to the same area conducted during 2017-2018, another population with 11 indi-
viduals in both flowering and fruiting stage could be traced. After a thorough ex-
amination of the type materials housed at HN, K, E, B, CAL and comparison of the
morphological features of the collected taxon with all Capparis species from South
east Asia (Gagnepain 1908, 1943; Jacobs 1960, 1965; Chayamarit 1991; Raghavan
1993: Ho 1999; Ban and Dorofeev 2003; Srisanga and Chayamarit 2004; Hu 2007;
Zhang and Tucker 2008; Sy et al. 2013, 2015, 2018; Fici 2016; Fici et al. 2018,
2020: Souvannakhoummane et al. 2018) led us to conclude that our species does
not match perfectly with any of the existing Capparis and hence we describe it here
as a new species. ‘

Taxonomy

Capparis kbangensis Sy & D.V. Hai, sp. nov.
urn:lsid:ipni.org:names:77209926-1
Figures 1-4

Diagnosis. Capparis kbangensis is similar to Capparis versicolor Griff. in the number
of secondary veins of the leaves, color of petals, number of stamens, the length of
gynophore, but differs from it by the leaf characters (emarginate vs acute apex), hairy
sepal margins (vs. glabrous), smaller fruits and number of seeds per fruit (4-5 per frui,
reniform vs. 15 per fruit, nearly polygonal).
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Figure |. Map of Vietnam indicating type locality of Capparis kbangensis Sy & D.V. Hai.

Type. Viernam. Gia Lai Province: Kbang District, along the road, on hillocks, alt.
626 m, 14°11'44.0"N, 108°35'40.9"E, 07 April 2018, Sy Danh Thuong, Do Van Hai,
Thuong 0704201801 (holotype HN!; isotype, IBSC!).

Description. Scandent shrubs, up to 5 m high. Innovations with densely brown
hairs, glabrous when mature. Thorns ca. 3 mm long, reddish brown, recurved. Peti-
ole 6-8 mm long, hairy; blade elliptic to obovate,-4.5-6 x 2.8-3.2 c¢m, glabrous,
young leaves yellowish green, dark green when older; midvein abaxially raised, adaxi-
ally flat; secondary veins 67 on each side of midvein, abaxially not obvious; base
round or cuneate; apex emarginate. Inflorescence corymbs simple, terminal, with the
lower flowers axillary, or few flowered in lateral racemes; pedicels 1.5-1.7 cm long,
glabrous. Flower buds globose, 5-6 mm. Sepals 0.9-1 x 0.4-0.5 cm long, outer
pairs hairy along margins, inner pairs hairy inside and along the margins; sepals of
outer whorl boat-shaped and inner whorl obovate. Petals white, later turns to light
pink, obovate, lower pairs 1.6-1.7 x 0.7-0.9 cm, upper pairs 1.7-1.8 x 0.9-1 cm,

‘both surfaces pubescent, especially at the base. Stamens 57-60; filaments 3-3.5 cm
long, glabrous, white; anthers ca. 2 mm long. Disk nearly parallelogram shaped.
Gynophore 3.8-4.2 cm long, glabrous. Ovary elliptic, 0.2 x 0.1 cm, top with beak,
yellowish green, glabrous, placentas 4. Fruits globose, 1.8--1.9 cm in diam, black

when mature, surface with some knobs, beaked apex. Seeds 4—5 per fruit, reniform,
4-5 x 2-3 mm. '
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B ——

0.9 ¢cm

Figure 2. Capparis kbangensis Sy & D.V.Hai A habit B flowering branch € fruiting branch D fruit
E fruit showing a distinct beak F cross section of the fruit G sceds. (Photographs by Sy & D.V. Hai).
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Chemical composition and cytotoxic effects of essential oils from
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ABSTRACT

Capparis trinervia (family Capparaceae) is a common wild plant distributed in various Iocaliﬁ_es
in the mountainous region of Vietnam. While essential oils have been found in the leaves and
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stems of C, trinervia, there are no reports to date describing the chemical composition and

biclogical activities to guide further exploration and application of the oils. This study determined
the essential oil composition of C, trinervia; 8 and 23 distinct essential oil compounds were
identified from C trinervia leaves and stems, respectively. Stigmasterol (C,H,40) was identified
as the primary compound of essential oil from leaves, accounting for 75.775% of the oils, while -
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3,7,11,15-tetramethyl-2-hexadecen-1-ol (CyH40O) was identified as the main essential oil
component in C. trinervia stems, accounting for 18.337%. This study also explored the cytotoxic
effects of essential oils extracted from C trinervia against five cancer cells lines (A549, MCF7, -
Hela, HepG2 and KB). A strong cytotoxic effect on all cancer cell lines was demonstrated by

100pug mL™" essential oils derived from C. trinervia leaves and
is a promising candidate for use in life and public healthcare.

stems, which suggests the species:

ABBREVIATIONS: DMEM: Dulbecco’s Modified Eagle Medium; DMS0: Dimethyl sulfoxide; GC: Gas .
chromatography; GC/MS: Gas chromatography/Mass spectrometry; A549; Human lung carcinoma;
MCF7: Human breast carcinoma; Hel.a; Human cervix carcinoma; HepG2: Human hepatocarcinoma;
KB: Human carcinomas in the mouth; EO;: essential oil; LDL: Low-density lipoptotein; OD: Optical

density; SRB: Sulforhodamine B.

Introduction

Capparis is the largest genus of the Capparaceae fam-
ily; it includes approximately 250 species distributed
in tropical and subtropical regions [1]. Many species
of this genus are consumed as food and utilized in
traditional medicine [2,3]. Traditional medicine values
Capparis for its use as a diuretic, as well as for treat-
ment of gastrointestinal issues, inflammation, bronchi-
tis, nasal mucositis, menstruation and asthma [1,4].
Extracts of some Capparis species have been noted to
contain biologically active secondary compounds.
Numerous studies on the biological activity and phar-
macological and phytochemical properties of C. spinosa
have been conducted [5,6]. The content and biological
activity of substances is dependent upon the sampling
site and extraction method [7,8]. Extracts from C, spinosa
were shown to have protective effects against cytotoxicity

and tumour growth, as well as anticancer, antibacterial
and antifungal properties [9-12].

The biological activities of several other species of
Capparis have also been assessed. Leaf extracts of
Capparis brevispina have antioxidant, cytotoxic and
anticancer effects [13-15]. Methanol extracts from the
fruit of Capparis ovata has demonstrated anticancer
activity in mouse models [16]. Stem and leaf extracts
of C. flavicans have also exhibited anticancer activities
[17]. Numerous published reports on the composition
and bioactivity of essential oils (EOs) from various
plants, such as Thymus daenensis, Chromolaena odorata,
Artemisia fragrans and Psidium guajava, have provided
information on the composition and antioxidant, anti-
microbial and cytotoxic activities of EOs [18-21].

To date, there have been several studies conducted
to elucidate the composition and EQ bioactivities of
C. spinosa, C. spinosa var. aegyptiaca, and C. ovata var.
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canescens. However, there are no published studies on
the EOs found in C. trinervia, a species that is widely
distributed in Vietnam and in secondary forests at alti-
tudes up to 300m [4]. This study aimed to serve as
an initial report on C trinervia EOs with respect to
compositional analysis and exploration of their cyto-
toxic effects on cancer cell lines.

Materials and methods
Materials

Samples of C. trinervia were collected in Phuc Yen Town,
Vinh Phuc Province, Vietnam (21°23'02"N; 105°42'43"E;
altitude 58m), in the spring of March 2020. Classification
was based on the comparative morphology method
established by Assoc, Prof. Dr, Sy Danh Thuong,
Department of Botany, Faculty of Biology, TNU-University
of Education, Vietham (Figure 1). The voucher speci-
mens (Code number; Sy Danh Thuong 30) were stored
at the Museum of Biology, TNU, University of Education,
Vietnam. The leaves and stems with an identical code
number were collected separately, cut into small pieces
of approximately 1cm, and washed to extract EOs.

The cancer cell lines used in the study included
A549 (human lung carcinoma), MCF7 (human breast
carcinoma), Hela (human cervix carcinoma), HepG2
(human hepatocarcinoma) and KB (human carcinomas
in the mouth). These cancer cell lines were used in
the cytotoxic assays at the Bioassay Laboratory,
VAST-Institute of Biotechnology, Vietnam. Five human
cancer cell lines were grown in Dulbecco’s Modified
Eagle Medium (DMEM; Hyclone, Logan, Utah, USA)
with 10% foetal bovine serum, 2mmol L-' L-glutamine,
1T0mmol L' HEPES and 1mmol L' sodium pyruvate
at 37°C in a 5% CO, humidified atmosphere.

Essential oil extraction method

EOs from C trinervia leaves and stems were extracted
by a steam-aspirated distillation method for 4h under
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normal pressure at approximately 70°C-80°C [22]. The
extracts were dissolved in n-hexane and n-butanol to
obtain the dissolved EOs. The EOs were stored in glass
bottles, which were then wrapped in sealed plastic
bags, covered and stored at 4°C. Soluble EO was uti-
lized for determining the composition and testing for
Cytotoxic activity against selected human cancer
cell lines,

Essential oil chemical composition analysis
method

A n-hexane-soluble EO sample was used to analyze
the chemical composition of the EO. One milliliter of
the EO of the plant was obtained following evapora-
tion of the n-hexane solvent, and 0.1mL of extracted
EO was dissolved in 5mL n-hexane to determine the
chemical composition using gas chromatography (GC)
and gas chromatography/mass spectrometry (GC/MS),

GC was performed using an Agilent Technologies
HP 6890N Plus attached to a FID detector (Agilent
Technologies, USA). An HP-5MS chromatographic col-
umn with a 30m length, inner diameter (ID) of 0.25mm
and thin-film layer of 0.25m was used. The injection
chamber temperature was maintained at 250°C. The
detector temperature was set to 260°C. The initial 60°C
thermostatic chamber temperature was held for 2min
prior to being increased at a rate of 4°C/min until
220°C was reached and held for 10 min. Helium was
used as the carrier gas.

GC/MS was performed using gas chromatography
equipment, and GC/MS conjugate spectroscopy was
performed on an Agilent Technologies HP 6890N paired
with a mass selective detector (Agilent HP 5973 MSD).
The HP-5MS column measured 0.25mx30m x 0.25 mm,
and the HP1 measured 0.25mx30mx0.32mm. The
temperature was held at 60°C for 2min before being
increased by 4°C/min to 220°C; the temperature was
subsequently increased at a rate of 20°C/min to 260°C.
Helium was the carrier gas.

Figure 1. Morphology of C. trinervia. (A) C. trinervia wildly growing in the secondary forest along with some other plants; (B)
leaf-bearing branchlet (upper side); (C) leaf-bearing branchlet (underside) and fruit,
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A new cyclobutane derivative 3-(2-butoxy-3-caffeoyl-1-hydroxycyclobutyl)— 3-hydroxypropanoic acid named as
debutyldorycnie acid (1), and a new flavonoid glycoside named as adinanquercetiside (2), together with thirteen
known compounds (3-15) were isolated from leaves of Adinandra megaphylla Hu. Their chemical structures were
elucidated on the basis of spectroscopic evidence, In the a-glucosidase activity evaluation, compounds 4, 5 and 7
significantly inhibited enzyme activity with ICsg values ranging from 13.67 + 0.42 pg/mL to 27.52 + 0.51 pg/

1. Introduction

Adinandre is -a genus of approximately 100 species of shrubs or
wooden plants in the Pentaphylacaceae family, distributed in South East
Asian countries, China, Japan, India and African forests (Son and Dunig,
201141). In China, A. nitida leaves (Shiyacha) has been consumed as a
health tea beverage, and it has been reported to have many pharmaco-
logical activities, such as antioxidant, anti-inflammatory, antitumor,
reduction of blood pressure and antidiabetic effects (Chen et al,, 2015,
9022 Lig et al, 2010; Gao el al.,, 2010), Triterpene saponins and fla-
vonoids have been recognized as their bioactive composition in stems
and leaves of A. nitida (Gao er al., 2010; Wang ef al,, 2008; Yuan et al.,
21119). Chinese scientists also have reported antioxidant and anti-
proliferation activities of several other Adinandra plants including
A, milletti, A. latifolia, and A, jubata (Chen ef al, 2015). In Vietnam,
Adinandra plants like A. hainanensis, A. integerrima, and A. milletti have
been used in traditional medicine for the treatment of cancer, snake bites
and stomach aches (Chi, 2012), Recently, our previous studies on the
A. hainanensis and A. poilanei resulted in the isolation of triterpenes,
nor-diterpene, megastigmanes and sterols. Plant extracts and isolated
compounds showed cytotoxic and a-glucosidase enzyme inhibitory ef-
feets (Oanh et al., 2021; Oanh et al,, 2022).

Adinandra megaphylla Hu is a native species found in northern
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mountains of Viemam. We have reported the chloroplast genome
investigation of this species recently (Nguyen et al., 2021). As part of our
continuing studies on the phytochemistry of unexploited Vietnamese
plants in the search for new secondary metabolites, we describe herein
the isolation and structure elucidation of a new cyclobutane derivative
named as debutyldorycnic acid (1) and a new flavonoid glycoside
named as adinanquercetiside (2) from the leaves of A. megaphylla
collected in Lao Cai province, Vietnam along with thirteen known
compounds (3-15). Their structures were eltcidated on the basis of
spectral data and by comparison with the literatures. Several isolated
constituents were evaluated for cytotoxicity and a-glucosidase enzyme
inhibitory activity.

2. Results and discussion

Compound 1 was isolated as a pale yellow powder. The negative HR-
ESI-MS showed negative psendo-molecular ion peak [M-HI™ at m/z
353,0880, revealing a molecular formula CyHjgOg, The IR spectrum
exhibited hydroxyl and carbonyl absorptions at 3324 and 1684 ecm™,
respectively, The 'H and **C NMR spectrum showed the presence of a
caffeate moiety at &y 7.04 (1 H, d, J= 2.4 Hz, H-2), 6,77 (1 H, d, J=8.4
Hz, H-5),6.99 (1 H, d, J= 2.4 Hz, 8.4 Hz, H-6), 7.43 (1 H, d, J=15.6 Hz,
H-7), 6.15 (1 H, d, J= 15.6 Hz, H-8)/8¢ 125.5 (C-1), 114.7 (C-2), 148.3
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Fig. 2. Key HMBC and NOESY correlations of compound 1.

(C-3), 145.5 (C-4), 115.7 (C-5), 121.3 (C-6), 144.9 (C-7), 114.3 (C-8),
165.7 (C-9). In the HMBC spectrum, an oxymethine proton at & 5.08 (1
H, m, H-1")/6¢ 70.8 showed cross-peak to carbonyl group C-9 of caffeate
moiety. In the 'H-'H COSY spectrum, this proton H-1’ showed corre-
lations with oxymethine proton H-2' (5 3.57) and methylene protons H-
4' (5 2.01 (1 H, m, H-4'a) and 1.96 (1 H, dd, J = 4.2 Hz, 13.2 Hz, H-
4'1)). The HMBC cross-peaks of H-1' and H-4' to C-3' (6¢ 73.4); of H-4' to
C-1' {6 70.8) and C-2' (5 70.4) indicated the presence of a cyclobutyl
moiety linked to the caffeate system (Fig. 2). In addition, signals of a 3-
hydroxypropanocic acid fragment at g 3.94 (br, H-5), 2.03 (m, 1 H, H-
6'a), 1.79 (1 H, dd, J = 6.6 Hz, 13.2 Hz, H-6'b)/6¢ 68.1 (C-5), 37.2 (C-
6), 174.9 (C-7') were observed in the NMR spectra. The 'H-'H COSY
spectrum revealed H-5' and H-6' were vicinal. The HMBC spectrum
showed the correlations of H-6' to C-5' and C-7'. On the other hand,
HMBC cross-peaks of H-6' and C-3' suggested the 3-hydroxypropanoic
acid linked to C-3' of cyclobutane ring (Fig. 2). The presented data of
compound 1 were similar to those of dorycnic acid and colvoldorine,
which both were isolated from Convelvulus dorycnium (Ilassine el al,,
1086 Nacet oL al, 2010). The stereochemistry of 1 was assigned by a
NOESY spectrum and comparison of optical rotation and NMR data of 1
to dorycnic acid, of which the stereochemistry had been determined by a
combination of Mosher’s method and the NOESY experiment (Nace!
eral., 2010), Similar to those of doryenic acid, the NOE interactions of
H-1'/H-2!, H-1'/H-4'b, H-2//H-4'b and H-2'/H-5' indicating that H-1',
H-2', H-5' were on the same side of cyclobutane ring (Fiz. 2). In addition,
the measured optical rotation of compound 1, comparable to that of
doryenic acid [a]55 15 (¢ 0,13; MeOH) and colvoldorine [a1% —20.1 (c

0.10; MeOH). Based on these evidences, the configurations at C-1', C-2,
C-3' and C-5' were assigned as R, the same as those of dorycnic acid.
Compound 1 was thus characterized as  3-(2R-hydrox-
y-3R-caffeoyl-1R-hydroxycyclobutyl)— 3R-hydroxypropanoic acid, and
named debutyldorycnic acid (Fig. 1).

Compound 2 was obtained from MeOH fraction as a yellow syrup
and gave HR-ESI-MS at m/z 903.2595 [M+CI]" consistent with a mo-
lecular formula of CiHagOs2. The IR spectrum showed hydroxyl ab-
sorptions at 3360 cm ™", The 'H NMR and ?C NMR spectra of 2 showed
characteristic signals of a quercetin molety with two meta-aromatic
protons at 81 6.19 (1 H, J = 2.4 Hz, H-6) and 6.36 (1 H, J = 2.4 Hz, H-8),
three aromatic protons of an ABX system at 6y 7.74 (1 H, d, J = 2.4 Hz,
H-2), 7.26 (1 H, d, J= 8.4 Hz, H-5"), 7.62 (1 H, dd, J= 8.4, 2.4, Hz, H-
6"). In addition, signals of a p-coumaroyl fragment at 6 7.70 (1 H, d, J=
16.2 Hz, H-7"), 6.39 (1 H, d, J= 16.2 Hz, H-8), 7.46 (2 H, d, J= 8.4 Hz,
H-2, H-6'), 6.83 (2 H, d, J= 8.4 Hz, H-3, H-5')/6¢ 127.3 (C-1), 131.2
(c-2, c-6Y, 116.8 (C-%, C-5), 161.2 (C-4'), 146.9 (C-7'), 115.3 (C-8),
and 168.9 (C-9") were observed. The sugar region showed three
anomeric protons at &y 5.55 (d, J= 1.8 Hz, H-1')/éc 100.8, 5.54 (d, J=
7.8 Hz, H-1")/ 8 101.7 and 4.59 (d, J=1.8 Hz, H-1')/5. 102.0 as well as
two secondary methyl groups at &y 1.23 (3 H, d, J= 6.0 Hz, H-6") and
1.29 (3 H, d, J= 6.6 Hz, H-6'), The sugars were determined as D-galac-
tose and L-rhamnose by hydrolysis, derivatization and GC analysis
(Fizs. 516-519). The sugar residues were further assigned as a §-D-gal-
actopyranose and two a-L-thamnopyranose units based on COSY, HMBC
and coupling constant analyses follow up our previous work (Ho ct al.,
1020). In the HMBC spectrum, the correlations of Rha H-1' (6y 5.55) to
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Keywords: The phytochemical investigation of the leaves of Adinandra glischroloma Hand.—Mazz. resulted in the isolation of
Adinandra glischroloma fourteen known compounds including nine triterpenoids: 28-nor-urs-12-ene-34,17f-diol (1), micromeric acid (2},
Pentaphylacacese 23-hydroxy ursolic acid (3), euscaphic acid (4), pomolic acid (5), 3,13-dihydroxy ursolic acid 28,13-olide (6),
Pentacyclic:triterpenes ursolic acid (7), betulinic acid (8), and oleanolic acid (9); one diterpene: ent-kaur-16-en-19-oic-acid (10); one

H A :
MZ;::gﬁme megastigmane: (3§, 5R, 65, 9R)-megastigmane-3,9-diol (11), one flavonoid: isoquercetin (12); one lignan:
Lignan syringaresinol (13), and one sterol: f-sitosterol (14). The chemical structures were determined by NMR, MS

spectroseopic analyses and comparison with literature values. All of these compounds were isolated from
A. glischroloma for the first ime, Furthermore, this is the first report on the isolation of compounds 1-3, 10, and
11 from the genus Adinandra and the Pentaphylacaceae family. Compounds 1-3, 10, and 11 may be used as
chemotaxonomic markers to differentiate between A, glischromola from other species of the Adinandra genus. Our
results showed that A. glischroloma plant is rich in pentacyelic triterpenes and possessed a strong relationship

with other Adinandra species in Vietnam,

1. Subject and source

The genus Adinandra is one of the largest genera in the Pentaphy-
lacaceae family and consists of approximately 100 species distributed in

South East Asian countries; China, Japan, India and African forests (Son

and Dung, 2014). There are fourteen Adinandra species in Vietnam,
distributed in the northern and central provinces of Vietnam. Adinandra
plants in Vietnam like A. hainanensis, A. integerrima and A. milletti have
been used for the treatment of throat cancer, snake bites and stomach
aches (Chi, 2012). The leaves of Adinandra nitida in China, have been
used as a traditional tea (Shiyacha) due to its various pharmacological
activities such as reducing blood pressure and blood lipids, antioxidant,
and anti-inflammatory effects (Gao et al., 2010; Liu et al,, 2010). Chi-
nese scientists also documented that several other Adinandra plants
including A. milletti, A. latifolia and A. jubata have possessed antioxidant
and antiproliferation activities (Chen et al., 2015). Our recent studies of

* Corresponding author.
** Corresponding author.

A. hainanensis, A. poilanei and A. megaphylla showed that the plant ex-
tracts and isolated compounds exhibited the cytotoxic and «-glucosidase
inhibitory activity (Oanh et al., 2021¢, 2022; Quan et al,, 2023).

In this study, the leaves of Adinandra glischroloma plant were
collected from Bat Sat district, Lao Cai Province, northern Vietnam (GPS
longitude: 103°37'42'E, latitude: 22°37'35'N, altitude: 1844m) in
September 2021, The plant materials were identified by Professor Sy
Danh Thuong, Botany Department, Faculty of Biology, Thai Nguyen
University of Education. A voucher specimen (NHQ-04) was stored at
Faculty of Biology, Thai Nguyen University of Education.

2. Previous work
Previous chemical studies of Adianandra species including A. nitida,

A, hainanensis, A. poilane, A. lienii and A, megaphylla have revealed the
presence of diverse compounds like triterpenoids (Hieu et al., 2021;

E-mail addresses: lethanh@imbe,vast.vn (L.N. Thanh), quannh@tnue.edu.vn (N.H. Quan).
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23-Hydroxy ursolic acid (3)

3,13-Dihydroxy ursolic acid-
28,13-olide (6)

bl

Ursolic acid (7)

HO™
Hooc”
ent-Kaur-16-en-19-oic-acid (10) (35, 5R, 65, 9R)-Megastigmane Isoquercitrin (12)
-3,9-diol (11)
MeO
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MeO
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Syringaresinol (13) f-Sitosterol (14)

Fig. 1. Chemical structures of isolated compounds from A. glischromola leaves.
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Oanh et al. 2019a, 2019b, 2021a, 2021b, 2021¢, 2022; Quan et al,,
2023; Wang et al., 2008; Yuan et al., 2019), nor-diterpenoid (Canh et al,,
2021c), flavonoids (Gao et al., 2010; Liu et al., 2010; Hieu et al, 2021;
Quan et al,, 2023; Yuan et al., 2019), lignans (Oanh et al., 2021¢; Quan
et al,, 2023), megastigmanes (Oanh et al., 2021¢; Quan et al., 2023),
sterols (Oanh et al., 2021¢, 2022) and phenolic compounds (Hieu et al.,
2021; Oanh et al.,, 2021b, 2021¢c, 2022; Quan et al., 2023). No investi-
gation of chemical constituents of A. glischroloma has been reported so
far.

3. Present study

Our study aimed to gain the chemical composition information of
A. glischroloma and discuss the chemotaxonomic significance of the
isolated compounds.

3.1. General experimental procedures

Chemical solvents (analytical grade) were purchased from chemical
company and used without further purification. Silica gel (Merck,
230-400 mesh), reversed phase C18 (YMC, RP-18, 150 jm), Sephadex®
LH-20 (Sigma Aldrich), and Diaion HP-20 resins (Mitsubishi Chemical)
were used for column chromatography (CC). Thin layer chromatography
was conducted using precoated aluminium silica gel plates (Merck 60
Fas4). Spots were visualized by spraying with 10% sulfuric acid in water
and heating. The Bruker AVANCE 500 MHz or Bruker AVANCE NEO
600 MHz spectrometers were used for recording NMR spectra using TMS
as an internal standard. The Agilent 1260 series single quadrupole LC/
MS system was utilised for electrospray ionization mass spectra (ESI-
MS).

3.2, Extraction and isolation

The dried leaves of A. glischroloma (3.2 kg) were extracted with
MeOH (4 x 16 L for 24h) at room temperature. The MeOH solvents were
filtered and evaporated with reduced pressure. The crude extract was
diluted with distilled water (1 L) and extracted with EtOAc to give
EtOAc residue (70 g) and water layer. The water fraction was applied to
Diaion HP-20 CC, eluting with solvent of MeOH/water (0/100; 50/50
and 100/0) to yield MeOH fraction (8 g).

The EtOAc residue was subjected to a silica gel column chromatog-
raphy (350 g, column 10 cm size), eluted with gradient of n-hexane/
EtOAc (100/1 to 0/100, v/v) to yield 15 fractions (E1-E15). Fraction E3
(0.59 g) was subjected to silica gel CC (18 g, column 2.0 c¢m size), eluted
with n-hexane/CH3Cly (5:1, v/v) to afford 10 sub-fractions E3.1-E3.10.
Sub-fraction E3.7 (35 mg) was further purified by silica gel CC (7 g,
column 1.0 cm size), eluted with n-hexane/EtOAc (9:1, v/v) to give
compound 10 (3.1 mg).

Fraction E4 (0.3 g) was fractionated by silica gel CC (15 g, column
1.5 em size) using the mobile phase of n-hexane/CHCly (5:1, v/v) to
yield f-sitosterol (14) and 2 fractions E4.1-E4.2, Fraction E4.2 (80 mg)
was purified by silica gel CC (12 g, column 1.5 cm size), and eluted with
n-hexane/acetone (30:1, v/v) to give compound 1 (3.4 mg).

Fraction E6 (5.3 g) was applied on silica gel CC (106 g, column 5.0
cm size), eluted with n-hexane/EtOAc (9:1, v/v) to afford 7 sub-fractions
E6.1-E6.7. Fraction E6.6 (506 mg) was subjected to silica gel CC (26 g,
column 2.5 ¢m size), and eluted with n-hexane/EtOAc (9:1, v/v) to give
6 fractions E6.6.1-E6.6.6. Compound 8 (6.2 mg) was obtained from
fraction E.6.6.3. Fraction E6.6.5 (50 mg) was purified by reversed-phase
silica gel CC (15 g, column 1.5 em size) using MeOH/Hz0 (10:1, v/v) as
the maobile phase to yield compound 9 (5.5 mg).

Fraction E9 (2.5 g) was chromatographed on silica gel CC (50 g,
column 3.0 cm size) using CHzCly/acetone (5:1, v/v) as the mobile
phase to afford 9 sub-fractions E9.1-E9.9. Sub-fraction E9.4 (22 mg) was
purified by silica gel CC (5 g, column 1.0 cm size), eluted with n-hexane/
EtOAc (9:1, v/v) to give 6 (2.2 mg). Sub-fraction E9.7 (0.95 g) was
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Table 1
The distribution of compounds 4-8, 12 and 13 in the Adinandra plants.
Compounds  Name Plants Parts References
4 Euscaphic acid A. nitida leaves  Yuan et al.
(2019}
5 Pomolic acid A. poilanei leaves  Oanh el al.
(2021a)
6 3,13-Dihydroxy ursolic A, hainanensis  leaves  Oanh et al.
acid 28,13-olide (2019a)
A. poilanel leaves  Oanh el al
(2021b)
7 Ursolic acid A. poilanei leaves  Chanh et al,
(2021b)
A. hainanensis ~ leaves  Oanh ct al.
(2019h)
A. megaphylla  leaves  Quan et al.
(2023)
A. lienii leaves  Hicu ctal
(2021)
8 Betulinic acid A. halnanensis  stems Oanh et al.
(2027)
A. hainanensis  leaves  Oanh etal.
(2019a)
A. poilanel stems Oanh et al.
(2021a)
Alienii leaves  Hiew et al
(2021}
9 Oleanalic acid A hoingnensis  skemns Ganh et al.
(2019b)
12 Isoquercitrin A, megaphylla  leaves  Quan et al.
(2023
13 Syringaresinol A. poilanei leaves  Oanh et al.
i (2021h)

fractionated by reversed-phase silica gel CC (25 g, column 2.5 cm size),
eluted with acetone/H,0 (1:1, v/v) to afford 6 fractions E9.7.1-E9.7.6.
Fraction E9.7.1 (24 mg) was purified by Sephadex® LH-20 CC (25 g,
column 2.0 cm size), eluted with MeOH to give 11 (3.2 mg). Fraction
E9.7.4 (0.24 g) was applied to a silica gel CC (24 g, column 2.5 cm size)
using the mobile phase of n-hexane/EtOAc (8:2, v/v) to afford 2 (2.3
mg). Fraction E9.7.6 (20 mg) was subjected to reversed-phase silica gel
CC (5 g, column 1.0 cm size), eluted with acetone/H;0 (2:1, v/v) to
obtain 5 (10 mg).

Fraction E12 (4.5 g) was applied to a silica gel CC (90 g, column 4.0
cm size), eluted with n-hexane/MeOH (30:1, v/v) to afford 4 fractions
E12.1-E12.4. Fraction E12.2 (30 mg) was purified by silica gel CC (6 g,
column 1.0 em size), eluted with n-hexane/acetone (4:1, v/v) to give 3
(4.2 mg) and 7 (3.2 mg).

Fraction E15 (3.5 g) was fractionated by silica gel CC (70 g, column
4.0 cm size) eluted with CH,Cly/acetone (40:1, v/v) to yield 3 fractions
E15.1-E15.3. Fraction E15.2 (1.1 g) was subjected to reversed-phase
silica gel CC (50 g, column 3.0 em size), eluted with acetone/Ha0
(1:3, v/v) to obtain 5 fractions E15,2.1-E15,2.5. Fraction E15.2.1 (30
mg) was purified by silica gel CC (6 g, column 1.0 em size) using the
mobile phase of CHzCl,/MeOH (100:1, v/v) to give 13 (4.0 mg). Frac-
tion E15.2.5 (25 mg) was further purified by reversed-phase silica gel CC
(5 g, column 1.0 cm size), eluted with acetone/H»0 (1:1, v/v) to yield
compound 4 (2.0 mg),

The MeOH fraction (8 g) was subjected to silica gel CC (160 g, col-
umn 5.0 cm size) eluted with CH;Cl,/MeOH (50:1, v/v) to afford 7
fractions (W1-W?7), Fraction W7 (0.78 g) was fractionated by reversed-
phase silica gel CC (25 g, column 2.0 cm size) using acetone/Hz0 (1:4,
v/v) as mobile phase to yield 5 fractions W.7.1-W.7.5. Fraction W7.1
(0.15 g) was further purified by Sephadex® LH-20 CC (15 g, column 1.5
cm size), eluted with MeOH to give compound 12 (6 mg).

3.3, Structure identification of isolated compounds

The phytochemical investigation of the leaves of A, glischroloma
afforded fourteen known compounds identified as 28-nor-urs-12-ene-
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Table 2 Table 2 (continued)
The partial distribution of compounds 1-3 and 10-11. —— Eoedlis Rfevences
Compounds Species References Dracocephalum moldavica Yang et al, (2013a)
28-nor-Urs-12-ene- Swertia mileensis) Yuan et al. (2023) (Lamiaceae)
35,175-diol (1) (Gentianaceae) Patrinia saniculoefolia An et al. (2011)
Alstonia scholaris hu et al, (2022b) (Valerianaceae)
(Apocynaceae) Camellia sinensis (Theacea) Chung (2009)
Acokanthera schimperi Matehie et al. (2019) Actinidia chinensis Zhou et al, (2009}
(Apocynaceae) (Actinidiaceae)
Camptotheca acuminata He et al, (2019) Guettarda angelica Sousa et al. (1984)
(Cornaceae) (Rubiaceae)
Viburnum fordiae Chen et al. (2018) Eucalyptus perriniana Turuya et al. {1987)
(Adoxacene) (Myrlaceae)
Melodinus sumveolens Li et al. (2015a) Cigarrilla mexicana Mala el al, (1988)
(Apocynaceae) (Rubiaceae)
Nerjum oleander Bai et al. (2012) Cynara cardunculus Shimizu ct al. (1988)
(Apocynaceae) (Asteraceae)
Hippophae rhamnoides Yang ct al. (2013h) Patrinia scahiosaefolia Kim and Saengyak
(Elaeagnaceae) (Caprifoliaceae) (1997)
Eucalyptus cladocalyx Benyahia el al. (2005) Plumeria obtusa Siddiqui et al. (1990)
(Myrtaceae) (Apocynaceae)
Hex cornuta (Aquifoliaceae) Lee ctal. (2013) Valeriana laxiflora Gu el al, (2004)
Micromeric acid (2) Rosmarinus officinalis Thin et al. (2021) (Caprifoliaceae)
(Lamiaceae) Carnpsis grandifiora Kim et al. (2005}
Rehmannia glutinosa Chen et al. (2022) (Bignoniaceae)
(Plantaginaceae) Potentilla discolor (Rosaceae) Jang et al. (2006)
Salvia horminum (Lamiaceae)  Ulubelen and Bricskorn Lagerstroemia reginae Lou ct al, (2008)
(1975) (Lythraceae)
Raphiadon echinus De Sousa and Kaplan ent-Kaur-16-en-19-vie- Goniothalamus cheliensis Zhao et al. (2022)
(Lamiaceae) (2006) acid (10) (Annonaceac)
Ledum palustre (Ericaceae) Bukreyeva et al. (2013) Baccharis lateralis Segsa et al. (2020)
Mentha aquatica (Lamiaceae)  Ferhat et al. (2017) (Asteraceae)
Scutellaria edelbergii Shah et al. (2021) Croton dictyophlebodes Mumissi et al. (2020)
(Lamiaceae) (Euphorbiaceae)
Rhododendron adamsii Razgonova et al. (2020 Ageratina deltoidea Arciniegas et al. (2018)
(Ericacea) (Asteraceae)
Salvia barrelieri (Lamiaceae) Tehhili et al. (2018) Acanthopanax senticosus Li et al. (2014)
Thymus algeriensis Gedara (2008) (Araliaceae)
(Lamiaceae) Annonda squamosa Zhou et al. (2013)
Micromeria species Arteaga et al. (1970) (Annonaceae)
(Lamiaceae) Arglia cordata (Araliaceae) Takahashi ct al. (2011)
23-Hydroxy ursolicacid  Elsholtzia densa (Lamiacene) Yang et al. (2022) Wedelia trilobata (Asteraceae)  Qiang et al. (2011)
3 Viburnum lutescens Huong et al. (2022) Schefflera umbellifera Mihembu et al. (2010)
(Adoxaceae) (Araliaceae)
Gaultheria leucocarpa Hu et al, (2022a) Aristolochia constricta Pacheco et al, (2009)
(Ericaceae) (Aristolochiaceae)
Carissa carandas Bano et al. (2022) Plectranthus strigosus Gaspar-Marques el al.
(Apocynaceae) (Lamiaceae) (2008)
Schefflera barteri (Araliaceas)  Mbougnia et al. [2022) Pleurothyrium cinereum Ericsson and Cuca
Juglans hopeiensis Lin et al. (2021) (Lauraceae) {2008)
(Juglandaceae) Copaifera langsdorffii Santos and Rao (2007)
Myrtus communis (Myrtaceae)  Liang et al. {(2020) (Leguminosae)
Ilex rotunda (Aquifoliaceae) Chen et al, (2019) Xylopia cayennensis Diderot et al. (2005)
llex hainanensis Zhao et al, (2019) (Annonaceae)
(Aquifoliaceae) Parinari sprucel Braca et al, (2004)
Lagerstroemia speciosa Lu et al. (2019) (Chrysobalanaceae)
(Lythraceae) Mitrephora celebica Zgoda-Pols et al. (2002)
Cyelocarya paliurus Peng et al. (2018) (Annonaceae)
(Juglandaceae) Elaeoselinum foetidum Mongelli ct al. (2002)
Lyonia ovdlifolia (Ericaceae) Zhao et al. (2018) (Apiaceae)
Euscaphis japonica Ding and Wang (2018) Viguiera hypargyrea Zamilpa et al. (2002)
(Staphyleaceae) (Asteraceae)
Gussonia bancoensis Won et al, (2018) Megastigmane-3,9-diol  Sedum sarmentosum Ninomiya et al. (2007)
(Araliaceae) (11) (Crassulaceac)
Simira sampaioana Viana ot al. (2017) Vitis viniferu (Vitaceae) Skourowmounis el al,
(Rubiaceae) (2000)
Schisandra grandifiora Shi et al, (2016)
(Schisandraceae)
Firmiana simplex (Malvaceae) ~ Woo et al. (2015) 34,17f-diol (1) (Benyahia et al., 2005), micromeric acid (2) (Altinier
Alstonia mairei Li et al. (2015h) et al., 2007), 23-hydroxy ursolic acid (3) (An et al, 2008), euscaphic
:::ﬁomfmww _ acid (4) (Yuan et al., 2019), pomolic acid (5) (Thuong et al., 2005), 3,
{Bricacen) 13-dihydroxy ursalic acid 28,13-olide (6) (Abdel-Monem et al.,, 2015),
Sinningia leucotricha Verdan et al. (2013) ursolic acid (7) (Acebey-Castellon et al., 2011), betulinic acid (8) (Nam
(Gesneriaceae) et al, 2022), oleanolic acid (9) (Acebey-Castellon et al, 2011),
ms{g”“m‘ Song ctal. (2013) ent-kaur-16-en-19-oic-acid (10) (Jung et al, 2009), (35S, 5R, 65,

9R)-megastigmane-3,9-diol (11) (Skouroumounis et al.,

2000),

quercetine-3-glucoside or isoquercetin (12) (Kim et al, 2004),
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ARTICLE INFO ABSTRACT

Keywords: A new cyclobutane derivative 3-(2-butoxy-3-caffeoyl-1-hydroxycyclobutyl)— 3-hydroxypropanoic acid named as
Adinandra megaphylla debutyldoryenic acid (1), and a new flavonoid glycoside named as adinanquercetiside (2), together with thirteen
Debutyldaryenic acid known compounds (3-15) were isolated from leaves of Adinandra megaphylla Hu. Their chemical structures were
”5“0"0[?1:;3'505'58 elucidated on the basis of spectroscopic evidence. In the a-glucosidase activity evaluation, compounds 4, 5 and 7
Eﬂﬁdw significantly inhibited enzyme activity with ICsg values ranging from 13.67 =+ 0.42 pg/mL to 27.52 + 0.51 pg/
mL.

1. Introduction mountains of Vietnam. We have reported the chloroplast genome
investigation of this species recently (Nguyen et al., 2021). As part of our

Adinandra is a genus of approximately 100 species of shrubs or continuing studies on the phytochemistry of unexploited Vietnamese

wooden plants in the Pentaphylacaceae family, distributed in South East
Asian countries, China, Japan, India and African forests (Son and Dung,
2014). In China, A. nitida leaves (Shiyacha) has been consumed as a
health tea beverage, and it has been reported to have many pharmaco-
logical activites, such as antioxidant, anti-inflammatory, antitumor,
reduction of blood pressure and antidiabetic effects (Chen et al., 2015,
2022; Liu et al.,, 2010; Gao et al., 2010). Triterpene saponins and fla-
vonoids have been recognized as their bioactive composition in stems
and leaves of A, nitida (Gao et al., 2010; Wang et al., 2008; Yuan et al.,
2019). Chinese scientists also have reported antioxidant and anti-
proliferation activities of several other Adinandra plants including
A. milletti, A. latifolia, and A. jubata (Chen et al, 2015). In Vietnam,
Adinandra plants like A, hainanensis, A. integerrima, and A. milletti have
been used in traditional medicine for the treatment of cancer, snake bites
and stomach aches (Chi, 2012). Recently, our previous studies on the
A. hainanensis and A. poilanei resulted in the isolation of triterpenes,
nor-diterpene, megastigmanes and sterols, Plant extracts and isolated
compounds showed cytotoxic and a-glucosidase enzyme inhibitory ef-
fects (Oanh et al., 2021; Oanh et al., 2022).

Adinandra megaphylla Hu is a native species found in northern

* Corresponding authors.

plants in the search for new secondary metabolites, we describe herein
the isolation and structure elucidation of a new cyclobutane derivative
named as debutyldoryenic acid (1) and a new flavonoid glycoside
named as adinanquercetiside (2) from the leaves of A. megaphylla
collected in Lao Cai province, Vietham along with thirteen known
compounds (3-15). Their structures were elucidated on the basis of
spectral data and by comparison with the literatures. Several isolated
consfituents were evaluated for cytotoxicity and a-glucosidase enzyme
inhibitory activity.

2. Results and discussion

Compound 1 was isolated as a pale yellow powder. The negative HR-
ESI-MS showed negative pseudo-molecular ion peak [M-H]" at m/z
353.0880, revealing a molecular formula CyH1800. The IR spectrum
exhibited hydroxyl and carbonyl absorptions at 3324 and 1684 em™,
respectively. The 'H and '*C NMR spectrum showed the presence of a
caffeate moiety at 53 7.04 (1 H, d, J= 2.4 Hz, H-2),6.77 (1 H, d, J= 8.4
Hz, H-5), 6.99 (1 H, d, J= 2.4 Hz, 8.4 Hz, H-6), 7.43 (1 H, d, J= 15.6 Hz,
H-7), 6.15 (1 H, d, J= 15.6 Hz, H-8)/8¢ 125.5 (C-1), 114.7 (C-2), 148.3
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Adinanquercetiside (2)

Fig. 2. Key HMBC and NOESY correlations of compound 1.

(C-3), 145.5 (C-4), 115.7 (C-5), 121.3 (C-6), 144.9 (C-7), 114.3 (C-8),
165.7 (C-9). In the HMBC spectrum, an oxymethine proton at §y 5.08 (1
H, m, H-1")/6¢ 70.8 showed cross-peak to carbonyl group C-9 of caffeate
moiety. In the 'H-'H COSY spectrum, this proton H-1 showed corre-
lations with oxymethine proton H-2' (84 3.57) and methylene protons H-
4' (84 2.01 (1 H, m, H-4a) and 1.96 (1 H, dd, J = 4.2 Hz, 13.2 Hz, H-
4'b)). The HMBC cross-peaks of H-1' and H-4' to C-3' (§¢ 73.4); of H-4' to
C-1' (8¢ 70.8) and C-2' (8¢ 70.4) indicated the presence of a cyclobutyl
moiety linked to the caffeate system (Fig. 2). In addition, signals of a 3-
hydroxypropanoic acid fragment at 5y 3.94 (br, H-5), 2.03 (m, 1 H, H-
6'a), 1.79 (1 H, dd, J = 6.6 Hz, 13.2 Hz, H-6'b)/5¢ 68.1 (C-5'), 37.2 (C-
6'), 174.9 (C-7') were observed in the NMR spectra. The 'H-'"H COSY
spectrum revealed H-5' and H-6' were vicinal, The HMBC spectrum
showed the correlations of H-6' to C-5' and C-7', On the other hand,
HMBC cross-peaks of H-6' and C-3' suggested the 3-hydroxypropanoic
acid linked to C-3' of cyclobutane ring (Fig. 2). The presented data of
compound 1 were similar to those of dorycnic acid and colvoldorine,
which both were isolated from Convolvulus dorycnium (Hassine et al.,
2016; Nacef et al,, 2010). The stereochemistry of 1 was assigned by a
NOESY spectrum and comparison of optical rotation and NMR data of 1
to doryenic acid, of which the stereochemistry had been determined by a
combination of Mosher's method and the NOESY experiment (Nacef
et al., 2010). Similar to those of doryenic acid, the NOE interactions of
H-1'/H-2', H-1'/H-4'b, H-2'/H-4'b and H-2'/H-5' indicating that H-1',
H-2', H-5' were on the same side of cyclobutane ring (Fig. 2). In addition,
the measured optical rotation of compound 1, comparable to that of
dorycnic acid []3 ~15 (c 0.13; MeOH) and colvoldorine [a]%-20.1 (c
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0.10; MeOH). Based on these evidences, the configurations at C-1', C-2/,
C-3' and C-5' were assigned as R, the same as those of doryenic acid.
Compound 1 was thus characterized as  3-(2R-hydrox-
y-3R-caffeoyl-1R-hydroxycyclobutyl)— 3R-hydroxypropanoic acid, and
named debutyldorycnic acid (Fig. 1).

Compound 2 was obtained from MeOH fraction as a yellow syrup
and gave HR-ESI-MS at m/z 903.2595 [M+-Cl]" consistent with a mo-
lecular formula of C4sHasOss. The IR spectrum showed hydroxyl ab-
sorptions at 3360 cm™ . The 'H NMR and **C NMR spectra of 2 showed
characteristic signals of a quercetin moiety with two meta-aromatic
protons at &;; 6.19 (1 H, J = 2.4 Hz, H-6) and 6.36 (1 H, J = 2.4 Hz, H-8),
three aromatic protons of an ABX system at dy 7.74 (1 H, d, J= 2.4 Hz,
H-2), 7.26 (1 H, d, J= 8.4 Hz, H-5"), 7.62 (1 H, dd, J= 8.4, 2.4, Hz, H-
6'). In addition, signals of a p-coumaroyl fragment at &; 7.70 (1 H, d, J=
16.2 Hz, H-7"), 6.39 (1 H, d, J= 16.2 Hz, H-8"), 7.46 (2 H, d, J= 8.4 Hz,
H-2', H-6"), 6.83 (2 H, d, J= 8.4 Hz, H-, H-5')/8¢ 127.3 (C-1'), 131.2
(C-2, C-6"), 116.8 (C-3', C-5'), 161.2 (C-4), 146.9 (C-7"), 115.3 (C-8'),
and 168.9 (C-9) were observed. The sugar region showed three
anomeric protons at dg 5.55 (d, J= 1.8 Hz, H-1')/56¢ 100.8, 5.54 (d, J=
7.8 Hz, H-1")/ 82 101.7 and 4.59 (d, J= 1.8 Hz, H-1')/8 102.0 as well as
two secondary methyl groups at &y 1.23 (3 H, d, J= 6.0 Hz, H-6") and
1.29 (3 H, d, J= 6.6 Hz, H-6"). The sugars were determined as D-galac-
tose and L-rhamnose by hydrolysis, derivatization and GC analysis
(Figs. §16-519). The sugar residues were further assigned as a fi-D-gal-
actopyranose and two a-L-rhamnopyranose units based on COSY, HMBC
and coupling constant analyses follow up our previous work (Ho vt al.,
2020), In the HMBC spectrum, the correlations of Rha H-1' (6y 5.55) to
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Fig. 3. Key 'H-'H COSY and HMBC correlations of compound 2.

C-4' (¢ 148.2), Gal H-1 (511 5.54) to C-3 (é¢; 88.6), Rha H-1/ (5,1 4.59) to
C-6' (8¢ 67.3), and Gal H-2' (64 5.39) to C-9' (§c 168.9), respectively,
indicated a-L-rhamnopyranose was connected with C-4', and
[E-p-coumaroyl-(1—2), a-L-rhamnopyranosyl-(1—6)]-§-D-galactopyr-
anoside moiety was connected with C-3 of flavonoid skeleton (Fig. 3).
Therefore, compound 2 was thus identified as quer
cetin-3-0O-[E-p-coumaroyl-(1-2)] [a-L-thamnopyt-
anosyl-(1-6)]-f-D-galactopyranoside-4'-O-a-L-rhamnopyranoside,
named adinanquercetiside.

Known compounds including coniferyl aldehyde (3) (Moujir et al.,
2008), ursolic acid (Oanh et al., 2021) (4), 4,5-dihydroblumeneol (5) (De
Marino et al., 2004), methyl gallate (6), 24-hydroxytormentic acid (7)
(Houghton and Lian, 1986), gallic acid (8), convoldorin (9) (Hassine
et al., 2016) scopolin (10) (Tsukamoto et al., 1985), isoquercitrin (11),
horridin (12) (Flamini et al., 2000), phyllygenin (13) (Kwak et al,
2009), syringaresinol g-D-glucoside (14) (Shahat et al., 2004), and
cammellikaempferoside B (15) (Yang el al., 2016) were elucidated by
comparing their NMR data to the previous literatures (Fig. 51). Except
compound 4 and 5, all the remained compounds were found for the first
time from Adinandra genus.

Several isolated compounds showed good a-glucosidase inhibitory
activity in the assay (I'able 51). Compounds 4, 5 and 7 showed signifi-
cant inhibition with ICsq values ranging from 13.67 + 0.42 pg/mL to
27.52 4 0.51 pg/mL. Compounds 15 displayed moderate activity with
ICsp values of 78.21 &+ 2,12 pg/mL.

The isolated compounds were also evaluated for their cytotoxicity
against four cancer cell lines including SK-LU-1, MKN-7, HepG2, and
HEK-293A using sulforhodamine B (SRB) assay. Only compound 7
showed weak cytotoxicity against all tested cancer cell lines with 1Csy
values ranging from 179.37 + 2.86 pg/mL to 191.87 + 2.94 while other
compounds were inactive at concentration of 200 pg/mL. Unfortu-
nately, two new compounds 1 and 2 were not active in our assays. These
compounds, that have structural similarity with doryenic acid (Nacef
et al., 2010) and cammellikaempferoside B (Yang et al, 2016), respec-
tively, might be promising agents for the treatment of antioxidant stress
and Alzheimer disease.

3. Materials and methods
3.1. Plant materials

The leaves of Adinandra megaphylla Hu (Pentaphylacaceae family)
were collected in Van Ban district, Lao Cai province, Vietnam in 2019
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and identified by Prof, Danh Thuong Sy, Botany Department, Faculty of
Biology, Thai Nguyen University of Education. A voucher specimen
(NHQ-01) was deposited at the Herbarium of Faculty of Biology, Thai
Nguyen University of Education.

3.2, General experimental procedures

Optical rotations were determined on a JASCO P-2000 polarimeter.
IR spectra were obtained on a Bruker TENSOR 37 FT-IR spectrometer.
The 1D and 2D NMR spectra were recorded on a Bruker AVANCE NEO
600 MHz spectrometer with tetramethylsilane (TMS) used as an internal
standard. High-resolution mass spectra (HR-ESI-MS) were obtained on
an Agilent 6530 Accurate-Mass Q-TOF LC/MS system. GCMS experi-
ments were performed with a GCMS-QP2010 Plus system (Shimadzu,
Kyoto, Japan). Column chromatography (CC) was conducted using
230-400 mesh silica gel, Sephadex LH-20, and RP-18 (YMC*GEL, ODS-
A, 30-50 um). Analytical thin-layer chromatography (TLC) was per-
formed on precoated silica gel 60 Fzsq (Merck) and RP-18 Fasss plates
(Merck), and the spots were visualized by spraying with 10 % H35804 in
water, followed by heating.

3.3. Extractions and isolation

The dried, powdered leaves of A. megaphylla (3.5 kg) were macerated
with MeOH (4 % 20 L for 24 h) at room temperature, The MeOH extracts
were combined and evaporated in vacuo. The residue was suspended in
distilled water and partitioned with EtOAc to give EtOAc residue (156 g)
and water layer. The water fraction was subjected to Diaion HP-20 CC,
eluting with solvent of MeOH/water (0/100; 50/50 and 100/0) to yield
MeOH fraction (93 g).

The EtOAc residue was subjected to silica gel chromatography col-
umn (CC) and eluted with solvent gradient of n-hexane/EtOAc (100/
1-0/100)to afford ten fractions (F1-F10). Fraction F3 (5.0 g) was sepa-
rated by silica gel CC eluted with n-hexane/EtOAc (9:1) to give four sub-
fractions F3.1-F3.4. Sub-fraction F3.2 was purified by reversed-phase
silica gel CC eluted with MeOH/H,O (1:1) to yield compound 3
(3.7 mg). Fraction F5 (7.3 g) was fractionated by silica gel CC eluted
with CH3Cl;/acetone (9:1) to give four sub-fractions F5.1-F5.4. Com-
pound 4 (45 mg) was obtained from sub-fraction F5.2 by crystallization
in acetone. Sub-fraction F5.3 was purified by reversed-phase silica gel
CC eluted with MeOH/H0 (1:1) to yield compound 5 (8.2 mg) and two
smaller fractions F5.3.1 — 2. Sub-fraction F5.3.1 was chromatographed
on silica gel CC eluted with CH;Cly/acetone (9:1) to afford compound 6
(4.1 mg). Fraction F6 (5.2 g) was purified by silica gel CC and eluted
with n-hexane/acetone (9:1) to give 7 sub-fractions F6.1-F6.7. Sub-
fraction F6,7 (2.1 g) was fractionated by Sephadex® LH-20 CC, eluted
with MeOH/CH,Cl; (9:1) to give 2 smaller fractions F6.7.1-F6.7.2.
Fraction F6.7.2 (418 mg) was purified by silica gel CC eluted with
CH,Cly/acetone (9:1) to give compound 7 (3.1 mg) and 8 (4.2 mg).
Fraction F9 (4.1 g) was fractionated by Sephadex® LH-20 CC, eluted
with MeOH to give 4 sub-fractions F9.1-F9.4. Sub-fraction F9.1 was
purified by reversed-phase silica gel CC eluted with MeOH/H30 (1:3) to
yield compound 9 (16.5 mg). Sub-fraction F9.2 (400 mg) was separated
by CC on silica gel, eluted with MeOH/CHxCl; (9:1), followed by (19:1)
a reversed-phase silica gel CC eluted with MeOH/Hz0 (1:4) to yield
compound 10 (5.1 mg). Sub-fraction F9.3 (117 mg) was purified by
reversed-phase silica gel CC eluted with MeOH/H;0 (1:3) to yield
compound 1 (8.6 mg).

The MeOH fraction (93 g) was subjected to silica gel CC and eluted
with solvent gradient of EtOAc/MeOH to afford 9 fractions (W1-W9).
Fraction W2 (4.2 g) was fractionated by Sephadex® LH-20 CC, eluted
with MeOH to give 4 sub-fractons W2.1-W2.5. Sub-fraction W2.3
(261 mg) was purified by reversed-phase silica gel CC eluted with
MeOH/Hz0 (1:1) to yield compound 11 (3.6 mg) and 12 (4.2 mg).
Fraction W4 (4.0 g) was fractionated by Sephadex® LH-20 CC, eluted
with MeOH to give 3 sub-fractions W5.1-W5.3. Sub-fraction W4.1 was
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Table 1
'H (600 MHz) and '*C NMR (150 MHz) data of compounds 1 in DMSO-ds.
C B bic
1 . 125.5
2 7.04 (1 H,d, J= 2.4 Hz) 114.7
3 148.3
4 . 1455
5 6.77 (1 H, d,J= 8.4 Hz) 1157
6 6.99 (1 H, d, J = 2.4 Hz, 8.4 Hz) 121.3
7 7.43 (1 H, d, J = 15.6 Hz) 144.9
8 6.15 (1 H, d, J = 15.6 Hz) 114.3
g & s 165.7
1 5.08 (1 H, m) 70.8
z 3.57 (1 H, m) 704
3 734
4 2,01 (m, 1H) 36.3
1.96 (1 H, dd, J = 4.2 Hz, 13.2 Hz)
5 3.94 (br) 68.1
& 2.03 (m, 1H) 37.2
1.79 (1 H, dd, J = 6.6 Hz, 13.2 Hz)
7 = 174.9
3-OH 4,89 (brd, J= 1.2 Hz)
4-0H 4,89 (brd, J= 1.2 Hz)
2-0H 4.89 (brd, J= 1.2 Hz)
5.0H 4,89 (brs)
Table 2
1H (600 MHz) and *°C (150 MHz) NMR data of 2 in CDs0D [8 (ppm), J (Hz)].
o By Bc c B Be
6"-0-rha
2 - 1577 1" 4.59d (1.8) 102.0
3 = 1357 2" 3.65dd (3.6, 721
1.8)
4 - 2 3" 3.57¢ 723
5 - 163.1 4" 3917 74.2
6 6.19 d (2.4) 1000 57 3,58 m 69.8
7 - 1661 6" 1.23d (6.0) 18.0
8 6.36 d (2.4) 948  4'-O-tha
9 - 1584 1 5.55 d (1.8) 100.8
10 - 1058 2 416dd (3.6, 719
1.8)
1 - 1261 3 401dd (9.0, 721
3.6
z 7.74 d (24) 1181 4 3.521(9.0) 73.9
k3 - 1481 5 3.78° 71.0
4 £ 1482 & 1.29d (6.6) 18.1
5 7.26 d (8.4) 1175 2'-0-
coumaroyl
6 7.62dd (84,2.4) 1226 1 : 127.3
3-0- 2 7.46 d (8.4) 131.2
gal
b 5.54 d (7.8) w7 3 6.83 d (8.4) 116.8
o 539 dd (7.8, 739 & E 161.2
10.2)
¥ 3.81° 733 5 6.83 d (8.4) 116.8
4 3.90 brd (3.6) 705 & 7.46 d (8B.4) 191.2
5 3.78* 756 7 7.70d(16.2) 1469
& 3.81%, 3.56 dd 673 & 6.39d(162) 1153
(3.6, 9.6)
g - 168.9

Assignments were done by HSQC, HMBC, COSY, and NOESY experiments.
gal: f-D-galactopyranosyl, rha: e-L-rthamnopyranosyl,
" Overlapping signals,

purified by reversed-phase silica gel CC eluted with MeOH/H20 (1:1) to
yield compound 13 (7.1 mg). Sub-fraction W4.2 was purified by silica
gel CC eluted with MeOH/CH,Cl; (9:1) to yield compound 14 (5.3 mg).
Fraction W8 (1.64 g) was fractionated by Sephadex® LH-20 CC, eluted
with MeOH to give 5 sub-fractions WB.1-W8.5. Sub-fracion W8.4
(90.3 mg) was purified by reversed-phase silica gel CC eluted with
MeOH/H320 (1:3) to yield compound 15 (3.8 mg) and compound 2
(5.1 mg).
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Debutyldorycnic acid (1): Pale yellow amerphous powder. [e15s
~17.8 (c 0.10; MeOH) UV (MeOH) A max (log e) 246 (0.68), 330 (1.13).
IR vmax (KBr) 3324, 2953, 1684, 1637, 1599, 1516, 1285, 1181 cm‘l;
HR-ESI-MS (negative-ion mode) m/z 353.0880 [M-H] (caled. for
C16Hy70s, 353.0878); 'H and *C NMR data, see Table 1.

Adinanguercetiside (2): Yellow syrup. [a155 ~20.1 (¢ 0.11; MeOH).
UV (MeOH) A max (log £) 272 (0.94), 317 (1.27). IR Viayx (KBr) 3360,
2922, 1582, 1507, 1361, 1241, 1186, 1056 cm 1; HR-ESI-MS (negative-
ion mode) m/z 937.2195 [M+CI]™ (caled. for CyqoHsaClO7:, 937.2175);
1H and 'C NMR data, see Table 2.

3.4. a-Glucesidase inhibition assay

The in vitro a-glucosidase enzyme (G0660, Sigma-Aldrich) inhibition
assay of compounds was performed as described in our previous publi-
cation (Ganh et al., 2022). Acarbose was used as a reference compound.

3.5. Cytotoxicity assay

Cytotoxicity of the isolated compounds toward four human cancer
cell lines, including SK-LU-1 (human lung carcinoma), MKN-7 (human
gastric carcinoma), HepG2 (human hepatocellular carcinoma) and HEK-
293A (human embryonic kidney cells) were evaluated using SRB assay
as previously described (Hanh et al., 2019). Ellipticine was used as a
positive control.

3.6. Determination of monosaccharide compositions

Monosaccharides of compound 2 was determined by hydrolysis,
alditol per-acetate derivatization and GC analysis using our previously
reported procedure (Ho et al., 2020). The monoesaccharides present in 2
were confirmed to be L-rhamnose and D-galactose by comparing the
retention times of the alditol per-acetate derivatives with the corre-
sponding derivatives prepared from standard sugars under the same
conditions.

4. Conclusions

Two new compounds debutyldorycnic acid (1) and adinanquerceti-
side (2), along with thirteen known compounds (3-15), were isolated
from the leaves of A. megaphylla. Compounds 4, 5 and 7 significantly

inhibited a-glucosidase enzyme activity with 1Cs; values ranging from
13.67 4 0.42 pg/mL to 27.52 + 0.51 pg/mL.
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Complete chloroplast genome
of novel Adrinandra megaphylla
Hu species: molecular structure,
comparative and phylogenetic
analysis

Huu Quan Nguyen?, Thi Ngoc Lan Nguyen®™, Thi Nhung Doan?, Thi Thu Nga Nguyen?,

* Mai Huong Pham?, Tung Lam Le?, Danh Thuong Sy?, Hoang Ha Chu? & Hoang Mau Chu®*™

. Adrinandra megaphylla Hu is a medicinal plant belonging to the Adrinandra genus, which is well-

* of plant phylogenetic studies and more clarified taxonomic levels

known for its potential health benefits due to its bioactive compounds. This study aimed to assemble
and annotate the chloroplast genome of A. megaphylla as well as compare it with previously published
cp genomes within the Adrinandra genus. The chloroplast genome was reconstructed using de novo
and reference-based assembly of paired-end reads generated by long-read sequencing of total
genomic DNA. The size of the chloroplast genome was 156,298 bp, comprised a large single-copy
(LSC) region of 85,688 bp, a small single-copy (SSC) region of 18,424 bp, and a pair of inverted repeats
(IRa and IRb) of 26,093 bp each; and a total of 51 SSRs and 48 repeat structures were detected. The
chloroplast genome includes a total of 131 functional genes, containing 86 protein-coding genes, 37
transfer RNA genes, and 8 ribosomal RNA genes. The A. megaphylla chloroplast genome indicated
that gene content and structure are highly conserved. The phylogenetic reconstruction using complete
cp sequences, matK and trnL genes from Pentaphylacaceae species exhibited a genetic relationship.
Among them, matK sequence is a better candidate for phylogenetic resolution. This study is the first
report for the chloroplast genome of the A. megaphylia.

The chloroplast (cp) acts as a vital and essential organelle playing an indispensable role in several crucial bio-
chemical processes and photosynthesis of plants', The cp genome is uniparental inheritance and generally has a
quadripartite structure including one large single-copy (LSC) region, one small single-copy (SSC) region, and two
inverted repeat regions (IRs) of the same length?, In terms of gene structure and compaosition, the cp genome is
more conserved, compared with nuclear and mitochondrial genomes?. These chloroplast DNA features were used
by scientists to construct chloroplast DNA phylogenies, demonstrating to be greatly beneficial in the exploration
13, 'The whole chloroplast genome was reported

! ascircular and its genes were a single evolutionary unit®’, The chloroplast DNA genome sequencing in complex
. genome plants has been proven to be comparatively inexpensive and easy™”.

Adinandra genus has been consumed as a traditional health tea beverage in China, and it has been described

! to have many curative effects, such as reduction of blood pressure, anti-inflammatory, antibacterial, antitumor,

antitoxic, and analgesic effects'™'". Surprisingly, to date, limited reports have been published about Adinandra
genus. Adinandra megaphylla Hu, belonging to the Adinandra genus, was first published in Bull. Fan Mem. Inst.
Biol,, Bot. 6: 172 (1935). The related information is about morphological descriptions'? and bioactivity assays .
A few species were used by molecular phylogenetics, including A. dumosa'’; A. elegans, A. formosan, A. lasiostyla,
A millettii, A. yaeyamensi'?; A. millettii, A. angustifolia'. To date, there have not been any studies on the genomes
of A. megaphylla Hu, especially the chloroplast genome, this leads to the lack of information for estimating the
phylogenetic relationships within Adrinandra genus.

| Thainguyen University of Education, Thai Nguyen University, Thai Nqguyen 250000, Vietnam. nstitute of

Biotechnology, Vietnam Academy of Science and Technology, Hanoi 100000, Vietnam. “’email: ntnlan.dhsptn@
tnu.edu.vn; chuhoangmau@tnu.edu.vn
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Figure 1. Chloroplast map of A. megaphylla Hu in Vietnam. Genes shown inside the circle are transcribed
clockwise, whereas genes outside are transcribed counterclockwise. The light gray inner circle shows the AT
content, the dark gray corresponds to the GC content.

For the first time, we reported a new complete chloroplast genome of A. megaphylla Hu, and combined it with
previously published Pentaphylacaceae complete chloroplast genomes data to visualize and evaluate the genome
organization and phylogenetic relationships.

Results

Chloroplast genome assembly and annotation. Using the PacBio SEQUEL system, 29,815,452 bp of
raw sequence data of the whole genome were generated from A. megaphylla Hu (Fig. 1). The mean read length is
2938 bp, the N50 conlig size is 3594 bp and approximately 5% of the genomic genome belongs to the cp genome
with 188 x coverage. The cp genome size of 156,298 bp of A. megaphylla Hu was derived from the assembly.
As shown in most cp genomes, the assembled A. megaphylla Hu plastome exhibited the typical quadripartite
structure comprising of the four regions, a pair of inverted repeals (IRs 26,093 bp), LSC (85,688 bp), and SSC
(18,424 bp). Besides, the cp genome of A. megaphylla Hu contains 131 genes, and the percent of the GC content
of the cp genome was 37.4% (Table 1),

Chloroplast genome annotation. The cp genome of A. megaphylla Hu includes 37 tRNA genes, 8 rRNA
genes (165, 238, 58, and 4.58), and 86 protein-coding genes (Table 1). There were 123 genes assigned into three
groups based on their functions. Regarding the photosynthesis-related gene calegory, there are 43 genes, con-
taining genes encoding the large subunit of Rubisco related to the photosynthetic electron transport chain and
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LSC size (bp) 85,688
SSC size (bp) 18,424
IR size (bp) 26,093
GC content (%) 374
Nao. of genes 131
No. of PCGs 86

No. of t(RNA 37

No, of rRNA 8

Table 1. Summary of the chloroplast genome of A. megaphylla Hu species.

Subunits of ATP synthase atpA, atpB, atpE, atpP, atpH, atpl
Subunits of NADH-dehydrogenase ndhA®, ndhB (x2), ndhC, ndhD), ndhE, ndhE, ndhG, ndhH, ndhl, ndhj, ndhK
Subunits of cytochrome b/f complex petL, petB*, petG, petA, petD, petN

Photosynthesis
Subunits of photosystem 1 psal, psaC, psaA, psal, psaB
Subunits of photosystem 11 psbA, pshB, psbC, psbD, psbE, psbE psbH, psb], psbK, psbL, psbM, psbN, psbT, psbZ
Subunit of rubisco rhel.
Large subunit of ribosome rplld, rpll6%, rpl2 (%20, rpl20, rpl22, rpi23 (x2), rpi32, rpl33, rpl36
DNA dependent RNA polymerase rpoB, rpad, rpoCI*, rpoC2
Small subunit of ribesomal proteins rpsil, wps12, rpsid, rpsts, rpsl6®, rpsi8, rps19 (x2), rps2, rps3, rpsd, rps7 (x2), rps8
rRNA genes rrn238 (x2), rend65 (x2), renSS (x2), rend 58 (x2)

Transcription and translation trA-UGC (x2)%, trnC-ACA®, trnC-GCA, tmD-GUC, trnE-UUC (x2)%, trF-GAA,

trnG-GCC, trnH-GUG, trnK-UULP, irnl-CAA (x2), trnL-UAA®, trnL-UAG, trnM-CAU

IRNA genes (%2), trmN-GUU (x2), trnP-UGG, trnQ-UUG, trnR-ACG (x2), trnR-UCU, trnS5-CGA

", trnS-GCU, trnS-GGA, trnS-UGA, irnT-GGU, tmT-UGU, trn V-GAC (%2}, trmW-CCA,
trnY-GUA

Translational initiation factor

infA

Subunit of acetyl-CoA-carboxylase (fatty acid synthesis)

accD

c-type cytochrome synthesis gene

ccsA

Envelope membrane protein (carbon metabolism)
Other genes

cemA

Protease

clpp®

Maturase (RNA processing)

matK

Conserved open reading frames

yefl, yof2 (x2), yef3", yefd, ye/15 (x2)

Table 2. Gene composition of A. megaphylla Hu chloroplast genome, Genes marked with the sign are the gene
with a single (a) or double (b) introns and duplicated genes (x2).

putative NADPH dehydrogenase genes. Also, 68 genes were functioning in the transcription and translation
processes. The majorities are tRINA genes, and the others are rRNA genes and genes encoding subunits of RNA
polymerase and ribosome proteins. The remaining twelve genes with different functions are classified in the cate-
gory of other genes, including five genes with known functions in fatty acid synthesis (accD), c-type cytochrome
synthesis (ccsA), carbon metabolism (cemA), (clpP) proteolysis, and RNA processing (matK). Otherwise, five
genes encoding for the conserved reading frames (ycfl, ycf2, ycf3, ycf4, ycf15) with unknown functions were
annotated in the plastome. Eighteen genes (all 4 rRNA genes, 7 tRNA genes, 4 ribosomal protein-coding genes,
1 NADH-dehydrogenase protein-coding gene and 2 other genes) were annotated with two copies located in IR
regions (Table 2). There are 18 cp genes harbored introns, among which 13 genes (atpE rpoCl, rpi2 (x2), ndhB
(x2), ndhA, petB, rpli6, trnA-UGC (x2), trnC-ACA, trnE-UUC, trnK-UUU, trnL-UAA and irnS-CGA) contained
one intron, while 2 genes (ycf3, clpP) contained 2 introns (Table 2).

Repeat sequences and codon analysis.

The total number of identified simple sequence repeats (SSRs)

in the chloroplast genome of A, megaphylla Hu was 40. All repeats were mono repeats composed of A or T (size

of 10-19) (Fig. 2A). There were no di-,

(Fig. 2B).

tri-, tetra-, penta-, and hexa-nucleotide SSRs in the A. megaphyila Hu

The cp genome of A. megaphylla Hu was identified with 49 repeats consisting of 26 palindromic repeats, 19
forward and 4 reverse repeats. There were no complement repeats (Fig. 3). The smallest unit size of the repeat
was 22 bp while the largest unit size was 62 bp. Most of the size of the repeats (72%) was higher than 30 bp.
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Figure 2. Analysis of single sequence repeats of plastome in A. megaphylla Hu. (A) Number of identified SSR
sequence motifs; (B) Frequency of repeat types in LSC, SSC, and IR regions.
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Figure 3. Repeat analysis on a genomic scale in A. megaphylla Hu,

The codon usage frequency of 64 protein-coding genes for three Adinandra species was evaluated. The total
number of codons for protein-coding genes was 52,076 in those coding regions. G- and C-ending are found to
be more frequent than their counterparts A and U (Table 3). Among the 20 amino acids, serine was the most
abundant (number of codons encoding serine=4975, 9.55%), leucine ranked second (number of codons encoding
leucine= 4883, 9.37%), while the rarest one is tryptophan (677 codons, approximately 1.3%). Thirty codons were
observed to be used more frequently than the expected usage at equilibrium (RSCU> 1) and thirty-one codons
showed the codon usage bias: (RSCU < 1). Moreover, the frequency of use for the start codons AUG and UGG
(methionine and tryptophan), as well as AUA (isoleucine) showed no bias (RSCU=1).

Comparative chloroplast genomic analysis. To characterize genome divergence, the annotation of A.
megaphylla Hu was taken as references. The comparison revealed that three chloroplast genomes were highly
similar (Fig. 4). The plastome sequences were fairly conserved across the three data with a few regions with a
variation. The results exhibited the divergence in LSC and SSC regions were higher than in IR regions. Besides,
the sequences in the coding regions tended to be more conserved whereas most of the variations detected were
found in conserved non-coding sequences (CNS). The sequences of exons were nearly identical throughout
the three taxa. Among the coding genes, the highly disparate regions included matK, rpoC2, ndhK, ndhD, yefl.

The sliding window analysis showed that the average pi value of the LSC {Pi=0.001569) and SSC
(Pi=0.001339) regions was much higher than that in the IR (Pi=0.000219) regions, which showed that LSC
and SSC regions contained the most of the variation (Fig. 5). Among the 3 Adinandra species, the average value
of nucleotide diversity (Pi) was 0.00119,

IR contraction and expansion in the chloroplast genome. ‘The IR and SC boundaries of the three
Adinandra were compared. Overall, the results indicated that the size, organization and gene content of the
chloroplast genomes were highly similar among the three species. The size of IR ranges from 26,089 bp (A.
megaphylla Hu) to 26,095 bp (A. millettii). And the size of IR of A. angustifolia was 26,092 bp. The ndhF gene
was situated within the LSC region with a 5 bp overlap with the IRa for all three Adinandra species. Similarly, the
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ARTICLEINFO ABSTRACT

Keywords: The phytochemical investigation of the leaves of Adinandra glischroloma Hand.-Mazz. resulted in the isolation of
Adinandra glischroloma fourteen known compounds including nine triterpenoids: 28-nor-urs-12-ene-34,17f-diol (1), micromeric acid (2),
Penlaphy{acaceﬂe 23-hydroxy ursolic acid (3), euscaphie acid (4), pomolic acid (5), 3,13-dihydroxy ursolic acid 28,13-olide (6),
irnr:::ncrijj teitevpenss ursolic acid (7), betulinic acid (8), and oleanolic acid (9); one diterpene: ent-kaur-16-en-19-oic-acid (10); one
Mapastigmaie megastigmane; (3S, 5R, 6S, 9R)-megastigmane-3,9-diol (11), one flavonoid: isoquercetin (12); one lignan:
Lignan syringaresinol (13), and one sterol: g-sitosterol (14). The chemical structures were determined by NMR, MS

spectroscopic analyses and comparison with literature values, All of these compounds were isolated from
A. glischroloma for the first time. Furthermore, this is the first report on the isolation of compounds 1-3, 10, and
11 from the genus Adinandra and the Pentaphylacaceae family. Compounds 1-3, 10, and 11 may be used as
chemotaxonomic markers to differentiate between A. glischromola from other species of the Adinandra genus. Our
results showed that A, glischroloma plant is rich in pentacyclic triterpenes and possessed a strong relationship

with other Adinandra species in Vietnam.

1. Subject and source

The genus Adinandra is one of the largest genera in the Pentaphy-
lacaceae family and consists of approximately 100 species distributed in
Souith East Asian countries, China, Japan, India and African forests (5on
ang Dung, 2014), There are fourteen Adinandra species in Vietnam,
distributed in the northern and central provinces of Vietnam. Adinandra
plants in Vietnam like A, hainanensis, A. integerrima and A. milletti have
been used for the treatment of throat cancer, snake bites and stomach
aches (Chi, 2012), The leaves of Adinandra nitida in China, have been
used as a traditional tea (Shiyacha) due to its various pharmacological
activities such as reducing blood pressure and blood lipids, antioxidant,
and anti-inflammatory effects (Cao ol al., 2004; Lin ¢t al, 2010), Chi-
nese scientists also documented that several other Adinandra plants
including A. milletti, A. latifolia and A, jubata have possessed antioxidant

A. hainanensis, A. poilanei and A, megaphylla showed that the plant ex-
tracts and isolated compounds exhibited the eytotoxicand «-glucosidase
inhibitory activity (Oimh et al., 2027¢, 2022; Quan et al,, 2023).

In this study, the leaves of Adinandra glischroloma plant were
collected from Bat Sat district, Lao Cai Province, northern Vietmam (GPS
longitude: 103°37'42'E, latitude: 22°37'35'N, altitude: 1844m) in
September 2021. The plant materials were identified by Professor Sy
Danh Thuong, Botany Department, Faculty of Biology, Thai Nguyen
University of Education. A voucher specimen (NHQ-04) was stored at
Faculty of Biology, Thal Nguyen University of Education.

2. Previous work

Previous chemical studies of Adianandra species including A. nitida,
A, hainanensis, A. poilane, A. lienii and A. megaphylla have revealed the

and antiproliferation activities (Chen et al., 2015), Our recent studies of presence of diverse compounds like triterpenoids (filew e al.. 2021;
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E-mail addresses: |« thumbsinlbavastvn (LN. Thanh), quanshinaoaeedoaon (NH Quan),

Inghpess /o donorgy L0 L0EG . se, 2024, 104805

Received 22 August 2023; Received in revised form 14 February 2024; Accepted 17 February 2024

0305-1978/© 2024 Elsevier Ltd. All rights reserved,



P.T.T. Hang et al. Biochemical Systematics and Ecology 113 (2024) 104803

Micromeric acid (2) 23-Hydroxy ursolic acid (3)

3,13-Dihydroxy ursolic acid-
28,13-olide (6)

Hooc™
ent-Kaur-16-en-19-oic-acid (10) (35, 5R, 68, 9R)-Megastigmane Isoquerecitrin (12)
-3,9-diol (11)
MeQ
OH
@\ OMe
aH
Syringaresinol (13) [F-Sitosterol (14)

Fig. 1. Chemical structures of isolated compounds from A. glischromola leaves,
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Abstract. We describe a new species of Theloderma from northeastern Vietnam based on morphological

differences and molecular divergence. Theloderma khoii sp. nov. is distinguishable from its congeners
on the basis of a combination of the following characters: large size, SVL 52.1 mm in male, 59.4 mm
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in female; head length and width equal; vomerine teeth present; snout pointed and truncated, eye large,
ED 4.7 mm in male, 5.6 mm in female, spinules on upper eyelid; tibiotarsal articulation reaches to the
posterior border of the eye or the tip of the snout; dorsal skin very rough with large irregular gland
ridges and warts, ventral surface of body granular; tips of all digits dilated but all considerably smaller
than tympanum; dorsal surface mossy green or olive mottled with dark magenta. The distribution of the
new species is unknown but probably extends into adjacent high elevation forested areas in Ha Giang
Province, Vietnam and in Yunnan Province, China with an extent of occurrence of only <1000 km* and
continuing decline in the quality of its habitat due to deforestation. Thus, we suggest the species should
be considered Endangered following IUCN’s Red List categories.

Keywords. Theloderma khaii sp. nov., karst forest, molecular phylogeny, taxonomy, Ha Giang Province.

Ninh H.T., Nguyen T.T,, Nguyen H.Q., Hoang N.V., Siliyavong S., Nguyen T.V,, Le D.T,, Le QK. & Zicgler T.
2022, A new species of mossy frog (Anwa: Rhacophoridae) from Northeastern Vietnam. Ewropean Jowrnal of
Texonomy 794: 72-90. https://doi.org/10.5852/¢j1.2022.794.1655

Introduction

The genus Theloderma Tschudi, 1838 is a poorly known group of tree frogs due to their cryptic habits
and because they are infrequently encountered (Nguyen er al. 2014). This genus is currently comprised
of 26 species distributed throughout Southeast Asia, southern China and northeastern India (Hou er al.
2017; Poyarkov ef al. 2018; Frost 2021). Theloderma is characterized by the combination of the following
morphological characters: (1) distinct tympanum, (2) rounded canthus rostralis, (3) absence of bony ridges
from canthus rostralis to occiput, (4) skin of head not co-ossified to the skull, (5) having some degree of
tuberculate skin, sometimes with calcified warts on the dorsum, and (6) Y-shaped terminal phalanges (Liem
1970; McLeod & Norhayati 2007; Rowley et al. 2011; Nguyen et al. 2015, 2016; Poyarkov et al. 2015,
2018; Dever 2017; Hou ef al. 2017). However, morphological synapomorphies are lacking for the genus,
and the monophyly of Theloderma is not certain (Bain ef al. 2009; Li ef al. 2009: Rowley et al. 2011)
according to the recent review by Dubois ef al. (2021). Many species were described based on a single or
a few specimens only, and are still imperfectly known (Stuart & Heatwole 2004; Orlov ef af. 2006; Bain
et al. 2009). To date, 16 species have been recorded from Vietnam: 7. albopunctaium (Liu & Hu, 1962),
until recently recorded as T. asperum (Boulenger, 1886); 7. annae Nguyen, Pham, Nguyen, Ngo & Ziegler,
2016; T auratum Poyarkov, Kropachev, Gogoleva & Orlov, 2018; 7. bicolor (Bourret, 1937); T. corficale
(Boulenger, 1903); T. gordoni Taylor, 1962; T. laeve (Smith, 1924); T. lateriticum Bain, Nguyen & Doan,
2009; T. nebulosum Rowley, Le, Hoang, Dau & Cao, 2011; 7. palliatum Rowley, Le, Hoang, Dau & Cao,
2011; T petilum (Stuart & Heatwole, 2004); T. rhododiscus (Liu & Hu, 1962); T! rvabovi Orlov, Dufta,
Ghate & Kent, 2006; T. truongsonense (Orlov & Ho, 2005); T. vietnamense Poyarkov, Orlov, Moiseeva,
Pawangkhanant, Ruangsuwan, Vassilieva, Galoyan, Nguyen & Gogoleva, 2015 (formerly recorded as
T. stellatum Taylor, 1962) (Orlov & Ho 2005; Orlov et al. 2006, 2012; Orlov 2007; Bain et al. 2009;
Nguyen et al. 2009, 2012,2015, 2016; Rowley et al. 2011; Poyarkov et al. 2015, 2018).

During recent field work in Ha Giang Province, northeastern Vietnam, specimens of a tree frog species
were collected in deep narrow valleys within limestone mountains, between elevations of 1320 to
1750 m a.s.l. The area was covered by primary and secondary broadleaved karst forests. Molecular
comparisons revealed that this taxon was nested within the genus Theloderma. Closer morphological
examination showed that the newly discovered population from Ha Giang is clearly distinguishable from
other known members of Theloderma by a combination of morphological features. The phylogenetic
analyses revealed this taxon to be sister to 7. bicolor with a strong support value, but being distinctly
separated from it. Due to morphological and molecular differences between the newly collected
specimens and all other congeneric species, we herein describe the newly discovered Theloderma
population from Ha Giang as a new species.
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Abstract

Background

The Hekou Torrent Frog (Amolops shihaitaoi) was recently discovered from southern China
and northern Vietnam in 2022. The knowledge about natural history and feeding ecology of
this species is virtually lacking.

® Sillyavong S et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.
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New information

Based on our recent fieldwork in northern Vietnam, we report a new population of A.
shihaitaoi from Ha Giang Province. In this study, we provide novel data on the diet of A.
shihaitaoi, based on stomach content analyses of 36 individuals (17 males and 19
females). A total of 36 prey categories with 529 items, comprising 515 items of
invertebrates and 14 unidentified items, were found in the stomachs of A. shihaitaoi. The
dominant prey items of the species were Hymenoptera (Formicidae), Orthoptera
(Acrididae), Lepidoptera (Lepidoptera other), Mantodea (Mantidae) and Araneae. The
importance index (Ix) of prey categories ranged from 7.1% to 11.5%. Hymenoptera
(Formicidae) had the highest frequency of prey items, found in 36 stomachs.

Keywords

distribution, new records, morphology, prey items, stomach contents

Introduction

Studying dietary ecology is crucial for understanding natural history, population fluctuations
and the impact of habitat change on frog populations (Ogoanah and Uchedike 2011).
Identifying prey taxa for each species will help clarify the impact of frogs on local
invertebrate fauna and determine which prey species are dietary resources for the frogs
(Nakamura and Tominaga 2021). Some species have highly varied diets, but concentrate
their consumption on a few prey categories (Siqueira et al. 2006, Lima et al. 2010, Pham et
al. 2019), while others have a narrow or specialized diet on certain prey categories (Rodel
and Braun 1999, Hirai and Matsui 2000, Solé et al. 2002, Pham et al. 2022). In addition,
the diet of amphibian species depends on prey availability in the environment (Toft 1980,
Donnelly 1991).

Diet differences between sexes may occur due to differences in energy expenditure and
behaviour (Donnelly 1991, Valderrama-Vernaza et al. 2008) or in response to seasonal
variations in prey availability (Maneyro et al. 2004). However, both males and females are
usually capable of consuming prey of different sizes, so dietary differences between sexes
generally occur in the number of prey consumed (Donnelly 1891, Valderrama-Vernaza et
al. 2009) or in dietary composition (Brasileiro et al. 2010).

The genus Amolops Cope, 1865 currently contains 74 predominantly diurnal species that
inhabit forest streams (Patel et al. 2021, Frost 2023). Despite a large number of species,
dietary studies in the genus have only been done on Amolops larutensis (Berry 2009). In
Vietnam, studies on the diet have also been conducted on several amphibian species,
including Quasipaa verrucospinosa in Thua Thien Hue Province (Ngo et al. 2014) and
Microhyla butleri, M. heymonsi and Odorrana chapaensis in Son La Province (Pham et al.
2019, Pham et al. 2022). Those studies demonstrated that these frogs have varied diets,
with the majority being ants, beetles, dipterans and insect larvae.
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Nguyén Quang Tinh, NguyZn Manh Hing, D3 Bich Dug - Nghién ciru dic diém sinh hoc cia céc ching vi

khuan Actinobacillus pleuropneumoniae phén ldp tir lgn bi viém phdi nudi tai huyén Hiép Haa, tinh Bic Giang 142

Nguyén Viin Binh, Pinh Ngoc Béch - Nghién ciru chon loc ca thé lon dye gibng va céi sinh san tir 3 gidng thudn

duroc, piétrain va landrace 1am nguyén liéu cho lai tao dyc lai cudi ciing 149

Déng Thj Hodng Yén, Pham Thj Thanh Tém, Lim Thj Thu Huwong - Nghién ciru bao ché gel ding qua da

chira lornoxicam 155

Pdng Quang Huy, Nguyén Quéc Thinh, Nguyén Ngoc Minh, Lé Thu Hoai - Nghién ciru bao ché kem tri bong

tir 16 héi, rau m4, thd hoang lién 161

Nguyén Thj Thoa, L& Viin Phic, Phym Thj Thanh Vin, Pham Thé Vit - Pa dang tai nguyén cdy thube va

gidi phap bao tdn & khu béo tdn thién nhién Thin Sa - Phugng Hoang 168

Trinh Thj Chung, Pham Biing Phwong, Tq Thj Lwong, Luu Hing Son, Trdn Viin Chi, Q!nh Thj Kim Hoal,

Vi Pgi LAm - Nghién ciru dnh huéng ciia dd tudi thu hoach dén chét luong qua chudi tay Bic Kan sau qua trinh

rAm chin bing khi ethylene ngoai sinh 176

Trén Thanh Vén, Nguyén Thj Thiy My, Nguyén Dic Trwdng, Nguyén Thi Bich Pao - Anh hwong cia bd

sung acid Park 4 way 2X dén kha néing san xudt thit ciia ga Broiler cobb500 nudi chudng kin vu he 182

Nguyén Thi Hoa, Trin Thj Kim Phugng - Hpi chimg chuyén hoa & bénh nhén ung thw duge héa tri tai Bénh

vién Trung vong Thai Nguyén 190

Trén Thj Thanh Hwong - Con dudng ngiin ¢an CTLA-4 va PD-1 trong lidu phap mién dich chdng ung thu 196

Lé Binh Minh, Trén Nggc Bich - Khaio sat nguyén nhan dé kho trén cho tai Bénh xa Thi y Truedmg Bai hoe Ciin Tho 203

Lé Thj Thanh Hwong, Nguyén Thj Quinh - Diéu tra thyc vit sir dyng lam thude chira bénh vé da day theo kinh

nghiém ciia cong dbng céc dén toe & tinh Thai Nguyén 209

Trin Thanh Ting, Hoang Vin Ngoc - Thanh phin loai luémg cu, bo st & ving nai Ngoc Thanh, thinh phd

Phiic Yén, tinh Vinh Phuc 217

Lwu Minh Chéu, Trin Thj Thio Nguyén, Ly Thj Thiy Duyén, Trin Thj Xuin Nghi, L& Quéc Vit, Bii

Hodng Ding Long. Nguyén Ngoc Thanh, Huynh Xudin Phong - Ung dung vi khudn lactic trong sdn xudt thir

nghiém nuéc téy rira sinh hoe tir nuée chua tiu ha 222

Huynh Xuvén Phong, Lyi Pire Linh, Pham Hodng Nam, Nguyén Ngoe Thanh, Boi Hodng Ping Long - sén

xudt chitin tir v tém s (Penaeus monodon) sit dung vi khudn Bacillus sp. TV11 va Lactobacillus sp, T432 230

Tangmany SYSOMEPHONE, Ngé Ditm Quynh, PHANTHAHAK Santhana, Nongkhan MANISOK, Pham

Thj Thanh Nhian - Nghién ctru cong thirc khir tring méu va mdi trwéng nuéi cdy in vitro cdy binh vdi vang

(Stephania spp.) 239

Pham Thl Thanh Nhan, Pham Quang Son, Cao Thi Phwong Thio, Lé Hitu Th:éng Ngh.lel‘l ciru phdn Lip

mdt sb vi sinh vt gy bénh & thyc vt va thir nghiém hoat tinh khang ciia mot s6 ché phdm co ngudn gdc sinh hoc 245
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THANH PHAN LOAI LUONG CU, BO SAT
| O VUNG NUI NGQC THANH, THANH PHO PHUC YEN, TINH VINH PHUC

TrAn Thanh Ting!", Hoang Vin Ngo¢?
ITruimg Cao ding Vinh Phiie, *Trudng Pagi hgc Su pham - DH Thdi Nguyén

TOM TAT

Viing ndi Ngoc Thanh thuge thanh phé Phic Yén, tinh Vinh Phic con nhiéu dién tich rimg ty
nhién. Do céc hoat ddng cia con ngudi di tac dong dén méi trudng 1am mét cdn bling sinh théi,
mét noi & chia mot s6 loai trong dé c6 céc lodi Ludng cu, Bo sat. Nhdm dénh gid hién trang thanh
phéin lodi noi ddy, nhém téc gia da khao thyc dja tir théng 3 dén 7 ném 2018 va thu thap dugc 208
mAu vt ciia 64 lodi ludng cu, bd sét thude 53 gidng, 25 ho, 5 bd. Trong d6 by Squamata da dang
nhét v6i 13 ho, 26 gibng, 33 lodi; ho Colubridae da dang nhét véi 6 gibng, 9 loai; gibng Sylvirana
da dang nhét c6 5 lodi. P xdc dinh & viing nghién c{ru ¢6 15 lodi trong Séch D6 Viét Nam (2007);
7 lodi c6 tén trong Danh Lyc Do IUCN (2018); 8 loai ¢6 tén trong Nghj dinh 06/2019/ND-CP clia
Chinh phu.

Tix khéa: Thanh phén lodi; luéng cu; bo sdt; Ngoc Thanh; Vinh Phile.

Ngdy nhgn bai: 27/3/2020; Ngdy hodn thién: 14/6/2020; Ngiy diing: 22/6/2020

SPECIES COMPOSITION OF AMPHIBIANS AND REPTILES FROM NGOC
THANH MOUNTAIN FOREST, PHUC YEN CITY, VINH PHUC PROVINCE

Tran Thanh Tung'", Hoang Van Ngoc?
Winh Phuc College, *TNU - University of Education

ABSTRACT

Many natural forests still exist in the Ngoc Thanh mountainous area in Phuc Yen city, Vinh Phuc
province. Human activities have been affecting the environment and causing ecological
imbalances. Besides, these activities also cause habitat loss for some species, including amphibians
and reptiles. Assessing the current status of species composition, we conducted a field survey in
this area from March to July 2018, We collected 208 specimens of 64 species of amphibians and
reptiles belonging to 53 genera, 25 families, and five orders. Classification results had recorded the
Squamata is the most diverse order with 13 families, 26 genera and 33 species; the Colubridae is
the most varied family with six genera and nine species; the most diverse genus is Sylvirana with
five species.There were 15 species identified in Vietnam’s Red Data Book (2007); 7 species are
listed in the IUCN Red List of Threatened Species (2020); 8 species are listed in the Decree No.
06/2019/ND-CP dated January 22, 2019, of the Government.
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