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Studies on chemical constituents and bioactivities of leaves of Torreya grandis
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Abstract: Objective To study the chemical constituents and bioactivities of leaves of Torreya grandis. Methods The chemical
constituents were isolated by MCI-Gel CHP-20, Diaion HP-20, Toyopearl HW-40, Sephadex LH-20, RP-5 and silica gel column
chromatographic methods. Their structures were identified on the basis of physicochemical and spectroscopic analysis. The cytotoxic
activity and antitumor activity of compounds 1—4 were investigated by lethal-to-prawn larva bioactivity determining method and
MTT assay. Results Ten compounds were isolated from EtOAc extract and n-BuOH of leaves of T. grandis. Their structures were
identified as torreyagrandate (1), hinokiol (2), 4-epiagathadial (3), 3,4-dihydroxybenzoic acid 3-O-B-D-glucoside (4), dehydroabietic
acid (5), trans-communic acid (6), cis-communic acid (7), (2-methoxy-1,4-phenylene) dimethanol (8), pinoresinol (9), and B-sitosterol
(10). The bioactivity experiment indicated that compounds 1—4 possessed certain cytotoxic activity towards brine shrimp, and LCs,
value were 7.7, 8.0, 8.8, and 4.2 pg/mL, respectively. In addition, it was found that compound 4 presented remarkable inhibitory effect
on two kinds of cells of human liver cancer cells of Huh7 (67%) and HepG2 (69%) at a dose of 10 ug/mL. Conclusion All compounds
are isolated from leaves of 7. grandis for the first time expect compound 10. Compounds 1—4 exhibite certain cytotoxic activity, and
compound 4 displays stronger antitumor activity towards Huh7 and HepG2 liver cancer cells.
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TNE Torreya grandis Fort. var. merrillii Hu, X
FRAEME, J& 4 D AZEL (Taxaceae) HEJ& Torreya Am.
HaSAN, RIERA IS5 T RIS
—, FESMAERKIILUEE 28 L5, #L%EE
XP, ek e b 3 B g 1 . w5
TSR AT, . B ERT, AAE KR
B, RS LA R ER CBE AN IE T T A= U2 3L
A IR FE o A AR AR A e 2 7 )
(R R 0T = B i L 7 MR EOR AR TR « LR (R B
KIGHTFHS) BA—ERIMEAREERY; B4
B A58 250 R LK AR S T iR DNA
Z 5 B LSSy . BET, B AR I A A
(A2 B G B AR P T ke 1R AT B e 1 IR RIE S 4
B NRBEFMH o BA RO A,
HHIFR A X — SRR AR, A SEge X F
MEH AT B P AT, R 70 BAR A S AT
AHMERIS TR LA . MTT Huhdyed s iz il g » K H
75% LIE RV BRI AT IR EEL, ARG
Je R AN R RRAE RV A, 15 2% 22 BGE AL,
it R & Wi 8 A AN IR T B 6 A7 43 i R - MCl-gel
CHP-20. Diaion HP-20. Toyopearl HW-40. Sephadex
LH-20 RP-jg S ILREMSFHEAT S A (i /) B9 15 2
10 MEEH, 505 % 8 NENERE (torreyagrandate,
1) fE#A% (hinokiol, 2). 4-epiagathadial (3). 3,4-
TRERHER 3-0-B-D-FEE TR (3,4-dihydroxy-
benzoic acid 3-O-B-D-glucuronide, 4). MiEAFEER
(dehydroabietic acid, 5). KAFZEEAER (trans-
communic acid, 6). JIXIZIEAAEE (cis-communic
acid, 7). 2-F%JE-1,4-7K —H [ [(2-methoxy-1,4-
phenylene) dimethanol, 8] ¥AlEZ (pinoresinol, 9.
B-75 K (B-sitosterol, 10). tLAW) 1~9 YN IR
MAZAEYI 7> B AR 2. AWDiE PRI a5 SRR B, 1h
Y 1~4 BA—gEmapsEEtt, Hhiay 4
FA RN FHE Huh7 F1 HepG2 2 o 4001 3 2%
1 MRE5{EE
1.1 ZHf

FENEHT 2014 42 9 F R BWLA w0 BT, 40
VAR 0 B T RO ) B i B 0 2 8 N AL A R
TEYIENE Torreya grandis Fort. var. merrillii Huo Fx

AT AL E . BRXT GRS R, & 40
Him, &H.
1.2 #HRm

Hub7. HepG2 4 [ 510 5 #iL48 P& 7R B 5))

Pty
1.3 MR IR

#8135 Rl Diaion HP-20. Toyopearl HW-40.
MCI-Gel CHP-20 ( H A =35 /A7]). Sephadex LH-20
e N Pharmacia Bioteck 7= i ); RPys (HAS YMC
ANFED; FEEEREER (160~200. 200~300 H,
WA T ) M2 G HRE G Fl GFs B &
LT

FAEARIR . RERES . LHEE: (FSEKH
NP TREARATD; N THKRL 2 d 5FE4F4F
Artemia cysts #1H1; 96 FLARIE H m 5T 2 AR
HIRAF; B (FBS). #ikl DMEM 85953
1640 B5783k. AR AR (£ Gibeco AF]); FHif
FREESW AP0 w5 (3£E Hyclone A 7]); Y
EMAEY) (MTT, 3 Sigma-aldrich A#]); —
LA (DMSO). Mg sh g (PBS, HiMIY
FHAED TEMEERATD; 95%OmE A ik,
BEFR WG IE T EEB i aiilsn, W EEREY
B B BR A A 6
14 X5

WRS-1B BUEF4E sl e A C iR 2R 22 A
BHMAT); Bruker DPX-400 #ZRFEIRIL (TMS
NW#HR), Bruker A F]; Q-TOF Micro Fiig % (€ [H
Maters A 7], HR-ESI-MS); BL%% [N Z& ik i s & (),
RVS8 Rk 75 A (FB[E IKA AF]); SHZ-D (11D
MIEAR AR E R BTPRF: mRVEEKE; A%k
B0 FAVEER ST =R R KR
£ I A P P 8% TECAN Infinite 200 5123
RelgbRi (it Tecan /A 7]); Galaxy 1708 %Y
A F4H (EE Thermo A F)); WhHERI# (L
WIRREIE B AERARD; HEEME (HA
Olympus A ] ); NC-1000 2§ TAES (I3 N TR
ANFD; HATIEM; Centrifuge 5804R BRI i
&R E 0L, Premium U410 BREIKFE (1EFH
Eppendorf 2] )
2 HiE
21 RE5ESE

LT A HEHHURY 10 kg, FH 75% B4R
FEEL3 R, AR . SRH S INZR IR YA Bt
AT 4 IR AR R 173, @ B TR
BRZeuE e, PR IR R R G 2 R, 1938
RH 965 g FHZ BB 43 BT 7K, AR U A i ik
WAL Sl IE T R IRAR I K i & 2R UL A
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L N ZE R AR 36 B AT IRUR R 45, 19 240 I kST AL
(120 @), FPTRESTE CBEADGTAL (110 g) iE it it
i (160~200 H)> HEtE, F A HEE-BER L8 &R
gt (501 0—>0:50) FEFELEML, WERR, &IFHH
[R5, R & it Toyopearl HW-40. Sephadex LH-20-
MCI-Gel CHP-20. RP-;3. PTLC il 555, 1551k
A1 (115mg). 2 (88 mg). 4 (85 mg). 5(26 mg).
6 (72mg). 10 (100 mg). 4 1E T EEAEREAL (412
g) K, @I KFLR A A Diaion HP-20
FEOiE, R HO M 10%- 30%-. 50%-. 70%-
100% I EE SR . b Diaion HP-20 F:Ai ) 30%
FP 0 it 348 408 MCI-Gel CHP-20 FE (i, LDLH
FE- KRG o ait, W B8 s &
7 (58 mg) . Diaion HP-20 A a1 11 50% H g A i
AR s, SR - A R R G B e
i, LAY 3 (70 mg)- 8 (15mg). 9 (37 mg).
22 LAY 1~4 BT MEENE

1 I 5 RLAMAFLIRZ: (modified microtiter-plate) ™,
KRR A N SZIe 0 G 43 BIAR BT Bl
DA R N5 2 g5 AN 1 000 mL 751K H,
il % BT 2 HON 2.5% N Tk, B 2~3 g £
SEIR PER BRI N K, I N g KA ]
WA, 28 CEOLIHL 24 h )5, BIAI15309 40 LT
WFEFIFGHE, &£H. HED 1~4 H0H (1%
DMSO #4) N T#g/KEEHIEL 102 5. 2.5 pg/mL 3
AN RS SR B A RE S, o3 RS 2 AR
DUFE S 20 uL T 96 FLIR I, H&H 15~20
R &) d e KA 2 2 200 L, A T KAE
PR R, AR E A 3K, 28 CRNERRE IR
24 h, JHOKEE NWIMEEERFET 4, 4R A Xt AL
IEFET:%, SR SPSS A1 ) Prohibit #2815 £5
BB E (LCso)o

BIEFET R =(T—C)/(1—C)
T AFRESEBEER, C BIPESS (X R EE R
23 &Y 1~4 8 MTT E®
231 AR AR ERE R EGH, ETT
RN 35 S Huh7 A Hep G240 i R ZUREHH I,
MIEFIN3T CAKRBH, AEES), FHAEL minH
SEA4RIAL, 7E1 000 r/mini® K& 05~10 min, FF
2 LB IMA10%6 25 137 FIDMEM S 37 7 -4
F TR, BERIRAEL X 10°/L, 1~2 dBil 1K,
BIFH0.25% )R me R A BTH AL . A, BUIRES R4F.
XU K I 4n B SE 56 .

232 MTT &l 23 5 BOs BUAE K I Huh7 A
HepG2 21 il 525 15 9 5} 10*/mL (940 LS
fL 200 pL #0T 96 LAk 9%, A& 6 M PAT
FU, AR BRI R, ARGEEDUS, FF 2 IHM
BRI, SEWOH IR IR, MR TR SR
HEY 1~4 (BT8R EMEEEKKCN 0. 0.625.
1.25. 2.5, 5. 10 pg/mL). Z¥ER40ME 24 h )5,
B R FRMG AL S mg/mL ) MTT 20 uL, &
5], GREEREIE 4 h, FHE LIEW, BALIIA 150 pL
DMSO, KPR Z Y 10 min 18145 5 78 0 W66, B
P 490 nm A MEFFLBOEREE (4D {8, THE 2L
B S 4R A2, SRS E R 3 RUL F.

IR =1—4 smlA mpensse
3 %R
3.1 HZHEE

EY 1: o)y i (FEE, mp 154~156 C.
FeCl;-K; [Fe(CN)g] S B FH P4, i B & Moy ¥ 2 o
'H-NMR (400 MHz, CDCl;) i H{%3%[X 6 6.82 (1H,
s, H-11), 6.63 (1H, s, H-14) NZEIRH 2 DAL T A
55; 03.13 (1H, m), 1.24 (3H, d, J = 6.9 Hz), 1.22
(3H,d,J=6.9 Hz) &/~ f 1 1R A%E, 53.66 (3H, s)
N-OCH; {55, IEBAFAE 1 ~-COOCH; 3[4, Itk
BC-NMR (100 MHz, CDCly) SRfEeE 21 Mk o
38.0 (C-1), 16.5 (C-2), 36.6 (C-3), 47.7 (C-4), 44.8
(C-5), 18.6 (C-6), 29.3 (C-7), 126.9 (C-8), 147.9
(C-9), 36.9 (C-10), 110.8 (C-11), 150.9 (C-12), 131.7
(C-13), 126.7 (C-14), 26.8 (C-15), 2.5 (C-16), 22.7
(C-17), 21.9 (C-18), 179.3 (C-19), 25.0 (C-20), 52.0
(-OCH3), HH 5 150.9, 147.9, 131.9, 126.9, 126.7,
110.8 AR EMIRAE S, 0 179.3 AHIEEmE S,
5 52.0 J9-OCH; 55 . 'H-NMR. "“C-NMR ##i 5
SCHRARE R A Y, WS A 1 N HERS

a2 Wkt dn (AED, mp 212~215
‘C. FeCl3-K; [Fe(CN)e] SMFHME, Ui BH &My et
'H-NMR (400 MHz, CDCly) i &R H A XA
5 06.81 (1H, s, H-11), 6.62 (1H, s, H-14) AFIH
2 ANKHE B EE S BC-NMR (100 MHz, CDCLs)
37.3 (C-1), 28.0 (C-2), 78.7 (C-3), 39.0 (C-4), 49.8
(C-5), 19.0 (C-6), 30.0 (C-7), 127.1 (C-8), 147.8
(C-9), 37.3 (C-10), 111.0 (C-11), 150.8 (C-12), 131.7
(C-13), 126.6 (C-14), 26.8 (C-15), 22.5 (C-16), 22.7
(C-17), 15.4 (C-18), 24.8 (C-19), 18.1 (C-20). LA L
'H-NMR. "“C-NMR 54L& 1 MEdRFIEL,
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TEAMEIMEARZ, 1E678.7 BoRATE 1 N
SRR, BRONEIZATREA 1 NRIEEUR; X IR Sk
Mt e e AW 2 NTEMIE .

A 3: AR AR, mp 126~129 “C.'H-NMR
(400 MHz, CDCLy) f7R: 6 5.36 (1H, t, J = 6.8 Hz)
A1 MEE, 04.85(1H, s), 4.50 (1H, s) A 1 NIRSE
MG E, 04.12(2H,d, J=68 Hz) &A1 4
-CH,OH %[, §3.55(1H, d, J=10.5 Hz), 3.38 (1H,
d, J = 10.5 Hz) &A1 A AR E H-CH,OH
[H: 0 1.64 (3H, s), 0.97 (3H, s), 0.64 (3H, s) Z~H 3
ANIRAL-CH; 22 4. *C-NMR (100 MHz, CDCl3) 6:
38.7 (C-1), 19.2 (C-2), 38.1 (C-3), 39.3 (C-4), 56.6
(C-5), 24.7 (C-6), 38.3 (C-7), 148.5 (C-8), 56.1 (C-9),
39.0 (C-10), 21.8 (C-11), 38.8 (C-12), 140.6 (C-13),
123.0 (C-14), 59.4 (C-15), 15.2 (C-16), 106.3 (C-17),
16.1 (C-18), 65.4 (C-19), 27.1 (C-20). 'H-NMR.
PC-NMR #8785 82 HIE iR AT A . 43 VA EXdis
53k IR, w0 3 A 4-epiagathadial .

tEY 4: AR, mp 200~201 C. I8
FeCl3-K; [Fe(CNg)] 7R, $on bz gh it &
A2 % "TH-NMR (400 MHz, DMSO-d¢) &R 75 %
XA 3INER 55 0: 6.50 (1H, dd, J = 8.0, 2.4 Hz),
6.90 (1H, d, J = 8.0 Hz), 7.38 (1H, d, J=2.4 Hz) A
IR =HUCH ABX R4 AN, £ 64.00~3.00 F
6 MEATES, FORIMLEYITREIER 1 AHE,
H 6521 (1H,d,J=8.0 Hz) Nim#EE, mHMEEHE
K iz p A, BC-NMR (100 MHz,
DMSO-dg) B/nfifE 13 MRIET, Hr o 102.4,
82.6,73.6,72.3,72.0, 69.9 —H W N & b _H 15 5
W, FAN T AR T2 1 ANRIEFD 1 AR
55 BRIEEMIENFE N 6 166.3, HEM R AR L
MIERIFE. 'HNMR 55 & XA 3 MR 5
5, YA THREA 2 AN-0H, B 1 A5 E
B K B EF . C-NMR (100 MHz, DMSO-dg) 6
123.6 (C-1), 116.8 (C-2), 147.1 (C-2), 151.1 (C-4),
114.1 (C-5), 120.3 (C-6), 166.3 (C-7), 102.4 (C-1"),
72.3 (C-2"), 73.6 (C-3'), 72.0 (C-4'), 82.6 (C-5'), 69.9
(C-6". UL EXCHE 5cifxd U, et &9 4
N 3,4-FRIEFKFR 3-0-B-D-H H HEF

WwEY 5. KABERERA, mp 174~176
‘C. 'H-NMR (400 MHz, CDCl;) &7x ¢ 11.9 (1H,
s), #&7N ] REAAAE-COOH %41, 6 7.26 (1H, d, J= 8.8
Hz), 6.82 (1H, dd, J = 8.8, 2.1 Hz), 6.79 (1H, d, J =

2.1 Hz) B7Rf 3 MERHEA, 6: 1.24 BHX2,d,J =
2.0 Hz), 1.13 (3H, s), 1.09 (3H, s) Z~A 4 ML)
-CH; 3 []. "C-NMR (100 MHz, DMSO-ds) 5747
1E 20 NRJET, 90 38.7 (C-1), 19.2 (C-2), 38.1 (C-3),
39.3 (C-4), 56.6 (C-5), 24.7 (C-6), 38.3 (C-7), 148.5
(C-8), 56.1 (C-9), 39.0 (C-10), 21.8 (C-11), 38.8
(C-12), 140.6 (C-13), 123.0 (C-14), 59.4 (C-15), 15.2
(C-16), 106.3 (C-17), 16.1 (C-18), 65.4 (C-19), 27.1
(C-20). 'H-NMR. "“C-NMR #7758 =3 ik
aW. A RS S S BN, mE ik e s
NI ERAFIR -

e 6: Htastih CaMEE), mp 101~104
‘C. "H-NMR (400 MHz, DMSO-d;) J: 6.34 (1H, dd,
J =10.5, 17.2 Hz, H-14), 5.08 (1H, d, J = 17.8 Hz,
H-15p), 4.91 (1H, d, J = 10.3 Hz, H-150), 4.54 (1H, s,
H-17a), 4.75 (1H, s, H-17b), 0.80 (3H, s, H-20), 1.20
(3H, s, H-19), 1.71 (3H, m, H-16), 5.37 (1H, t, J = 6.5
Hz, H-12), 12.2 (1H, s, -COOH); "*C-NMR (100
MHz, DMSO-dg) 6: 38.4 (C-1), 25.6 (C-2), 36.9 (C-3),
40.2 (C-4), 50.4 (C-5), 24.7 (C-6), 38.3 (C-7), 148.8
(C-8), 56.6 (C-9), 20.1 (C-10), 21.5 (C-11), 122.4
(C-12), 140.8 (C-13), 120.6 (C-14), 113.7 (C-15), 14.3
(C-16), 107.2 (C-17), 185.6 (18-COOH), 16.6 (C-19),
22.5(C-20). VA %l 5 sckapiE — 85052, #e
A 6 A A PREATIR o

WEY 7. R, mp 101~104 C. "H-NMR
(400 MHz, DMSO-dy) d: 6.31 (1H, dd, J = 10.3, 17.1
Hz, H-14), 5.03 (1H, d, J = 17.5 Hz, H-15p), 4.86 (1H,
d, J=10.8 Hz, H-15a), 4.33 (1H, s, H-17a), 4.75 (1H,
s, H-17b), 0.82 (3H, s, H-20), 1.23 (3H, s, H-19), 1.70
(3H, m, H-16), 5.34 (1H, t, J = 6.5 Hz, H-12), 12.1
(1H, s, -COOH). "C-NMR (100 MHz, DMSO-d;)
38.1 (C-1), 25.6 (C-2), 36.7 (C-3), 40.1 (C-4), 50.3
(C-5), 24.3 (C-6), 38.0 (C-7), 148.5 (C-8), 56.1 (C-9),
19.8 (C-10), 21.8 (C-11), 122.2 (C-12), 140.7 (C-13),
120.1 (C-14), 113.4 (C-15), 14.2 (C-16), 107.1 (C-17),
185.3 (18-COOH), 16.3 (C-19), 22.4 (C-20). DL L%
P55 SCHR L0, Bt &4 7 IR PRES AR -

&Y 8: HEMLRY. 'H-NMR (400 MHz,
CDCly) WoR A EHEXA 3 NERTES: §6.87 (1H,
d, J=8.0 Hz, H-6), 6.73 (1H, d, J = 2.1 Hz, H-5), 6.72
(1H, dd, J =8.0, 2.1 Hz, H-3) #2/R1F{EZRI] ABX
%4, 03.87 (3H, t, J = 2.1 Hz, H-9) N-OCH; [f] 3
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ANEJR T . PC-NMR (100 MHz, CDCl3) ZoR{E4E 9
AMRIET 0 146.7 (C-2), 144.8 (C-4), 131.0 (C-1),
120.5 (C-6), 114.7 (C-5), 110.7 (C-3), 66.0 (C-9), 55.9
(C-7), 49.6 (C-8). %Ll L "H-NMR. “C-NMR %
I 5 SCHR B, B RS 8 N 2-FR AR - 1,4-
* W,

EY 9: FEEIRG d (HFED, mp 117~122
‘C. '"HNMR (400 MHz, CDCl3) d: 3.11 (2H, s, H-8,
8), 3.64 (2H, dd, J=9.2, 2.8 Hz, H-9b, 9b’), 4.23 (2H,
dd, J=9.1,2.3 Hz, H-9a, 9a'), 4.58 (2H, d, J=3.1, 7.1
Hz, H-7, 7'), 3.81 (6H, s, 2X-OCH;), 6.81 (2H, dd,
J=82, 1.4 Hz, H-6, 6'), 6.76 (2H, dd, J= 8.3, 5.8 Hz,
H-5, 5", 6.90 (2H, d, J = 1.3, 2.2 Hz, H-2, 2).
BC-NMR (100 MHz, CD;0D) J: 54.2 (C-8, 8'), 54.5
(2X OCHs3), 73.8 (C-9, 9'), 86.6 (C-7, 7'), 111.7 (C-2,
2%, 117.2 (C-5, 5"), 121.3 (C-6, 6'), 132.8 (C-1, 1'),
146.5 (C-3, 3'), 150.2 (C-4, 4"y, LL_E#¥5 5 kil iE
— P2, HEL A 9 AR R .

th&Y 10: AEFE, mp 140~142 C. 1%
Tl 7 P - TR S K, B AT BB = R S A2k
4. "H-NMR (400 MHz, CDCl3) ‘&7 H 5 g £
FE LIRS 5. 0: 0.68 (3H, s, H-18), 1.00 (3H, s, H-19)
I C-18. C-19 MG, 60.81~0.93 A
YHE C-21. C-26. C-27. C-29 MW (G5, 1K
XA 1 MEEFR 755 0 533 (1H, d, J = 3.4 Hz,
H-6) 1 1 ALK 1155 6 3.56 (1H, m, H-3);
C-NMR (100 MHz, DMSO-dg) 7R f77E 29 Mk J5
T80 37.3 (C-1), 31.7 (C-2), 71.8 (C-3), 42.3 (C-4),
140.7 (C-5), 121.7 (C-6), 31.9 (C-7), 31.7 (C-8), 50.1
(C-9), 36.2 (C-10), 21.1 (C-11), 28.3 (C-12), 42.3
(C-13), 56.8 (C-14), 24.3 (C-15), 39.8 (C-16), 56.1
(C-17), 11.9 (C-18), 19.4 (C-19), 36.5 (C-20), 18.8
(C-21), 33.9 (C-22), 26.1 (C-23), 45.8 (C-24), 23.1
(C-25), 11.9 (C-26), 29.2 (C-27), 19.8 (C-28), 19.0
(C-29). TEMEIXAE 2 NMEES 6 140.8 (C-5),
121.7 (C-6). 6 71.8 A NFRFEHUR IBRAE 506 . L5
Ll "H-NMR. PC-NMR {5 B 5 scihont 820,
EEY 10 4 B-743 KB
3.2 B HEBIEMEYEENESE R

VMR BB 1 2B A3 1 0 5 2 I e i FH PR 4
S PPN i — 0, SR 5 9 s A A e
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Fig. 1 Inhibition rate of compounds 1—4 with different
mass concentration on human hepatoma Huh7 cells after 24
h(n=3)
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