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Synthesis of hydroxytyrosyl oleate catalyzed by lipase Novozym 435
QI Yanyi', CHEN Bang®, ZHAO Pengtao', LIU Liang' , MENG Yonghong'

(1. Engineering Research Center of High Value Utilization of Western China Fruit Resource, Shaanxi Normal

University, Xi'an 710119, China; 2. College of Chemistry and Materials Science,
Northwest University, Xi’an 710127, China)
Abstract ; Hydroxytyrosol is a major polyphenol, it has poor oil solubility and is prone to degrade.
Modifying hydroxytyrosol into hydroxytyrosyl oleate is an effective way to improve hydroxytyrosol’s oil
solubility. The enzymatic synthesis of hydroxytyrosyl oleate was constructed, and the effects of lipase
type, enzyme dosage, molar ratio of hydroxytyrosol to oleic acid, solvent (2 — methyl — 2 - butanol )
dosage and reaction time on the synthesis of hydroxytyrosyl oleate were investigated. Then, the enzymatic
synthesis conditions of hydroxytyrosyl oleate was optimized by response surface design of Box — Behnken
central combination. In addition, the product was characterized by mass spectrometry and nuclear
magnetic analysis. The results showed that the optimal synthesis conditions of hydroxytyrosyl oleate were
obtained as follows: hydroxytyrosol dosage 500 mg, oleic acid dosage 2. 474 ¢ ( molar ratio of
hydroxytyrosol to oleic acid 1:2.7), lipase Novozym 435 dosage 2. 2% ( based on the reaction system
mass ) , solvent dosage 2. 6 mL, reaction temperature 37 C and reaction time 7 h. Under the optimal
conditions, the conversion rate of hydroxytyrosol was the highest, reaching 89.6% . Mass spectrometry

and nuclear magnetic analysis showed that the
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hydroxytyrosyl oleate was successfully
synthesized. The technological breakthrough in
the lipase — catalyzed synthesis of hydroxytyrosyl
oleate can not only strengthen the extension of the
olive industry chain, but also promote the high —
value utilization of the by — products in the olive

industry.



2022 4 55 47 5 55 7 1] T

i 7

Key words: lipase ; hydroxytyrosyl oleate; esterification reaction; response surface methodology

FRIEREEAL 4 0 3,4 - TRIEIE L, —
MZEIACEY), o sk i kY, 32 LIS
W RIE XA AE Tl . REOFTER I, 2k
W ELAT BRI R L B Ik 2 3K L
FEG R AL  BR DT T
U S BOB RERE AL  A E
FHOIRE . fEE R IR MR A P s, B 1 A
i PRSI A SO o F AT, R R R
A R R AR e — M S8 S, ANl 2%
SR b v, L AT 4R LA R
Bouallagui 2" 124 4 it o R 2 A JEURE £ I 17
SEEERERS R IG , SIS T AR Yu B2
N7 e e TP NE A RS R A
Burattini %% §F 55 T ¥ 5 9 W ) A R I % 5 481K
AT A A AT AR o PR — P AN A

BEWTER , XA A —EEH . Il G &
AR 2, D0 L AR A v &1 7 v L i A
SR HSETHT ) — BBl T4 253, AVt B T
B M ELIGYLFREE . H Rl I K B BRI & B BF
FER . TR, AT L R s B S R R S, i
TR BRI AR N AR R , B B T ¥R S I BT R T
o E P s AR R R AR S
1 #RE5HZE
1.1 XA
L1 k5

FRILRERE(99% ) , B VY 5 AR LE IR e A PR
N )R (98% ) (IR (73 #rali) , Kt Kb
RAGRAR 2 - FHIE -2 - TEE(99% ) , 2% wi bk
) B (g al ) | R EE TR R R A PR
o) Rl , FARE R LR 1,

®1 EMBHNEKER

i 15 g At/ (U/g) K I8 1 f A A

Novozym 435 10 000 Itk AR 22 B KA I WG AR R AT
Lipozyme TL IM 250 BARAR g P22 B (TLL) TEME WG AR A RA T
Novozym 40086 275 KRB G WG AR R AT
LS -20 PR AR 22 P JentEFH AL LA R A
PPL 20 000 MR 22 I IR A YRR PR R

112 (5%

THZ — C e 35 45 B, 2500 B35 3 92 30 B 46 A
FRAN T 1260 80RO 635 1, 2 HE AL AT RS
7;RVC2 - 18CDplus 2045 B0 W 401X, _F it/
TRHHAT B 715 5 50 TR F X 400 MHz 2

1" 7 OoH 0
6%

@ N

HO™ ¢4’
OH

. Jig 15 it
5 HO” “(CH,),CH=CH(CH,),CH,

BEIARAL, PR A& T AT
1.2 X7k
L2010 SRR e ok 1 P ) i
2 IRSCHIR [ 20 ] R FH N 0 T 442 A T 1 & BOES
FE M B R e , FCS A 1

Oo_ O

Ho)ip/V (CH,),CH=CH(CH,),CH,

OH

B 1 BERBsfEH R EREEMEELRER

PRI 500 mg F 56 Bt THETE M, 4% — 8 B IR
FEIAGHIR , P A—E AR 2 - 3 -2 - T
VA, A — & 5 1Y B 105 Tl ( DA By A4 R 1Y JoT
i), fE—E IR 200 v/min YRR o RN — & B
(B o SO AE G W SO R 5 0 73 15 22 B B 7 Tl , 45
BT E AT WA AR 2505 ), 15 30 55 B I v 1R
BEAL S o St 2 Hh, BRURE I S s 7 90 H 3 ik e
1&g, A (1) TR R R LR (Y) o

Y=(C,-C,)/C, x100% (1)

K Co L C 53 51 2k S REAAR 28 v 5 i AR R

JE R Y 5 i, mg/ L
1.2.2  FRELEE I R TR Y 2l Ak

Vo 3 5 T T TR R REL 0 AR U 2 A AR A A A
T S A 5 TROFN 2 B — A8 AR Bl 1 2 7K 43 Sl 8 04 3
UK, R 23k 1 TR R A 2 I, 118 0 s s Tt AR R VS R
15 1] e 200 B T 0 I T PR R o
1.2.3  FRELP 5 i

K (5 ROBAE €838 74 (HPLC) I 7 . HPLC 2%
2 Agilent 5 TC - C18(2) A4 (5 pm,250 mm x
4.6 mm) ;i EIH A Sl 100% FHEE, i shAH B Sl 10%



78 CHINA OILS AND FATS

2022 Vol. 47 No. 7

BE( IR pH 2 3. 0) s B B BEMLAR 704 0 ~ 10 min
10% A,10 ~40 min 30% A,40 ~50 min 40% A,50 ~
55 min 50% A,55 ~65 min 100% A,65 ~75 min 10%
AR 280 nms A 35 °C 5 Y 1 ml/min; HEAE
5 plo

T ] — 2R H AN [a] Jo e JBE )5 1 P s
VAU, v ACHORE G 1 ASCHEA T 23, ARk I e ) o
VR B SR AL B, W T AR Ry A AR i 22 i A 1 R
PR A ol VA VR 1 SSCUBUAE € T ASCHEA T 23 A, AR A
st A VAR R i T ) g T AR AR v i 2k, TR
VR R R Y 15
1.2.4 il oy b

K BRI BR TR T i 2l FP v e, SR 5 kAT
i ot 3 A A PHE R, i ss B TR, B
AEH 4 000 V, FRERTERE (m/2)100 ~1 100,

80
IS
5 60
= —a— Novozym 435
4:44‘\{, 40 —— Lipozyme TL IM
& —& Novozym 40086
% 20t - LS-20
o —- PPL

b 1 ]

=)

12 24 36 48 60
J I3 ] /h
A) 37°C

DUSTAR ST DR ¥ 50, o0 8 5 T Tt ol TR i 0 1 7
fif , SRJEHEA T H NMR A1 C NMR G347, 5347 R
400 MHz 44 .
2 HR5WR
2.1 FARBAEE b BR ASh) &- 69 W F X
2.1 1 JIRI Pl A e

J0 0 2 T H ol = A /A R BT I A P
— 2R , A [RIA TR A 1 il X e A AN ], fh
R A (LR BE R EE 12 2 (R 5L i I 500
mg, R BT 1. 832 ) RN EE S i 2% 2 -
B -2 - TR A 2 mL, SO B 3 5 Dy 37 °C A
S0 CHAMET, H %S FiA Al fi 1 1 ( Novozym 435
Lipozyme TL IM ,Novozym 40086 LS — 20 £1 PPL) X
FR LR PRI S, 25 R LR 2

80
& - Novozym 435
A 60 —-e— Lipozyme TL IM
= —&— Novozym 40086
# a0k -¥ LS-20
i —-PPL
&
20
iy

0 12 24 36 48 60
SN B[] /h
B) 50 C

B2 A[E) ARG R B 2 B e L R R B9 R

MIE 2 A DLE H, Novozym 435 Fil LS - 20 7£
37 °C 1 50 °C B ¥4 0 i ¢ v 1) A AL T 1, Lipozyme
TL IM #1 PPL 34 5% 3 i 8 I 19 i 1k & M, 1
Novozym 40086 7E 37 °C i 2 U 13 ¢ /& ) A0 1 1k
TE 50 °C Bof D)3 B0 L0 AR ) A v M o 78 S L B[]
12 h 575 X EG T 5 i 1 Tl Xof 368 ik i P T A
N7 s, 25 R LR 2,

*2 RHM12 h REREFHEXEEREE LRI

- AR T3 %
37°C 50°C

papi 0 0

Novozym 435 78.32 +0.09* 75.20 £0. 11"
Lipozyme TL IM 5.71 £0. 11" 5.98 £0.16°
Novozym 40086 61.03 +0. 14° 30.41 0. 08°
LS -20 64.07 £0.07" 76.90 £0.11°
PPL 0.69 +0.10° 9.18 +0. 14*

T AR PR Ron A B #2257 (p <0.05)

12 2 Al UL 8 37 “C It Novozym 435 AR IR
1o, FRIEIR W AL AR IR B 78, 32% ;£ 50 “CIFLS -20
MR B, R AL AR 576 90% 5 2 T0lR
JUTTERAE g AR A 7R I S5 R I B AL 5l O, B AE 1%

B AR 28 v TG A A R0 A T B I 2 AR X E AT Y
Novozym 435 7t 37 °CH11 50 °C 2 b 12 h BF5 5L s e fs
AAARAR N, B ITEA RS 25 1F T IR X Novozym
435 AR, LRGF I, TE RS,
Novozym 435 7£ 37 C 544 N AT S 7 o
2.1.2 R R

TERE IR PE R B 1 2 (2 % B 500 mg, YT R
1.832 g) JE Wil 7S N 2% | S IR EE 37 °C L B
] 12 h Z50F R, 52 - O -2 - TR E
HE P TR A SO B2, 25 R LI 3

80 a
C
ﬂ ﬁ
2 4 6 8 10

—
TR A/ mL
T AR PR A B TE2E 5 (p <0.05) 5 R A
B3 BHRASENEERIEEENRNEENG

AP 3 n] UL, SR AN 2 mL S % 10 mL

~
(=]
T

TR W AL %
2 2

~
(=]



2022 4 55 47 5 55 7 1] T

i ”

I, ST B e AL R B TR AR, T REJE R i)t 2
23 Wi AR R i Tt R TR 1 3 B, Tl 2L SIS 40 70
] AR A 3, P BURILFR B AL R T . 9 A
PN 2 mL I, R R A A 3 5 35 76.39% o 1K
BB, AT I, A SN A 2R TC IR 5T, RN
TCIEREAT , X U WE S 7500 A A T B8 i i A Ak 1%
WA FR o B, P8 2 - BB -2 - TR ATl
2 mL,
2.1.3  BERRIEJR LLRYSZ

TEFEFEMEE 500 mg | Jlig 05 G 0 & 2% .2 - H
BE -2 - TEEHIR 2 mL SRR 37 °C | R I ]
12 h Z50F T, 558 R R JX LU X 8 6 1 52 1 1 S i
IR, 451 LI 4

90 a

o a —=

&

260

4y

30t d

b

0 L L L L s

1:1 1:1.5 1:2 1:2.5 1:3

TR OK [E
4 FEEBREE/R LU R B EE B AR 1L R R B RS0

Hi [l 4RI 0L ERERREE /K Lok 121 A1 12 1.5 B,
Y2 ELBEIERE AL 2R A K 38% FI 35% A4S, 4 L JEE
IREER 1:2.5 B, FR I Wi A 38 =35 81.39% , Y4
FEPRIEE IR oA 123 B, FR LG W% AL R R IG . X 2
PRI Ay g A 52 I A ] 06 52 I, 7 B S 3t 1) g I P
oAb 2 VA ) 1 T R AT, AT 88 oo 0 35 s e e b
R AR Ao A T R FH S D S I L R
B 5 NGBS M PO PSS . R, PR PR AR
FE/REE R 1:2.5,

2.1.4 GV 0 A5 )

FERERRIZE JR L 1:2. 5 (32 FL K B 500 mg, TR
2.290 g) \2 - 13k -2 - TEEH & 2 mL S by i
37°C JBNEIIE] 12 h Z5 4R, 25 52 1R I e s oo %
PRI PR TR AL S L 2, 25 SR LA S

90
’§ a a a
80k b
= ¢
S 0r
i d
4 60

0705 1 2 5 7 10

I3 s A I i/ %%
B S BERAEeRINE X R B BB AR L & BB 200

IS AT DL, ZENR TR IR A 0. 5% i, fEAk
HIEIARR) IR B AL AL R AR 60.47% o B IR
UITTREREAS N2 ) M, SR T R e A A 1 I, 7R IR
TS N A 2% B IR B s, h 83. 15% , IR 17 i
I 2% BTN ZE 10% i, R SR BE AL (LTI T
W NRITRRHAN IR AD , B AN AL RCR HE A
A R MBS I 22, A SONLAR R O REBE I R IR
TR S RN BE ST i, P BOR RE W e
R LR 5758, PRSI 2% .
2.1.5  JRJWISR] R

TERARREE /R EE 1: 2.5 (R FE I 500 mg, il R
2.290 g) JMRWIAEAS NG 2% 2 - I3k -2 - TREA]
2 mL R 37 CAE T, %5 58 SO [a] %) 52
L i R A SO NS, 5 R DLIET 6.

90

BT I AL 31 %

¥

0 3 6 o 12 15
i s ] /h
B 6 2 RrBe )0 ¥ B B S L 2 T B0

Hi18 6 AT LUE Hy, 7RSO I ] O ~ 5 h Py, 355k
P B e A R T sy FE RV ] 7 b J5 22D
PR, 43 S LI TR] A 7
2.2 FIRBEEE I ER B B &40 e L d K A
2.2.1  BEAVHEST S WA

55 I FR I 45 R, 18 Novozym 435 Sy fiEfk
R SNEIRLEE 37 °C NI [R] 7 h ST DA R EE
IR G TR B I 0 T A o Ay PR 3R DA e i
AL (Y) HHEEHEHR , R H] Box — Behnken 18 451%
T, 0 BRI I P il BRI 1) AR R EA T K o Box —
Behnken 56 R 2% Fl1 7K S L 3 3, Box — Behnken iz
Bt SER LK 4,

FIH Design Expert #f4, % 46 4 h il k47 %
JullA o347, A R Z W m 3 77 #&: Y = 82. 75
+28.144+6. 31B + 4. 89C + 6. 63AB + 0. 23AC
—1.97BC -46.54A> —8.72B° - 7.42C*, %t [a] |94
BUIAT T 22000 R AR S

& 3 Box - Behnken i 3E E ZF1/Kk FE
KV AR R/ ML B EERREEIRLL  C NG &/ %

-1 0 1:2.0 1
0 2 1:2.5 2
1 4 1:3.0 3




80 CHINA OILS AND FATS

2022 Vol. 47 No. 7

%4 Box - Behnken it I§iZit 548 RS HEDW
[ETasr A B 9 Y/ % P Sl ForM BEE ¥ F P
1 0 0 0 81.39 R 17149.84 9 1905.54 72.58 <0.0001°°
2 0 -1 -1 49.08 A 6337.13 1 6337.13 241.38 <0.0001""
3 0 0 0 82.06 318.91 1 318.91  12.15  0.0102°
4 -1 1 0 0.00 191.59 1 191.59  7.30  0.030 6"
5 1 0 -1 37.14 AB 175.56 1 175.56  6.69  0.0362°
6 0 0 0 83.15 AC 0.20 1 0.20 0.0l 0.9325
7 -1 0 -1 0.00
. B p . 000 BZC 15.56 1 15.56  0.59  0.466 5
A 9119.00 1 9119.00 347.34 <0.0001°°
o 0 : - 03.03 B 319.81 1 319.81  12.18  0.0101"
10 0 1 1 80.21
" 0 . ) 15 c 231.52 1 231.52  8.82  0.0208"
b | 0 . ss.04 B2 183.77 7 26.25
3 » 0 | 0.00 s 178.53 3 59.51 45.41  0.2732
14 1 1 0 68. 24 iRk 524 4 131
15 0 0 0 84.41 B 17333.62 16
16 0 0 0 82.73 W WEE (p<0.05), #x WIREE (p<0.01); R =
17 1 -1 0 41.74

S5 Al I, BRI 5 2 (p <0.01) , RAUTUA
% R R, 0. 975 8, I 2 7 A 65 fe R
97.58% (MR {EAS b, PR L, A AR 40145 A AT
T LA XeF 7 A4 P 0 3 P el 15 e R
WL R R E AT 40 B AN . — R0 A Fn gk T A
SRR S, — WK B C, 5 B0 AB Fl YK B |

FEIEE B AL /%
FEIE I R AL R %

0.989 4,1‘(3\dj =0.975 8,AF S REHN 9. 62%

C’ M . 3 AR X R I B AL 3 R /N
N AR > BERREE K L > R RS T

2.2.2 RN ST
P 7 Jead i UK el AR B DL A ) % 3R 2 (] 52
HAE R e R 23 AT 1
=100
=

2
A

FREL KA

B7 BWEELZEHN0EEEREE L 2600 A E

W 157 T P o T 5 i, T8 8 PR 3R ) 5 LA
S S, RS2, W, T P S b T T 2, T R R
RS A AN B2 . 55 w2 BT I R
PR RS LA AN W S T 2 A9 T 2 5 5 3 I ) 3%
NN EAR R o di &7 Al & B T
T 1 (AR B T AR A AR AR 5 28 LT AB (35550 i 4
FIRERRIEE R L) RN 2 35 (p < 0..05) ,AC (77 i
ANNE W BN I ) | BC (5 BE JK EE AR Ui e 4% Jon
) AR (p>0.05) s R EE I X2 L s I
FRACR B RZ R/ IN T 50 A, 0 07 e 45 D 3 5
T e AL SR AR R WL/ N T 050 P A R BE JK L, TR
25 DR B 2 T e A 3R ) S T /IR g A (I

FIAE) > BOBERRIE/R L) > CORR B I ) , 1%
S50 577 25 3 B A RAH ], SR T R R AT SRR R
2.2.3  EfE T LA E K I IR

i1t Box — Behnken (3638 31 0] LAFS I G e fE
T I EERR EE /R LE 12 2. 671 3 57 FH = 2. 584
mL WA I 2. 247% |, B 35 L g I B 5 A,
FROL8% o 4t PR ERY I e W T2 5%
PHE TN EERREE IR L 12 2. 7 (FREEBE I 500 mg, Tl R
2.474 g) FSFIH R 2.6 mL iR I 2. 2% , 1F
PEAE NI R BECPR % (b 3Rk 5 89. 6%
2.3 Fk B EE i BR BE 0g S Ak

Fie 1. 2.2 JriE X A SR T A ) R R v



2022 4 55 47 5 55 7 1] T

i 81

PRI R AT alifb . 2R , 3 56 T I 7o 12 I L o
R IR I B 5o 4395 mg/mL, 4fifk 5 8 B i B
RN 79. 67 pg/mL, i B Al 4k 7 i o F 5 i i
] DIZIEANTT
2.4 IR ELET b BLS 6 R AL
2.4.1 JFEigsrth

Xof 4l Ak P 0 s T P9l R A T B0 A3 A, 1 3
R L I FR TR 1 BT 14, LA 8

251
439.2809
. 20
< )
S 15F Y
# L5 HOQ/\/ (CH,),CH= CH(CH,),CH,
o OH
jps 1.0F
1
0.5
0 sl L " L Letoa | '
200 300 400 500 600 700 800 900 1000
mlz

8 REMEZMERER LR

HH ] 8 AT, FR L Bl BR TR m/z Ry 439, Sk
W= —3%, Hoar 300 CyH, 0,0
2.4.2 KEWESYHT

X4l Ak i ¥ 2 % I Ol BR S 1 7' H O NMR A
BC NMR43r.'H NMR (400 MHz, CDCI, ) 45 5. 56. 76
(1H,d,H-2"),86.67(1H,d,H -5"),86.59(1H,dd,
H-1'),85.35(2H,m,H -9 f1 H -10) ,84.20(2H,t,
H-8'),82.78(2H,t,H-7"),82.29(2H,t,H -2),
52.04(4H,m ,H -8 fi1H -11),51.54(2H,m,H -3),
51.28(4H,m,H -7 f1 H - 12),61.23(14H, m,H -
4~H-6FfH-13~H-16),81.22(2H,m,H -17),
50.94 (3H,t,H - 18),”C NMR (101 MHz, CDCl,) %%
5.5130.02 ,144.21 142.84 174.22(C,C -6',C -4,
C-3"#1C-1),5129.89(CH,C -9/C -10),5116.29 ,
115.80.120.87(CH,C -5",C -2'f1 C - 1'),865. 11
(CH,,C -8'),834.43(CH,,C -7'),834. 34 (CH,,
C-2),82.55(CH,,C -16),829.78(CH,,C -7/C -
12),829.35 ~29.64(CH,,C -4 ~C -6/C - 13 ~C -
15),827.23(CH,,C -8/C —11),825.35(CH,, C -
3),822.68(CH,,C - 17) i1 514. 10( CH,,C - 18) , #%
e T A R, BB A R T I R R
3 &

TR FANE Wi Novozym 435 {155 KL g i
SR ER A , 8w 1 RIS A B R T B R
i BV R R P S A 1 2545, TR S A 2R 1 T R 2 1
Pt b2 h 89.6% o ik FIAZ WG 7 BT 3R, I &
BT RIS B ER I o AT A R A A v
T AR AR SR K i R R I B Y (A 42

T IR FOR S

SE

(1] skAr, s, RIAEREERpr st (1], o AR
Fll, 2016(13) : 59 -61.

[2] ZHENG A D, LI H, XU J, et al. Hydroxytyrosol improves
mitochondrial function and reduces oxidative stress in the
brain of db/db mice: role of AMP — activated protein
kinase activation[ J]. Br J Nutr, 2015, 113(11) ; 1667 -
1676.

[3] Scientific opinion on the substantiation of health claims related

to polyphenols in olive and protection of LDL particles from

oxidative damage (ID 1333, 1638, 1639, 1696, 2865),

maintenance of normal blood HDL cholesterol concentrations

(ID 1639), mainte [ J/OL]. EFSA J, 2011, 9(4). 2033

[2021 =11 -30]. https://efsa. onlinelibrary. wiley. com/doi/

pdf/10.2903/]. efsa.2011.2033.

JEIE, XSk, AR E, A5, FR BRI s Y 24 BRAE A 254X

SRR L], R SRR T R Ak, 2021, 27

(6) ;241 -250.

BERNINI R, MERENDINO N, ROMANI A,

[4]

et al.

(5]
Naturally occurring hydroxytyrosol synthesis and anticancer
potential[ J]. Curr Med Chem, 2013, 20(5) : 655 - 670.

(6] HIZY, SRERHE, PRIEWT, 5. FRIEBEREXT/NEUMAREEST
R RALHRIDE [T ], & FR 24, 2020, 42
(4): 388 -393.

[7] CHEN C, AT Q D, WEI Y H. Hydroxytyrosol protects against

[

cisplatin — induced nephrotoxicity via attenuating CKLF1
mediated inflammation, and inhibiting oxidative stress and
apoptosis| J/OL]. Int Immunopharmacol, 2021, 96. 107805
[2021 — 11 - 30]. https;//doi. org/10. 1016/j. intimp.
2021. 107805.

[8] LISA, HAN Z Y, MA Y, et al. Hydroxytyrosol inhibits

cholangiocarcinoma tumor growth: an in vivo and in vitro

study[ J]. Oncol Rep, 2014, 31(1) . 145 -152.

[9] ZHANG S P, ZHOU J, FAN Q Z, et al. Discovery of

hydroxytyrosol as thioredoxin reductase 1 inhibitor to induce

apoptosis and G1/S cell cycle arrest in human colorectal
cancer cells via ROS generation[ J/OL]. Exp Ther Med,

2021, 22, 8292021 - 11 - 30]. htips://doi. org/10.

3892/etm. 2021. 10261.

[10] YUAN L H, SHENG Z ], JING X, et al. Hydroxytyrosol and
oleuropein inhibit migration and invasion via induction of
autophagy in ER — positive breast cancer cell lines (mef7 and
147d) [ J]. Nutr Cancer, 2021, 73: 350 —360.

[11] VALLI A, RODRIGUEZ M, MOUTSIANAS L, et al.
Hypoxia induces a lipogenic cancer cell phenotype via
HIFlo — dependent [ J]. Oncotarget, 2014, 6 (4):
1920 - 1941.

[12] ST - LAURENT - THIBAULT C, ARSENEAULT M,



82

CHINA OILS AND FATS

2022 Vol. 47 No. 7

[13]

[14]

[15]

[16]

[17]

LONGPRE F, et al. Tyrosol and hydroxytyrosol two main
N2a

components of olive oil, protect cells against
amyloid — 3 — induced toxicity. Involvement of the NF - kB
signaling[ J]. Curr Alzheimer Res, 2011, 8. 543 —551.
TOMOYUKI H, HARUHIKO T, GEN K, et al. Olive
polyphenols attenuate TNF — o — stimulated M — CSF and
IL - 6 synthesis in osteoblasts: suppression of Akt and
p44/p42 MAP kinase signaling pathways[ J/OL]. Biomed
Pharmacother, 2021, 141; 111816 [ 2021 - 11 - 30].
https : //doi. org/10. 1016/j. biopha. 2021. 111816.
PEREIRA - CARO G, MATEOS R, TRAKA M H, et al.
Hydroxytyrosyl ethyl ether exhibits stronger intestinal
anticarcinogenic potency and effects on transcript profiles
compared to hydroxytyrosol[ J]. Food Chem, 2013, 138
(2/73): 1172 - 1182.

YAO F, JIN Z, LYU X H, et al. Hydroxytyrosol acetate
inhibits vascular endothelial cell pyroptosis via the hdacl1
signaling pathway in atherosclerosis [ J/OL ]. Front
Pharmacol, 2021, 12. 656272 [ 2021 - 11 - 30].
https ://doi. org/10. 3389/ fphar. 2021. 656272.

JEgcs, M, EREE, A IR R A )
AR AT OB LT ] A=A 5 Tl
2015, 35(2) . 154 - 162.

FAe, eI, EARAKR, S MR T 2 R
SE PR TE L . BRI 5Tk, 2021, 42(5) .
219 -224.

(18]

[19]

[20]

[21]

(22]

(23]

AFRICA F P, ALEJANDRA B O, CARMEN M M, et al.

Anti - inflammatory and antioxidant activity of
hydroxytyrosol and 3,4 - dihydroxyphenyglycol purified
from table olive effluents[ J/OL]. Foods, 2021, 10; 227
[2021 - 11 - 30]. https://doi. org/10. 3390/
foods10020227.

AKANBI T O, BARROW C J. Lipase - produced

hydroxytyrosyl  eicosapentaenoate is an  excellent
antioxidant for the stabilization of omega — 3 bulk oils,
emulsions and microcapsules[ J/OL]. Molecules, 2018,
23(2):275[2021 =11 -30]. https://doi. org/10. 3390/
molecules23020275.

BOUALLAGUI Z, BOUAZIZ M, LASSOUED 8, et al.
Hydroxytyrosol acyl esters: biosynthesis and activities
[J]. Appl Biochem Biotech, 2011, 163(5) ; 592 —599.
YU J D, CHEN M X, WU H, et al. Phytochemical and
chemotaxonomic study on Pholidota pallida lindl[ J/OL].
Biochem Syst Ecol, 2021, 97 104290[ 2021 - 11 -30].
https ://doi. org/10. 1016/]. bse. 2021. 104290.
BURATTINI S, SALUCCI S, BALDASSARRI V, et al.
Anti - hydroxytyrosol  and

apoptotic  activity  of

hydroxytyrosyl laurate [ J]. Food Chem Toxicol, 2013,
55 248 —-256.

ROMERO C, BRENES M. Analysis of total contents of
hydroxytyrosol and tyrosol in olive oils[ J]. J Agric Food

Chem, 2012, 60(36) : 9017 —9022.

(EEFH 65 W)

(42]

(43

[

[44]

[45]

JIAXY, ZHENG Y S, GUO Y Z, et al. Sodium butyrate
and panobinostat induce apoptosis of chronic myeloid
leukemia cells via multiple pathways[ J/OL]. Mol Genet
Genomic Med, 2019, 7(5): 6132021 - 06 — 08 ].
https://doi. org/10. 1002/mgg3. 613.

TAYLOR M A, KHATHAYER F, RAY S K. Quercetin
and sodium butyrate synergistically increase apoptosis in
rat C6 and human T98G glioblastoma cells through
inhibition of autophagy [ J]. Neurochem Res, 2019, 44
(7): 1715 - 1725.

STEEG P S. Targeting metastasis[ J]. Nat Rev Cancer,
2016, 16(4); 201 -218.

PAUL C D, MISTRIOTIS P, KONSTANTOPOULOS K.
Cancer cell motility: lessons from migration in confined

spaces[ J]. Nat Rev Cancer, 2017, 17(2): 131 - 140.

[46]

[47]

(48]

[49]

NARAYANAN A, BASKARAN S A, AMALARADJOU M A
R, et al. Anticarcinogenic properties of medium chain fatty
acids on human colorectal, skin and breast cancer cells in
vitro [J]. Int J Mol Sci, 2015, 16(3) : 5014 —5027.
XIAOTF, WUSY, YAN C, et al. Butyrate upregulates
the TLR4 expression and the phosphorylation of MAPKs
and NK - kappaB in colon cancer cell in vitro[ J]. Oncol
Lett, 2018, 16(4) ; 4439 —4447.

HOGH R I, M@LLER S H, JEPSEN S D, et al
Metabolism of short — chain fatty acid propionate induces
surface expression of NKG2D ligands on cancer cells[ J].
FASEB J, 2020, 34(11) . 15531 — 15546.

LI Q R, CAO L J, TIAN Y, et al. Butyrate suppresses
the proliferation of colorectal cancer cells via targeting
pyruvate kinase M2 and metabolic reprogramming [ J].

Mol Cell Proteomics, 2018, 17(8): 1531 —1545.



