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Abstract: Tocotrienol and tocopherol collectively referred to as vitamin E, are important fat-soluble vitamins. Vitamin E can only
be synthesized by plants or photosynthetic bacteria. It is essential for human and animal nutrition and can only be ingested from
outside. For a long time, due to its lower bioactivity and limited distribution than tocopherol, few research has been done on toco-
trienol. Recent studies have found that due to the similar structure of tocotrienol and tocopherol, tocotrienol has the same
antioxidant as tocopherol. While due to the unsaturated side chain, tocotrienol also has some functions different from tocopherol ,
such as protecting nerves from damage, lowering cholesterol and protecting brain cells from damage. Therefore, the research of
tocotrienol has gradually become a hot spot. According to the biosynthetic pathway of vitamin E, people have also begun the
study of tocotrienol biofortification, overexpression of the first key enzyme gene HGGT is the most effective way to improve the
content of tocotrienol. In the future, it is necessary to combine the molecular mechanism of its synthesis and regulation and its
absorption and utilization to develop functional products targeting at tocotrienol. In this paper, the synthetic pathway, biological

function and biofortification of tocotrienol were reviewed, and the research focus in the future was prospected.
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19374, 44 R E L= 25 A Wesf e T ok B
B (tocopherol ) . = J&i 4= & 1 (tocotrienol ) F) 25 1,
BJ th 5 PRk BRI ook A T2 5 I 0 s K
JFE L, AR R X 1) 2 2 T 104 A R 0 2
RV, T =95 2 7 M A R A0 % 5 3 S AN H A
KU o AR 557 7 Ak A0 A7 R R A0 8 F A e Y
AL G35 o By B PUFIE X A B =4
AT, RAEHEA R E R B ECE G E A
GG HA G W B4R E R D RE i P2 TS
Wb kB, FEBAN TS Y PR R T
- B B % i2 8 H (a-tocopherol transfer protein,
o-TTP)®, 4E4: R ETESh YA N B A P b PRI
HENA e L B Y iR IR PR TSR A BN PSR
HEEMIIRE . TR K, 44 R EAE
R R N AL 2 DG FE e, AT DUTE BR TG M4, BELIE
Fradt Ak, ORI R G AN GE A A W IR ARG 1 5 ik
ZH5EYERET MG ST, ek
[k 7RO | A 7/PU R AINBRYIVA e

Y AR E B o AT ) T = A
O3 ATIE BN OF HLHCA Uy 6 A AR W) A AR 2
AR, By AL 0 T AR EZ R T F WL
RE S HAE W A (EIT AR AT R B, =
1A B RPTEACDIROE & T A F B . B2
FSRDE, =M A= 75 By BAT 9 KA 22O/ P LA
S BEARE [ e 9 B e, i HL, 1 IR =4 A= B ik vl
APR 7 10 48 10 B 52 452 40 , ok SR 2 2 I T AN B
FTIRESY, PRI, =M A= 7 1 A AT 58 3 7 1y
ARSI . I B B8 AT 2
B INORAE N G BRAZE KA i
At BB F-45 T E A E T LA =
BB & RS BT AT EA A
PRI Bl Py fa B A R , BRAE 2 28 DOKAE R AR Ik
R I LR P AR R = A T R A AR
Y (2 V< AP SN N g RS = N MR 21
I e R R AR ) TR s o . Bl
& =GR B A R HEE M, AT e &7
i AR SE . HRTHRGE R A A
=B ARG BURARS BY BF A O il A [
HGGT 1Y 75 22 1K K $ = A 7 W i 3% /1
AN ZIRE TG BURR AT X =46
1 AR )2 E D RE A W s Ak A T ) BIF Y
BEATEEIR X HR R B BF 5T 5 I 2 Hh e B

1 ZHEFBMHNENESHRS T

=R AR T B A AR AR A R
&, BT B A AR e TR TR 5 73 o) 2 PR
P2 (homogentisate, HGA ) A4 4+ JL 4 4 JL 35 £
1% (geranylgeranyl-pyrophosphate, GGPP) \ HGA #I
1 3 £ B 1R (phytyl-pyrophosphate, PPP)"', HGA
K B T I BRI AR 1Y 4-F8 FE TN R R (4-hydroxy-
phenylpyruvate, HPP) 28 4-F% J& [N il fiR — Jil1 4 it
(p-hydroxyphenylpyruvate dioxygenase, HPPD) [
PR AR B, o =0 A 8 I R AE T 5 A A 3 [R] iy
PR 5t s PPP A GGPP WU 200k A Tk R i
o PRIBTIRHEA ILHEF LIS £ 1 (homogentis-
ate geranylgeranyl-transferase, HGGT) ## 1t GGPP
M HGA &40 & R B I = 42 & W &
B 4T R 28 A A 5 F A (tocopherol cy-
clase, TC/VTEL) . 2-H - 648 HE A2 1t S5 75 iy
(MPBQ methyltransferase, MPBQ MT/VTE3) | y-4=
F B W 3L 5% B B (y-tocopherol methyltransferase,
v-TMT/VTE4) 4 AL A= i - B- . y- . 8-PU AN [F]
oy (K1),

SR E B EE AT 2R R Y R T
W ANOR A INAE e TRAE KRS AR R T
SE0 H RS D SR A E B A R e L i
#1550 mg-kg', H - B-.y- 8- B R 4L
OY AR TR - S UAE 7R 0 =0 A 7 5 i i
o R PP 0 A T B T AR ik
#1465 mg-kg™',
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=R AT B B AR LA ZE R At
=MW EA T BT RA L fE,
PUEALSE . T = A 7 B B A AN AR R
B, NI = W X EA T — SR [E T W
FAIZIRE , Ho AN =4 2E 5 1 A S 0 0 i (L RE A%
A RO 5 3 A R 107 S B LY, A R
AR A M oA A A L B R T2, BT A
LAY BT AL I RE TS bR A by =A™ =M A=
1 O 5 AT AR A8 e ] vk JE R
St , AT 400 o] 3 FR R R R L TR S A Ji il
(HMG-CoA i JiU i ) U5 1, [ = J A= F i B A
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Fig.1 Biosynthetic pathway of tocotrienol/tocopherol
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WRJER N, T8 bR A 3 BELE g o Ak SO0 1
A o Matringe S 'BIF5E T A4E F B A =45 25 B ER A
TP AN BT A LTI RE . §% HPPD-PDH 55 [H I
B R A I KR A 5 7E e
A ARG L PR Ry oA SR AR, (H 5
FEPUIR RO oh = AR B N R R AT
B R S AR P RE T A R E, R 3R
=B T AR A T AR R R
Z i A A o Che 55278 5 S it 3k HGGT
FEI RS E B N R A GRS BB 5L R DXS |
PSYFICRT I W5 45 032, i B R R 3R v AN
A E WA RS N E AR R R A
B-TA N MR EMES R T KR e, £
I L E R R T A MPTEAL R 15 8-
BN R A2 E A% . Salimath 2575 K 4L Fl 1

T R IK HGCT I N | 45 =0 A= 7 1 35 1 K
P21, B B A G BE AR AR T 42 HRUY
R = A B & i T, AN ESE I T AR
TMIE TR, AR T AR i HAE R 1A
KR BT

WA B PR A AE TR D E S ks A A
bk e A BB S, n R Bl Bk ok R A A (ath-
erosclerosis, AS) o AS 25| 2y Lo i 5 SE | Ah
Jei 0269 S5 5 L T = A I AR T SR AR BE T T
DA A A PR 1A 2% BE i 2 1 L AR AR BTG
5 N 2R 1 DA S H il =g, DA T 12 50 Bk oks
FEREALBEL . Valenza 855 K BRI SORL 4 A5
Fad A AL BRI BN oA B B - — A
BMTEERR A MR EILFIRA 25,8
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G R 4045 5 TR A5 40 i € 3 P450 Y
RE L HT 5, /A 5 A 0 615 /% o X e T
AR E R T T A B R
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S A BTS2 LA 2 3 AT Fr)— ol 977 40 5
N o I e da IR T b R . SEAE L
NLTE IR 1) K A e GBAR AR B NEL R A AN ]
I Be b TR E PEAE I AR A =R AE T
1y 47 A 3 2o [ A i 3 C R AR T (C-veactive
protein, CRP) . B 31 4% JE Ak 2K 7= W 7K SF L K 41
HEL B o7 B R KRR B BT R AR (2 = e
W AENRTATH™, Ahn 5T T y-—H
AL E WX NF-rb 315 A6 38 % A NF-wch 6 1594 79
LA Py B sE0 S5 RSN, = a4 )
755 A — S L A & B (inducible nitric oxide syn-
thase, INOS) Fll ¥ % & [H§-2(cyclooxygenas-2,
COX-2) Ay 7 A LA R A il 4% %% 53 Y F NF-kB Y 2
KRBT VET ™, Z IR R, =
Wi T NF-kB i 5842 (P13 K/AKT {55
HRAE \MAPK A% A S B Fifr e 240 B 0 7 e ik
JITeA 24 L O T R LA A AR

J3Eh =0 A I AT LUK ML S i 2 i K
B A B FRIB HEAT IR, AT s B g, L)y
JREAE . Ren S5 A X0F 41 (4 J %) F1E i (23
JI)CSTBLI6 /)N F A I =45 A B I A0 A Sk A
W RE 6 J, IR/ =T BT
ZF A PN AR L 0 i 4 A e T D e T R, T4
BT 22 57, G R R = a0k B ek S 4R
B A DG T 41 M D) RE TR B D7 T A B L, Ma-
halingam SE* 58 T #0878 TRF (& & =G4 B B89
3 ) R TE A BRI 1 X B 3R A8 I 25 1Y
SEUR 45 R A B, 4 38 TRF 52 3G 1 A 3 1M
e i B4R E KV TRE AT G il i
FTETE 1Y I IR 45 A, AT LA 3G 5 X6 5 1Y fi g
SR o
23 #HERPIER
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P2 LRAP R FBILA
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B L, B RERD A BEH K = b i =
LK TV PR R JE% N R S A HE 117 Osakada S5
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R F AL EIE R DR R A AT R R
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e Jif R R 3R R s B (1) 0 B BRI 5 3 A, - =
A W A SUIRIAR B 20 25 D BR SRR R 4
PRI VER .
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I Hp R et 22 0 o0 I A5 5 0 1) B
 DRL I AR A DL 3 2 93 7 o I B0 0 1 A 8 T
Bt Mil—2mmat & Ik e GE Mis 80 R Z
WA R R AR [ i . SRR IR R B, —
Itk B M EA BRI BE R AE ] o Qureshi &4
P IE K B, K32 Hp R ) =@ A= B I B il 1T
JHF U F L 5 B3 1 A PR T B HMG-Coo A 3£ )5
fiff 1) 5 1, SRR T I Y I %% B R 2R 1 (LDL)
JIEL [ Pt K P DT ARG 1 OB 1 I ) A ) K
o Cicerd™ s Mk b, =& = & By il of + i
HMG-CoA i Ji il 25 PRI (1) 3 53 I el 45 S 1 1 i 5
R F3k , IFREINE HMG-CoA I8 IR Y 431, A
S 000 JIEL 6T P )5 . Parker 25978 514 40 i 7K
b BB S SR A E B T = AR
HMG-CoA 4 J5 i 114 7 53 J 00 il 7 =X ofe e AR [
Pt B Y

DL EAFgR g R Ui B, AT Dol B &
A B R T O ML 4R A2
PESI , HRBTAAE TR A AE 55, XX = A= B
A A SR T R . (R HRTETERY
BB, A B B 0 W OR A, Xt
AR — D EH BRI,
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3 ZRABEHIEYREL

T =M E W EEN Y FRE, A
ZoMRE A BGRRTE R T AW ib ot . =4
EBE WA RSB E KA, HGGT & H A &t 1y
S — ARG RN, R HGGT B 2 WAy i 1k
FEFDRA G =M F W 0 A sk o [RIEE, ]
FER A & 4 o H At S B il i R P oE A2 R
AR ALE AN S T IR AEE MY
o XEW HPEN =TGR EDZ
VA7 TR A48 ) — 2 Pl B O B il 1Y) 13 2Rk T
T, RS2 B HAS BUETARY T B BRI
31 HGGTEREWNRZRE=HBEEHMEE

H A, HGGT i 3k R B &8 K32 KRS SEAE
Wy A B o T H T Se AR AR B T M
Cahoon 25" S vl T K W) HGGT 3& K I 5%
THIIGE, ¥Rk HCCT I A h it Tk k
P EE IR FORAPR R e R E St T 645,
Horp A Wy I oA fh , B EE N o —
95 5B W A AR NAETE =0 26 8 Wy 9 HL R T
e gy 3 2638 K3 HGGT 3% KR K #% HGGT
FEH B R ST AR B R h iR R E A i
Syl FEE T SAEAN IS A% o LUK 3 & =k
Al S A BIE R ORI RS o %
KR HGCT I FE I Fp T 4e A K E & i
Sy T 105 6 4, O HL 42 m 0y 43 2L
R =R A F B, Salimath SN K& HGGT
FEF ARG, (AR SL AR AL A b =R A
s A M 5, O 2 R R A R AR A
T H2 R AR =05 22 B By T, AS(E S T
TARFFIRE IR Y, AR AMERR i HAE
KT HFFM AR AL . Che 252078 B 3 vh i Gk
KZF HGGT BRI FNZEHH b 315 MR O H il ik
K DXS . PSY FICRT T 5% 34 & 3 oA H =i A
B B-HH 8 N R AU, I H B B
RROEHEM S T RIEHRTE, X R, R
7 37 O 0 o = L N A =
AH B B T H R A AR 1S Bt B
N 3R 2 S AL -

DL FBFSR R, HGGT 32N 2 = A T &
ARG B I i H HGGT 3R Y 3 2 ikt =0

BN GRS NARGER I H = EAEF Wi
REAR G-t DR AP At 755 57 B 5 ] st DA T g ke
HWHCCTHE T =ML BE A G

32 AHEFEHMXEBERIREIES=H

YEMEE

FIRER SR 238 HOGT B AT = I3 A= B 1
A=y Ak B R B B AE AT A S I I A
R AMTHAR A 45 5, o AN Kim 259776 K 5 ad
TR KRG HGCT He I FE IR G b =&
Wy B AR T 26.3%~35.9% , W1 Hr vl e 5
FER MR &, L nT B8 S50 2h 7 2R
BHEEAEA . Ht, AT 226UR A s %
A, O S IR PR ) R R R R R A B A

HGA &4 & By A =4 A= & 1 2L [m] (9 5 i
YT, R ST N DR FH AR 25 HGA 55 i 1 SR s
kit E R EE R, BRI R Rk
2 5 2 T A 1R BU N 4L T FPPD 1 190 4 i i & il
TyrA, B A AR 4E24E R E & 5500 42
T 24BN 1045 s ARG I K RSl - rh ot
Feik HPPD FI TyrA & H e UM B R 4R R E
YN T L8 2.6 5 A 2.4 5, Db
HEILPIREMR D HCAR R TR g R E
DLW A a3, RUTETAY T HGA 9% 102
PR =M BB WA R — A R ERER, RSB
HPPD I TyrA FE R 88 5 = E F W & i —Fh
ARGERE .

S E WA ) 5 — AR Y T GGPP, &
ZR R (A8 MR e R REE R DL
FAE) L RIRTARYI I, A B B 55— R
JiT PPP K 5 2 — , BG4 A GGPP 1 5 1 X% =
WEEMNA R EREZ, iR SRS
L AR 11 G Bl g Ik R 3o 3% 5K ok 42 /5 GGPP I %
W, GGPPRH THEH BRIk E, Hurih st
Z I e F kAR R IR IS AR 1 55 — S AR A
Bl 3 [ DXS A1 DXR, {H 2 |, 5256 45 SR IF ok 15
B =W F W AR AU e T
GGPP &b F Z R AR A 1 1% S8y fi i &, 7l
REAR NAELE S 22 0 PR 45 . Ruiz-Sola %2 1H
T XL IT GGPP & 1 GGPPS [ A 5% , & B
GGPPS11 & — 22 5 e I 2R i & b 75 1 <
J 6 =0 A2 o 0 A s AR AE 9 RT3 R
GGPPS A,
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S = A B W TG A AR E R AL,
AR %) A E AT A AR B A v v T PR = R
BB AL & ER (B R HGE A 1
o- W A B W b oA B B IR O AR AR T B
Ak PR, NPT EATE PR A B B e R
(1) o1 B- =45 4= B B 4l o0t vl DA S s Ak i) —
#h41 o Konda FF*I7E K 0 rp if 3k K # HGCT %
IR L y-TMT I ARG =T
MRGFFrdgEERESET S T 8~10f%, £
SRR R A RN 2, Ot HOH TR
-l B- IR A B S EMAR TS, ST
M . BRI RIK ZmTMT 5L, A5
T LR EORFh v -2 B W 3 i KR 55, [R] s
a- I E W EWAR T &, Munusamy
AL T S F AE S HPT 3547 % 5% J5 U0 2R PTGS
WFFTHT LB, de A R E A A AL TH .
T HPT &A= T ULk, A5 o2 B B 19 A AR
P/ 5 T2 2B B I Y B R AR BRI KT
B A F B AR R R AR 12 V)4 B HE R R &
1 IR A o- IR B — PR

4 RE

A W S AR A SR T AR
AYETRe, LR AR 2 R T H
KA, I B R SRR A = J 25 &
R A Az BTN . PR IE , BT = A B
B LA THLE g IR A B 'R AR
FF5E B H Ao

AR, =& W R 2 BT 2
RVE, HA Yyl 2= 5 HGCT B T 1Y
WA SR B T F AR I RUER e (B HET
X =4 B B AR SIS I A . e, ATTE
SN MESN THEERENE N
Diepenbrock 5" Al 58 & B, ANALHE R E#0
G IR TR HGGT y-TMT X 41 & B4
FEAEM M HH AR O A BGEE T
DXS2 .DXS3 ArodeH2 U\ }2 HPPD1 %5 5 4 A= &
E MG VIR G . DXS2 FI DXS3 ZAE W # ik
PR Y OGBS P A AR F A TR
Y1 5 GGPP 1) & 1t ; ArodeH2 Fl HPPD1 2 3% Wi R
FRAR Y O R A, S e o 4R AR R E S R A

VI HGA 1Y & i . R C A BIX DXS Y58 AR
RTG53 LA G 0T =04 &
1A= s AC I ST, AT AT DA% R R A% O 6
RS IR0 B R 1 G B SE PR I Rk i T 1k
KU = I AE T WA E . A, R4
H: R E BT EAL R AT LA oA 35 0 i A
el c I NN S (2 7/ MR R i = T
JPre YT AR IR AL H TR I H R X SE A
FFER AT 2 EFNRE R AR T A5 %

CA W R, 45 R E A Rz 6 AR Y
M) , 28530 A3, FE R )3 30 DX 8 A e R I
YEA T (GATA-box &4 LHC A1 AT1-box) KA
[FAE P R I N e (DR e R Ay 34K R
K R MMBEIE R ) LA G B o4, X HE U A
il v HPT 3 R HGGT 3 R /) )3 sh 743 M & PR,
XA 5 Bl T AR 2 AR v o DA SOk
i 7 TEAHY, 5 T AT BB B sk I 5 R sh T i
X TEIRSE A TR 4E A R E SR, R,
A Ja AT LANGEA: R E A OGS L RS 3l A
T 2844 R E A BRI BT, b R 4R A
R EA/ TP

AR EAE T AR R LAY
ifie A2 Bt RES RN LI T o B B
SiamEN, g ST e A o EF B,
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